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Abstract: The distribution of power consumption of centrifugal two-shaft disintegrator for impact and shear 

destruction of material as functions of its technological and structural parameters, as well as parameters of 

material being ground, has been substantiated. An analytical apparatus has been developed to determine the 

degree of influence of each factor. Factors affecting the absolute value of the consumed power of the disintegrator 

have also been established. The results of the work make it possible to optimize the technological process in order 

to reduce the yield of bream fragments of destruction, which is observed when the share of energy of shear 

deformations increases, in order to obtain cuboid fractions of disintegration products. They allow to create a 

methodology for determining the rational parameters of a centrifugal double-shaft disintegrator. 

Keywords: centrifugal double-shaft disintegrator, counter flows, loose material, lamellar piece, impact, 

shift, power distribution 
 

 

1. Problem statement 

 

Centrifugal type disintegrators are increasingly used for rock mass processing. They are usually 

distinguished by low specific metal consumption and low yield of lamellar pieces compared, for example, with 

traditional cone crushers [1]. An additional advantage is the ability to work with fine-grained materials to 

obtain a size of the final product less than a millimeter.  

The effect of reducing the yield of lamellar pieces in disintegration product is achieved due to the free 

impact of initial piece on another piece or a rigid barrier. Here, the main cracks have the ability to spread from 

a single, as a rule, point of contact towards local weakening of the rock, for example, defects or cleavage planes 

of minerals [2]. 

Two fundamentally different types of structures can be distinguished for centrifugal disintegrators. 

The first type is disintegrators with so-called "impact" rotor, which includes hammer and rotary crushers 

[3]. Quickly rotating working elements strike a fairly slow moving piece, its fragments acquire great kinetic 

energy and collide with baffle plates, then again with other working elements, and so several times in one pass. 

The greatest wear of metal occurs precisely when hitting a piece of rock, especially if this element is rigidly 

fixed. Therefore, rotary crushers are characterized by the greatest wear of working elements, which 

significantly affects operating costs and increases the time of repair breaks. 

The second type includes disintegrators with an "acceleration" rotor, for example, of the Barmac type [3]. 

The initial material accelerates relatively smoothly inside the rotor, flies off it and collides with the self-lined 

covering body on the principle of "stone against stone." The greatest wear is observed for the acceleration 

blades located at the outlet of the material from the rotor, however, due to the use of self-lining both inside and 

outside the rotor, the wear is less than, for example, for rotary crushers. 
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Regardless of disintegrator type, such a pattern is observed: the harder the rock, the higher the speed of 

pieces flying-off is required and the more the wear of working surfaces. 

In two-shaft centrifugal disintegrators, the pieces’ impact speed doubles, with other things being equal, 

due to the counter contact of the material flows from two different rotors placed in adjacent chambers [4]. The 

material flows are undergone both the loads from high-speed impact and the shear deformations at tangent 

contact of two flows. It reduces sharply a yield of lamellar particles. However, this type of disintegrators is 

rather new and demands a detailed research of disintegration process mechanics for the purpose of its 

efficiency management. 

 

2. Analysis of recent research and publications 

 

Today, there are more and more publications on the usefulness of using of the cuboid crushed stone having 

lamellar grains content not more than 10-15% instead of other groups of crushed stone in various industries 

using solid mineral raw materials. 

The following data show the demand for cubic crushed stone, for example, in road construction. 

According to standard [5], the most preferred option for obtaining high-quality road surface is the use of 

crushed stone mixtures with a content of lamellar and needle particles of not more than 10% by weight with a 

maximum grain size of 5 mm, or not more than 15% with a maximum grain size in the range of 10-40 mm. At 

the same time, the yield of cuboid grains should be at least 50% of crushed stone mass for all indicated 

mixtures. 

In the work [6], it is indicated the use of high-strength fine-grained concrete for the production of tiles. 

The use of fine aggregate gives the concrete the following properties: 

- the water content reducing, the homogeneity and the resistance to stratification improving, the 

workability improving;  

- the increase of concrete mixture thixotropy, which facilitates and accelerates the processes of its 

transportation, laying, compaction, improves the product surface quality;  

- the acceleration of solidification rate;  

- the possibility to eliminate the heat treatment of piece products;  

- the significant improvement of mold properties of concrete mixtures. 

The production of conditioned fine aggregate in conventional cone fine crushers is often impossible not 

only by the yield of lamellar grains, but also by the size of the product. Therefore, the emphasis in the studies 

is made on disintegrators with centrifugal and vibration force fields. 

It is stated in work [7], that the production of cuboid crushed stone in traditional cone crushers is the most 

appropriate. They differ from centrifugal disintegrators with an acceleration rotor by the lower energy 

consumption and the yield of fines being the loss of crushed stone fractions of 5-20 mm during crushing. 

However, the metal consumption of cone inertial crushers is rated as "high," while centrifugal disintegrators 

have the same parameter as "low," two steps lower, which is the undeniable advantage of the latter. 

The results of operation of DKD-300 six-rotor impact crusher are described in work [8]. It has been 

experimentally established, that large pieces are most intensively destroyed when crushing by free impact 

interaction. In addition, the supply of larger feed increases the yield of fine fractions, and vice versa. 

The mathematical model presented in work [9] describes the movement of material pieces along the rough 

distribution disk in the loading zone of centrifugal impact crusher before coming into contact with acceleration 

blades. Here, the movement of the pieces without losing contact with the rough working surface under 

influence of centrifugal and Coriolis accelerations is considered. 

Theoretical studies on simulation of collision of ellipsoidal particles in vibrational two-shaft centrifugal 

module [10] have shown, that during centrifugal disintegration with impact of opposite flows of particles of 

polydisperse composition, the particles of size less than the flow average value are most intensively destroyed. 

The collision of oncoming flows during disintegration of narrow fractions requires up to 20% less energy to 

achieve the same result of destruction compared to breaking by a rigid barrier. 

 

3. The previously unresolved part of the general problem 

 

Today, the field of single-shaft centrifugal disintegrators, especially with an impact rotor, is the most 

developed in theoretical terms. As for two-shaft machines, only the general aspects of impact of individual 

pieces and the experimental results of disintegration are considered. But there is almost completely no 

description of the interaction of counter material flows, which leads, besides, to the destruction of particles due 

https://m.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/thixotropy
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to shear loadings. And it is precisely the determination of share of consumed energy, which is spent on more 

energy saving shear destruction of particles, especially non-isometric shaped, that will rationalize the 

parameters of operational part in order to reduce the yield of lamellar particles, and, accordingly, to increase 

the consumer properties of disintegration products. 

 

4. The main part 
 

Figure 1 shows a scheme of centrifugal disintegrator with the blades of both shafts having an outer radius 

1R  and accelerating the material in two cylindrical grinding chambers of an inner radius 2R . The material is 

collected by centrifugal force on periphery of chambers and moves so, that two flows interact on opposite 

courses along line A1-B-A2, coinciding with transverse axis of symmetry of disintegrator. Here material is 

destroyed by a combination of mutual impact and abrasion of particles from counter flows. At the same time, 

the maximum intensity of interaction is observed in point В, where the trajectories of blades edges meet with 

the minimum distance ∆ in between. 

 

 
Figure 1. Calculation scheme of counter flow centrifugal disintegrator 

 

The following necessary assumptions are made in order to determine the ratio of energy shares per impact 

and abrasion of the material: 

1) the energy of impact interaction corresponds to the sum of kinetic energies of approaching of the 

material flows in left and right chambers at points A1 and A2, considering that after contact this energy is 

completely dissipated;  

2) the energy of shear deformations at abrasion of particles flows against each other is proportional to 

sum of works of the particles friction forces in section A1-B-A2;  

3) the friction force energy during particle movement by circular trajectories along chamber walls is spent 

on wall wear and represents the loss of disintegration energy;  

4) the material is evenly distributed along the height of the grinding chamber (in the direction 

perpendicular to the plane of figure 1). 

The amount of material in the left and the right chambers can be considered being equal to each other. 

Also, the material motion along A1-A2-B-A1 trajectory in the left chamber is symmetric concerning B point to 

the motion along A2-A1-B-A2 trajectory in right chamber. 

Therefore, we will consider only the left chamber to simplify the problem solving. 
 

4.1. Force balance calculation for the circular section of the loop 
 

In practice, the difference between radius 1R  and radius 2R  is small. Therefore, it is believed, that all the 

material rotates in the chamber at a constant angular speed  , in the case of ledges absence on the chamber 

walls.  

The averaged material distribution along the outer boundary of the left chamber (hereinafter referred to 

as the chamber loop) is shown in Figure 2. 
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The amount of material in each small angular sector along the chamber loop is considered equal, bearing 

in mind the averaging per one turn of the blades. In practice, the rotating blade on the oncoming side will 

transport an increased amount of material, and after the blade, on the contrary, the amount will be smaller. But 

this will have just little effect on the total pressure force of the material on the chamber walls along the arc A1-

A2 in centrifugal field and on the corresponding total friction force. Thus, we will consider the rotation of the 

material flow regardless of the influence of blades. 

 

 
Figure 2. The material distribution and the scheme of friction and inertia forces in the loop circular section 

 

Let’s consider the circle arc motion from point A1 to point A2. 

When moving a small sector of material, a centrifugal force occurs, determined by the formula: 

  cЦ RHRRF 22
0

2
21

2



 ,        (1) 

where: 

γ is the bulk density of the material;  

0R is the average radius of inner circle of material loading;  

H is the internal height of grinding chamber;  

cR is the average radius of material sector calculated as follows: 

2

2
0

2
2 RR

Rc


 .          (2) 

After calculating of the small sector mass 

  


 HRRM
2

0
2

2
2

,         (3) 

we transform the expression (1) as 

cЦ RMF 2
1  .          (4) 

We calculate the filling factor of chamber with material from the expression: 

 
SR

RR







2

sin 212
2

2
0

2
2




 ,         (5) 

where S  is the cross-sectional area of the blades and shaft in the plane of Figure 1 (see above), from where we 

determine the relative filling radius of the chamber: 



















2
2

21

2

0

2

sin
1

R

S

R

R




 .       (6) 
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Total mass of material in one chamber: 

 HRRM
2

0
2

20   .         (7) 

It is also necessary to consider the scheme of normal stresses acting on the material small sector, shown 

in Figure 3, in order to determine the friction forces of the loose material against the chamber surface. 

 

 
Figure 3. Stress diagrams for the small material sector in the loop circular section 

 

The force balance equation along x1 axis looks so: 

 
2

021121


 


 HRRFHR Цr ,        (8) 

Note here, that the ratio of normal stresses 1r , 1z  and 1 , corresponding to radial, tangential and 

axial directions, is given by formula 

111 rz   ,          (9) 

whereξ is a side thrust coefficient. 

After performing some transformations, we calculate: 

 
 







 fRRr
2

2
2

2
2

2
2

2
1

2

1
1

2

1
1










 





 .      (10) 

The normal pressure force on the contact cylindrical part of the sector is calculated from the expression: 

HRF rn   211 ,         (11) 

The side thrust force for a small sector of material is determined as follows: 

  


2
0

2
2

1
1

4
RRF z

Б ,         (12) 

The elementary sliding friction forces when rotating the flow of material in the small sector chamber are 

calculated as follows:  

- against the cylindrical surface: 

  HRfFfF n
3

2
2

11111 ;        (13) 

- against the chamber bottom and cover: 

    


 fR
f

FfF Б
24

2
21

1112 1
2

2 ;      (14) 

where 1f  is the friction coefficient of the material against the chamber surfaces. 
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Total torque to overcome the friction forces against the chamber surfaces in the circular section of the 

loop is: 

   








f
R

H
RfR

F
R

F
T c













 




















2

1
1

2

2
2

2

5
21

2
11

12
2

11
1 .    (15) 

 

4.2. Force balance calculation on the rectilinear section of the loop 
 

As mentioned above, the amount of material in each small angular sector for the entire chamber loop is 

considered to be constant. This means, that the sector of material, based on A2-A1 chord, will be convex towards 

the chamber center (Figure 2, see above). The described increase in the radial thickness of the material layer 

in the rectilinear section of the loop seems to be reasonable, because the material has increased resistance to 

movement during friction against the counter flow of the right chamber. 

The calculation scheme for the rectilinear section of the loop is shown in Figure 4. 
 

 
Figure 4. Diagram of inertia and friction forces in the system within the loop rectilinear section 

 

In the diagram, the centrifugal and Coriolis inertia forces act on the considered sector of the material, 

which center of mass is deviated from O1-B line by a variable angle α. The mentioned forces are determined 

by corresponding expressions: 

2
2

2 cЦ RMF  ;          (16) 

2MFс  ,          (17) 

where: 

2cR is the variable radius of the center of gravity;  

 is the tangential component of the material speed of movement  , which is associated with the normal 

component n  by the expression 

 tantan 2cn R .         (18) 

Substituting expressions (19) in (17), we obtain: 

tan22  Цс FF .         (19) 

The mass of the material small sector for the loop rectilinear section is approximately calculated as 

follows: 

  


 HRRM
2

02
2

222
2

,        (20) 

where: 

22R is the variable radius of the material outer border, determined by the formula: 



Revista Minelor – Mining Revue       vol. 27, issue 3 / 2021 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 30-39 

 

36 

 




cos

2cos 2
222 RR  ;         (21) 

02R is the variable radius of the material inner border. 

Considering the expression (3) together with the previous assumptions will result in the following: 

  2
2

2
2

2
2

2
002

cos

2cos
RRRR 




.       (22) 

The variable radius of mass center is as follows: 
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

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






.     (23) 

Let’s calculate the average radii of material loading on the loop rectilinear section: 

- external: 

 




2

2

22
2

,22

2

2

1







dRR av ;         (24) 

- the radius of gravity center: 

 




2

2

2
2

,2

2

2

1







dRR cavc ;         (25) 

- internal: 

 




2

2

02
2

,02

2

2

1







dRR av .         (26) 

Total inertia forces on the loop rectilinear section:  

- centrifugal: 






2

2

22

2

2




ЦЦ FF ;          (27) 

2
,2

3
2

2
2

2
2

1

R

H
RRF avcЦ 


 ;        (28) 

- Coriolis: 

    0tan

2
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







 dRHRRFF cСС .     (29) 

Thus, the Coriolis force accelerates the material along A2-B section, and symmetrically slowing it down 

along B-A1, so its total value in the angular sector is zero. 

Let's consider the diagram of normal stresses acting within the loop rectilinear section, shown in figure 5. 

We find the total normal force of the material interaction with the counter flow from the equation of force 

balance along х2 axis: 

 
2

sin
2

2
2

sin2 2
02

1
2

2
22





HRRFHR Цn  ;      (30) 

 
2

sin 2
02122


 HRRFF Цn  .       (31) 

The averaged normal stress for A2-B-A1 line is calculated as follows: 

HR
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n

2
sin2 2

2

2
2 

  .         (32) 



Revista Minelor – Mining Revue       vol. 27, issue 3 / 2021 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 30-39 

 

37 

 
Figure 5. Normal stress diagrams on the loop rectilinear section 

 

The side thrust force for the loop rectilinear section is approximately determined by analogy with equation 

(12): 

  2
2

,02
2

,22
2

2
4




 avav
n

Б RRF  .        (33) 

Total sliding friction forces during rotation of the material flow in chamber for the loop rectilinear section 

calculated as follows:  

- against counter flow: 

2221 nFfF  ;          (34) 

- against the chamber bottom and cover: 

2122 2 БFfF  .           (35) 

where 2f  is coefficient of the material internal friction. 

Total torque to overcome friction forces against the opposite material flow is:  

 2cos 221221 RFT  .         (36) 

Total torque to overcome friction forces against the chamber on the loop rectilinear section is: 

min,22222 сRFT  ,           (37) 

where min,2сR  is the load minimum internal radius found from expression (23) if 0 : 

  
2

12cos2
2

02
22

2
min,2

RR
Rc





.       (38) 

 

4.3. Analysis of the counter flows impact interaction 
 

The material flow in the left chamber, when changing from the loop circular section to the rectilinear 

section at A2 point, collides with the flow of the right chamber moving along B-A2 direction. This is 

accompanied by a sharp change in the direction of movement at  22  angle and a hopping drop in the speed 

of movement. 

Let’s consider some portion of the material M getting in impact contact with the counter flow. 

The kinetic energy of the material portion before impact is calculated as follows: 

2

22

1,
c

K

RM
E


 .         (39) 

The velocity of the material portion mass center immediately after passing the point of A2, taking into 

consideration the above assumption of constant angular velocity of flow in any small section of the loop, will 

be as follows: 
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2
cos 2

2,


 cс R ,          (40) 

Then the corresponding kinetic energy after impact is calculated as follows: 

2
cos

2
cos

2

22
1,

22
22

2,


K

c
K E

RM
E 


 .      (41) 

We suppose, that the loss of kinetic energy of the flow during passage of A2 point is completely dissipated 

to the collision with the opposite flow, which we consider as completely inelastic. The last assumption is quite 

justified in the presence of several material layers. 

Thus, the mechanical work of impact grinding is determined by the formula: 














2
cos1

2
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2,1,

 c
KKуд

RM
EEА .      (42) 

All the material in the left chamber passes through A2 point once per one turn of the flow. Therefore, these 

calculations can be automatically extended to the entire mass of material in the chamber. 

We will find the power in one chamber, consumed for collision with counter flow: 











2
cos1

4

22
32

0 



c
уд

RM
N .        (43) 

 

4.4. Analysis of the power structure consumed by the operational part 

 

The power loss during friction of material against the chamber is calculated from the expression: 

 221 TTNтр  .          (44) 

The power consumed for destruction of particles by shear deformations at interaction of counter flows: 

21TNсдв  .          (45) 

Let us define useful shares of consumed power:  

- for impact interaction: 

трсдвуд

уд
уд

NNN

N


 ;         (46) 

- for shear interaction: 

трсдвуд

сдв
сдв

NNN

N


 .         (47) 

The last two functions can be represented as functions of key initial parameters: 

 212 ,,,,, ffkk HS   ,         (48) 

where: 

 is a technological parameter;  

Sk , Hk  and 2  are design parameters;  

1f and 2f  are parameters responsible for external and internal friction of the material being crushed. 

The values of useful shares of the power consumed are not affected by such parameters as  ,   and 2R

They affect only the absolute value of the power, which is proportional to the density of the material in the 

first degree, the third degree of the rotation speed of the flow and the fifth degree of the chamber radius. 

 

5. Conclusions and prospects for further development in this direction 
 

The mathematical models of interaction of two counter flows of fine-grained loose material with each 

other and with surfaces of chambers of centrifugal two-shaft disintegrator are created. 

The analytical dependencies of power consumption on impact and shear deformations of fine particles’ 

flows are obtained as functions of the coefficient of chambers filling with material, the design parameters of 

chamber, as well as the coefficients of internal and external friction of material being crushed. 
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It has been set, that these shares of power consumption do not depend on the material density, the flow 

speed and the chamber radius, having other equal dimensionless design parameters. 

In contrast, the absolute value of power consumption is directly proportional to the first degree of the 

material density, the third degree of the flow speed, and the fifth degree of the chamber radius. 

These results allow to fulfill further qualitative and quantitative analysis of the influence of each of the 

six established factors on the values of the consumed power share, to identify the most significant factors and 

to create a methodology for determining rational parameters of a centrifugal two-shaft disintegrator. 

It is also possible to optimize the technological process in order to reduce the yield of lamellar fragments 

during destruction, which is observed when the proportion of energy of shear deformations increases, in order 

to obtain cuboid fractions of disintegration products. 
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