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Abstract. An experimental study of the control of the operating modes of the plate feeder based on a 
frequency-controlled electric drive in the mining industry has been carried out. The graphs of measurements 
of the electrical parameters of the electric drive supplied from the frequency converter of the plastic feeder, 
instantaneous values of harmonic composition of voltage and current up to 50 harmonics, as well as changes 
in current and voltage harmonics over a period of 30 minutes were obtained. Measurement of oscillograms 
of voltage and current of each phase in operating mode and the moment of turning off and turning on the 
electric motor of the plastic feeder. The issues of control of starting modes of the plate feeder from 
frequency-controlled electric drives are considered. It has been determined that frequency start-up with the 
linear control law for the frequency of the plate feeder as a function of time and technological parameters 
are the most acceptable condition for starting modes. 

1 Introduction  
In the world, by improving the dynamic modes of 
operation of technological machines and mechanisms, 
elements of the electromechanical system with modern 
control devices, improving the elements of the 
electromechanical system, using control methods, 
energy-efficient technologies are being created in the 
mining and metallurgical industry. The main energy 
consumption in mining and metallurgical enterprises 
occurs in the process of excavation and ore preparation, 
which is more than 38% of the total energy consumption, 
including the processes of ore preparation account for at 
least 10% of world energy consumption [1-4]. 

The modern electric drive being the main power 
element for converting electrical energy into mechanical 
energy, consumes more than 60% of all generated 
energy in the world. The electric drives together with 
other technical devices acts as a means of regulation in 
technological complexes [1].  

In world practice, the controlled electric drive is 
recognized as one of the most efficient energy-saving 
and resource-saving environmentally friendly 
technologies [2-3]. 

The outlined intensive introduction into operation of 
adjustable electric drives of mechanisms makes it 
possible to solve not only the problem of energy saving, 
but also resource saving.  

The use of speed-controlled electric drives for 
various mechanisms of the mining and metallurgical 
industry will make it possible to create a new energy-

saving technology, which saves not only electricity and 
material resources, but also ensures resource-saving [4-
7]. 

Currently, widespread introduction of frequency 
converters for technological equipment of mining and 
metallurgical plants has begun, especially on conveyors, 
feeders, smoke exhausters, blowers, compressors and 
other electric drives of technological equipment, which 
gives positive results in energy and resource saving [8-
9]. 

As noted, the main technological mechanisms and 
installations are crushers, pumps for various purposes, 
conveyors, feeders, mills, fans, blowers, blowers, 
compressors, smoke exhausters, etc., where the power 
element is an asynchronous or synchronous electric drive 
of various power [10-12]. Since most of the 
technological equipment is typical in the mining and 
metallurgical industry, it is possible to make a unified 
approach to further increase energy and resource 
conservation based on the use of variable frequency 
drives in technological mechanisms and installations. 

In the mining industry, one of the most common 
types of continuous machines involved in ore 
preparation are transport belt conveyors and feeders [13, 
14]. 

Plate feeders are used to transport bulk, highly 
abrasive materials in technological lines of metallurgical, 
mining, processing, cement and other industries. They 
are conveyors with a belt made of metal links, up to 
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2400 mm wide, up to 18 m long and with a capacity of 
up to 1700 m3 / h [15]. 

The operating mode of the conveyor drive motors is 
continuous with rare starts and stops. At the same time, 
an important general requirement for electric drives of 
continuous transport mechanisms is to ensure smooth 
start-up, with reliable limitation of acceleration and jerk, 
braking and normal functioning in the operating mode 
[16-18]. 

Currently, in connection with the industrial 
development of reliable frequency converters based on 
thyristors and IGBT or IGCT transistors, the most 
effective is the construction of feeder control systems 
using frequency-controlled asynchronous electric drives. 
At the same time, the system of a frequency converter - 
an asynchronous motor allows for the regulation of 
acceleration and speed, as well as a long-term operation 
of the drive at low speeds according to the conditions of 
the technological process, which in general 
simultaneously solves the issues of energy and resource 
saving [19,20]. However, it is of interest to solve a 
number of issues related to the start-up of an electric 
drive of feeders based on frequency converters. 

At the same time, by increasing the energy efficiency 
of the feed installations, improving the control systems 
of electric drives, work is being done to reduce the 
consumption of electrical energy and, in turn, special 
attention is paid to the development of this industry. 

The purpose of the study is to determine the control 
law of starting modes of a plate feeder from variable 
frequency drives, taking into account the technological 
process of ore preparation on the basis of experimental 
research. 

2 Research methods  
The research method of scientific work is the 
experimental method. On the basis of experimental 
research on real operating installations, the electrical 
parameters of the electric drive supplied from the 
frequency converter of the plastic feeder, the 
instantaneous values of the harmonic composition of 
voltage and current in the dynamic modes of the plate 
feeder were determined. 

At the same time, the results of instrumental 
measurements of electric drives of equipment powered 
by frequency converters are of interest, for example, an 
electric drive of a plate feeder powered by a frequency 
converter (FC) with a power of 50 kW [4]. These 
measurements are shown in Table 1 and Fig. 1-7 - their 
graphs. 

 
Fig. 1. Block diagram of a frequency controlled electric drive 
of a plastic feeder with connections by devices: 1 - transformer, 
2 - frequency converter, 3 - asynchronous motor, 4 - plate 
feeder, 5 - three-phase energy quantity and quality analyzer, 6 - 
current clamp for measuring alternating current. 

Experimental measurements were carried out after 
the inverter before the engine using an AR-5 electric 
analyzer. 

Table 1 shows the experimental and passport data of 
the electric drive of the plate feeder supplied from the 
frequency converter, as voltage (V), current (A), active 
power (W), reactive power: inductive P.L (var), 
capacitive P.C (var), and supply frequency (Hz), 
apparent power (VA).  

In Fig. 2 these data are presented in graphical form 
for a period of time of 30 minutes. 

Table 1. Experimental and passport data of the electric drive of the plate feeder supplied from the frequency converter. 

№ 
Plate Feeder 

Parameters Experimental data Passport data 
Phase-A Phase-B Phase-C Middle Type АО93-12-86 

1 Voltage, В Up 223 221 229 224 Voltage, В 380 
2 Current, А А 37.48 37.15 37.62 37.62 Rated current, A 47 
3 Active Power kW 3.845 3.695 3.963 11.50 Engine power, kW 25 
4 Reactive Power Kwar L 7.421 7.332 7.649 22.40 Efficiency 0,83 

5 Reactive Power Kwar C 0 0 0 0 
Number of 
revolutions 

730 

6 Power Factor cosφ 0.46 0.45 0.46 0.46 Frequency 0,80 

7 Frequency Hz 50 50 50 50 
Frequency 

Converter type 
KEB 

8 Total Power kVA 8.36 8.21 8.61 25.18 Power FC, kW 50 
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Fig. 2. Graphs of measurements of electrical parameters of an 
electric drive powered from a frequency converter of a plate 
feeder. 

3 Results and discussion  
The graph shows the indicators of the parameters of the 
electric drive of the feeder in the operating mode, the 
mode of disconnecting the feeder at the moment of 13:12 
and restarting at the moment of 13:18. Restarting is 
carried out after a time interval equal to 8 minutes with a 
frequency acceleration of the drive in 1 minute according 
to a linear law. In this case, the supply voltage changes 
linearly in one stage and, accordingly, the currents 
increase without a surge, i.e. do not exceed the nominal 
value. 

In Fig. 3 shows the harmonic composition of voltage 
and current instantaneous values up to 50 harmonics. 

In Fig. 4 - change in harmonics over a period of 30 
minutes. 

 

Fig. 3. Instantaneous values of harmonic composition of 
voltage and current up to 50 harmonics. 

 
Fig. 4. Changes in harmonics of current and voltage over a 
period of 30 minutes. 

In Fig. 5-7 - waveforms of voltage and current in the 
operating mode, the moment of switching off and on the 
plate feeder. 

The output currents and voltage of the frequency 
converter, in contrast to the standard network, do not 
have a sinusoidal shape, but peaks, higher harmonics of 
current and voltage, a rapid change in frequency and 
voltage over time. This leads to an increase in the 
voltage on the motor insulation, increasing motor losses, 
vibration and noise. 

 

Fig. 5. Forms of voltage and current of each phase in the 
operating mode of the feeder. 

 
Fig. 6. Forms of voltage and current of each phase at the 
moment of disconnection of the feeder. 
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Fig. 7. Forms of voltage and current of each phase at the 
moment of switching on the feeder. 

Different types of frequency converters, differing in 
operating principles, modulation and frequency 
switching methods, give a variation in efficiency for the 
same motor. It has been determined that the continuous 
maximum load (torque) of a drive with frequency 
converters depends mainly on the modulation method 
and the switching frequency of the frequency converter. 

4 Conclusion 
1. The basic principle of operation of a motor when 
powered by a frequency converter is that the maximum 
permissible load torque of the motor as a function of its 
rotor speed must give the same temperature rise in the 
motor as when supplied with a sinusoidal voltage of 
rated frequency at rated load. 

2. The results of theoretical and experimental studies 
show that for plate feeders, speed acceleration is the 
most satisfying condition for a soft start and control will 
be carried out according to a linear law. 

3. Ensuring the stability of the operating modes of 
crushers and mill blocks by maintaining constant linear 
load of the feeder when ore is supplied, as well as the 
required tractive effort in steady motion. 
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