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Abstract. In this paper, in a vertical shaft machine machining flat material, the flat material base plate exits the coverage 

area of the first elastic-coated working shaft pair and hits the coverage area of the second elastic-coated working shaft 

pair, taking into account how the forces acting on the shaft change resistance moment and how the values of the force 

pulling the base plate upwards by the chain change relative to other quantities are investigated.  

INTRODUCTION 

The leather industry includes many technological machines; The machine with squeezing rollers is used in many 

operations, for example, during wringing, degreasing and after dyeing leather semi-finished products in a drum. The 

article presents the results of experimental studies to determine the effect of multilayer wet leather semi-finished 

products with monsoons during pressing on the amount of extracted moisture. Mathematical dependences of the 

amount of extracted moisture for each layer of a five-layer wet leather semi-finished product on the feed rate 

between the pressure rollers and the pressure of the rollers have been obtained [1]–[5]. 

When rolling and cooling on stand-coolers, the profiles receive general and local curvatures to correct which 

straightening on roller levelers (RLM) is used. Calculating the leveling parameters of bars on the RLM is based on 

the hypothesis of isotropy and uniformity of the deformed metal. In addition, the calculation is also based on the 

assumptions about the linear distribution of the coefficient of penetration of plastic deformation over the thickness 

of the rolled product with alternating bending, the point nature of the contact between the roller and the rolled 

surface, and the vertical direction of the leveling force for all RLM rollers. The use of these hypotheses significantly 

reduces the accuracy of calculating technological parameters during rolling and straightening. A mathematical 

model of the parameters of the alignment of profile bars in the calculation of RLM is presented [6]. 

While contributing significantly to the country's economic growth and stability, the leather industry does not 

have a good image because of its role in environmental pollution. This study will help managers of tanneries 

formulate strategies for the optimal use of available resources and waste reduction in the context of a circular 

economy [7]. 

The article examines the construction of automatic lines connecting several operations for the processing of 

leather semi-finished products. These automatic lines are believed to provide improved product quality and 

production efficiency. In addition, the kinematics of the cutter shaft is another area of research. A conveyor is 

proposed that ensures the stable operation of automatic lines for processing leather semi-finished products, and its 

efficiency is checked. The results obtained indicate that without stopping the technological cycle of sheet material 

processing, the stable operation of the automatic line is ensured. When obtaining the results, mathematical modeling 

was chosen as the key method, and to obtain the results; an MS Excel spreadsheet is used [8]. 
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In this case, the equations of motion of common pairs of machines for machining in the vertical and horizontal 

directions to a flat material using the equations of motion of the 2nd Lagrange circle are derived from the 

generalized coordinates for a single case. Also, based on the solutions of the extracted equations, graphs were 

constructed and analyzed for various parameters of the shaft pairs [9], [10]. The results of the study of normal 

stresses in two-roll modules are presented. An asymmetric two-roll module is considered; when the rolls are inclined 

to the right relative to the vertical, the diameters of the rolls are not the same, the rolls have elastic coatings with 

different rigidity, the material layer is fed down. Mathematical models of the distribution of normal stresses in the 

considered two-roll module in the case when the deformation properties of the contacting bodies are set by 

theologically determined models [11]. A mathematical method for computerized calculation of tension in 380 wires 

in the unwinding zone and behind the guide/input rollers on a titration machine is presented [12]. New analytical 

dynamic models have been developed for roller machines used in industry [13], [14]. 

For nonholonomic systems of mechanical systems, the equations of motion are derived and analyzed [15], [16]. 

In this work [17]–[23], the problem of choosing the appearance of the orientational surface with the uniform transfer 

of a smooth material to the processing zone of flat material is considered and investigated, i.e. between the working 

shafts. The movement of flat material in the processing zone along the conveyor has been investigated. The laws of 

dynamics and numerical methods were used to determine the appearance of the transfer surface. 

MATERIALS AND METHODS 

On the one hand, the construction of a line for transportation and mechanical processing of flat material, i.e. 

leather semi-finished products, was developed. This technological line has three main working zones, where various 

technological processes are carried out using pairs of working shafts and base plates. In the case under 

consideration, we consider the following issue for a vertical roller machine that mechanically processes flat material 

to operate at the required level. To do this, the following process is performed below, taking into account the 

moment of resistance of the base plate on which the flat material is suspended from the coverage area of the first 

elastic-coated working shaft pairs and how the forces acting on the shafts change when the second elastic-coated 

working pair strikes the coverage area (Figure 1). we analyze how the values of the force pulling the plate up change 

relative to other quantities. 

To do this, we perform this process below; namely, the flat material researched base plate using Lagrange's 1-

round equations for the condition of the first elastic-coated working Shaft pairs going out of the coverage zone and 

hitting the second elastic-coated working Val pairs going into the coverage zone (Figure 2), creating equations 

concerning the sizes we need. First, we determine the degree of freedom of the system under consideration 

(according to Figure 1). In this case, the degree of freedom, in this case, is three because the pairs of shafts covered 

with elastic material move in a straight parallel at the exit of the base plate from the coverage area. Since the base 

plate is in forwarding motion along the chain, the degree of freedom, in this case, is two-fold. When the base plate 

hits a pair of shafts lined with a high working elastic material, the shafts are in rotational motion, in which case the 

degree of freedom is one. This means that the degree of freedom of the system we are looking at is six. But 

assuming that there are four links to the system we are looking at, we assume that the degree of freedom of our 

system is equal to two. The generalized coordinates will also be two. These are as follows: 21, qq   . 

We can construct the equations of motion for the case where the base plate on which the flat material is 

suspended leaves the coverage area of the first working elastic-coated shaft pair and hits the coverage area of the 

second working shaft pair. To do this, we calculate the kinetic energy of the avallo base plate and the elastic-coated 

shafts.  
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FIGURE 1. Diagram of the base plate exiting the coverage area of the first elastic-coated working shaft pairs and hitting the 

second elastic-coated working shaft pairs in the coverage area 

 

In this case, the base plate on which the flat material is suspended moves forward throughout the system, and its 

kinetic energy is expressed as follows. 
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where 1T is the kinetic energy of the base plate, 1m  is the mass of the chain, base plate and flat material.  

 

The pair of bottom shafts in question moves in a straight parallel at the exit from the coverage area of the base 

plate on which the flat material is hung (Figure 1), and their kinetic energy is written as follows: 
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where
 2 3,T T  are the kinetic energy of the lower shafts,

2 3m m m   is the mass of the lower shafts, 
CzJ  is the 

moment of inertia about the axis passing through the center of mass of the shaft perpendicular to the plane of 

motion,   angular velocity. The moment of inertia of the shaft is equal to 
2

2mR
J x 

 

in question, where R  is 

radius of shafts.  

When the base plate on which the flat material is hung hits the coverage area of the second working elastic-

coated shafts above, the shafts move in a slow rotational motion. In this case, the kinetic energy of the above shafts 

is expressed as follows: 
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Where 54 ,TT are the kinetic energy of the upper shafts.  54 mmm
 
is the mass of the upper shafts. 

zJ  is moment of inertia about the axis of rotation of the shaft,   is angular velocity. In this case, the 

moment of inertia of the shaft with respect to the axis of rotation is equal to. 
2

3 2mR
J x   according to the Huygens-

Steiner theorem. Where R  is radius of shafts.  

Now we connect the x and y coordinates with the angle of coverage  for the lower shafts, in which case we 

have the following expression: 
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where R  is the radius of shafts, r  is the radius of the "nose" of the base plate, 0h  is the thickness of the 

elastic coating of the shafts. If we derive the expression from (4), it is equal to the following. 
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Now we connect the x and y  coordinates with the coverage angle for the upper shaft pairs, in which case we have 

the following expression: 

 

 
  ,sin

,cos

00

00





thrRy

thrRx




     (6) 

 

where R  is the radius of shafts, r  is the radius of the "nose" of the base plate, 0h is elastic coating thickness 

of shafts, 0t  is the initial thickness of the flat material. If we derive the expression from (6), it is equal to the 

following.  
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To construct the differential equation of motion of a pair of elastic-coated shafts, we use Lagrange's second-order 

equation of motion. 
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That is, we have the following two equations. 
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where iQ  is generalized forces.  
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Now we calculate the total kinetic energy. To do this, we can write the total kinetic energy for the lower shaft 

pairs, taking into account the sum of expressions (1) and (2) and expression (4), as follows: 
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Given the sum of expressions (1) and (3) and expression (6), we can write the total kinetic energy for the upper 

shaft pairs as follows: 
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For lower shaft pairs, we calculate the total and specific derivatives of the kinetic energy. 
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Firstly, we find the work done by calculating the angular displacement of the generalized forces  for the lower 

shaft pairs. 
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where G is gravitational force acting on the base plate by the chain, P is chain, base plate and gravity of flat 

material, вP is gravity of shafts,  32 QQQ is pressure force acting on the shafts, tM is rotating torque, 

1M  is resistance torque. 

(17) the x and y shifts in the expression are as follows: 
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If we put the expressions in equation (18) into equation (17), the expression looks like this: 
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(19)  

From Equation (19) we determine the generalized force Q  
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Substituting the expressions (13) - (15) and (20) into the second-order equations of Lagrange (9), we obtain the 

equations of motion for the lower shaft pairs. 
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It is known that since the base plate moves at a constant speed, the angular velocity of the shafts is   = const, 

and the angular acceleration is. In that case (21) for the lower shaft pairs, the equation of motion is as follows: 
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(22) simplifying the equation leads to this appearance: 
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(23) we can see from the equation that is a quadratic equation with respect to  0hrR 
. 
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(24) the solution of the quadratic equation can be written as follows. 
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For high shaft pairs, we calculate the total and specific derivatives of the kinetic energy. 
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We find the work done for upper shaft pairs by calculating the generalized forces at an angle, giving a displacement.  
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(30) the displacements x  and y  in the expression are equal to the following for the upper shaft pairs. 
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If we put the expressions in equation (31) into equation (30), the expression looks like this. 
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From Equation (32), we determine the generalized force Q . 
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Substituting the defined expressions (26) - (28) and (33) into the second-round equations of (10) Lagrange, we 

derive the equations of motion for the upper shaft pairs.  
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It is known that since the base plate moves at a constant speed, the angular velocity of the shafts is   = 

const, and the angular acceleration is 0 .  In that case (34), the equation of motion for the upper shaft pairs is as 

follows: 
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If we simplify Equation (35), we get this view: 
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From equation (36), we can see that  00 htrR   is a relatively quadratic equation. 
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The solution of the quadratic equation (37) can be written as follows. 
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RESULTS AND DISCUSSION 

Based on the solutions of quadratic equations (25) and (35) given in the research process, graphs of radius 

dependence of the coverage angle of the lower and upper elastic coated shaft pairs were constructed and analyzed. In 

Figure 2, a graph of the radius dependence of the coverage angle of elastically coated shafts is constructed at 

different numerical values of the tensile force (for the position of the base plate lower shaft pairs at the exit from the 

coverage area). The graph shows that as the numerical values of the shaft coverage angle increase, the numerical 

values of the shaft radius decrease. Analyzing the graph, we can say that the smaller the numerical values of the 

gravitational force, the larger the numerical values of the radius of the shafts. In Figure 3, a graph of the radius 

dependence of the coverage angle of elastic-coated shafts is constructed at different numerical values of the tensile 

force (for the base plate's position when the upper shaft pairs hit the coverage area). As we can see from the graph, 

when the shafts' radius is large, the coverage angle is small, and when the radius of the shafts is small, the coverage 

angle reaches a large value.  

CONCLUSION 

As we examine how the traction force acting on the base plate from the chain side concerning other parameters 

depends on the parameters of the chain in the event that the flat material is tested, the first elastic-coated working 

shaft pair exits the coverage area, and the second elastic-coated working shaft pair hits the coverage area. Based on 

the theory we have written, we have come to the following conclusions.   

Based on the constructed graphs, we can say that the larger the diameter of the shafts, the smaller the value of the 

force pulling the base plate upwards. Conversely, if the diameter of the shafts is small, the value of the force pulling 

the base plate upwards must be large. Based on the above conclusions, we can say that the numerical value of the 

traction force should be determined depending on the diameter of the selected shafts when the base plate exits the 

coverage area of the lower shaft pairs because the traction force must pull the base plate out of the coverage area at a 

constant speed. Because in this case, if a large gravitational force suddenly pulls up the base plate, the chain will 

break, and the constant speed of the base plate along the chain will not be ensured. 

 

 
 

FIGURE 2. Graph of radius dependence of coverage angle 

of elastic coated shafts. (for the position of the bottom 

plate pairs of the base plate at the exit from the coverage 

area) 

FIGURE 3. Graph of radius dependence of coverage angle of 

elastic coated shafts. (for the position of the base plate when 

the upper shaft pairs hit the coverage area) 
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