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Abstract: This paper describes ways of achieving energy saving when operating an induction 

motor used in forage choppers. The method of using the asynchronous electric motor for the 

purpose of energy saving of electric power is presented. The analysis of the potential of energy saving 

in forage grinding shows that significant savings of electric energy can be obtained by increasing the 

efficiency of the induction motor. 
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As it is known, the agricultural sector in our republic is increasingly improving and developing. 

Three-phase induction motors are the main consumers of electricity used in agricultural enterprises. 

70-80% of the generated electricity is used in electric motors [5]. Nevertheless, the main part of the 

main reactive power consumption in electric motors is induction motors. Considering this, 

compensating and increasing the reactive magnitude exceeding the norm in induction motors used in 

feed chopping devices is considered as one of the main tasks [2]. Therefore, when operating the feed 

chopping device, a number of measures should be taken to start the induction motor of the device, as 

well as to stabilize the supply voltage Fig.1 [3].  

 

 
 

Fig.1.  General view of the universal forage chopper 
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At present, a large amount of reactive power is consumed in the process of using induction motor of 

feed chopping devices, which is used as an example of one of the agricultural enterprises. In this case, 

to increase the power factor of the induction motor and reduce power losses in electrical equipment 

during the operation of the induction motor, which is mainly used in the feed chopping device [6]. 

Currently, modern imported equipment and technologies are being introduced in the Republic of 

Uzbekistan, which need to provide electricity according to the requirements of European standards. 

Otherwise, this technique cannot provide the expected quality and productivity. Modern 

technological installations have an active feedback effect on the electric network, and at the same 

time impose strict requirements to the quality of electricity and reliability of SES. These 

circumstances imply the reconstruction of plants taking into account modern requirements, in 

particular, on the quality and efficiency of electricity utilization, automation of consumption, 

metering, etc. Power losses in asynchronous electric motor consist of losses in stator (43,6%) and 

rotor (12,7%) windings, as well as power losses in steel of magnetic systems of asynchronous electric 

motor (43,7%). The total share of electrical and mechanical power losses in asynchronous electric 

motor is 10.2 % in the active power consumption of motors. 

The total reactive power consumed by an induction motor is composed of reactive power due to 

dissipation of stator (10.3%) and rotor (7.7%) windings of the induction motor and reactive power of 

magnetizing circuits (82%). Reactive power consumed by the induction motor. In induction motors, 

when the voltage changes, the currents in the stator and rotor windings and the magnetizing current 

of the motor change. The magnetizing losses increase in proportion to the square of the voltage. If 

the useful power given by the electric motor to the working body of the industrial plant is constant 

when the voltage changes, the losses in the stator and rotor change inversely proportional to the square 

of the voltage. Thus, the ratio of magnetization losses and electrical losses in the motor windings are 

different depending on the motor load: with a heavily loaded motor, the specific weight of 

magnetization losses increases. In the total reactive power consumed by the induction motor, a 

significant share is the magnetizing reactive power, which is proportional to the square of the mains 

voltage. If the voltage is reduced by 10%, the reactive power consumption of an induction motor 

decreases by 12-14%. At underloaded mode of the motor it is recommended to switch from the 

scheme "delta" to "star" Fig. 2. 

 
Fig.2. Schematic diagram of stator winding phases connection of induction motor of fodder 

grinding devices 
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 Not only active power but also reactive power consumption is reduced. The saving of electric power 

is [2] 
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Reduction of power losses at transition from "delta" to "star" we have: 
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And overall active power savings: 

                           
,PQkP +=                       (4) 

where: k-coefficient determining active power losses corresponding to 1 kVAr of reactive power, 

kW/kVAr. 

              An effective means of energy saving in asynchronous electric drives is to reduce the voltage 

supplied to the motor when it operates with low loads or in the mode of operation This reduces the 

reactive power consumption and thus the losses in the elements of the electric supply system of the 

electric drive, and at certain load factors - and power losses in the motor. The reactive power Q 

consumed by the induction motor when using the U-shaped substitution scheme is determined by the 

formula [3] 

      𝑄 = 𝑄ГП + 𝑄ПР = 3 ∙ 𝑈1 ∙ 𝐼𝜇 + 3 ∙ 𝐼1
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where Qrn, Qpr - reactive powers of respectively magnetic main field (MF) and magnetic scattering 

fields (MSF) of stator and rotor windings; U1 - voltage applied to the motor; I(μ), Xμ - respectively 

current and reactive resistance of the magnetizing circuit; I(1) - stator current;       I(2) - reduced rotor 

current; X(1), X2, Xk.h.h - inductive resistances of stator winding, reduced rotor winding and short-

circuit winding respectively, Xk.s = X1+  X2 M, ω0, S - respectively torque, idle speed and slip of 

induction motor. It follows from the expression that by reducing the voltage supplied to the motor it 

is possible to influence the level of reactive power consumed by the motor and thus the value of cosφ. 

This position is illustrated by the dependences of magnetizing current Iμ and reduced rotor current I2 

on the motor supply voltage U1* = U(1)/ U(1nom) at different load torques Ms, shown in Fig. 1 

Fig.3 shows that the reduction of voltage leads to a decrease in magnetizing current and, accordingly, 

the part of reactive power consumption that goes to create the main magnetic flux of the motor. 
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Fig.3.  Dependences of magnetizing current and reduced rotor current on stator voltage of fodder 

grinding devices 

 

 

        At the same time, at the same load torque, the currents in the stator and rotor circuits of the motor 

increase, which causes an increase in the consumption of reactive power that goes to create dissipation 

fields of the stator and rotor windings 

                                 𝑄 = 𝑄0 + 𝑘н
2 ∙ ∆𝑄ном ,                                                            

where Qo - reactive power of the motor at idling;              ΔQnom - increment of reactive power at  

the motor from idle to nominal  

              The increment of reactive power is determined by the formula  

                                   ∆𝑄ном = (𝑄ном − 𝑄0),                                                            

where  Qnom - reactive power in nominal mode. 

Reactive power in nominal mode is determined by the formula 

                   𝑄ном = 3 ∙ 𝑈ф ∙ 𝐼1ном ∙ sin 𝜑ном = 𝑃ном ∙
tan 𝜑ном

ɳном
 .                                                                                

In practice, two methods of voltage reduction have been used: by switching the stator winding from 

delta to star circuit and by thyristor voltage regulators. Let us consider the first of these methods. This 

method of voltage reduction is possible when the nominal phase voltage of the motor stator winding 

and the line voltage of the network are equal. At motor loads close to the nominal level, the stator 

windings are included in the "delta" circuit (Δ) and the motor operates at nominal voltage with full 

magnetic flux. When the load is reduced, the motor windings are switched to a star circuit (Y) and 

the voltage is reduced by a factor of √3 = 1.73, which reduces the magnetizing current, reactive power 

and total losses in the motor and the power supply system. It is important to note that the power losses 

in the motor can either decrease or increase depending on its load factor. The dependence of induction 

motor reactive power on the voltage applied to the stator can be expressed by the formula [1]. 

                                       𝑄 ≈ 𝑘𝑈
2 ∙ 𝑄0 + 𝑘н

2 ∙
∆𝑄ном 

𝑘𝑈
2 ,                                  (6) 

where ku is the voltage reduction factor equal to one for delta connection of the stator windings and 

1/√3 for star connection of the stator windings 
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The dependence of the active power losses of an induction motor on the voltage applied to the stator 

can be expressed by a similar formula. 

                                        ∆𝑃 ≈ 𝑘𝑈
2 ∙ ∆𝑃0  + 𝑘н

2 ∙
∆𝑃ном

𝑘𝑈
2 ,                                 (7)                 

where ΔP0 - power losses in the engine at idling, taken hereafter equal to constant losses K. 

By substituting the values of ku for both circuits into formulas (2) and (3), the reactive power reduction 

ΔQΔ-Y during winding switching can be determined: 

                            ∆𝑄∆−Y = 𝑄∆ − ∆𝑄Y = 2 ∙
𝑄0

3
− 2 ∙ 𝑘н 

2 ∙ ∆𝑄ном           (8) 

as well as the reduction of power losses Δ(ΔPΔ-Y)during such switching: 

                           ∆𝑃∆−Y = ∆𝑃∆ − ∆𝑃Y = 2 ∙
∆𝑃0

3
− 2 ∙ 𝑘н

2 ∙ ∆𝑃ном.               (9)                   

Analysis of the ratio at the most probable values                          ΔQo = (0.60...0.75) ΔQnom shows that 

at the load factor          kn < 0.7 reactive power in the scheme "star" is always less than in the scheme 

"delta". The analysis of formula (5) at the most probable ratio ΔP(0) ≈ (0,30...0,35) ΔPnom shows that 

the reduction of power losses in the motor at transition to the scheme "star" will take place starting 

from the values of the motor load factor kn < 0,4. 

       Formula for calculating the maximum possible relative load torque M*s at ku=1/√3, which is 

characteristic when switching the stator windings from delta to star, at which the rotor current, power 

losses and heating do not exceed the rated level: 

                                          Мс
∗ =

(𝟐∙𝝀м∙(𝝀м+√𝝀м
𝟐 −𝟏)−𝟑)

𝟏
𝟐

√𝟑 ∙(𝝀м+√𝝀м
𝟐 −𝟏)

∙                                

Asynchronous motor's inclusion of stator windings in the scheme "star" motor under the conditions 

of heating can not carry a load of more than 60%. Let's consider an example of estimation of economic 

efficiency of the considered method of energy saving 

Conclusions 

Theoretical calculations and experimental data show that in the case of the enterprise in the operation 

of the induction motor of feed grinding devices, the connection of the coils of the induction motor, 

the connection of electricity in a delta-star scheme reduces losses by several percent, which saves 

electricity for the induction motor of widely used feed grinding devices. 
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