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ABSTRACT

The article presents a systematized overview of technological machines and devices, as well as technologies for
grinding and finishing leather and fur leather fabric. The purpose of the work is to systematize and critically analyze the
design solutions of grinding equipment, contact pressure reception and distribution systems, automated and robotic
processing technologies, as well as to synthesize achievements in these areas and identify research gaps, in particular, on
the influence of processing pressure on the quality of leather products. The design features of belt, drum, and buffer
grinding machines, the mechanics of contact interaction of the abrasive tool with the leather, the system for forming and
regulating contact pressure, as well as modern methods of automation and intelligent control of the process, are considered.
Mechanical operations for surface treatment, the use of nonmaterial’s in finishing coatings, and the processing of leather

grinding waste were also considered.
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1. INTRODUCTION

Grinding leather and fur is a key mechanical
processing operation in the leather industry. The primary
objective of this operation is to achieve the desired
geometric, roughness, and performance characteristics of
the material's surface. Grinding ensures thickness leveling,
removal of defective layers, improvement of surface
adhesion, and preparation of the material for subsequent
finishing operations [1], [2].

Unlike metals, leather is a complex,
multicomponent fibrous composite material consisting of
interwoven collagen fibers of complex hierarchical
structure and pronounced anisotropy of mechanical
properties. Mechanical stress on leather, including
grinding, causes deformation, destruction, and
redistribution of fibers, which determines the final
physical and mechanical properties of the material [1], [3],
[4]. Therefore, selecting rational design and technological
parameters for equipment is critically important.

In today's environment, increasing product
quality requirements necessitate the development of new
equipment designs and the optimization of processing
modes [5], [6], [7].

Grinding of fur leather is characterized by the
presence of hair and high sensitivity of the leather base to
mechanical stress. This requires precise control of process
parameters and the development of specialized equipment
designs [2].

Modern research demonstrates that grinding
parameters significantly affect the surface integrity,
microstructure, and functional properties of the material
[81, [9]. This is especially important for fur leather, which

has a more complex structure and is highly sensitive to
mechanical stress.

Research confirms that grinding parameters
directly affect the structural integrity, adhesion properties,
and durability of leather materials [5], [6], [7]. Optimizing
process conditions is a complex interdisciplinary task that
involves contact mechanics, tribology, theology, and
equipment design [9], [10], [11]. An additional challenge
is the influence of material moisture content, which alters
the elastic modulus, the strength of inter-fiber bonds, and
the mechanism of structural failure [12]. This requires the
development of adaptive processing modes and new
equipment designs [13].

Leather is a fibrous elastic-viscoplastic material
with pronounced anisotropy of mechanical properties. Its
structure is based on collagen fibers, which form a three-
dimensional network with high strength and elasticity. The
hierarchical fibrous structure is formed by collagen fibrils,
organized into fibers and bundles. The fibrous net consists
of fibrils ranging in diameter from 50 to 500 nm. This
structure provides high strength and flexibility to the
material [3]. Mechanical processing partially destroys the
surface layer and alters the morphology of the structure.
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Figure-1. Microstructural state of collagen
fibers in leather.

Research shows that mechanical processing of
leather must account for its rheological properties,
including elasticity, plasticity, and viscosity [1]. These
properties determine the material's resistance to cutting
and grinding. Incorrect selection of processing conditions
can lead to structural damage and deterioration of
performance characteristics.

The rheological properties of leather are
described by viscoelastoplastic models, which take into
account the elastic, plastic, and viscous components of
deformation [1].

During grinding, abrasive grains interact with the
fibrous structure, including mechanical destruction, plastic
deformation, and fiber elongation. The destruction
mechanism depends on the fiber direction, the degree of
hydration, and the level of inter-fiber bonds [4].

Under mechanical action of abrasive grains, the
following material removal mechanisms are implemented:
micro-cutting of fibers; destruction of inter-fiber bonds;
fiber elongation; plastic deformation of the structure [4],
[8], [9]. Research shows that material removal occurs not
only through cutting but also through the destruction of
inter-fiber bonds and fiber elongation, which distinguishes
leather grinding from metal processing [8].

An additional factor is the moisture content of the
material, which significantly influences its mechanical
properties and processing behavior [12]. Wetter leather
exhibits high plasticity, requiring adjustment of process
parameters. An increase in moisture content reduces the
elasticity modulus, increases plasticity, and alters the
mechanism of structural failure, as confirmed by studies of
multilayer leather processing [12].

These mechanisms differ fundamentally from the
processes of grinding wood and MDF, where material
removal occurs primarily through cutting [14].

2. MATERIALS AND METHODS

The grinding process involves micro-cutting,
plastic deformation, and friction between abrasive grains
and the workpiece surface. During this process, abrasive
grains (Figure-2) remove micro layers of material, creating
the desired surface roughness [8].

a) b)

Figure-2. Materials used to manufacture abrasive grain: a)
black silicon carbide, b) green silicon carbide

The mechanism of interaction between abrasive
grain and skin involves several stages: contact,
penetration, deformation, and material failure. Abrasive
grain penetration depends on the contact pressure and the
mechanical properties of the material [9].

The contact interaction between the abrasive tool
and the material surface is determined by the pressure
distribution, the speed of movement, and the
characteristics of the abrasive [9]. These parameters
influence the depth of grain penetration, the cutting force,
and the intensity of tool wear. At low loads, elastic
deformation predominates; as the load increases, plastic
deformation begins, followed by fiber failure. This process
is accompanied by the formation of microcracks and fiber
separation [8], [10].

An additional mechanism is frictional interaction,
accompanied by heat generation. Increasing temperature
can lead to changes in the collagen structure and
deterioration of material properties [11].

Research shows that the penetration depth of an
abrasive grain is determined by the relationship between
contact pressure and the elastic modulus of the material
[9], [12]. When the critical stress is exceeded, the collagen
structure is destroyed [4].

Frictional interaction, accompanied by heat
generation, also occurs, which can lead to collagen
denaturation and deterioration of material properties [11].

Thus, it was established that optimization of these
parameters minimizes surface defects and improves
machining quality [10]. Modern modeling methods make
it possible to predict the behavior of the grinding process
and optimize process conditions [11].

3. RESULTS AND DISCUSSIONS

3.1 Abrasive Tools and their Wear

Surface roughness is the main indicator of
grinding quality. It depends on the abrasive grit,
processing speed, and pressure [15].

Increasing grit reduces roughness and can reduce
productivity. Increasing pressure improves productivity
but increases the risk of damage to the material structure
[16].

Processing speed affects heat generation and the
nature of material failure. Optimal selection of parameters
minimizes defects and ensures high-quality processing [9].
The primary tool for leather grinding is abrasive belts,
which consist of a backing, a binder, and abrasive grains.
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The type of abrasive (Figure-3), grain size, and coating
structure significantly affect processing efficiency [15].

Figure-3. Sandpaper structure:
1 - backing; 2 - base binder layer; 3 - abrasive grains;
4 - bonding layer; 5 - dust-repellent coating

Structured abrasive materials provide more
uniform load distribution and longer tool life [15].
Research shows that abrasive belt wear is one of the main
factors affecting process stability [10]. Tool wear leads to
reduced machining efficiency and changes in surface
roughness [10], [15].

The use of modern abrasive materials can
significantly improve machining quality and reduce
energy consumption [9].

Modern Wear prediction methods based on neural
networks allow for predicting tool condition and
optimizing the process [10].

Research shows that structured abrasive materials
provide more stable machining [15].

3.2 Equipment Design Features

Kinematic analysis of the mechanisms shows that
motion transmission parameters have a significant impact
on processing uniformity [9]. A rational feed system
design ensures stable material positioning within the
processing zone.

Optimization of feed and pressure parameters
improves processing quality and reduces the risk of
material damage [13], [16].

Based on the results of these studies, technical
solutions were developed to improve the design of a
leather grinding machine, and a patent certificate for a
leather grinding machine Ne. AP 8240 of the Republic of
Uzbekistan was obtained. The purpose of this machine
(Figure-4) is to expand the functionality of the leather
grinding machine. The advantages of the machine over the
considered grinding machines are that it increases the
completeness of use of grinding sheet materials, smooths
the skin folds and wrinkles, and increases its yield over the
area.

Figure-4. Schematic diagram of a leather
grinding machine.

Belt grinding machines are the most common
equipment for leather processing (Figure-5). They include
a drive, belt tension system, working element, and material
feed system [13], [20], [26].

Figure-5. Schematic diagram of a belt device for leather
grinding: 1 - abrasive belt, 2,3 - roller drums, 4 - chain
drive, 5,7 - rollers, 6 - work table, 8,9 - brushes, 10 -
conveyor, 11 - semi-finished leather product.

The use of modern drive systems ensures a stable
processing speed and improves surface quality [17], [23].
Additionally, material deformation during transport
between rollers must be accounted for [18].

3.3 Technological Parameters of the Process
The contact between the abrasive belt and the
leather is a complex multipoint interaction. Contact
interaction models take into account pressure distribution,
material properties, and abrasive characteristics [9].
Modern models use finite element methods and
analytical solutions to predict process behavior [11].
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The use of mathematical models allows for the
optimization of process parameters and high processing
efficiency [10].

The main process parameters are processing
speed, pressure, abrasive grain size, and material feed rate.
These parameters determine the material removal rate and
surface quality [9].

Research shows that increasing pressure
improves productivity but can lead to deterioration in
surface quality, i.e., destruction of the skin structure [16].

Material moisture content has a significant impact
on mechanical properties and processing parameters [12].
Optimal selection of parameters ensures a balance between
productivity and processing quality.

Modern monitoring methods enable real-time
process control and defect prevention [11].

Abrasive tool wear is one of the main factors
affecting process stability. Wear leads to reduced
productivity and deterioration in surface quality [15].

Wear prediction models enable process
optimization and increased efficiency [10].

3.4 Modern Surface Modification Technologies

Modern technologies include the wuse of
nonmaterial’s and functional coatings to improve the
surface properties of leather [6], [7], [19]. These
technologies improve wear resistance, antibacterial
properties, and resistance to external influences.

The use of titanium dioxide nanoparticles allows
for the creation of functional surfaces with improved
performance characteristics [6].

Modern technologies (Figure-6) are aimed at
increasing wear resistance and improving the functional
characteristics of surfaces [5].

Figure-6. Physical side: a) wet blue; b) finished leather
pieces, before and after grinding.

Recycling leather waste and using it as a
functional material is a promising area [3], [4], [5].

Despite significant progress, unresolved issues
remain, including the development of more accurate
models and the creation of specialized equipment.

The grinding process is accompanied by dust
formation and requires compliance with safety
requirements [2]. Modern technologies are aimed at
reducing environmental impact and increasing production
sustainability [5], [24].

3.5 Research Gaps and Issues

Despite significant progress, several unresolved
issues remain in this field, including the optimization of
processing parameters, the development of new tools, and
the automation of processes.

Based on a literature review, the following
research questions can be formulated:

a) How does moisture content affect the
mechanism of leather structure destruction during
grinding? [4], [12];

b) How does abrasive tool wear affect the quality
of the leather surface? [10], [15];

¢) Which equipment
structural damage? [13], [17];

d) In what ways can mathematical modeling
enhance process efficiency? [9], [11];

¢) How does the use of nonmaterial’s affect the
performance properties of leather? [6], [7], [19];

f) How do the destruction mechanisms of leather
differ from those of wood and metal materials? [3], [8],
[14].

parameters minimize

Finding answers to these questions is essential for
further technological development.
A promising direction for advancement is the integration
of digital technologies and intelligent process control
systems [10], [11].

The design of the grinding drum machine of the
Turkish company "Ozdersan" is shown in Figure-7. From
the middle of this working shaft to the right and left ends,
grinding paper strips are attached along the screw (at a
certain distance). With the help of such a design, the skin
surface is polished, and an increase in the useful area is
achieved [21].

\\"

Figure-7. Helical grinding work shaft.

Based on the foregoing, and utilizing existing
analogues [22], we have arranged sets of stepped abrasive
paper symmetrically along the surface of the grinding
machine's working shaft (drum) using T-shaped metal
bases and grooves. This configuration allows the grinding
process to be carried out in relatively lighter modes
(Figure-8).
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Figure-8. Advanced grinding drum diagrams.

Thus, in the technological process of grinding
leather products, as a result of processing leather products
in light (light) modes, an increase in their quality
indicators is achieved [25]. The manufacture of the
working grinding drum, developed based on the proposed
technical solution, is relatively easy, and the replacement
of grinding (abrasive) paper, which wears out during the
technological processes performed, does not require much
labor and time.

4. CONCLUSIONS

Leather grinding is a complex, multifactorial
process that involves various mechanical, tribological, and
rheological mechanisms [1], [9], [12]. This complexity
requires an integrated approach to the design of equipment
and the selection of process parameters. Current research
focuses on improving processing quality, reducing costs,
and enhancing product performance. Key areas of research
include the optimization of processing parameters and the
development of new equipment designs, both of which are
essential for improving quality and reducing production
costs [10], [11], [13].

Future research efforts should concentrate on
creating innovative design solutions and optimizing
processing  technologies. Promising avenues for
development include the creation of intelligent control
systems, the use of nonmaterials, and the advancement of
new abrasive tools [6], [7], [19].
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