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INTRODUCTION 

Mixing loose materials is a very complex process. Its course is significantly 

affected by, apart from physical properties of the materials being mixed, also the 

conditions of in which it is being carried out, e.g. the share of individual con-

stituents of the granular system, the level of filling the mixing apparatus, its rota-

tional speed, etc. [2, 10]. 

The mixers used should ensure obtaining an optimum share of components 

in the shortest possible time, that is at the lowest input of energy. High effec-

tiveness of the process may be received owing to the good choice of the mixer. 

It is especially important when mixing granular materials greatly non-

homogenous concerning the measurements, specific or heaping density or else 

differing in other properties relevant in dynamic processes [2, 5, 6]. 

In the conducted so far tests on the exploitation of mixing power, standard 

meters of alternating current (ammeter, voltmeter, wattmeter) or torque meter 

were used. The calculated values are mean, not transient, parameters [3, 4, 8]. 

Moreover, first attempts at using computer techniques for direct reading of the 

measured values are undertaken [1, 7, 9]. 

OBJECTIVE AND RANGE OF THE STUDY   

The objective of the studies was to determine the effect of the properties of 

the components as well as those of chosen technological factors on active energy 

consumption at the processes of mixing loose materials, and also to check the 
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measurement power of the stand, equipped with a power converter and computer 

set, for continuous data registration. 

METHODOLOGY 

Testing the course of the mixing process and its energy consumption was car-

ried out using a level channel mixer with a band-blade stirrer. The mixer was pow-

ered by a three-phase motor of 3.0 kW, rotational speed 1415 rpm, cos φ = 0.81 and 

rated current In = 5.6 A. The stirrer was powered by a Motovario worm motore-

ducer, which provides constant rotational speed – 24 rpm. 

According to the manufacturer, the mixer ought to ensure mixing of the 

components in 3-5 min, at the homogeneity of 1:100 000. 

Energy consumption of the mixing process was determined by registering the 

changes in active power absorbed by the engine of the mixer. The system (Fig. 1) 

consisted of a three-phase power converter (measurement range 0-10 kW; constant 

voltage signal +10 V), an analogue – digital converter transmitting the signal di-

rectly to the computer and the tested apparatus. 
 

PP83 power
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Mixer
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Fig. 1. Block diagram of the measurement stand 

 

The used software enabled the observation, on the monitor screen, of the 

undergoing changes as an inspecting diagram. The frequency of sampling ranged 

from 1 to 1,000 Hz. After having completed the measurement, the registered 

data were further processed. An adequate scale on the X,Y axis was chosen and 

after having marked edge points, the program calculated the used active energy 

after the formula: 

 ∫=
2

1

t

t

PdtE  (1) 

where: 
E – used energy [Wh], 

P – instantaneous power [W], 

t1, t2 – beginning and end of mixing [s].      
 

The studies on energy consumption were carried out on barley cake as stock 

material. 

The following variables were assumed: 

− the weight of the stock 40, 80, 120 [kg] ( the level of loading the mixer 

chamber was – 24, 48, 72, 96/%, respectively), 

− mixing time 1, 2, 3, 4, 5, 6 [min]. 
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All measurements were performed in five replications. The obtained re-

sults were described with statistical methods in order to get the basis for cor-

rect conclusions. 

RESULTS AND DISCUSSION   

The effect of the conducted studies was the received series of results char-

acterising the processes of mixing in the tested apparatus, considering the energy 

consumption. 

PROPERTIES OF RAW MATERIAL 

Basic physical properties of the raw material used for the studies are pre-

sented in table 1. 
 

Table 1. Basic physical properties of raw material used in the studies 
 

Raw material Humidity 
Heaping 

density 
Pouring angle 

Heaping 

angle 

Mean size of 

particle 

- % kg/m deg deg mm 

Barley Class  

> 2.0 mm 
12.8 655 17.5 20.5 2.7 

TESTING ENERGY CONSUMPTION OF MIXING GRANULAR COMPONENTS IN MPP-200 

INDUSTRIAL MIXER  

The results of the tests carried out on an industrial MPP-200 band-blade 

mixer; Fig. 2-7. The engine of the mixer was powered directly from a three-

phase power network. At the moment of the start-up, an intensive increase in the 

received instantaneous power occurred (of 4-5 times higher value than the stabi-

lised power of the further work). However, such a state lasted for a very short 

while, about 0.39-0.54 s, then the system stabilised (Fig. 2, Tab. 2). The use of 

active energy at start-up was minimal and it ranged from 441.02×10 kWh (24% 

mixer load) to 618.63×10 kWh (96% mixer load) (Fig. 5). 
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Fig. 2. Exemplary course of mixing process – mixer load 72% 
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Table 2. Active energy consumption at start-up of the mixer’s transmission’s system 

 

Level of  

mixerload 

V 

Time of start-

up  Mean 

value 

tr 

Standard 

aberration 

σn-1 

Maximum 

power – 

instantaneous 

mean value 

P 

Standard 

aberration 

σn-1 

Energy used 

at start-up – 

mean value 

Er 

Standard 

aberration 

σn-1 

% s s W W kWh kWh 

0 0,392 0,067 7530 658 331x10-6 35,0 x10-6 

24 0,402 0,069 8976 642 414 x10-6 33,5 x10-6 

48 0,420 0,053 10115 715 480 x10-6 49,2 x10-6 

72 0,454 0,075 9624 1529 488 x10-6 67,8 x10-6 

96 0,543 0,051 10855 971 618 x10-6 67,3 x10-6 
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Fig. 3. Active energy consumption at start-up, at various levels of the mixer’s filling 

 

At the time of mixer work, the power taken in ranged from 10.8% (no 

stock) to 5.65% (96% of mixer load) – in relation to mean load; the variations 

decreased as the load of the engine decreased and were lower as in the case of 

the laboratory mixer. 

Exemplary courses of the taken-in instantaneous power depending on the 

level of the mixer load are presented in Fig. 4.  
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Fig. 4. Intake of instantaneous power at mixer work depending on the load level 
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Fig. 5. Relation of instantaneous power taken i and the level of the mixer load 
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Fig. 6. Active energy consumption in the mixer engine depending on the load 
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Fig. 7. Unitary energy consumption in relation to the mixer load 

 

Increasing the level of loading the mixer from 24% to 96% resulted in the 

heightening the instantaneous power taken in  by 42.6% (Fig. 5). On the basis of the 

studies it may be stated that the most effective, considering its energy consumption, 

is the variant, in which the level of mixer chamber load is maximum and equals 96% 

(Fig. 6). Unitary energy consumption (Fig.7) for the constant mixing time of 1 min-

ute drops then from 38.4 kWh/t (24% load) to 13.65 kWh/t (96% load). 
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CONCLUSIONS 

1.Measurement system used in the studies was characterised by high accu-

racy and repetitiveness of the results. The determined coefficient of the variabil-

ity at the mean load of 1.851 kW was 0.70%, and for 2.181 kW 0.60%; it de-

creased as the load of the driving engine heightened.  

2.The stand for continuous registering of the taken-in active power is a univer-

sal measurement instrument, by means of which it is possible to observe the changes 

undergoing in the system. It enables receiving numerous data in a short time, which 

is ensured by the frequency of sampling in the range from 1 to 1,000 Hz. Their fur-

ther processing is performed by means of using simple computer programmes. 

3. In order to determine the optimum mixing time as well as the weight of 

the load for a particular mixer, for each group of raw materials of mean physical 

properties (e.g. mean dimension of particles, pouring density) the tests on the 

mixing effectiveness ought to be conducted. Every extra minute of mixing may 

be essential for an average feeds plant. 
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SUMMARY 

The work presents the results of the studies on the effect of the properties of the  selected technological 

components on the active energy consumption at mixing processes. In the tests, an industrial band-blade mixer 

was used. Measurement capacity for continuous data registration of the stand equipped in a power converter 

and a computer was tested. The determined coefficients of variability for the applied loading of the system 

ranged from 0.6 to 0.7%; the system was characterised by high measurement accuracy.   

 


