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Abstract 

 

The purpose of conveyors, designed depending on the type of raw material and requirements with regard to the 

comminuted materials is to ensure smooth and efficient comminution procedure. Scientific literature provides detailed 

descriptions and studies focusing on the functionality and operational characteristics of systems used for feeding long 

(continuous) materials; corn stems, plastics, branches (wood) and other similar materials. These descriptions usually 

refer to the design features of shredders in connection with applicable operational characteristics. Nonetheless, 

despite the existence of various types of conveyors intended for feeding long materials, it is still a pertinent issue to 

ensure high effectiveness, including consistent feed, and efficiency of the feeding equipment. Based on both own 

research and the studies by other academics, it has been proven that the design of the working units applied in the 

analysed equipment, aside from the properties of the fed material and the applicable process parameters, has a 

significant influence on consistent and efficient energy consumption. 

 

1. Introduction 
 

The production and processing of specific materials used in the farm and food industry depend 

largely on the development of modern engineering and technological solutions. The key element in 

the production and processing of this type of materials is the process generally referred to as 

comminution of raw and base materials used in the farm and food industry.  

Primary processing of these materials develops equally dynamically as engineering solutions 

focused on the management and recovery of waste from these materials. Comminution is an 

essential stage of each production and subsequent recirculation process, both in the initial as well 

as the final phase of a full cycle. The purpose of conveyors, designed depending on the type of raw 

material and requirements with regard to the comminuted materials is to ensure smooth and 

efficient comminution procedure. Scientific literature provides detailed descriptions and studies 

focusing on the functionality and operational characteristics of systems used for feeding long 

(continuous) materials; corn stems, plastics, branches (wood) and other similar materials. These 

descriptions usually refer to the design features of shredders in connection with applicable 

operational characteristics. Nonetheless, despite the existence of various types of conveyors 

intended for feeding long materials, it is still a pertinent issue to ensure high effectiveness, 

including consistent feed, and efficiency of the feeding equipment. Based on both own research 

and the studies by other academics, it has been proven that the design of the working units applied 



 

 

in the analysed equipment, aside from the properties of the fed material and the applicable process 

parameters, has a significant influence on consistent and efficient energy consumption [1,2,4,5]. 

The purpose of this study was to systematize models which support of designing roll feeders 

for long, continuous materials intended for use in farm and food industry. The study was 

conducted based on a prototypical shredding unit provided by Jamox company. 

 

2. Roll feeder design principles 

  

Roll feeders are commonly utilized in comminution equipment used for shredding continuous 

(long and fibrous) materials. Porous, continuous materials which, when leaving the roller gap, are 

much more compacted, displaced and deformed, due to external forces, than the originally fed 

material, are transferred into the working gap of the feeder. 

The process of compacting continuous material within the inter-roll area may be divided into 

two stages (Fig.1): drawing stage and compacting stage. 

By analogy to raw material in the form of uniform and continuous material, it is possible to use 

existing models based on the principle of continuity, in order to determine relative speed as the 

difference between the speed of the raw material vs and the peripheral speed of the feeding roll 

surface vr.:   

ν = vs - vr,                                                                 (1) 

 

 

 
 

Fig. 1. Functional diagram of a roll feeder; 1) pressure spring, 2) fixed roll, 3) pressure roll   

 

When the material is fed into the inter-roll area the peripheral speed on the surface of the 

feeding rolls is larger than the linear speed of the raw material. Thus, the relative speed νrel 

compared to the roll surface is the smallest and is bound to increase due to the locally decreasing 

height of the gap h(z). The state of balance for an average stress σ and friction angle ϕw between 

the material and roll surface is defined by the following relationship: 
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Therefore:  
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From the moment the material is captured by the rolls the surface pressure increases from zero 

to the maximum value occurring at the point where the relative speed ν = 0. According to these 

assumptions, this is where the maximum pressure may be observed. The following stages may be 

identified during spatial compaction of continuous material within the working area of a roll feeder 

[5]: 

1. Initial volume reduction, mutual displacement of individual units of the raw material. 

2. Further volume reduction caused by elastic deformations and plastic strains. 

3. Burnishing, breaking and fracturing of the fed material. 

The first stresses occur within the inter-roll area, in the slip zone. Individual constituents of 

the raw material meant for comminution come into contact with one another and the fibres begin 

touching the surface of the walls and rolls. This phenomenon may be described using the 

principles of mechanics. If the shearing stresses of the wall are sufficient for the given raw 

material to be drawn without any slip, that point signifies the beginning of an adhesion zone. This 

is where the material is further compacted, depending on the geometrical conditions. The 

properties of the continuous material are a reliable basis with regard to the stress pattern. 

The stresses occurring within the slip zone are substantially influenced by the pressures 

generated on the material feeding plane, since these pressure values determine the shearing 

stresses acting on the walls, towards the roll gap. The higher the pressure of the rolls on the 

material fed on the roll grip plane zG is, the higher the resulting stress with suitably stronger 

compacted material. The total pressure force may be derived from the integral of the roll perimeter 

pressure curve. 

 

3. Design guidelines 

 

Figure 2 shows the slip zone and adhesion zone in the inter-roll gap. The roll surface exhibits 

certain lead/advance above the roll grip angle θG due to as yet insignificant friction stress. The  

so-called slip state occurs in this area. Below the roll grip angle, the nonslip material drawing 

causes a certain compaction, correspondingly to the geometrical conditions within the inter-roll 

gap. At the α = 0 point, the compressed material leaves the roll gap without elastic deformation. 

 

 
 

Fig. 2. Slip zone and adhesion zone within a roll area; 1- slip zone, 2- adhesion zone 



 

 

 

The analysis of the stress pattern within the working area of the roll feeder (in the roll gap) 

involves determining: 

1. stresses within the slip zone, 

2. stresses within the adhesion zone, 

3. roll grip angle αG. 

 

4. Stresses within the slip zone 

 

The following consideration are based on the assumption that the slip processes, occurring 

between individual constituents of the fed material and between the fed material itself and the 

walls of the feeder, are decisive within this area. The material behaviour may be characterized 

based on, e.g. the effective slip point or the point of slip on the mouth and roll wall. The state of 

stress within an element of the fed material is described assuming a coexistence of the main stress 

directions and main deformation directions (unit elongations) with material isotropy acc. Mohr’s 

circle of stresses. 

Shear and normal stresses for a given plane are represented as points on the circle of stresses. 

This way of representation enables determination of stresses on various planes of the analysed fed 

material volume. Relationships between normal stresses σx and σz and relatively identical shear 

stresses τxz and τzx are following:  
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The largest principal stresses σ1 are exerted, in accordance with definition, on the plane 

free of shear stresses and are turned by a β/2 angle in a mathematically negative direction in 

relation to the direction of normal stress σx.    

Both stresses on the σ -τ plane form a β angle in a mathematically positive direction, while 

the stresses σx and σz, as well as σ1 and σ2 form a right angle. That is why the line connecting these 

stresses on the σ - τ plane runs straight through the central point of the Mohr’s circle of stresses.  

The notion of relative slip between elements of the fed material is understood as plastic 

strain of its element subject to pressure generated by the feeder rolls. By applying the criterion of 

inter-material slip, based on the theory of Mohr’s circle of stresses, it is possible to determine the 

plane on which this displacement between the constituents of the fed material occurs, including the 

related maximum shear stress of this plane. 

 



 

 

 
Fig. 3 The stresses that occur on the feeder roll surface 

 

Figure 3 shows the states of stress for two continuous elements of the fed material on the 

surface of the roll. The elements of the fed material are in a state of elasto-plastic balance with a 

slip in its volume and on the wall of the feeder mouth. The largest principal stress σ1 forms an 

angle α with direction x, while the stress σw forms an angle α with the negative direction x. The 

sum of angles β+ α is always present between the stresses σ1 and σw on the σ-τ  plane.  

Since: x = 0, β = 0 on the symmetry plane as well, the direction of principal stresses has 

been established along the whole plane z = const, defined by α0. On this plane lies the beginning of 

the coordinate system applied herein. Therefore: 
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This plane is referred to as the material feeding plane. 

 

ααω −= 0                                                            (6) 

 

It enables, with identified properties of flow from the coordinate α determination of direction ω of 

the largest principal strain σ1 on the surfaces of the feeding rolls. 

The analysis performed as part of this study did not cover gravitational forces of the fed material 

exerted on the surface of the bottom feeder roll and the guiding trough. Owing to a relatively small 

weight and considerably high pressures generated by feeder rolls, these forces were considered 

irrelevant for the subject matter of this study and were thus omitted. The balance of stresses in the 

z and x direction lead to the following system of equations: 
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Therefore: 
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The increase of stresses in the symmetry axis of the roll gap was identified as an approximate 

solution, by the application of the integral calculus average value theorem, and it amounts to: 
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where:     ( )αcos
2

d
z =                                                   (10) 

therefore, the stresses amount to:  

( )dzzf
ασσ 00 exp ∫=                                      (11) 

 

5. Stresses within the adhesion zone of the feeder  
 

The postulated compression of the fed material in a roll feeder of shredder takes place within 

the adhesion zone where there are no slips on the smooth surface of the roll. The stress pattern was 

established based on the volume reduction value in the inter-roll gap of the feeder (Fig. 2). The 

volume of material in the mouth of the feeder amounts to: 

 

( )( )[ ] lbHdhV ∆−−+= ααθ coscos1  ,                                          (12) 

 

calculated for width of the rolls which equals b. The teeth that help drawing the material onto the 

surface of the rolls were included by introduction of the H value which stands for an averaged 

reduction of the substitute gap, which is connected with the volume of a single tooth VR and the 

number of these teeth nR, determined by the following equation:  
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The decrease in volume, derived based on the roll grip angle αG, results in an increase in 

compressed material density ρΚ. The density ratio is as follows: 
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The following approximate relationship occurs between density and compressive stress: 
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stress pattern in the adhesion zone: 
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The roll grip angle was derived based on the above equation, therefore: 
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6. Determination of the feeder roll grip angle 

 

The equation (17) contains the output stress on the z = 0 plane as boundary condition. 

Based on both stress gradients in the adhesion zone and slip zone, it is possible to determine the 

feeder roll grip angle. The compaction is conditional upon continuity in the inter-roll gap of the 

feeder and results in smaller increase in surface pressure due to the compaction that has already 

occurred. Equal stress gradients are therefore necessary prerequisite for the unknown roll grip 

angle. 
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The largest principal stress for the roll grip angle amounts to: 

 

eϕσσσ sin1 +=                                                     (20) 

                                               

7. Pressure and driving power forces 

 

In accordance with figure 2, the pressure force F was determined by integration of the field below 

the curve of the surface pressures occurring in the roll gap:  

 

αασ d
bd

F cos
2

1∫=  

 (21) 

Depending on the pressure force, only the surface pressures occurring in the adhesion zone are 

taken into consideration. The pressures in the slip zone are negligibly low.  
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where the maximum stress at the narrowest point of the roll gap amounts to σ1 max. 

The torque was determined through integration of the pressure force on the roll surface in the 

adhesion zone: 

   αFdtgM 25,0=                                                             (23) 



 

 

 

The driving power was derived from the relationship between torque and roll revolutions nr.  

 

rMnP π2=                                                       (24) 

 

8. Conclusions 

 

The phenomena, processes and relationships between feeding continuous materials such as 

tree branches or plant stems and multi-edge grinding are relatively easy to describe formally, 

despite their complexity and multifaceted nature. Arriving at the answer to the question about 

process factors (actions and methods), design features (means, devices and systems), operational 

conditions pertaining to roll feeders and their influence on the dynamics and efficiency of the 

whole comminution process (tree branches), with a multi-edge shredder used as an example, was 

possible with an assumption that quasi-cutting stresses will propagate at an infinite rate [3,4,5]. 

It seems appropriate to continue the research focusing on optimising the design features of 

the analysed prototypical shredding unit. 
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