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Abstract—Peculiarities of development of gyroscopic-type mixers 
were considered. The expediency of development of such mixers 
is presented. The literature review on this subject was performed. 
Author’s kinematic scheme and a variant of the laboratory plant 
of the mixer (three-dimensional model), describing the influence 
on the material, mixed in the mixing chamber realtively two 
inteperpendicular horizontal axes, were presented. The mixing 
chamber is rotated by means of conic, chain and cylindrical 
gearings. The emerging complex spacial motion of material 
particles can be regulated by the frequency transformer and 
selection of corresponding cogwheels. The part of the 
methodology on defining the path of material particles in the 
mixing chamber is presented. The spatial task is solved 
mathematically. Preliminary experimental studies were 
conducted. A central composite orthogonal plan of the fractional 
factor experiment was chosen. Four parameters were chosen as 
input factors. An example of machine realisation of the task by 
means of SolidWorks Flow Simulation was presented. 
Conclusions about the work were made. 

Keywords— flow paths inside mixing chamber, batch mixing 
unit, chamber rotation about two mutually horizontal axes, train 
gears. 

I.  INTRODUCTION  

Significant energy expenditures and sizes of the used 
equipment in industry of construction materials and in allied 
industries compel the application of innovation approaches. 
The problem direction is processing materials. Specificity of 
equipment leads to the necessity of enhancing the 
effectiveness of its exploitation, taking into account the 
methods of material processing. The mixing equipment is of 
primary importance among the directions of material 

processing [1-3]. One of the innovation approaches is the use 
of two-directional influence on the mixed material in batch 
mixing units, which implies enhancement of operating 
effectiveness of the latter [4, 5]. 

Main Part 

It is possible to supplement the existing classification of 
mixers with batch mixing units, using the elements of 
gyroscopic effect. This implies two-directional influence on 
the mixing chamber with material, including chamber rotation 
relatively two mutually perpendicular (vertical and horizontal, 
two horizontal) axes [6-8]. 

The example of using such approach is modernisation of 
batch mixing units for dry construction mixtures. Besides, the 
importance of mixers during production of gas-silicate 
products is significant. 

As is well known, the most important factor, influencing 
the cell structure of the cellular-concrete mixture and ready-
made concrete, is uniformity of distribution of a small amount 
(0,6...0,7 kg/m3) of gasifier (aluminium powder) in the whole 
volume of the mixture.  

The used gas-concrete mixers are equipped with a vertical 
blade shaft, rotated by the driver. Besides, to intensify the 
mixing, the mixture is subjected to vibration by means of 
suspended vibrators [9]. 

The proposed apparatus for mixing quarzt sand, cement, 
lime and aluminium powder influences the mixed material in 
two mutually perpendicular horizontal directions [10]. Thus, 
the mixing chamber of the gas-concrete mixer is subjected to 
rotation around two mutually perpendicular horizontal axes, 
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which implies using the elements of gyroscopic effect in batch 
mixing units. 

The technical result of creation of the apparatus is 
enhancing the effectiveness of mixing materials. 

Let us present the kinematic scheme of the proposed 
apparatus (Figure 1). 

 
Fig. 1. Kinematic scheme of apparatus for mixing materials with rotation of 
chamber around two mutually perpendicular horizontal axes: 
1 - driver; 2 – rotating carrier; 3 – horizontal axis; 4 – cylindrical gearing; 5 – 
mixing chamber; 6 – charging hatch; 7 -  second horizontal axis; 8 – conical 
gearing; 9 – chain gearing 
 

The technical result is achieved by the device for mixing 
materials, containing a mixing chamber of spherical shape, 
mounted on the carrier, rotated around the horizontal axis and 
the rotary drive. The conical gearing used for rotating the 
mixing chamber around the second horizontal axis is 
supplemented by the chain gearing [5]. 

The presence of the chain gearing allows reducing sizes of 
conical gears of transmission, rotating the mixing chamber, 
which will reduce material consumption of the apparatus 
construction for mixing materials. 

Let us demonstrate a variant of realisation of the batch-
type mixer taking into account two-directional influence on 
the mixed material inside the mixing chamber relatively two 
mutually perpendicular horizontal axes. 

  
Fig. 2. Three-dimensional model of apparatus for mixing materials 

 

On the one hand, centrifugal forces are conditioned by 
rotation of the carrier with the spherical mixing chamber, 
fixed on it, relatively the horizontal axis. On the other hand, 
centrifugal forces are conditioned by the rotation of the mixing 
chamber around the second horizontal axis. Superposition of 
forces makes particles move along the complex path.  

The operating mode of the apparatus for mixing materials 
is periodical. The mixing chamber of spherical shape must 
have a small diameter to avoid extreme overloads on bearing 
assemblies. 

A spherical shape of the mixing chamber and the variation 
of rotational frequencies are expedient for elimination of dead 
loading zones and increasing the intensity of mixing since, 
with a certain ratio of frequencies, a motion path of loading, 
optimal for this material, appears. All this facilitates the 
increase of the area of contacting surfaces, the number of 
interactions and material diffusion. The phase of work is 
terminated by the stoppage of the rotational drive through the 
certain interval of time and unloading the mixing chamber 
through the hatch. 

Prepared mixtures can be effectively unloaded by 
installing the unloading assembly, combined with the portal, 
under the mixing chamber. 

Let us demonstrate the part of the methodology on 
determination of the motion path of material particles, solving 
the spacial task. Specifics of influence on the mixed material 
leads to complication of the mathematical apparatus for such 
task.  

Let us consider that the material particle moves inside the 
mixing chamber only under the influence of gravity [6]: 

 

������ = ��� , 1(1) 
where ��– mass of the i-th particle, ��� – weight of the i-th 

particle. 
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Taking into account that �� = ��	 and integrating 
equation (1) twice, one will obtain: 


�
�
�
 ���� = −	��;���� = −	��� + ����;
���� = −	�� ��2 + ����� + ����.

� (2) 

In the general case, in the absence of contact between the 
chosen ball-shaped particle and other particles and the lining 
of the mixing chamber, the motion of mass centres of each 
particle is described by the equation: 

��� = ���� + ����� + 	���
2 . (3) 

Equation (3) in projections will acquire the following 
form: 


�

 �� = ��� + �����;�� = ��� + �����;
 � =  �� + ����� − 	��

2 .
�  

(4) 

For each i-th particle, it is possible to determine time t"# of 
its motion along the parabolic trajectory up to collision with 
the mixing chamber. A limiting condition is of the form: 

��� + ��� +  �� = $%& − �'(�,  
(5) 

where %&– radius of the mixing chamber, �' – particle 
radius. 

Equation (5), taking into account (4), acquires the form: 

$��� + ������&(� + )��� + ������&*�
+ + �� + ��,���& − 	

2 ��&� -� = 

$��� + ������&(� + )��� + ������&*�
+ + �� + ��,���& − 	

2 ��&� -� = 

= $%& − �'(� 

(6) 

  

Equation (6) is the equation of the 4-th order. 

 
Fig. 3. Material particles inside the mixing chamber 

Equation 6 has four real roots. Since initially the material 
particle is inside the mixing chamber, one root will be always 
negative, and the necessary root will be minimally positive. 
The variants of particle movement can be interpreted 
graphically (Figure 4). 

 
Fig. 4. Variants of particles’ motion  
 

Similarly, it is possible to calculate the time before 
particle collision .��� − ��/. = 2�' , which in the scalar form 
looks as follows: 

)��� + ������/' − �/� − �/����/'*�+ )��� + ������/' − �/�− �/����/'(� + 

++ �� + ��,���/' − 	
2 ��/'� −  /� − �/,���/' + 	

2 ��/'� -�
= $%& − �'(� 

(7) 

Let us consider the collision of material particles with the 
mixing chamber. Let us suppose that the particle position 
during collision does not change and the center-of-mass 
velocity of the particle changes instantly. 

Let us write for the particle the theorems of the change of 
the motion amount and of the change of the angular 
momentum amount:   
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where 0 = �∙234
5  – moment of particle inertia relatively the 

axis, passing through its mass centre; 

ω1  , ω0 – angular velocities after contact and before 
contact; 

Sn – impulse of the force of normal pressure; 
Sτ – impulse of the force of normal pressure; 

V1  , V0 – particle velocity after contact and before contact. 
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Let us project equation (8) on the coordinate axis, 
connected to point B on the inner surface of the mixing 
chamber. 

 
Fig. 5. Velocity in point B before collision  
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 (9) 

 

 
Fig. 6. Velocity in point B after collision  

As a result of solving system (9), let us determine the 
components of velocity V1. Achievement of the technical 
result was confirmed by experimental studies [11]. Following 
the theory of planning experiments, let us dwell on the central 
composite orthogonal plan of the fractional factorial 
experiment. As input parameters, the following was chosen: 
[phi] – load factor of the mixing chamber; n – rotation 
frequency, s-1; [rho] – coarseness of particles of the feed 
material, m; t – time of mixing the feeding mixture, s. 

The obtained experimental data should be supplemented 
by the machine experiment with specific software, for 
example SolidWorksFlowSimulation. The modern application 
“SolidWorks” is meant for hydro-gas-dynamic analysis. 

For example, with the rotational frequency equal to 0.3s-1, 
it is possible to obtain the following diagrams 7-9. 

 
Fig. 7. Collision density of material particles  

 
Fig. 8. Particle motion path  
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Fig. 9. Diagrams of particle motion analysis  

Findings about the possibility of using such mixtures can 
be made as a result of comparing the parameters, calculated by 
means of the developed methodology, of mixing processes and 
production data. 

The task of optimizing constructional-process variables of 
mixers is realised, for example, by the successive simplex-
method with the use of the mathematical model of the 
multiphase cycle of mixture motion. 

II. CONCLUSION 

1. Analysis of the operation of the existing mixing 
equipment and theories of the mixing process showed the 
necessity of developing the methodology of determining 
the optimal parameters of mixtures’ interaction in the 
apparatuses, realising two-directional influence on the 
material. 

2. Experimental plants were created and the necessary 
number of experiments was conducted by the central 
composite orthogonal plan. 

3. Based on the mathematical model of the apparatus for 
mixing materials, optimal paths of particle motions of the 
mixture for its effective homogenization were revealed. 

4. For the construction of the apparatus for mixing 
materials, developed taking into account the proposed 
methodology, author’ certificates of the useful model 
were received. 
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