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 Grinding is one of the basic processes in production of building materials. The analysis 

of modern technologies and technical facilities for production high-dispersed materials 
has shown that mills of disintegrator type with the function of internal classification of 

ground materials have a great potential. In this regard it is important to determine the 

design, technological and energy parameters of disintegrating facilities. 
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INTRODUCTION 

 

 The important task is to produce powders having precisely set grain-size composition, the demand for 

which grows in many branches of industry. 

The increase in amounts and dispersion degree of ground materials results in a sharp rise of energy 

consumption. So, using more efficient and cost-effective methods of grinding and designs of mills is a crucial 

task. 

Nowadays are the designs of mills, providing the repeated impact loading, and among them disintegrating 

facilities, are the most promising ones.  

 

The main Part: 

A disintegrator capacity is the basic parameter which determines the efficiency of grinding process and mill 

performance (Pechenyy, B.G., 1975). In this case the disintegrator capacity is influenced, to a great extent, by 

the following parameters: n1 and n2 - rotors speed; d – diameter of the inner row of striking elements; l – space 

between neighbouring striking elements in the inner row; k – the number of striking elements in the inner row; 

Dср and dср – average-weighted size of material particles before and after grinding, respectively; h - clear height 

of a striking element; [sigma] – ultimate strength of ground material. 

Capacity, as a function of all these parameters, appears as follows: 

 

Q= f (n1,n2,d,l,k,Dср,dср,h,[σ]).               (1) 

 

We will take Bond’s hypothesis as the basis for calculating capacity (Kolbanovsky, A.S., et al., 1973): 

elementary work, required for grinding material, is directly proportional to the parameter increment, which is a 

geometric average between the ground material volume and the surface area of the end product 

 

∆А=K ∆ = K ∆D
2,5

.               (2) 

 

According to the unifying hypothesis the elementary work for disintegrating a block of material is 

proportional to the infinitesimal change of some degree of its diameter D 

 

∆Аm= Кm ∆ D
4-m 

;                (3) 
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where m - power exponent, determined empirically, for Bond's formula m = 1,5. 

Differentiating the right part of the equation, we find the elementary work, spent for disintegrating a block 

of material 

 

dAm= Km’ D
3-m

dD.                (4) 

 

Let us suppose that the material with volume Q0 consists of round blocks of the same size with diameter D, 

so the total number of blocks N, contained in this volume, is determined by the formula 

 

               (5) 

 

and the elementary work of elastic forces at small deformation of total volume Q0 appears as product 

∆А0 = N dA = KN’(Q0/D
3
) Km’D

3-m
 dD; 

from which 

∆A0=  .                (6) 

To determine the total work А0, spent for disintegrating the whole volume Q0, in integration it is necessary 

to take into account the initial D0 and the final dk sizes of blocks of the original material and the ground material 

respectively. 

After integrating the equation (6) from D0 to dk we get the equation for determining the capacity of the mill: 

;               (7) 

. 

For convenience we set К0 as 10 W, where  W – work index by Bond, kW×h/t [3]; thereupon 

 ;              (8) 

in respect that m = 1,5, we get 

.              (9) 

But the work of elastic forces 

;               (10) 

where E - elasticity modulus of the ground material, MPa; 

V – volume of the ground material, i. е. the disintegrator throughput. 

The feed material charged into the grinding chamber passes between the rows of striking elements, and the 

speed vector of the material particles changes from the preceding row to the following one. We assume that the 

material fills the whole work space between the neighbouring striking elements. 

To calculate the disintegrator throughput we assume that, according to the design diagram, the work space 

(Fig. 1) is equal to 

;               (11) 

where [mu] - fragmentation index, which amounts to 0,1-0,15. 
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Fig. 1: Design diagram for determining the disintegrator throughput. 

 

The volume of interior space of the first row of grinding chamber 

 ;            (12) 

where а - square side of the cross-section of a striking element, m. 

The disintegrator throughput is influenced by the rotor speed in the grinding chamber. So, the disintegrator 

throughput, depending on geometrical parameters of the grinding chamber, can be determined on the basis of 

the formula 

;             (13) 

where х - parameter, depending on the rotor speed and characterizing the change of the capacity. 

А.V. Bogorodsky [4] recommends to determine parameter х on the basis of the following chart (Fig.2) 

 
Fig. 2: The dependence of the disintegrator capacity on the square of the rotation speed of rotors. 

 

So, we can see that the capacity grows nonlinearly in case of the linear growth of rotation rate i.е. 

 

х
2
 = n.                (14) 

 

In view of the fact that there are two rotors in the disintegrator, possibly having different rotation rates 

having a significant influence on the capacity, formula (14) is as follows 

 

 ;            (15) 

 

where n1 and n2 - rotation rates of disintegrator rotors. 

Then the work of elastic forces with account of formulas (10),(13) and (15) is as follows 

             (16) 

and formula (9) appears as 
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 .            (17) 

This formula characterizes the capacity of disintegrating facilities with the fineness of end product 

R008=10% depending on the size of initial material and takes into account both its properties and design features 

of disintegrators. 

It must be pointed out that the capacity of any disintegrating facility depends considerably on the quantity 

of collisions of striking elements with the ground material (Schumaher, G., 2002). In the disintegrator it is the 

quantity of collisions of rotor striking elements with particles of the ground material. Let us graphically 

represent (Fig.3) it as the area, covered with the first row of striking elements, i. е. 

 

А =  d a;               (18) 

 

where а - square side of the cross-section a striking element, m. 

 
 

Fig. 3: The area covered with the first row of striking elements. 

 

The proposed design of the disintegrator allows moving part of the material to the centre of grinding 

chamber due to a complex configuration of the rows of striking elements, and by this, increasing the number of 

recurrent collisions of striking elements with the particles of ground material, and so improving the capacity of 

disintegrator in general. 

One of the possible variants of such a grinding chamber implies the profile of the rows of striking elements 

in the shape of elliptical ring; at that the area, covered with the first row of striking elements, appears as follows 

(Fig. 4) 

 .              (19) 

 
Fig. 4: The area covered with the first row of striking elements which are arranged in the shape of an elliptical 

ring. 
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Another variant of arranging striking elements in the grinding chamber is the profile of the rows of striking 

elements in the form of squares, at that the area, covered with the first row of striking elements, appears as 

follows (Fig. 5) 

.            (20) 

 

 
Fig. 5: The area covered with the first row of striking elements arranged squarewise. 

 

The number of collisions of striking elements with ground material particles can increase also by arranging 

the rows of striking elements eccentrically to the rotor rotation axes. According to Fig. 6 the area covered with 

striking elements amounts to  

 

А = πd (а + 2 е).               (21) 

 
Fig. 6: The area covered with the first row of striking elements which are arranged in the shape of an eccentric 

ring. 

Expressing d in formula (18) by formula (21) we receive 

 .             (22) 

So, in the final form the disintegrator capacity with account of eccentrically arranged striking elements 

appears as follows: 

.           (23) 

The analysis of formula (23) shows that the growth of the disintegrator capacity is influenced by reduction 

in the average-weighted size of the initial material D0 and the increase in the average-weighted size of the end 
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product dk. The increase in the geometrical dimensions of the disintegrator grinding chamber, including the 

increase of striking elements clear size, also improves the capacity. The increase in the rotation speed of rotors 

results in yield gain dk . 

In case of the increase in the cross-section size of striking elements, the capacity is reduced due to the 

decrease in the space between striking elements. 

It should be pointed out that the square side of a striking element is limited by the minimum gap between 

two neighbouring striking elements, which is equal to 2 maximum diameters of the ground material particle 

(Zelic, I., 2000). 

The more detailed analysis of formula (23) allows studying the mechanism of breaking materials better in 

the disintegrator and testing the facility in hard-to-reach modes. For grinding we take the material which is 

ground in industrial and experimental facilities - limestone, which has σ = 4×10
7
 Pa; Е = 3.5×10

10
 Pa; D = 0,01 

m. 

The facility we have chosen has the following geometrical parameters of the grinding chamber: l = 0,02 m; 

h = 0,114 m; а = 0,12 m; W = 14; µ = 0,5; а = 0,01 m; е = 0,004 m. 

Let us take a closer look at the newly introduced parameter е - eccentricity between the center of circle of 

the first row of striking elements and the rotation axis of the rotors in the grinding chamber. 

If the rotation axis of the rotors and the circle centers of the rows of striking elements do not coincide, the 

clear cross-section area of the grinding chamber alters at the turn of rotors. As the relative rotor speed varies 

within the range of 3000-6000 min
-1

, the alteration of work space in a certain part of the grinding chamber is 

transient. Due to this, the number of collisions of material particles with each other and with striking elements 

increases, the crushing force arises and the effect of material disintegration under the abrading forces action is 

enhanced, which leads to improving the grinding efficiency and, as a result, to the increase in the capacity. In 

one cycle the particles of the ground material are considered to take up the number of collisions with striking 

elements, equal to the number of their rows in the grinding chamber (Tabor, D., 1981). The proposed design of 

the grinding chamber allows increasing the number of collisions of material particles with each other and with 

striking elements by returning particles from succeeding rows to preceding ones. The material is exposed to 

intensive cyclical impact. It should be noted that the limit of value е < emax is conditioned by the possibility of 

the skipping of particles through the row of striking elements without collision. At е, tending to zero, the 

character of loads on the ground material are not very different from the loads in disintegrators of conventional 

design and corresponds to classical models of grinding. 

At е = 0 the capacity of disintegrating facility is presented by formula (17), i.е. at the conventional 

arrangement of striking elements against the rotation axis of rotors. The influence of rotors speed on the 

disintegrator capacity at е = 0 is presented in Fig. 7. 

 
 

Fig. 7: The dependence of capacity (Q) on the rotation speed (n) of rotors. 

 

1 – n1 = 25...100 с
-1

; n2 = const; 

2 – n1 = n2 = 25... 100 s
-1 

In the dependence diagram Q = f(n) we can see that in case of the increase in the speed of one of the rotors 

at е = 0; n2 = 62,5 s
-1

 the disintegrator capacity raises slightly. 

Inn case of the simultaneous alteration of the speeds of both rotors we observe the linear dependence 

between Q and n. 

The influence of eccentricity value on the disintegrator capacity with the eccentrically arranged striking 

elements rows is shown in Fig. 8. 

As we can see in the diagram, in case of the increase in axial offset е the disintegrator capacity raises 

slightly, which can be explained by the expansion of the  area covered by the circle of the first row of striking 

elements.  
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Fig. 8: The dependence of the disintegrator capacity on the axial offset е. 

 

1 - dк = 0,0001 m; 2 – dк = 0,0002 m; 

3 – dк = 0,0003 m; 4 – dк = 0,0004 m. 

 
Fig. 9: The dependence of the capacity on a particle size of the end product. 

 

1 - е = 0,001 m; 

2 - е = 0,002 m; 

3 - е = 0,003 m; 

4 - е = 0,004 m. 

On the basis of these diagrams we can make a conclusion that the capacity improves in case of 

ruggedization of the end product and the increase in the rotation speed of rotors. 

The capacity dependence on the end product particle size plays an essential role, which is shown in the 

following diagram (Fig. 9). 

As we can see in the diagram, the disintegrator capacity decreases in case of the reduction in the dispersity 

of the end product.  

The decrease in the grinding degree with improvement in  the capacity is explained by the increase in the 

frequency of mutual collisions (Tabor, D., 1981). 

In case of the increase in the concentration of material particles in the grinding chamber there increases the 

share of particles, disintegrated by mutual abrasion, and disintegration by clear impact is decreased (GroBhans, 

D., 1998). 

The rotation speed of the disintegrator rotors in industries varies within the range of 1500 - 6000 min
-1

. The 

capacity dependence on the speed of rotors is presented  in Fig. 10, 11.  
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Fig. 10: The dependence of the capacity on the rotor speed at n2 = const. 

 

1 - е = 0,001 m; 2 - е = 0,002 m; 

3 - е = 0,003 m; 4 - е = 0,004 m. 

 

As we can see in the diagrams, the capacity increases in case of the increase in the speed of one of 

disintegrator rotors. The raise of the grinding degree with the increase in the rotor speed is explained by the 

increase in kinetic energy of a particle. 

In case of the simultaneous increase in the speed of both rotors the capacity also raises (Fig. 11). 

 

 
Fig. 11: The dependence of the capacity on the rotor speed. 

 

1 - e = 0,001 m; 2 - e = 0,002 m; 

3 - e = 0,003 M; 4 - e = 0,004 m; 

 

It should be noted that in case of the increase in the speed of both rotors a more intensive raise of the 

capacity is observed, as compared with the increase in the speed of one of the rotors. As there is a linear 

dependence between the square of the rotation speed of the rotors and the degree of grinding, we can make a 

conclusion that degree of grinding is a function of kinetic energy of ground material particles. 

So, using the rotors with the eccentric arrangement of the rows of the working parts in disintegrators 

improves the efficiency of grinding materials. In case of the increase in eccentricity from zero to 0,002 m at n1 = 

n2 = 62,5 s
-1

 the disintegrator capacity in terms of the end product d < 100 µm increases from 71,36 kg/h to 99,9 

kg/h. 

 

The calculation of power consumed by the disintegrator: 

The efficiency of grinding process is determined by the amount of energy used for the new surface 

formation (Duval, R., 1998). 

Due to some specific features of the design of disintegrators, they make a better use of the effect of the 

colliding of material particles with the surface of striking elements. 
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The power consumed by the disintegrator is spent for the following: the impact of striking elements against 

the material and its destruction Руд; acting against friction at the moving of a striking element over the layer of 

material and against friction between layers of material Ртр; power consumption for the rotor operation as a fan 

Рвент; acting against friction in the rotor shaft bearings Рп (Kostin, V.I., 2009). 

Assuming that the collision of a striking element with material is non-elastic, we receive the value of the 

kinetic energy of the material (J): 

 

 ,              (24) 

 

where m – mass of material thrown by one impact of a striking element, kg; v – speed of a striking element 

under the impact, 

 ,              (25) 

where Q - disintegrator capacity in terms of the end product, kg/s; n – rotor speed, s
-1

; z – number of 

striking elements. 

The energy consumption for the impact of all striking elements z of the rotor at their rotation speed n 

.                (26) 

As it was mentioned before, the eccentrically arranged striking elements provided more collisions with the 

ground material, which consequently increased the amount of the consumed power, i. е. 

 .          (27) 

In case of the rotation of rotors the striking elements move the ground material towards the discharge. The 

material is additionally crushed under the action of centrifugal force inertia of striking elements. The material 

moves at the speed equal to the circumference speed of striking elements, with the account of material slip 

against material and partial slip of striking elements against the material. The centrifugal force created by the 

material, as  follows: 

 ;               (28) 

where R – radius of a rotor, m. 

The material moves in the arc l, limited by the angle [alpha], 

 

l = α R;                (29) 

 

The material is in the grinding chamber with the section of no more than 180°, then the angle [alpha] is 

taken equal to [pi], and arc (m); 

 

l = π R.               (30) 

 

The friction force arising in operation: 

 ;              (31) 

where f - friction coefficient; f = 0,35.  

Work of friction (J): 

.            (32) 

Power (W) used for overcoming the friction forces 

              (33) 

or 

 .             (34) 

Power used for overcoming the friction forces in the rotor shaft bearings 

 ;              (35) 

where G – pressure on the bearings from the rotor weight, N; 

G = mк g,  
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where f1- reduced coefficient of slipping friction (f1 =0,004);  

d – shaft diameter; 

n –shaft rotation speed. 

Power (W) consumption for rotor operation as a fan 

 ;             (36) 

where Q1 – amount of air blown through the disintegrator,  

Н - flow created by the rotor; 

кц - circulation ratio, кц =2; 

[mu]- dust concentration by the end product, µ= 0,8 kg/kg; 

[eta]- efficiency coefficient of the rotor as a fan (η= 0,55). 

It is usually taken = 50% of the power consumed by the disintegrator. 

In the final form the power consumed by the disintegrator with account of formulas (27), (34), (35), (36), in 

case of the eccentric arrangement of striking elements rows appears as follows 

.        (37) 

The analysis of formula (37) shows that the value of the disintegrator power consumption is influenced by 

the geometrical parameters of the grinding chamber, rotor speed, rotor weight and ground material properties. 

The influence of the rotor speed on the consumed power at е = 0 is presented in Fig. 12. 

 

 
Fig. 12: The dependence of power consumption on the rotation speed of rotors at: 1-е=0; 2-е=0,001 m; 3-

е=0,002 m; 4-e=0,003 m; 5-е=0,004m. 

 

As we can see from this dependence, in case of the increase in the rotor speed the value of consumed power 

raises. For example, at n = 25 s
-1

; P =1,48 kW; at n = 43,75 s
-1

 ; P = 1,49 kW; at n=62,5 s
-1

; P = 1,51 kW; at n = 

81,25 s
-1

; P = 1,54 kW; at n = 100 s
-1

 ; P = 1,6 kW. The influence of the eccentricity values on the power 

consumption is shown in Fig. 13.  

 
Fig. 13: The dependence of the power consumption on the eccentricity value. 1-n = 25 s

-1
; 2-n = 43,75 s

-1
; 3-n 

=62,5 s
-1

; 4-n = 81,25 s
-1

; 5-n = 100 s
-1

. 
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Findings: 

The grinding of building materials is one of the most power-intensive processes. Thus, the adequate choice 

of grinding determines, to a great extent, the efficiency of the production of building materials. The mills of 

disintegrator type in which the mechanical acceleration of particles is performed are the most promising ones. 

The methodology of designing the disintegrator which provides the repeated load on the ground material by the 

increase in collisions of particles in the grinding chamber was developed in this paper. 

 

Conclusion: 

The methodology of calculating the capacity and power consumption of disintegrators with the eccentric 

arrangement of striking elements, taking into account the design and technological features of the grinding 

chamber was developed. 
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