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Abstract 

This article presents a new method for smoothly starting high-voltage 

and powerful asynchronous electric drives of pump installations in mining 

enterprises and thermal power plants. 

For smooth starting of low- and medium-power asynchronous motors, 

the "Tyristor Voltage Converter-Asynchronous Motor" system is used. For 

smooth starting of high-voltage and powerful asynchronous motors, a method 

for starting using combined low-power thyristors was proposed, taking into 

account the fact that the prices for high-power thyristors are expensive and 

unreliable. 
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Introduction 

One of the important directions in the development of efficient electricity 

generation by thermal power plants in the world is to meet the specific needs 

of the enterprise, paying special attention to the smooth starting of powerful 

and high-voltage asynchronous electric drives of self-service units in mining 

enterprises and thermal power plants, reducing the starting current, increasing 

the service life of electric motors without repair, and conducting scientific 

research. Research in this area, including reducing the starting current during 
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microprocessor control of powerful high-voltage asynchronous motors in 

mining enterprises and thermal power plants, and increasing their service life 

without repair, is a priority. At the same time, one of the urgent tasks is to 

identify additional opportunities for energy saving based on a comprehensive 

analysis of electricity consumption in mining enterprises and thermal power 

plants[4-7]. 

A frequency-regulated electric drive is used in the automated control 

systems (ACS) of pump installations to bring the pump operating mode into 

compliance with the operating mode of the serviced liquid supply system, for 

example, the water supply or sewerage network of a city or industrial 

enterprise [1-3]. 

The required rotational speed is set depending on many factors. These 

include: the flow rate of the liquid in the system, its level in the tanks, the values 

of static and dynamic counterpressure, the number of parallel operating pumps 

and pump units supplying the liquid to the system, etc. The water drainage of 

mining enterprises is an important element of the entire complex of mining 

equipment, and its reliable operation largely determines the continuity and 

failure-free operation of mining operations for the extraction of minerals. 

Additionally, automating pumped water drainage systems, applying new 

technology for smooth start-up, and increasing their energy efficiency [1-3]. 

With a smooth start, the following tasks are: 

- reduction of the starting current; 

-increase in torque 

As a result of the research, the developed control system for the mine 

water drainage unit in the industrial use zone of pumps is most effectively 

regulated by changing the rotational speed of their impellers. Changing the 

rotational frequency of the pumps' impellers is carried out using the REP, which 

allows determining the pump control regulations for feed, forming appropriate 

signals, and consequently, increasing the reliability of the water drainage unit, 
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reducing electricity costs, and also reducing the number of emergency 

situations during the operation of water drainage units [4-7,10]. 

Materials and methods 

At the water supply pumping station, the D3200-75 type pump delivers water 

to a height of Np = 36 m, developing it at maximum flow rate Qb = 1.0 m3/s, 

pressure Nb = 60 m, minimum flow rate Qm = 0.5 m3/s. The pump's operating 

mode is regulated by throttling with a gate valve on the pressure line. The 

installation's operating time in the estimated time period (year) is 8760 hours. 

We calculate the relative minimum feed rate. 

λ =
Qм

Qб
=

0,5

1,0
= 0,5                                                                (1) 

and relative static pressure 

   Hп
∗ =

Hп

Hб
=

36

60
= 0,6                                                            (2) 

The relative losses of electrical energy corresponding to these values of λ and 

Hn* are determined using the calculated curves (Fig. 1.a). 

w∗ = 0,182                                                      (3) 

We calculate the maximum power consumed by the pump unit using formula 

(4) 

 

Nб =
9,81×1×60

0,85
≈ 692,5 кВт                                               (4) 

The electrical energy consumption for exceeding the head in this unit is 

determined by (5): 

∆W⅀ = 692,5 ∙ 8760 ∙ 0,182 = 1104067 кВт         (5) 
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Operation of the pump unit exceeding the static component of the head. In a 

number of pump installations, a change in the dynamic component of the head 

is observed, but not the static one. It occurs due to fluctuations in the level in 

the receiving or pressure reservoir of the installation, as well as during 

fluctuations in the water level in the reservoir from which the pump takes water 

[1-3]. 

 

Fig.1. Diagram of a pump unit with variable static pressure: УВ - pump 

activation level; УO - pump disconnection level; 

Regulating the operating modes of pump installations can be carried out 

by changing the number of operating units, changing the hydraulic scheme of 

the pump installation, throttling the pressure lines, changing the rotational 

speed of the working wheels of all or individual pumps, and discharging part 

of the water from the pressure lines into the suction lines. Often, the regulation 

of pump installations' operating modes is carried out by combining the 

regulation methods mentioned above [9-10]. 

Frequency-regulated electric drive (Fig. 2, a). The main element of the 

frequency converter is the frequency converter, through which practically 

unchanged network voltage parameters U1 and frequency f1 are converted into 

changing parameters U2 and f2, required for the pump unit's control system. 

The rotational speed of the electric motor connected to the converter output 

changes proportionally to the frequency f2 [1-3]. 
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Fig.2. The main types of RES used in pumping units are: a - frequency; b - 

asynchronous-valve cascade; c - based on a valve electric motor; d - with an 

electromagnetic sliding clutch (1 - asynchronous electric motor;  2 - frequency 

converter controlled rectifier; 3 - inverter; 4 - centrifugal nozzle; 5 - matching 

transformer; 6 - smoothing throttle; 7 - uncontrolled rectifier; 8 - rotor position 

sensor in space; 9 - Inverter pulse-phase control system (PPSC); 10 - controlled 
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rheostat; 11 - single-phase rectifier; 12 - brushes; 13 - contact rings; 14 - 

inductor; 15 - EMC excitation winding; 16 - EMC anchor).  

For smooth starting of high-voltage high-power "TPN-AD" systems, 

instead of a single TPN thyristor, it is proposed to use thyristor groups 

connected in parallel-sequential order, as shown in Figure 3.4. 

  

Fig.3.Tyristor groups 

phases A TPN 

Figure 4. Principal diagram 

"TPN-AD" model 

  

Analysis of the results of scientific research on the starting modes of 

asynchronous motors - drives of self-service units in mining enterprises and 

thermal power plants used in various installations, published in scientific and 

technical literature, showed that they have a number of significant 

shortcomings and require further improvement. The conditions for the 

uninterrupted operation of the commutation of the thyristor groups in the 

composition of the thyristor voltage converter have been developed. As a result, 

the simultaneous opening of all thyristors and the duration of thyristor control 

pulses are no less than the duration of opening each thyristor separately [4-7]. 

 

 

 

Conclusion 
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The theoretical conclusions of the study confirm that the advantage of 

using a group of parallel and sequentially connected thyristors to create a "TPN-

AD" system with microprocessor control has been proven. As a result, the 

starting current of powerful asynchronous motors using the "TPN-AD" 

microprocessor system is reduced by 2.5 times, and the service life without 

repair is increased from 6-7 months to 25 months. The use of "TPN-AD" with 

microprocessor control of the electric drive provides: 

• saving 5÷15%, and in some cases up to 30% of electricity 

• reduction of wear of hydromechanical and electrical equipment due to a 

reduction in the number of starts and stops of pumping units; 

• reduction of the likelihood of accidents caused by hydraulic impacts due to 

smooth changes in the operating modes of pumping units. 
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