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THE MODEL OF MATERIAL MOVEMENT IN THE ROTOR ACCELERATOR  
OF THE CENTRIFUGAL IMPACT CRUSHER 

The features of the use of grinding units produced by the SPA “Center” and possible approaches to 
their calculation are analyzed. The mathematical description of the motion of individual particles of the 
crushed material in the rotor accelerator of the centrifugal impact crusher is developed. The mathemati-
cal model of particle motion along a curved blade on a rotating flat disc, which allows to determine the 
trajectory of the particles, the magnitude and direction of the full speed at any point on the blade is pre-
sented. A graph of full speed and the relative velocity of the particles along the blade, as well as the se-
paration angle, which determines the direction of full speed, the angular speed of the rotor are obtained. 
The change of the complete particle velocity depending on the position of the rotor is analyzed. It is 
shown that to change effectively the direction of emission of particles from the rotor can be possible 
only changing its design parameters and parameters of the crusher. 

Introduction. Grinding machines of “Scientif-
ic and Production Association Center” are widely 
used both for grinding and crushing. [1] In this 
work we will focus on the aggregates for crushing 
materials; the size of the original product of these 
aggregates does not exceed 80 mm.  

The operating principle of centrifugal impact 
crushers of “Scientific and Production Association 
Center” is based on the acceleration of the particles 
of the starting material to a high speed in the inter-
blade rotor accelerator, followed by the impact on 
the reflective elements. 

A characteristic feature of centrifugal impact 
crushers is that the material is fed into the center 
of the rotor in a fall from a certain height. Moreo-
ver, on the rotor surface it contacts the conical 
distributor and then falls into inter-blade space. 
These design and technological features signifi-
cantly affect the motion parameters of the materi-
al in the rotor-accelerator. Obviously, both in 
theoretical and experimental studies we will have 
to separately consider the motion of the material 
along the cone and in the inter-blade space. The 
size of particles has a significant impact on the 
methodology of the research.  

From the mechanics of the dispersion medium 
is known [2] that the array of particles of less than 
10 m are considered to be loose medium and large 
particles – lumpy. Such approaches are guided by 
researchers of soil mechanics. Thus, when loading 
material for grinding sized from 10 to 80 mm me-
dium can not be considered to be loose. The cal-
culation in this case can be carried out as for 
a single particle, taking into account the interac-
tion forces. Similar problems, but for other units 
[3], have already been solved, including the au-
thors of this work [4].  

Main part. The most important task of the 
analytical study of any centrifugal impact crusher 

is to determine the speed and direction of move-
ment of the material at the exit of the rotor-
accelerator. These settings affect the force of the 
impact damage. Naturally, the main acceleration 
particles obtain in the inter-blade area, but also 
important is the movement along the cone. Here 
they are redistributed, acquire initial direction and 
momentum. 

The preliminary analysis of the motion of the 
material after contact with the cone showed that 
given strength of high-speed pressure, gravity and 
inertial force, the normal response over its entire 
surface is less than zero. This means that the pieces 
of material immediately bounce off a rapidly rotat-
ing cone distributor. This forms an oblique stroke. 
Knowing the initial velocity of a freely falling 
body and the coefficient of restitution, we can cal-
culate the magnitude and direction of its motion 
after impact. This algorithm has been implemented 
by us to calculate the speed of the grinding materi-
al at the inlet of the inter-blade area.  

Let us consider the motion of a piece of ma-
terial in the inter-blade space of the rotor-
accelerator. In contrast to the free movement on 
a flat rotating disk blades are present here, 
which restrict the movement of pieces. There-
fore, one should consider the frictional force 
both over the disk and the blade. In the design 
of the “SPA Center” at the ends of the blades 
there are partitions, through which crushed ma-
terial is retained on them. Thus, a self-lining is 
provided, i.e, the material moves over the layer 
of material, rather than metal, and thus reducing 
its wear. 

Taking into account the above, we write the 
equation of the relative motion of a particle in 
a curved blade in a vector form.  

 1 2d T T e cma F F F F= + + + , (1) 
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