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The quality of mechanical processing of the skin largely 
depends on the parameters of the skin feeding to the process-
ing zone between the working rolls. The processed material at 
the entrance to the processing zone must be free of folds and 
wrinkles, i.e. one layer of material should enter the processing 
zone of the working rolls. Therefore, the input of the processed 
material into the zone of the working rolls is ensured with  
a rational selection of the profile of the guiding device for feed-
ing the skin into the processing zone. A mathematical model 
was developed that allows the authors to determine the pro-
file of the guiding device for leather feeding into the processing 
area between the working rollers, considering the modulus of 
elasticity and the density of the material being processed. The 
graphical solution to the mathematical model of the guiding 
device profile was made by a numerical method, and in order 
to prevent the leather saturated with liquid from sticking to 
the guiding surface, the friction coefficient was replaced with 
the rolling friction coefficient, and the rollers of the guiding 
device were placed at a certain angle to level out the folds of the  
leather and smoothly feed it to the processing area. A new 
design of roller technological machines was manufactured in 
laboratory settings. The roller machine is equipped with a new 
guiding device using rollers, with the possibility of free rota-
tion around its axis. The rollers can be placed in several rows 
in a staggered arrangement. The developed design of the guid-
ing device, due to the installation of the rollers at a certain 
angle relative to the direction of skin feed, makes it possible 
to smoothly transport the treated skin while eliminating lon-
gitudinal and transverse folds. The elimination of wrinkles 
contributed to an increase in the usable area of the treated  
leather samples. Experimental and testing work was conduc-
ted on a roller squeezing machine for processing leather sam-
ples using a new design of guiding device. The working width 
of the guiding device was 1500 mm, and the rollers of a diame-
ter of 30 mm, allowed the straightening of the folds of the  
leather and moving it to the gripping zone of the working rollers. 
In the experimental study, the second-order D-optimal plan-
ning method was used with the Kano design matrix
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1. Introduction

In the conditions of innovative development of the 
country’s economy, leather and footwear enterprises face 
problems, the solution of which is associated with the de-
velopment of new technologies and equipment, and with an 
increase in the efficiency of scientific research. A promising 
direction for the innovative development of the leather and 
footwear industry is the improvement and renewal of tech-
nologies and equipment for the production of leather.

The current trend in the development and improvement 
of the main devices and mechanisms of roller technological 
machines for the mechanical processing of leather semi-fini-
shed products in the leather industry shows that, at present, 
most of the large leather enterprises switch to the use of 
small-sized, compact, and mobile technological machines, 

which improve the quality of finished leather, create addi-
tional opportunities for reorientation in accordance with the 
requirements of the national economy. Recently, scientists 
have been developing improved designs of roller technolo-
gical machines to conduct the technological process of me-
chanically squeezing excess moisture, that is, to process the 
leather under the pressure of squeezing rollers. To prove the 
advantages of these developments, they must be scientifically 
substantiated by theoretical and experimental studies.

To improve the designs of existing technological ma-
chines for leather production, it is necessary to develop new 
technical solutions and processing methods based on mo-
dern production requirements. The new designs of techno-
logical machines developed by scientists should have social 
and economic efficiency and help improve working condi-
tions for personnel. Recently, a trend has been established  
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for the development of «green technologies» in all sectors 
of the economy.

To scientifically substantiate the parameters of new-
ly developed technological machines, engineers, designers, 
and scientists should improve their calculation and design 
methods. In addition, for the practical substantiation of the 
parameters of improved machines, laboratory, experimental, 
and production tests should be conducted.

Currently, more attention is paid to the preservation of 
natural properties and quality indicators in the process of 
finishing raw hides. To get finished leather, the raw material 
goes through numerous chemical and mechanical processes. 
Since the physical and mechanical properties of different 
types of raw hides differ significantly, the requirements for 
their processing can also vary significantly. Many techno-
logical machines for processing leather raw materials have 
complex designs and high metal consumption. Consequently, 
there are certain difficulties in the maintenance of these 
machines. When creating machines of a simplified design, it 
is necessary to ensure the technological continuity of their 
main parts and assemblies. Therefore, studies devoted to the 
creation of technological machines with a simplified design 
and easy technical maintenance are of scientific relevance. 

2. Literature review and problem statement

At present, roller technological machines are widely 
used in many areas of production, including the machining  
of leather. Among these processes, the uniform feed of leather 
to the gripping zone of the working rollers is of particular 
importance since it increases the useful area of leather 

However, in addition to a number of advantages in the 
mechanical processing of leather with roller technological 
machines, there are several disadvantages that do not meet 
modern technological requirements. These shortcomings 
are manifested in the low quality of manufactured products. 
They include low labor productivity, high consumption of 
metal and other materials in the manufacture of techno-
logical machines, high energy consumption during their 
operation, and low performance and service life of machine 
parts. These shortcomings are mainly due to the fact that 
their kinematic, dynamic, and technological indices are not 
scientifically substantiated when designing and researching 
new machines. One of these aspects is the mathematical 
modeling of the treating process and technological machine, 
considering the physical, mechanical, and other properties of 
the processed product [1].

It is known [2] that the feed of the processed material 
to the processing zone of the roll pair without folds and 
wrinkles is an important task in various industries because 
this leads to the elimination of defects and losses of the 
resulting finished product. This paper describes in detail 
the mecha nical processing of raw hides. The device and 
principles of ope ration of various technological machines are 
also given. To improve the design of roller machines, the ex-
isting shortcomings in the design of squeezing machines are 
described (the non-uniform removal of fluid over the entire 
area of the hide and others).

Consequently, the implementation of such measures in 
the production of leather ultimately leads to a significant 
saving of raw materials [3].

In [4], the authors investigated the conditions for ensur-
ing the free slip of homogeneous bodies in a curved cylinder. 

The value of the curvature of the curved cylinder was deter-
mined to ensure the free slip of the body along it. However, 
the study does not take into account the longitudinal and 
transverse forces of a homogeneous body flattening along  
a curvilinear cylinder.

The influence of the curvature of a curved surface on the 
slip of rocks with friction was studied in [5]. The authors 
used the methods of two-dimensional boundary elements and 
rock fracture mechanics to determine the effect of the curva-
ture of a curved surface on its slip. However, in this study, the 
elastic property of the rock moving along the curved surface 
is not considered.

In [6] the conditions for vertical transportation of the 
skin to the treatment area were studied. The conditions for 
capturing the skin by rotating working shafts in the zones of 
initial contact, the setting process, and the exit from contact 
are determined. Analytical formulas have been obtained for 
each zone of contact between the skin and the working rollers.  
However, since, in this paper, the conveying process under 
consideration is carried out in the vertical direction, there is 
no transition zone here. Therefore, for this it is necessary to 
consider and solve the problem of ensuring the straightening 
of the folds of leather supplied for machining between rotat-
ing working rolls.

The authors of [7] studied the condition of a viscous fluid 
flow over a curved surface with slip. The energy equation of 
the effect of an electrically conducting liquid was modeled. In 
this study, the equations of motion of elastoplastic materials 
along a curved surface were not compiled.

In [8], the flow of a nanofluid along a curved sheet was 
studied. The curvature parameters of a conveying curved 
sheet were studied considering the viscosity of the nanofluid. 
Internal forces of nanofluids were not taken into account 
in this article in determining the geometric parameters of  
a curved surface.

Problems of a slip flow conditions in a curvilinear channel 
consisting of two cylindrical surfaces were studied in [9].  
The authors of the article considered two particular cases of 
flow slip: under rotation of a cylindrical surface, and at its 
stationary-state position. The main velocity profiles were ob-
tained for both cases of sliding flow. The problem of linear in-
stability of a sliding flow was solved by a numerical method.

Dependences of the critical values of the slip flow in-
stability criteria on the ratio of the radii of the concave and 
convex walls and on the velocity slip factor were determined. 
In [10], the authors proposed an innovative model of a vacuum 
device to improve reliability and provide piece-by-piece 
capture from a stack of leather layers by suction. The device 
also moves the stack of leather layers to the section of their 
further splitting. There, the problem of transporting a mois-
ture-saturated material between cylindrical rolls without the 
participation of maintenance personnel was not solved.

An assessment of a new stable continuous system for 
the processing of bovine leather was given in [11]. In this 
study, the effect of change in the properties, types, and 
parameters of raw hides on the continuity of operation was 
not established.

Using the prototype [12], the process of dehydration 
of bovine hides is performed. This new process results in 
dehydrated leather with optimal physical and chemical cha-
racteristics that make it possible to be tanned by immersion 
in aqueous chemical solutions. However, when removing 
fluid from the hides, folding the layers of raw hides between 
the squeezing rolls results in more waste.
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Today, environmentally friendly «green leather, fur» has 
begun to develop in line with environmental concerns, using 
chromium since the use of heavy metals should be limited 
and emission standards should be met. Every country has 
different wastewater regulations. According to the standards 
adopted in developing countries, emissions of chromium 
III valence are from 1.5 to 5 mg/l and emissions of chro mium 
VI valence are from 0.1 to 0.5 mg/l or 0 mg/l on leather. 
Chrome-plated leather and fur contain a valence III tan-
ning agent that is slightly toxic, so its use is still permitted. 
However, liquid runoff and solid waste should be handled 
in accordance with existing laws and regulations [13]. The 
treatment, storage, and disposal of wastewater and sludge 
is a major challenge. There are different approaches, such 
as the improvement of tanning parameters, modification of 
tanning agents or collagen, and the use of auxiliary agents or 
combined tanning agents to prevent these technical and en-
vironmental problems caused by traditional tanning. Today,  
the extraction of chromium oxides from the waste of leather 
production is very relevant. Therefore, it is necessary to 
switch to waste-free technologies for leather production.

Let’s consider some studies devoted to solving the above 
problems and issues. For example, tanning leads to significant 
contamination of wastewater with chromium and chlorides.  
A new method of tanning leather without flotation and with  
a minimum salt content was developed. Besides, during tanning, 
the amount of chromium salts is significantly reduced [14].

This leather tanning technology is relevant in terms of re-
ducing wastewater pollution, and protecting the environment.

Further, new promising technologies and methods of 
leather tanning are considered, which are gradually being in-
troduced into the production standards of the leather industry.

The authors of [15] synthesized a pre-tanning agent for 
leather. The agent for initial tanning reacts with collagens 
and improves the hydrothermal properties of leather.

The authors of [16] synthesized and developed a new 
material based on collagen fibers with high adsorption of 
chromium salts as a modifying agent. The resulting material 
has a high hydrothermal property compared to traditional 
tanning methods.

In [17], the problems of tanning skins, and the issues 
related to the disposal of various wastes are considered.  
A detailed review and analysis of the state of these problems, 
especially in large enterprises, are presented. Some solutions 
were proposed to mitigate environmental impact and reduce 
leather waste.

The study in [18] is devoted to the development of en-
vironmentally friendly tannin salt. The results of the study 
showed the high technical and economic efficiency of this de-
velopment. Thus, the chrome tanning process was developed.

The current state of roller technological machines in the 
leather industry and the analysis of scientific research to im-
prove their productivity, the quality of the processed leather 
and the increase in its usable area make it possible to con-
duct targeted studies of technological processes occurring in 
leather machining.

The authors have developed a device that increases the 
technological capabilities of the roller machine. This device 
provides a smooth supply of sheet material to the processing 
zone without wrinkles and folds, by reducing the friction 
force of rubbing surfaces [19]. 

The influence of the feed rate, and the pressing force of the 
squeezing rollers on the amount of moisture extracted from 
two layers of the semi-finished leather product after their  

squeezing was experimentally determined in [20]. It is also 
shown that due to the flexibility of the monshon (mois-
ture-wicking cloth), the passage of the semi-finished leather 
product along the conveying device is shortened. However, 
in this study, the problem when the feed rate of raw hides 
differs from the velocity of the working rolls was not solved; 
in the processing zone the fibers of the raw hides break.

The forces acting in the process of feeding a leather 
semi-finished product into the working area of a multi-ope-
rational machine were studied. Analytical expressions were 
derived to determine the rational parameters of the mech-
anism for supplying a semi-finished leather product to the 
processing zone [21]. In this study, when determining the 
expressions for the forces acting on the working area, in ad-
dition to the friction coefficient, the viscosity coefficient was 
not taken into account.

In [22], a roller device was developed for squeezing 
moisture-saturated skins. The process of pressing the skins 
was conducted in a vertical direction. A chain drive and base 
plates were used as a conveyor.

However, along with certain advantages, this device also 
has design flaws. For example, compared to known squeez-
ing machines with one flattening roll, here it is necessary 
to install two flattening rolls. Obviously, the design of such  
a machine, due to its greater material consumption, is more 
complicated.

In [23], based on known rheological and mechanical mod-
els, an improved rheological model of skin was developed. For 
the first time, the use of the property of the inert resistance of 
the skin during its deformation, for example, during mechani-
cal squeezing, was proposed in the model.

However, this rheological model could be applied to 
fi nished leather only. Since the physical and mechanical 
properties of raw hides and finished leathers differ signifi-
cantly, this model is not suitable for application to raw hides. 
Therefore, it needs to be improved taking into account the 
physical and mechanical properties and characteristics of the 
semi-finished leather product.

Based on the analysis of existing studies and equipment, 
we have determined the development trend of theoretical and 
practical foundations for improving the actuators and devices 
of roller technological machines for leather production.

Based on the study and analysis of the operation of 
existing technological machines for processing leather, the 
following was revealed. In these technological machines, 
an additional flattening roll with a separate drive was used 
to straighten various folds of leather. This, in turn, requires 
additional material and energy costs since the manufacture 
of a flattening roll is a complex process and requires mo-
dern equipment.

In order to simplify the design of the roller squeezing ma-
chine, we have developed a conveying device for supplying 
processed skins. Wet raw hides are subjected to mechanical 
deformation in the zone of excess fluid squeezing out under 
the pressure of rotating working rolls. At the same time, 
due to the use of a roller guide device in the design of the 
machine, skin folds are straightened. Due to the design fea-
tures and location of the rollers, the useful area of the skin 
increases, as well as the productivity of the technological 
process increases.

This paper presents the results of theoretical and ex-
perimental studies to substantiate the effectiveness of the 
guiding device of the roller squeezing machine proposed by 
the authors.
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3. The aim and objectives of the study

The main aim of this study is to determine the ratio-
nal design, geometric, and technological parameters of the 
guiding device, which makes it possible to improve the pos-
sibilities of the operations performed when transporting and 
squeezing excess fluid from wet leather.

To achieve the aim of the study, it is necessary to solve  
a number of the following main tasks:

– to obtain analytical expressions that allow calculating 
the parameters of the profile of the guiding device of the  
roller technological machine for squeezing moisture-satura-
ted leather;

– to determine the geometrical parameters of the guiding 
device depending on the values of the working width of the 
passage of the roller squeezing machine, which depends on 
the type of processed leather;

– to experimentally determine and scientifically substan-
tiate the parameters of the guiding device. At the same time, 
to determine rational feed rates, roller pressures, and the 
ability to straighten the folds of the processed skins.

4. Materials and methods

When developing a guide-correcting device, it is neces-
sary to take into account the factors that affect the operation 
of the device and the technological process of supplying the 
processed material in a single layer. The main influencing 
factors on the operation of the device are the geometric 
parameters of the device, profile (trajectory), feed rate, 
modulus of elasticity, density, internal and external forces 
acting on the material being processed, coefficients and for-
ces of friction of rubbing pairs. The scientific substantiation 
of the parameters of the guiding-correcting device, taking 
into account the above factors, will improve the quality of 
material feeding and the yield of the usable area of the pro-
cessed hides.

By means of the guide-and-straightening device de-
veloped by the authors, which moves the leather into the 
machining zone, the technological process was conducted 
at a certain ratio between the feed rate of the conveyor and 
retraction by the working rollers (Fig. 1). In the known devi-
ces, a uniform feed of leather to the processing zone between 
the rollers is not ensured, and this indicates that the treat-
ment process cannot be performed in the required quality.

 
Fig.	1.	Folding	of	leather	during	conveying	to	the	processing	

area:	1 –	conveyor; 2	–	leather;	3,	4	–	conveyor	rollers;		
5,	6	–	squeezing	rollers

Let’s consider a section of leather shown in Fig. 2 and de-
rive an equation of motion, taking into account the internal 
and external forces acting on it. From Fig. 2 it can be seen 
that this selected section slides at a constant velocity along  
a curved surface under external and internal forces acting  
on it, namely, gravity, friction, and internal stresses.

 

Fig.	2.	The	system	of	forces	acting	on	a	selected		
section	of	leather

All external and internal forces acting on the selected 
section of leather are written in the following form (Fig. 2):

ρ


    

wds P s ds P s Nds P ds Qdsfr= +( ) − ( )( ) + + + , (1)

here, 


P s( ) is the internal stress of the selected section of 
leather, distributed over distance s; 



P s ds+( ) is the internal 
stress of the selected section of leather, distributed over dis-
tance s+ds; 



N  is the force of the normal response of the select-
ed section of leather; Pfr is the friction force arising from the 
movement of a selected section of leather along the rolls; 



Q  is 
the force of gravity of the selected section of leather.

To determine the trajectory of the selected section of 
leather along rollers, we project equation (1) onto tangential 



τ  
and normal 



n axes and taking into account that Hooke’s law 

P E
dy
dx

=  and Cauchy’s law 
dP
dx

E
d y
dx

=
2

2  are equal, we write 

the following:



τ : ρ ρ αds
dv
dt

E
d y
dx

P ds gdsfr= − +
2

2 sin , (2)



n : ρ ρ αds
v
R

Nds gds
2

= − cos . (3)

From equation (2) we determine the rolling friction force Pfr:

P
r

Nfr =
δ

. (4)

The sliding and rolling forces must meet the following 
condition:

F Pfr fr> . (5)

From inequality (5) it was determined that the follow-
ing condition is satisfied for the sliding and rolling fric-
tion coefficients:

f
r

>
δ

. (6)
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Here, f is the coefficient of sliding friction of the selected 
section of leather along the rollers, Δ is the coefficient of 
rolling friction of the rollers, and r is the radius of the rollers.

Fig. 3 shows a conveying device consisting of driving (6) 
and driven (7) rollers, with upper (2) and lower (3) working 
rolls located one above the other, with the possibility of 
moving around the upper working roll from/relative to the 
guiding device in the leather feed direction (5). Fig. 4 shows 
a diagram of an improved device for guiding leather.

 1 1318191515

21

26547

Fig.	3.	Scheme	of	a	conveyor	with	a	leather	guiding		
device	into	the	processing	area	between	the	rotating	rollers:		

1	–	bed;	2	–	upper	roller;	3	–	lower	roller;	4	–	string	
conveyor;	5	–	sheet	material	(leather);	6,	7	–	conveyor	
rollers;	15	–	conveyor	frame;	18	–	inclination	regulator		

of	the	guiding	device;	19	–	height	regulator	of	the	guiding	
device;	21	–	string	conveyor	regulator

 

Fig.	4.	View	of	the	guiding	device	of	a	conveyor:		
8	–	guide	device	profile;	9,	10	–	levers;	11	–	hinge;		

12	–	tripod;	13	–	carriage;	14	–	height	guiding	mechanism;	
15	–	conveyor	frame;	16	–	inclination	guiding	mechanism;	

17,	18	–	regulating	inclination

On the surface of the guiding device, there are rollers 
protruding from its upper surface to feed the leather (Fig. 5).

As a result, the guiding device of the conveyor, designed 
to feed the leather into the processing area, will expand the 
functional and technological capabilities of the roller techno-
logical machine by improving the quality of leather process-
ing due to its smooth and uniform feeding into the processing 
area without wrinkles and folds. Therefore, the productivity 
and quality of leather processing will be improved, and the 
reliability of the device and machine will be ensured.

 
Fig.	5.	Scheme	of	uniform	arrangement	of	rollers		

of	the	guiding	device	(top	view)

Fig. 6 shows a 3D view of the proposed device for the 
mechanical processing of leather.

 
8

7654

9

3

10 1 2 11 16 15
14

13

12

Fig.	6.	3-D	view	of	the	proposed	roller	processing	machine	
for	leather	machining:	1	–	leather;	2	–	conveyor	rollers;		

3,	15	–	pressing	mechanisms	of	the	working	shafts;		
4	–	rack;	5	–	engine;	6	–	clutch;	7	–	reducer;	8	–	chain	

drive;	9	–	sprocket;	10,	14	–	bracket;	11	–	guiding	device;	
12	–	working	rolls;	13	–	bed;	16	–	strings

Thus, the device and the principle of operation of the de-
veloped roller machine with a guiding device are presented, 
which makes it possible to improve the quality and effective 
area of the processed leather. The guiding device can also be 
used in technological machines of similar designs, in particu-
lar for processing fur skins.

Planning an experimental study. To conduct the experi-
ment, the second-order D-optimal planning method was used 
with the Kano design matrix.

Before conducting the experiment, the required number 
of measurements (number of repetitions) was chosen by 
the methods of mathematical statistics, which ensured the 
required accuracy.

The authors conducted an experiment on a roller stand 
using the developed guiding device. The working width of 
the guiding device is 1500 mm, with rollers of a diameter of 
30 mm, which straighten the folds of the leather as it is fed into 
the processing zone between the rotating squeezing rollers.  
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Based on a priori data, the process of removing moisture was 
studied taking into account two factors: x1(α) – the direction 
of rotation of the rollers of the guiding device from 0 rad to 
0.087 rad, relative to the direction of leather feeding; x2(V) – the  
linear velocity of the strings, m/s – from 0.17 to 0.34 m/s.

The values of the intervals of variation of the input fac-
tors of the experiment are given in Table 1.

Table 2 shows the resulting factor of the experiment.

Table	1
Intervals	of	experiment	factors

Index Factors
Initial values of factors

х1, rad х2, m/s

Upper level + 0.087 0.340

Mean level 0 0.0435 0.255

Lower level – 0 0.170

Variation interval 0.0435 0.085

Table	2
Resulting	factors	of	the	experiment

Notation Name Value

ΔS Area of leather m2

Thus, the planning of the experimental study work was 
done using known methods.

Mathematical processing of experimental research results.  
Table 3 shows the initial and final values of the semi-finished 

product during the experiment for various va lues of the 
straightening angle – x1(α) and feed rate – x2(V).

The accuracy and error of the experimental results large-
ly depend on the control of all input and output parameters 
and their constancy.

Table 3 shows the results of a two-factor experiment and 
the calculation of their average values.

The homogeneity of the variance was tested using the 
Cochran test [24, 25] with a confidence level of α = 0.95. 
Knowing the total number of variables N and the number of 
repetitions, k = n–1, we calculate the values given in Table 2 
and obtain GT = 0.358. Here N = 9, k = n–1 = 5–1 = 4, n – is the 
number of parallel experiments:

S
y y

ner

n

2

2

1

1
=

−( )
−

=
∑

3.082, (7)

S
y y

N ni

N

nN

2

1

2

11

1∑
∑∑

=
−( )

−( ) = 0.3476, (8)

G
S

S
Gcal

i

N T= = = < =
∑

max .
. . .

2

2

1

0 1225
0 3524 0 358

0.3476
 (9)

From the calculations, it was determined that the results 
of the experiment are reproducible.

Table 4 shows the results of determining the regression 
coefficients of the experiment.

Table	3
Matrix	for	planning	the	experiment

No. α, x1 V, x2
Measurements, %

y y
n

−( )∑ 2

1

Ser
2 ycal y ycal− y ycal−( )2

у1 у2 у3 у4 у5 y

1 0 0 1.8 1.7 1.7 2.3 2.2 1.92 1.32 0.34 2.02 0.64 0.41

2 + + 0.9 2.3 1.2 0.9 1.2 1.3 1.34 0.33 1.13 0.17 0.0289

3 – + 1.1 1.3 1.7 1.5 1.0 1.32 1.328 0.33 1.07 0.25 0.0625

4 – – 2.5 2.3 1.8 1.8 2.5 2.18 1.388 0.347 1.91 0.27 0.0729

5 + – 2.9 2.6 2.8 2.7 2.8 2.76 1.4 0.35 2.40 0.36 0.1296

6 + 0 2.5 1.9 2.5 2.6 2.4 2.38 1.38 0.345 1.94 0.44 0.1936

7 0 + 1.1 1.0 1.8 1.2 2.4 1.5 1.4 0.35 1.36 0.14 0.0196

8 – 0 2 1.9 0.8 2.1 1.8 1.72 1.36 0.34 1.58 0.14 0.0196

9 0 – 2.7 2.4 2.3 2.5 2.8 2.54 1.4 0.35 2.50 0.04 0.0016

Table	4
Definition	of	regression	coefficients

No. α, x1 V, x2
Values of coefficients

b0 b11 b22 b1 b2 b12 y

1 0 0 0.5772 –0.3234 –0.3234 0 0 0 1.92

2 + + –0.1057 0.1691 0.1691 0.1961 0.1961 0.25 1.3

3 – + –0.1057 0.1691 0.1691 –0.1961 0.1961 –0.25 1.32

4 – – –0.1057 0.1691 0.1691 –0.1961 –0.1961 0.25 2.18

5 + – –0.1057 0.1691 0.1691 0.1961 –0.1961 –0.25 2.76

6 + 0 0.2114 0.1617 –0.3383 0.1078 0 0 2.38

7 0 + 0.2114 –0.3383 0.1617 0 0.1078 0 1.44

8 – 0 0.2114 0.1617 –0.3383 –0.1078 0 0 1.72

9 0 – 0.2114 –0.3383 0.1617 0 –0.1078 0 2.54
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Checking the mathematical equation for the adequacy 
of the results of the experimental study. The results of the 
adequacy of the obtained equations were checked using the 
Fisher criterion with a confidence level of α = 0.95 [25–28]:

F
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T= { } <

2
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of dispersion:
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Here N is the total number of experiments; k is the number 
of variables; n is the number of repetitions of the experiment; 
уi is the number of individual observations; y  is the arithmetic 
mean of the results of the experiment; ycal is the calculated 
value of the criteria according to the regression equation:
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The adequacy of the obtained model was checked by the 
Fisher criterion:
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Thus, the adequacy of the mathematical equation was 
verified based on the results of the experimental study. The 
results correspond to the normal distribution curve and the 
reproducibility conditions of the experimental study.

5. Results of theoretical and experimental studies  
of rational design, geometric, and technological 

parameters of the guiding device

5. 1. The results of a theoretical study to determine the 
surface profile of the guide device

On the basis of theoretical study, a differential equation 
was derived, which makes it possible to determine the cur-
vature of the guide surface of the transporting device. From 
engineering considerations, we set the values and substituted 
them into the differential equation, which describes the pro-
file of the guide surface.

From expressions (2)–(4) we obtain the following differ-
ential equation:
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− + + ′( )
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Knowing the geometric parameters of the roller stand 
and using the numerical Runge-Kutta method, a graphical 
solution was obtained showing the curvature of the concavi-
ty of the guide surface.

From the calculation-graphical program, we choose a gra-
phical solution to the differential (14) that satisfies initial 
conditions y(0) = h and y(l) = 0.

Condition y′ < 0 shows that the curved line is decreasing. 
Condition y″ ≥ 0 shows that the curved line is concave. Solu-
tions must meet these conditions. We obtain a graphical solu-
tion that satisfies these conditions of differential (14) for the 
following given rational values h = 0.3 m, l = 0.3 m, V = 0.2 m/s, 
Δ = 0.001 m, r = 0.03 m, Е = 105 Pa, ρ = 103 kg/m3 [2].

The graphical solution of differential (14) (Fig. 7) was 
obtained using the Maple calculation and graphic pro-
gram [29], and the Runge-Kutta numerical method [30].

0

0.1

0.2

0.3

0 0.1 0.2 0.3

y (m)

x (m)

Fig.	7.	Graphic	solution	of	the	guiding	surface	profile

The graphic solution in Fig. 7 allows to choose the profile 
of the guiding surface of the device, which ensures a smooth 
supply of leather from the conveyor to the area between the 
working rollers. As a result, this leads to the elimination of 
defects and losses of finished products. Consequently, the 
implementation of such measures in the leather industry ulti-
mately leads to significant savings in raw materials.

It is determined that the guide surface has the shape of  
a part of a parabola (Fig. 7).

5. 2. The results of determining the parameters of the 
guide device of the feedthrough roller squeezing machine

It was determined that considering the efficiency of 
straightening the folds of the supplied skin, the rollers moun-
ted on cylindrical rods in several rows (in this case, 6 rows with 
50 rollers in each row) must rotate freely around their axis.  
The rollers of each row are installed in a checkerboard pattern 
so that the location of the rollers of each row does not coincide 
with the rollers of the next row. The rollers, on cylindrical 
rods, are installed at a certain angle (0.087 rad), symmetri-
cally to the right and left end sides from the center (Fig. 8).

The rollers can be installed in a checkerboard pattern, 
and at a certain angle relative to each other (Fig. 8).

 
 Fig.	8.	Scheme	of	arrangement	of	the	straightening	rollers		

of	the	guiding	device	(top	view)
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A 3-D view of the guiding device is shown in Fig. 9.

 

1
2

3

Fig.	9.	3D	view	of	the	design	of	the	guiding	device:		
1	–	metal	sidewalls;	2	–	metal	axles;	3	–	rollers

At that, the best straightening of skin folds is achieved. 
Taking into account the fact that the working width of the 
pass of the roller stand is 1500 mm, the width of the guide 
device was also 1500 mm, the diameters of the rollers were 
40 mm, the thickness was 20 mm, and the diameters of the 
cylindrical rods were 15 mm. It should be noted that the 
angle of the rollers might vary depending on the type and 
thickness of the hides being treated.

5. 3. The results of an experimental study to determine 
the technological parameters of the roller squeezing ma
chine and guide device

Based on these data, below we present the results of an  
experiment performed on a roller stand. The test was perfor-
med to determine the feed rate, and the pressure of the work-
ing rolls, allowing to ensure the straightening of the folds and 
the increase in the usable area of the wet skin. Mathematical 
calculations of the straightening of the effective area (in 
percent) during feeding leather to the processing area are 
presented in Table 5.

Based on the results of the experiment, the regression 
equation (12) was obtained in a named form. The regression 
equation (12) makes it possible to determine the dependence 
of the increase in the usable area of the wrung wet hide on 
the change in the angle of the rollers and the rate of the hide 
supply between the working rolls. A work plan was drawn up 
for the implementation of the experiment.

Regression coefficients b0, bi, bij, bii are defined from Table 5.
Regression coefficients for leather are b0 = 2.017244; 

b11 = –0.26; b22 = –0.086; b1 = 0.18; b2 = –0.57353; b12 = –0.15.

We obtain the regression equation for leather:

y x x

x x x x

= − − +
+ − −

2.017244 26 0.086

0.18 0.57353 0.15 

0 1
2

2
2

1 2 1 2

.

.  (14)

Equalities x1 0 0435 0 0435= −( )α . . , x V2 0 255 0 085= −( ). .  
are substituted into (11). Here α is the direction of rota-
tion of the guiding rollers and the angle of straightening to 
the right and left sides relative to the direction of leather 
movement, and V is the constant linear velocity of leather 
movement:

ΔS V

V V

= − − +
+ + −

0 7178 2 122449 11 07266

4 7714 2 429 5 042

2 2. . .

. . . .

α
α α  (15)

Graphical solutions of regression equation (12) are ob-
tained for the selected velocities and angles using the Micro-
soft Excel graphic program (Fig. 10, 11).

α=0 rad;

α=0.087 rad.

α=0.0435 rad;

1
1.5

2
2.5

3

0.17 0.21 0.25 0.3 0.34

ΔS
(m

^2
)

V (m/s)

2.5-3
2-2.5
1.5-2
1-1.5

Fig.	10.	Graph	of	dependence	of	the	change	in	the	useful	area	
of	leather	on	the	rate	of	its	feeding

V=0.17 m/s;

V=0.255 m/s;

V=0.34 m/s.

0.5
1.5
2.5
3.5

0 0.02 0.04 0.06 0.08

ΔS
(m

^2
)

α (rad)

2.5-3.5
1.5-2.5
0.5-1.5

Fig.	11.	Graph	of	dependence	of	the	change	in	the	useful	area	
of	leather	on	the	feed	angle	of	straightening

Table	5
Initial	and	final	areas	of	leather

No. α, x1 V, x2

у1, m2 у2, m2 у3, m2 у4, m2 у5, m2

уin1 уfin1 уin2 уfin2 уin3 уfin3 уin4 уfin4 уin5 уfin5

1 0 0 0.48 0.489 0.5 0.509 1.12 1.14 0.98 1.003 0.25 0.255

2 + + 0.64 0.646 0.86 0.88 0.42 0.425 0.78 0.787 0.40 0.405

3 – + 1.2 1.213 1.1 1.115 0.56 0.57 0.66 0.67 0.84 0.849

4 – – 0.90 0.923 1.2 1.228 0.54 0.55 0.48 0.489 0.58 0.595

5 + – 0.80 0.824 1 1.027 0.84 0.864 0.72 0.74 1.18 1.215

6 + 0 0.55 0.564 0.96 0.979 0.98 1.005 0.68 0.698 0.8 0.82

7 0 + 0.7 0.708 0.88 0.889 1.0 1.019 0.44 0.4456 0.6 0.615

8 – 0 0.75 0.765 0.60 0.612 1.16 1.169 0.36 0.368 0.94 0.957

9 0 – 1.0 1.028 0.74 0.758 0.82 0.839 1.08 1.108 0.62 0.638
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A graph of dependence of the increase in usable area – ΔS 
on the feed rate – V when the skin is fed into the treatment zone 
between the rotating squeezing rollers (Fig. 10) is plotted.  
A graph of dependence of the increase in usable area – ΔS on 
the angle of the guiding rollers – α (Fig. 11) was built.

6. Discussion of the results the determination of rational 
design, geometric, and technological parameters  

of the guiding device

Based on a new technical solution, the authors have im-
proved the design of a roller machine for squeezing excess mois-
ture from wet leather after its liquid treatment (Fig. 3). The pa-
rameters of the skin guiding device were studied. The operat ing 
modes of the roller squeezing machine were determined.

The results of the theoretical study made it possible to 
draw the following conclusions. Differential equation (14) 
was derived, which made it possible to determine the profile 
of the rational curvature of the surface of the guiding device 
for the ideal skin sliding under the influence of its own weight.

The graphical method shows the ideal curvature of the 
surface of the guiding device, obtained by means of a graphi-
cal solution (Fig. 7). In addition, on the basis of these results, 
we designed a guiding device shown in Fig. 4. This device is 
applied in the design of the roller squeezing machine (Fig. 6).

In the well-known works, for example [4], the influence 
of the motion of a homogeneous body along a curved surface 
with free sliding was considered. In [5], the influence of the 
curvature of a curved surface on the sliding of solids with 
high friction was studied.

It is known that leather is an elastic-plastic, natural ma-
terial that has a non-homogeneous structure throughout its 
topo graphy. For example, on the shoulder section, the skin has 
a denser structure and greater thickness, and on the belly sec-
tion, it is loose and of less thickness. Consequently, different to-
po graphic sections of the skin, due to their characteristics have 
different abilities to straighten transverse and longitudinal folds.

In order to determine the ability to straighten, as well as 
the increase in the useful area of the skin during its transpor-
tation, we conducted a test on a roller machine in experimen-
tal setting. The results in Table 3 show that the average gain 
in usable skin area was 1–1.5 percent.

That is, we have achieved the following: due to the use of the 
proposed guiding device, the transverse and longitudinal folds 
are straightened, and the useful area of the skin is increased.

From the point of view of socio-economic efficiency, this 
provides additional opportunities in obtaining value-added 
finished leathers due to the elimination of constant manual 
straightening of folds on the skin by the attendants.

Thus, the influence of the parameters of the device deve-
loped by us on the qualitative (straightening) and quantita-
tive (area gain) properties of the treated wet skins was studied.

A critical analysis of the results obtained in experimental 
and theoretical studies clearly shows that the task set before 
us has been fulfilled in general.

The results of the experiment allow drawing the follow-
ing general conclusions. The proposed guiding device made it 
possible to feed the skin without transverse and longitudinal 
folds. In addition, the possibility of increasing the area of the 
skin during its feeding was obtained.

An analysis of the results of well-known experimental 
studies showed that when pressing wet leather between the 
squeezing rollers, the increase in usable area was insignificant.

However, on the existing squeezing machines, the re-
quirements for the squeezing technology were met; namely, 
the resi dual moisture of leather was 55–60 %, of the total 
moisture of 78 %.

In our case, in addition to providing the required amount 
of moisture content in leather, due to the use of a roller guid-
ing device, the useful area of the skin also increased.

It should be noted that the guiding device could only be 
used in the designs of roller machines of the through type. The 
use of a guiding device on roller machines of a non-through 
type is ineffective.

The designed guiding device is suitable for roller process-
ing machines with a working width of passage up to 2200 mm.  
At a larger width, there is a possibility of deflection of the 
guiding device along its length. This requires an additional 
study on the deflection of the guiding device.

Thus, the regression equation can be calculated with 
a confidence level of 95 %. After decoding, it has the follow-
ing form in the named form for the guiding device to feed the 
leather to the processing area.

Analysis of the graph in Fig. 10 showed that at small 
values of the feed angle of straightening of the guiding rollers 
that feed the leather into the processing area, an increase in 
the linear feed rate of the actuating elements leads to a reduc-
tion in the usable area of leather. 

Analysis of the graph in Fig. 11 showed that at small 
values of the linear feed rate of the actuating elements of the 
device, the useful area of the leather increases at a large feed 
angle of straightening of the rollers of the guiding device.

The results obtained make it possible to select rational 
kinematic and geometric parameters of the device for feeding  
a semi-finished leather product to the machining zone with-
out longitudinal and transverse folds of leather.

The results obtained in an experimental study on the 
substantiation of the initial parameters of the guiding device 
developed by the authors made it possible to select the ratio-
nal parameters of this device.

The guiding device is distinguished by its simple structure 
and ease of installation and dismantling, and maintenance. The 
novelty of the guiding device is confirmed by a patent (UZ) [19].

The results obtained in the experiment make it possible 
to simulate the process of feeding and squeezing wet leathers 
using the derived regression equations in coded and named 
forms. From an engineering point of view, it is possible to 
choose the main parameters of the working bodies of the 
roller squeezing machine and its guiding device.

The results allow the engineers to calculate and select 
the rational parameters of the guiding device, taking into 
account the technological modes specified by the customers.

Further, all the criteria taken into account by the authors 
that affected the increase in the productivity of the technologi-
cal process and the squeezing machine were given in detail.

When the guiding rollers rotate perpendicular to the 
processed section of leather, that is, at an angle of α = 0 rad,  
the maximum linear velocity of the conveyor strings is 
V = 0.34 m/s, and the useful area of the leather is small (Fig. 5). 

At that, a uniform feed of skin to the treatment area was 
observed. However, after measuring the area of the skin, it 
was found that in this case, the increase in the effective area 
of the skin was insignificant.

At the feed angle of straightening of the guide rollers 
α = 0.0435 rad and the average linear velocity of the conveyor 
strings V = 0.255 m/s, the useful area of the leather increases 
by an average of 2.01 %.
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In this case, a uniform feed of the skin to the treatment 
area was also observed. Here, the feed rate was lower than 
in the previous case and the angle of the roller position re-
lative to the direction of the skin was greater. In this case, 
an increase in the effective area of the skin was reached by 
changing the angle of the rollers.

At the feed angle of straightening of the guide rollers 
α = 0.087 rad and the minimum linear velocity of the con-
veyor strings V = 0.17 m/s, the useful area of the processed 
leather increases by an average of 2.5 %.

In this case, a uniform feed of the skin to the treatment area 
was also observed. At that, the feed rate was lower than in pre-
vious cases of processing. But, the angle of the roller position 
relative to the direction of the skin was changed to a large in-
clination. In this case, the change in the angle of the rollers gave 
the greatest increase in the effective area of leather (Fig. 8).

Taking into account the technological requirements for 
pressing wet leathers, it is recommended to perform the pro-
cessing on a roller machine using a guiding device at a feed 
rate of V = 0.255 m/s and at an angle of the rollers relative to 
the skin direction α = 0.087 rad.

The total increase in the useful area for the output of  
a batch of finished leather, taking into account their shrink-
age and aging on pallets, can amount to approximately 50 %.

As a result of the experimental study conducted on a roller 
stand using a new guiding device in the design of the conveyor, 
it is possible to increase the gain of the useful area of the pro-
cessed leather by an average of 1.52 % (Table 5).

In contrast to the existing roller technological machines, 
which use simple conveyors, the design of the roller squeezing 
machine proposed by the authors uses a new guiding device 
that allows for the straightening of folds on the fed leather  
before squeezing out its excess moisture. Due to the use of 
rollers installed at a certain angle relative to each other,  
it allows an additional increase in the useful area of the 
leather output. From an economic point of view, this provides 
significant material savings.

Thus, the results of theoretical and experimental studies 
obtained, show that the use of the device developed by the 
authors with an improved guiding element that moves leather  
semi-finished products to the machining zone will increase 
the usable area of finished leathers while maintaining the 
quality of the processed leather materials. 

In this study, we did not consider the influence of the 
friction force between the skin and the rollers of the guid-
ing device. The influence of the types of processed leather on 
the rollers of the device was not taken into account. Besides, 
the influence of the material of the rollers on their durability, 
moisture resistance, and reliability was not studied. This re-
search will be conducted by the authors in the future. 

7. Conclusions

1. Analytical expressions were obtained for calculating the 
geometric and design parameters of the profile of the guiding 
device of a roller technological machine. These expressions are 

differential equations that allow determining the profile (cur-
vature) of the guide surface of the straightening device. This 
profile changes depending on the change in skin type. It should 
be noted that depending on the change in the type of processed 
leather, the values of the mass, density, and, accordingly, the 
friction coefficient of the skin change. Therefore, the feeding 
rate of the skin between the working rolls can also vary. In 
addition, the change in the radii of the working rolls affects the 
conditions for feeding and capturing the skin into the treatment 
area between the rotating working rolls. All these parameters 
of the straighten ing device of the squeezing machine may vary 
depending on the specific requirements of the technological 
process of wet leather treatment.

2. Based on the analytical expressions obtained, the geo-
metric parameters of the guiding device were selected. The 
diameters of the guide rollers were determined. The diame-
ters and lengths of the rods carrying these rollers are deter-
mined; they can vary depending on the types of skins and the 
working width of the passage of the technological machine. 
The results of the calculations served for the manufacture 
of an experimental guiding device for a roller squeezing ma-
chine with a working passage width of 1500 mm.

3. On the basis of the experiment, the optimal operating 
modes of the feed rate and the pressing force of the rolls of 
the squeezing machine were determined. The values of the 
angle of position of the rollers of the guiding device were es-
timated. It was established that with an increase in the angle 
of the rollers relative to the vertical line, the straightening of 
the folds on the skin increases. This increases the useful area 
of the treated skin. For example, compared to known techno-
logical machines, for exam ple, the Svit roller squeezing ma-
chine or the GJST4 320 feed-through roller machine, in the 
method proposed by the authors, the treated hide is flattened 
before being pressed. Due to further processing under the 
pressure of the working rolls, the yield of the useful area of 
the straightened skin increases. Thus, the use of a simplified 
guiding device simplifies the design of a roller technological 
machine for pressing wet raw hides after chrome tanning, 
ensuring effective straightening of the folds on the skin.
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