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A B S T R A C T K E Y W O R D S 

In the current stage of socioeconomic development and amidst 

significantly rising energy prices, the task of efficient energy use in 

various sectors of the country's economy is particularly important. The 

development of the mining and processing industry—increasing 

processing volumes, deeper deposits, declining ore quality and quantity, 

steadily rising energy prices, and reducing energy cost is one of the most 

pressing challenges of world. Therefore, improving methods for ensuring 

the energy efficiency of energy-intensive equipment in the mining and 

metallurgical industry is a pressing issue. 
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Introduction 

Research Objective 

Development of methods for reducing energy costs and increasing production efficiency by adapting 

the operating modes of ball mills. 

 

Materials and Methods 

Mining, processing, and beneficiation plants are among the largest industrial enterprises in terms of 

energy consumption. Energy efficiency is defined as the optimal (cost-effective) use of energy for 

ongoing production or service delivery. Recently, the annual electricity consumption of ore processing 

plants worldwide has been approximately 2.5 TWh. Primary ore grinding is performed by jaw and 

hammer crushers. The ore is then transferred to ball mills, where it first undergoes coarse grinding. In 

the second stage (i.e., fine grinding), it is processed by grinding media (rods or cylpebs) introduced 

into the mill. To improve the electrical energy efficiency of the ball mill electric drive system, it is 

necessary to reduce energy losses in the electromechanical system of the mill (especially in a 

synchronous or asynchronous drive) and increase the operating efficiency through optimal control of 

the electric drive power (automatic power distribution, adaptive control algorithms), as well as 

increasing the power factor in the drive and reducing reactive power. 
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Results and Discussion 

Improving the energy efficiency of hydrometallurgical plants through system management using 

software and analytical tools will reduce energy consumption and costs, improve enterprises’ ability 

to manage energy resources across the organizational and technical chain, and enhance their 

competitiveness. Therefore, efforts to expand the use of energy-saving technological tools are 

insufficiently effective due to the low level of implementation of energy management as a complex 

human-machine process. Regardless of the type of electric drive used, the qualitative and quantitative 

characteristics of the finished product (crushed ore), which characterize the system’s operation, are 

determined by the operating conditions of the plant, motor, control devices, and transmission 

mechanisms. This is also confirmed by the total active power generated at the axis of rotation of the 

mill drum. 

P =
Po+PП

DM

,      (1) 

where: 
D

- motor efficiency; 
M

- transmission drive mechanism efficiency, which allows taking into 

account the drive mechanism losses in the ring gear and in the clutch;  

 

Po- useful power; PП- power loss. 

Taking into account (1) and the formula for determining engine power, we obtain: 

mIU cos φ =
Po+PP

DM

,      (2) 

where m - number of phases; I - stator current; U - network supply voltage; cos φ - power factor.  

To study the system's state in various operating modes, the following formulas are used. To construct 

the model, expression (2) is introduced using the following basic units: 
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Where: 

𝑇𝑚𝜇 =
𝐺𝐷2𝑛3𝑝

3450√3 ∙ 10−3 ∙ 𝑈𝐼
 

 

𝐵 =
√3𝑈𝐼𝑝

𝜔
 

and where 𝐺𝐷2 - accelerating torque of the rotor; n - synchronous frequency 

Taking into account (3) and using the circular diagram of the synchronous motor, the graphical 

relationships between the electrical parameters of the motor and the degree of filling of the base 

material(Kh) were confirmed (Fig.1). The relationships were obtained by measuring the electrical 

parameters of the motor cos  = (Kh), sin φ = (Kh)  I = (Kh)  
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Fig.1. Dependence of the electrical parameters of the mill drive electric motor on the degree of 

load filling 

1 - dependence of the stator current on the degree of load filling;  3-2 − cos φ = (Kh) sin φ = (Kh). 

From Fig.1 it follows that the most sensitive curve is sin φ. Taking into account the dependence and 

the dependence obtained for the angle θ, it is determined sin φ cos φ = (Kh) that: 

θ = arctg
I cos 

U
xq⁄ +I cos 

     (4) 

the change in angle θ due to the change in the degree of filling of the mill can be estimated. 

Many works investigating the dependence of a synchronous motor on 

θ = (t) , are known. 

but they limit themselves to only confirming the dependence of the synchronous machine for studying 

the change in angle θ by ∆θ considering relative to its constant value θo: θ = θo + ∆θ. Accordingly, 

for the electromagnetic torque ME the following dependence is used, which is a function of the angle θ 

ME = MEo + ∆ME 

Such studies do not allow us to assess the operating dynamics of the motor that powers the mill under 

the conditions of the qualitative and quantitative characteristics of the fed ore and voltage variations. 

To develop models for studying the operating modes of the mine's electric drive system's electric 

motor, we use a relationship that characterizes the relationship between the mechanical characteristics 

of the motor and the mill: 

MD = M − Mc      (3.4) 

where M - is the moment of the synchronous motor; Mc − moment of ore resistance; MD − dynamic 

moment of the drive system. 
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Conclusion 

Thus, the speed control method for a ball mill's synchronous electric motor has been improved, the 

design parameters of ball mills intended for the mining and metallurgical industry have been 

determined, and, taking into account process requirements, an operating mode has been developed that 

ensures the durability of the ball mill's protective coating, which impacts energy consumption. As a 

result, it allows for the degree of erosion of the mill's protective coating to be taken into account. 
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