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Abstract. The aim of the research was to obtain a regression model of the
influence of some structural and kinematic parameters of a continuous
mixer working element on the quality of the prepared mixture. The
research methodology included the analysis of the design of the mixing
unit and the identification of factors that could significantly affect the
quality of the mixture. Later, on the basis of the experimental studies, the
quality of the mixture at given values of factors was determined and a
regression model was established. The developed functional diagram of a
continuous mixing unit made it possible to establish factors that most
intensively affected the quality of the prepared mixture. The obtained
adequate regression model of the coefficient of variation of the content of
the control component in the samples of the mixture indicated an
improvement in the quality of the mixture with an increase in the
frequency of rotation of the mixers and the number of the arms levels. In
terms of quality indicators, a rotation frequency of about 1500 rpm was
most preferable with a number of mixer levels of at least 5.

1 Introduction
In modern society, composites and mixtures are widely used in industry and
construction. For the preparation of these mixtures, mixers of different designs and with
different working elements are used. Drum mixers with a rotating container [1,2,3] prepare
mixtures with low energy consumption, but in this case it is problematic to achieve high
uniformity of the mixture. Mixers with a screw working element [4,5,6] are more energyconsuming, but can produce better mixtures. High-speed and low-speed circulation mixers
[7,8] are applicable for liquids, but problematic for bulk mixtures. Paddle-type mixers
require more energy, but they evenly distribute the components throughout the volume of
the mixture [9,10].
Regardless of the design of the mixing device, the designers are trying to ensure high
quality of the mixture with a short mixing time and low energy costs [11,12,13]. This is
ensured by both the design and kinematic parameters of the mixers, and the technological
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conditions for their use. A significant effect is observed with multistage mixing of the
components. The use of continuous mixing units significantly reduces the energy
consumption of mixture formation, however, increases the requirements for accuracy and
uniformity of component supply [11,13].
The aim of the research was to obtain a regression model of the influence of some
structural and kinematic parameters of a continuous mixer on the quality of the prepared
mixture.

2 Methods and Materials
The research methodology included the analysis of the design of the mixing unit and the
identification of factors that could significantly affect the quality of the mixture. Later, on
the basis of the experimental studies, the quality of the mixture at given values of factors
was determined and a regression model was established.
To improve the distribution of additional components in the dry mixture, multistage
mixing of the components was used. Initially, as a result of the interaction of the sprayed
streams of the feed components, a primary mixture is obtained, which is further mixed in
the second main stage.
The mixing unit consists of two component feed systems (additive feeders), and a
mixing system (Figure 1,2), the components feed systems into the hopper 1 for additives,
under which a multicomponent drum (paddle) dispenser 2 with adjusting flaps 3 is placed.
The dispenser paddles provide the supply of a specific additive with the required capacity
and its continuous spray at the outlet of the dispenser opening. The feed system of the main
component (mixture filler) consists of a hopper 8 with a spiral conveyor 7 mounted on the
shaft 6. Radial beaters 5 with a net 4 are installed in the discharge zone. The mixing system
includes a preliminary mixing chamber 9 and main mixing chamber 16. The operation of
these devices in high-speed mode not only provides spraying of feeds, but also helps to
increase the uniformity of the supply of the mixture components. Inside the main mixing
chamber (in the mixer housing) there installed a shaft with several levels of paddle mixers
13 located on it and an unloading hole blocked by a gate valve 14.
During the experiments with the mixer, the rotational speed of the working body (n =
750; 1000; 1500 min -1) and the number of levels of six-blade mixers (Zr = 1; 3; 5 pcs.)
located on the central vertical shaft were changed. The performance of the mixer
corresponded to 1.6 kg/s with a bulk density of the mixture of 620 kg/m3. When these
parameters changed, their influence on the mixture non-uniformity  was studied
(coefficient of variation of the proportion of the control component in the samples, 0.01%).
The proportion of the control component in the experiments was 8%. The experiments were
repeated three times. The number of samples to determine the coefficient of variation was
20. The mass of one sample was 100 g.
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Figure 1. Structural and technological scheme of the mixing unit for supplying additives to dry feed:
1 and 8 - additives and filler hoppers; 2- drum (paddle) multisection dispenser (rotated); 3 - adjusting
flap for supplying additives; 4 - discharge opening net of filler supply; 5 - beater with blades; 6 feeder shaft; 7 - spiral conveyor; 9 - pre-mixing chamber; 10 - guide funnel; 11 - distribution cone; 12
- mixer shaft; 13 - mixer paddles; 14 - gate valve; 15 - unloading tray; 16 - mixer housing (main
mixing chamber)
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Figure 2. Scheme of the mixing unit for supplying additives to dry feed (a top view of the main
mixing chamber): 12 - mixer shaft; 13 - mixer paddles; 14 - gate valve; 15 - unloading tray

3 The Results of the Studies
The main evaluation criteria of the functional scheme of the proposed mixing unit are
(Figure 3): productivity (mass supply) of dispensers /Y0i-1, Y1i-1/, as well as of the mixing
device as a summing value of all dispensers; the proportion of components in the mixture
/Y21, Y31/ and the unevenness of mixing as a coefficient of variation /Y23, Y33/ for a
component with a smaller fraction in the mixture in the first and second mixing stages.
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Considering that the mixture can be used only if its quality is high, this indicator is the main
one.
The analysis of the functional diagram showed that the parameters of the dispensers
affect the formulation of the mixture, and the quality of the mixture is not significantly
affected. The turbulence of mixing and the duration of exposure have a strong influence. In
the abovementioned device, these effects are determined by the speed of rotation of the
working unit and the number of levels of paddle mixers. The design parameters of the used
mixers were substantiated in the works [13,14].
An analysis of the correlation of these factors and the quality of the mixture showed the
absence of a direct linear dependence (Figure 4). The studied independent factors did not
correlate with each other. After processing the obtained experimental data on the quality of
the mixture, the dependence of the non-uniformity of the mixture  (%) on the studied
parameters was obtained (Figure 5):

 = 1 − 𝑒 [−36.4∙(−4.47+7.77∙𝑍𝑟

−0.0334 +20.688∙𝑛 −0.486 )]

,
(1)
where Zr – the number of levels of paddle mixers , units; n – agitator speed, min-1. At that, the
Pearson correlation coefficient is R = 0.97378.

Figure 3. Functional diagram of a mixing unit for adding additives to bulk materials: 𝑃𝑑1 , 𝑃𝑑2 ,
𝑃𝑑3 – bulk filler and additive feeders; D1, D2, D3, P1, P2, P3 – dispensers and sprayers of the
corresponding components of the mixture; C, C1, C2 — a mixing system including a mixer of
preliminary C1 and main C2 mixing; f1, f2, f3 - generalized statistical indicators characterizing the
particle size distribution of the components of the mixture supplied to the dosing, their physical and
mechanical properties; Xd1, Xd2, Xd3– generalized values of the internal factors of the components
dosing devices; Хp1, Хp2, Хp3 - generalized values of the internal factors of the components
spraying devices; Xc1, Xc2 - generalized values of the internal factors of the mixing devices of the
preliminary and main mixing; Y0i-1, Y0i-2, Y0i-3 - productivity (mass supply) of the i-th component
fed to mixing; deviation from the set flow rate; uneven feed; Y1i-1, Y1i-2, Y1i-3 - mass feed, flight
path of the material flow, particle size distribution of particles, etc .; Y21, Y22, Y23, Y31, Y32, Y33 the proportion of the component in the mixture, the deviation of the proportion of components from
the recipe, the quality of the mixture (uneven mixing/coefficient of variation/) of the mixing devices
of the preliminary and main mixing.
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Figure 4. Correlation of factors Zr (number of levels of mixers) and n (their rotation speed) on the
coefficient of variation  of the content of the control component in the samples

Figure 5. The results of statistical processing of the data on the influence of factors Zr (number of
levels of the mixers) and n (their rotation speed) on the coefficient of variation  of the content of the
control component in the samples

Comparing the calculated values of the regression model (Figure 6) with the
experimental results, we can see their good accordance. The residues unaccounted by the
model (Figure 7) are random in nature.

Figure 6. Compliance of the calculated values with the experimental data

An analysis of the graph of the obtained regression model (Figure 5) indicates an
improvement in the quality of the mixture with an increase in both the frequency of rotation
of the mixers and the number of levels of the paddles. In terms of quality indicators, the
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rotation frequency of about 1500 rpm is most preferable with the number of levels of the
mixers of not less than 5. The indicated rotation frequency of the mixers corresponds to the
frequency of rotation of the electric motors, which makes it possible to use coaxial
arrangement of the shafts of the electric motor and the mixers. This reduces energy loss.
However, additional studies are required to justify the working area of the mixing unit by
the interval of the fraction of the smaller component in the mixture.

Figure 7. Distribution of residues unaccounted by the regression model.

4 Conclusion
The developed functional diagram of a continuous mixer made it possible to establish
factors that most intensively affect the quality of the prepared mixture. The obtained
adequate regression model of the coefficient of variation of the content of the control
component in the samples of the mixture indicates an improvement in the quality of the
mixture with an increase in the frequency of rotation of the mixers and the number of the
levels of the paddles. In terms of quality indicators, the rotation speed of about 1500 rpm is
most preferable with the number of levels of the mixers of not less than 5. Additional
studies are required to justify the working area of the mixing unit by the interval of the
fraction of the smaller component in the mixture.
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