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Abstract. The study is devoted to the theoretical modeling of the residual 
moisture in leather, taking into account the phenomenon of its contact 
interaction with working rolls. Analytical formulas were derived that 
describe the patterns of changes in moisture content during the process of 
roller squeezing of leather. A theoretical model of residual moisture in 
leather during roller squeezing was developed. It was determined that with 
increasing roll radius and initial thickness of leather, the residual moisture 
content increases. It was revealed that with an increase in the initial moisture 
content of leather, its residual moisture content increases and asymptotically 
approaches a certain value.  

1 Introduction 

Mechanical operations that involve roller machines are widespread in the leather industry. 
Among these operations, we can single out the roller squeezing of semi-finished leather 
products, which maintains the moisture content necessary for subsequent mechanical 
operations since the cost and quality of the finished product are related to its efficiency. The 
efficiency of roller squeezing is determined by the residual moisture content of the material 
being pressed. 

 The study of the phenomenon of spinning leather is directly related to environmental 
safety, since modeling the squeezing process is impossible without solving the problem of 
wastewater from the enterprise. 

     The residual moisture of the model is determined by three methods: experimental, 
experimental-theoretical, and theoretical ones. Experimental methods of determining 
residual moisture are used mainly for their intended purpose. The degree of further 
application of experimental and theoretical methods of determining residual moisture 
depends on the empirical dependencies used in it. Theoretical models of residual moisture 
are obtained by joint solution to two problems: contact interaction of leather with working 
rolls (contact problem) and filtration of water in leather and felt (elastic coating of rolls) 
(hydraulic problem). 

 References [1-20] are devoted to solving contact and hydraulic problems during roller 
squeezing of wet materials. An analysis of the literature sources showed that a correct 
theoretical model for determining residual moisture is currently missing. The existing 
individual models can be used in studies of partial cases of roll pressing [21-26]. 
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 This article is devoted to the theoretical modeling of the residual moisture of leather, 
taking into account the phenomenon of its contact interaction with working rolls. 

 An analysis of the design of squeezing machines in the tanneries showed that the two-
roll modules of these machines are mainly symmetrical in appearance [26]. 

 We consider a symmetrical two-roll module, in which pairs of rolls with radii R  have 
an elastic coating of technical cloth with a thickness of H , and a layer of leather has an initial 
thickness of 1  (Figure 1). 

 

 

Fig. 1. Scheme of a two-roll module of a squeezing machine 

In the considered two-roll module, the leather interacts with pairs of rolls along the roll 
contact curves. Each roll contact curve consists of compression and recovery zones. The 
points of the compression zone of each roll are determined by polar coordinates );( 11 r , and 

the recovery zones - by ).;( 22 r  

 From Figure 1, it follows that ,011   220   , where 21,  are the contact 

angles. 

2 Materials and metods  

To model the residual moisture of leather during roller squeezing, we will consider leather 
and cloth as a two-phase medium, consisting of a solid part and water filling the pores 
between them. 

 The solid phase of leather consists of fibers and collagen bundles. 
 The water phase of leather consists of hydration moisture, which is related to skin, 

moisture of capillary condensation during absorption, and moisture of wetting, filling large 
pores of leather [26]. Because leather is kept in liquid for a long time during the tanning 
process, there is no third phase (air). 

Technical cloth is also a two-phase system: solid phase - skeleton (wool and synthetic 
fibers) and water. The cloth up to the contact zone of the squeezing rolls is not always 
saturated with water and may contain some air in the pores. However, before entering the 
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contact zone, it is saturated with moisture from a water wedge formed as a result of squeezing 
water in the pressing zone [27]. 

 Compressibility of water and leather and cloth fibers is ignored in the calculation model. 
 When entering the contact zone of the rollers, the water-saturated skin begins to shrink. 

Since compression of a water-saturated layer can only occur as a result of squeezing out 
moisture, then over the entire length of the compression zone of the roll contact curve, water 
under the effect of hydraulic pressure forces is extruded out of the skin into an area of lower 
pressure. The water flow along the skin is hampered by the location of its capillaries (fibers 
and collagen bundles in the skin structure). Therefore, when hydraulic pressure occurs, water 
flows in the direction of the collagen fiber bundles up and down into the felt. 

 If the surfaces of the rolls are moisture-impermeable, then filtration in felt occurs only in 
the horizontal direction [28]. Moreover, water (removed from the squeezing zone along the 
cloth) is extracted both from the cloth itself and from the leather. Part of the water flows 
towards the cloth, and part - along the cloth motion. 

 From the compression zone of the roll contact curve, we select an elementary area of 
length 1dl  and height 1h  (Figure 1). If the width of the skin is denoted by L , then its 

elementary volume is: 

111 dlLhdV  .                                                          (1) 

As indicated above, the skin, entering the contact zone of the rolls, is completely saturated 
with water and represents a two-phase system. Therefore, the elementary volume of the skin 
is expressed in the following form: 

sm dVdVdV 111   

or, taking into account equation (2): 
,1111 sm dVdVdlLh      

where mV1  is the elementary volume of wet skin occupied by water; sV1  is the 

elementary volume of wet skin occupied by the solid phase.  
 Having expressed elementary volumes mdV1 , sdV1  through the weights of water and 

solid phase in given volumes mdG , sdG , and through the specific weights of water and solid 

phase  m , s , respectively, we write the formula for elementary volume in the following 

form: 

.11
s

s

m

m dGdG
dlLh


                                               (2) 

Skin moisture content in percent is: 

.
100

1
sm

m

dGdG

dG
W


  

Transforming this expression, we obtain: 

.
100 1

1
sm dG

W

W
dG


                                                (3)              

Substituting expression mdG  from equation (4) into equation (3), solving the result with 

respect to 1h , and taking into account inWW 1  for 11 h ,  after some transformations, we 

obtain: 

,
100

)(100

1

1
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W
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
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


                                          (4) 
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where 
in

inmsm

W

W
a





100

)(100
1


, inW  is the initial moisture content of the skin, that 

is, the moisture content of the skin before squeezing. 
 From equality (5) we find 

.100
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



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
ah

ah
W

ms

m                                           (5) 

 The law of changes in the skin thickness in the compression zone is written as (Figure 
1): 

111 cos2 rh   

      It follows that 

          1111 cos)(2   r , 

where    is the centre distance of the rolls. 
 Then we have 

).cos)(cos(2 1111111   rrh                               (6) 

 According to [4, 29], the shape of the roll contact curve is described by the following 
equation: 
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1
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where  ,
1

*
1

1
1

m

Hm
k   *

11 , mm  are the coefficients of hardening of leather cloth points;  1 ‒ 

is the index that determines the ratio of the strain rate of cloth and the strain rate of leather. 
 Considering (8), equalities (7) are written as follows: 
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or in the first approximation 
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h .                                    (8) 

 Substituting expression 1h  from equality (9) into equation (6) and solving the resulting  

equation with regard to ,1W  we obtain: 

,100
100 2
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2
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where .
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 This formula determines the pattern of changes in skin moisture in the compression zone. 
 The pattern of changes in skin moisture in the recovery zone is determined in the same 

way: 

,100
100 2

2
2
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2
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      220   ,                  (10) 
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where ,
)(100

)1( 222
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

  rW  is the residual moisture content of the skin, that 

is, the moisture content of the skin after squeezing, and 2  is the final thickness of the skin 

layer. 
 A number of authors [13,21,30] in their studies have established that during the 

extraction process, in the deformation zone of the squeezed material, there is a boundary for 
changing the direction of the flow of extracted water. By changing the position of this 
boundary, we can regulate the degree of residual moisture of the squeezed material: the closer 
this boundary is to the line connecting the centers of the rolls, the lower the degree of residual 
moisture. In this regard, a hypothesis was adopted [13, 30]: behind the point that determines 
the residual moisture of the squeezed material, one can take the point of the roll contact curve 
lying on the line of centers, that is, the point where the water changes the direction of flow. 

 Thus, the residual moisture content of the skin during roller pressing is its moisture 
content at the end of the compression zone, that is ).0(1WWr   

  From equality (10), it follows that 

.100
100 2
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2
11


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W
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W

in

r




                                             (11) 

3 Results 

Analytical formulas were derived that describe the patterns of changes in moisture content 
during the process of roller squeezing of leather. 

A theoretical model of residual moisture in leather during roller squeezing was developed. 

4 Conclusions 

Based on the analysis of graphs of residual moisture in leather, it was determined that: 
 with increasing radius of rolls, the residual moisture increases, which is related to 

the increase in the width of the roll contact area; 
 with an increase in the initial thickness of the skin, other things being equal, the 

residual moisture content in the skin increases; 
 with an increase in the initial moisture content of the skin, the residual moisture 

content increases and asymptotically approaches a certain value 
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