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ABSTRACT. The grinding bodies in the centrifugal roller mills are cylindrical rollers that roll on the inner cylindrical surface of the mill drum. Trapped between the roll 
and the drum, the ore particles are crushed by the large centrifugal forces. In this work, a mathematical relation is obtained between the dimensions of the drum, the 
rollers and the particles entering for grinding, so that the angle of capture is optimal. This allows maximum reduction factor (ratio) and high productivity to be achieved. 
A numerical example is also provided. 
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РЕЗЮМЕ. Мелещите тела в центробежните ролкови мелници са цилиндрични ролки, които обтъркалват вътрешната цилиндрична повърхнина на 

барабана. Попаднали между ролката и барабана, частиците руда се натрошават благодарение на големите центробежни сили. В този труд е получена 
зависимост между размерите на барабана, ролките и постъпващите за смилане частици, така че ъгълът на захващане да е опимален. Така може да се 
постигне максимална степен на смилане и висока производителност. Приложен е и числен пример. 

 
Ключови думи: не центробежна ролкова мелница, ъгъл на захващане 

 
Introduction 
 

The working bodies of the considered machines are the 
cylindrical steel rollers, which rotate at a high angular speed, 
press the ore pieces to the cylindrical drum and break them 
(Pulev 2013, Sezonov 2011, Chalashkanov 1978, Cvetkov 
1988). Grinding is due to the large centrifugal forces. The main 

technological parameter is the gripping angle α , which directly 

affects the grinding intensity. When the angle is too small, the 
grinding rate is very low. At a large angle, the grinding rate 
increases, but the productivity decreases. The aim of this work 
is to determine the optimal gripping angle taking into account 
the dimensions of the drum, the rollers and the particles 
entering for grinding. 
 
 

Analysis 
 

The determination scheme is shown in Figure 1. The mill 

drum is represented by a circle of diameter D  and center O . 

The roller with diameter d  and center 1O  rolls without sliding 

on the inner cylindrical surface of the drum. The centrifugal 
force presses the roller tightly against the housing and 
eliminates the possibility of detachment or slipping. The  ore 

piece has a regular shape with a diameter x  and center 2O  . 

The gripping angle is formed between the tangents to the ore 
piece at the points of contact with the drum and the roller. 

These tangents are perpendicular to the lines 2OO  and 

21OO . 

 

 
 
Fig. 1. The determination scheme 

 

Therefore, the angle α=OOO 21∠  can be determined 

by a triangle with sides 
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By the law of cosines in triangle OOO 21  

 

     
  x+dxD

dDx+d+xD
=α





2
cos

222

.  (1) 

 
With using trigonometric identity 
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after transformation from (1) and (2)  is obtained 
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The condition for tighting the ore particle is 

 
 2 ,      (4) 

 

where ρ  is the angle of friction, and tgρ=μ  is the 

coefficient of friction between the ore particle and the steel 
drum and roller. Condition (4) is equivalent to 
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From (3) and (5) the inequality is obtained 
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or 
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The roots of the quadratic equation corresponding to 
inequality (6) are 
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which after transformation acquire the species 
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It is known that a function t=f(t) 1 can be 

described by a Taylor series and at small values of the 

argument   0890,<t  can be represented as 
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Taking into account (8), formula (7) is transformed into 
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Thus for the roots of the quadratic equation is obtained 
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The solution of inequality (6) is 
 

    ,, 21 xxx                 (10) 
 

The condition that the ore particle is smaller than the roll, 
ie. 
 

 d,x 0 .                 (11) 

 

From (10) and (11) the final solution of inequality (6) is 
obtained 
 

 1,0 xx .                (12) 
 

Therefore, optimal grip is obtained when the maximum size 
of the particles entering the grinding is determined by the 
formula 
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Therefore, the size of the ore particles depends on three 
circumstances 
   - the diameter of the drum, which cannot be substantially 
changed with a centrifugal roller mill operating; 
   - the coefficient of sliding friction, which depends on the 
material of the drum, rollers and ore particles; 
   - the diameter of the rollers. 

The only way to ensure an optimal angle of capture is to 
select the dimensions of the rollers depending on the size of 
the ore particles. The diameter of the rollers can be determined 
by the formula 
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obtained after transformation of (13). 
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Numerical experiment and discussion 
 

An example is a centrifugal roller mill with diameters of 

drum m=D 1,2  and roller m=d 0,2 . The coefficient of 

friction between the pieces of ore and steel is 0,3=μ . For 

the discriminant of (6) is obtained 

  0913604 22
>,=DdμdD  . The roots of (6) 

have the following values: 02201 ,=x , 97802 ,=x . The 

inequality 21 x<d<x  is satisfied, which proves that the 

interval (12) is defined correctly. Applying the derived formula 
(13) to the diameter of the particles fed for grinding is obtained 

mm=m,=x 220220max . 

Figure 2 shows the dependence of x  on d  with a drum 

diameter m=D 1,2 . It is obtained according to (13) and can 

be used by technologists in the operation of centrifugal roller 
mills. With the aid of Fig. 2, the diameter of the rollers can be 
selected according to the size of the ground particles so that 
the gripping angle is optimal. 

The productivity of centrifugal roller mills and the degree of 
grinding directly depends on the correct determination of the 
diameter of the rollers according to the size of the ore particles. 
Therefore, the dependence obtained in this study (13) may be 
useful in mineral processing. 

 
 
Fig. 2. Influence of the size of the ore particles on rollers 
diameter 
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