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DETERMINATION OF EFFECTIVE 
ENERGY CAPACITY OF THE CONVEYOR 
WHEN TRANSPORTING DIFFERENT 
WASTE OF MECHANICAL TREATMENT

The object of research is the process of transportation of mechanical waste from the machine tool to the area 
of further processing using a modernized screw conveyor. One of the biggest problems in the transportation of 
mechanical waste remains the high cost of auxiliary processes, which form the final cost of the product. Since it 
is impossible to reduce the cost by excluding the stages of transportation and processing from the technological 
process, the energy component of the issue remains. Reducing energy costs at all stages of machining, transporta-
tion and processing is an important economic and environmental challenge.

In this work, the energy consumption of the conveyor is determined during the transportation of the shavings 
obtained during the end turning of the gear rim of the wheel. Also, the work is devoted to the movement of sludge 
obtained by surface grinding of the cover of a cylindrical gearbox. The examined shavings and sludge are in dif-
ferent states: dry, wet and unprepared.

The analysis of the existing effective equipment for cleaning and moving with the stages of cleaning and 
processing of cutting fluids, shavings and sludge, taking into account the energy intensity, is carried out. A com-
parative analysis of the energy consumption of the conveyor, taking into account the energy consumption for the 
preparation of the transported material – the drying process, is carried out. Recommendations are given regarding 
the cases of using a dryer for the preparation of shavings and sludge for the processes of moving to the processing, 
cleaning or disposal zones. The effective values of the energy consumption of the conveyor are determined on the 
basis of graphical dependencies, based on the conditions of a given productivity.

It is shown that obtaining the effective energy consumption of the conveyor is achieved due to the combined 
accounting of the energy consumption of the conveyor and equipment for the preparation of chips and sludge. 
This saves 5–7 % in energy costs for an expected performance of 12.4 g/min. As a research result, it is concluded 
that the effective energy consumption of the conveyor is 70–90 W/min for a given productivity of 10–12 g/min 
when transporting wet sludge and shavings.
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1.  Introduction

During machining, cutting fluids (coolants) and detergents 
are used. When machining parts by cutting, the coolant 
enters the cutting zone, must be clean and free from chips, 
sludge and other impurities that reduce the cooling and 
lubricating effect. Contamination in the coolant can lead to 
a number of other negative consequences. The transportation 
of machining wastes occurs both with and without coolant. 
Moving coolant, chips and sludge is a  component of the 

production cost, to reduce which it is necessary to use vari-
able technologies. These technologies include a decrease in 
electricity consumption due to the refinement of processing 
processes – switching off/on with the stages of transpor-
tation drying of chips and sludge, because the process of 
drying the chips and separating the cutting fluid from the 
sludge consumes up to 40  % of the energy consumption 
of the processing process.

There is little research into efficient equipment for clean-
ing cutting fluids in terms of energy intensity. So, work [1]  
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is devoted to centrifugal cleaning. But the quantitative 
energy consumption has not been fully investigated. The 
work  [2] is devoted to the choice of the type of treat-
ment and transportation methods for circulating methods 
of supplying liquids and there is no analysis of energy 
efficiency at all. Works  [3, 4] are devoted to alternative 
methods of transportation and regeneration of liquids, 
taking into account the economic feasibility of the project.  
And yet the degree of economic efficiency on the part 
of energy consumption in comparison with similar me
thods remains uncertain. Works  [5, 6] are devoted to 
improving the methods of transportation, processing  
and degreasing of wastewater. In these studies, the energy 
component of the issue remains unrevealed. The work [7] 
is devoted to the determination of the productivity and 
energy consumption of the conveyor, but there is no 
comparative analysis of the energy consumption for 
various types of materials. Works  [8, 9] are devoted 
to the improvement of conveyor designs. But there is 
no energy or economic calculations of the feasibility of  
projects. Work  [10] is devoted to the performance of 
auxiliary equipment without taking into account its ener
gy consumption.

Work on the improvement and research of movements, 
processing and disposal is aimed at increasing productivity, 
and not at the rational use of energy resources.

As the transported material, let’s use the shavings ob-
tained by the end turning of the gear rim of the wheel; 
sludge obtained by surface grinding of the spur gear cover. 
Sludge and shavings are sampled in three states: dry (pre-
drying in a dryer), wet (pre-passing through mechanical 
filters) and unprepared (without any preparation – from 
the drainage system of the machine). The alternate load-
ing of various states of the materials under study was 
accompanied by fixing the consumed electricity using 
a  meter installed between the electric motor and the 
power supply point from the network. The disadvantage 
of this research method is the equipment error and the 
possibility of uneven distribution of the load, which will 
affect the heterogeneity of the results and is not covered 
by the experimental error.

Thus, the object of research is the process of trans-
portation of mechanical waste from the machine tool to 
the zone of further processing using a modernized screw 
conveyor (Fig.  1)  [11].

 

Fig. 1. Screw conveyor

The aim of research is to determine the effective energy 
consumption of the conveyor during the transportation 
of machining waste.

2.  Methods of research

The study of the influence of various types of trans-
ported materials in various states on the level of electricity 
consumption was carried out in the intervals from 1.4 to 
22.5  g/s of the conveyor performance with a constant 
filling of the trough of 25–30  %.

To prepare dry shavings and sludge, an industrial dryer 
with a power of 5  kW/h was used.

To obtain wet shavings and sludge, complex three-stage 
filters were used (the first stage retains particles larger 
than 0.1  mm, the second stage – particles larger than 
0.05  mm, respectively, the third – more than 0.005  mm).

3.  Research results and discussion

Moving mechanical waste occurs in various ways, but 
the most common is the use of conveyor transport. The 
transportation stage can take place with unprepared mate
rials (directly from the machine) or go through the stages 
of filtration, cleaning and drying.

Considering the cost of energy resources, they should 
be rationally used to reduce the cost of production. Since 
the transfer of waste is an integral part of the treatment 
process, it is important to reduce or efficiently use energy.

Conducted research on the energy consumption of the 
conveyor during the transportation of various types of ma-
terials (Fig.  2,  3) shows the arithmetic dependence of the 
increase in consumption on the viscosity of the material 
and the specified performance. If performance is a positive 
factor, then it is not advisable to upgrade it.
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Fig. 2. Energy consumption of the conveyor when transporting chips
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Fig. 3. Energy intensity of the conveyor when transporting sludge

As can be seen from the graphs in Fig.  2,  3, viscosity 
increases energy consumption. The viscosity of the waste 
can be understood as the difference in the state of the 
material from dry (prepared).

During the preliminary preparation, a filter system is 
used, which does not consume energy, but in many respects  
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reduces its consumption by the conveyor when moving 
chips and sludge.

The use of a dryer for obtaining dry shavings and sludge 
helps to reduce the level of energy consumption, however, 
it is necessary to take into account the dryer’s own energy 
consumption, which is 5  kW/h (for a prototype, when 
converted to research values of 83  W/min).

As can be seen from the graphs in Fig.  2,  3, the use 
of the dryer is impractical in full, compared to the energy  
consumption of the conveyor when transporting wet sludge 
obtained by filtration without energy consumption. The 
feasibility of the dryer can be traced at the stage of tran-
sition to productivity of 12.4  g/min and higher in com-
parison with unprepared material.

4.  Conclusions

During the study, the energy consumption of the conveyor 
was determined when transporting shavings of various states:

–	 for dry chips ranging from 49 to 52  W/min;
–	 for wet shavings in the range from 75 to 131 W/min;
–	 for untreated chips from 75 to 200  W/min.
The energy consumption of the conveyor was also de-

termined when transporting sludge of various states:
–	 for dry sludge in the range from 50 to 61  W/min;
–	 for wet sludge in the range from 74 to 120  W/min;
–	 for untreated sludge in the range from 105 to 185 W/min.
A comparative analysis of energy consumption is carried 

out, during which it is determined the feasibility of using 
filtering units and the use of dryers at a given productivity  
above 12.4  g/min.

Analyzing the above, it is possible to conclude that the ef-
fective energy consumption of the conveyor is 70–90 W/min  
for a given productivity of 10–12 g/min when transporting  
wet sludge and shavings.
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