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Abstract 

There is usually an imbalance between energy supplied and the amount of energy needed by the ever 

growing population of the world. Induction motors which is an energy consuming machines is highly 

used in many industries due to their low cost and low maintenance cost. The influence of these motors 

(in terms of energy consumption) in energy-intensive industries is significant with respect to total 

input cost. This work focused on designing an energy optimization control model for three phase 

induction motor using the classical optimal controller technique. This was achieved by minimizing the 

stator current to the least possible value by optimizing the energy drawn by the induction motor for a 

given torque. The stator voltage values of the induction motor were studied by varying the modulation 

index (Ma) using the principle of constant flux. The classical optimal control system which uses 

information on the torque of the motor was used to generate the appropriate voltage amplitude that 

minimizes the induction motor energy consumption. The classical optimal current controller models 

were configured for a set of experimental data using the information generated for the approximate 

minimum stator current value according to fitness functions. The models were implemented using 

MATLAB/Simulink toolbox and were validated by simulation using a typical three-phase induction 

motor of 4000W, 400V at a nominal frequency of 50Hz. From the result, it was observed that, the 

energies drawn by the induction motor when using the optimal controller model were highly 

minimized when compared to the open-loop method. This work has showed that classical control 

system can be used to minimize the energy consumption of an induction motor to a least possible 

value for a given output torque.  
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1.0 Introduction: 

As the population of the world increases daily, the demand for energy has also increased. In 

order to increase the available energy in circulation, there is need to minimize the losses 

waste which is in form of losses in most machines used daily. One of this machines that is 

commonly used domestically and industrially are the induction motor. Induction motor is 

used as part of the components in fan blowers, cranes, mill run-out tables, and conveyors. 

The speed control of a rotational or linear alternating current motor has become easier with 

the help of a variable frequency drive system which is done by varying the frequency of the 

electrical power supplied to the motor (Collins, 1990). This has also helped in increasing its 

usage in the industrial environment. 

Induction motor just like every other machine which includes: Blowers, compressors, 

conveyors, and pumps draw a large amount of current during starting resulting to high energy 

consumption of the machines.  Because of the frequent use of induction motors for both 

domestic and industrial, it becomes necessary to minimize the energy consumption of the 

motor. 

The demand for energy increases daily as a result of the ever-growing population, and every 

effort is required to utilize the insufficient energy.  When an induction motor is switched on, 

at the point of starting, it draws an enormously high current for direct-on-line starting 

increasing power consumption and power losses. 

 

The energy consumption of an induction motor is directly related to the power it draws, but 

also influenced by its efficiency and operating conditions (Collins, 1990). Higher power 

consumption generally leads to increased energy usage, especially when the motor operates at 

lower efficiencies or with a poor power factor. Optimizing the motor's load, power factor, and 

operating speed can significantly reduce energy consumption.  

Induction motors draw a very high starting current, which can be a significant energy draw 

during startup. Reducing the starting current through techniques like soft starting can help 

reduce energy consumption(YakobLiklikwatil et al, 2021).  

In order to minimize the energy consumed by an induction motor, it is important to minimize 

the power draws at light load and at starting point. This can be achieved by designing a 
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special controller that will help in reducing the starting current which in turn will reduce the 

energy consumption of the induction motor at light load and increases it’s the efficiency. 

2.0: Starting of Squirrel Cage Induction Motor. 

A three-phase induction motor when starting using direct-on-line (by applying the rated 

voltage directly to the motor) draws very high current about 5 to 7 times the rated current. To 

help reduce the high starting current, an appropriate voltage is applied to the stator with the 

help of energy optimal controller. 

 

Figure 1.0:  Diagram showing Starting Current (Cohen, 1995). 

3.0: Constant Volts/Hertz (V/F) Principle 

The speed of an induction motor depends primarily on the number of poles of the machine 

and the frequency of the supplied voltage. The amplitude of the voltage supplied and the load 

on the motor shaft also influences the motor speed, however not to the same degree (Zhenye. 

1998). 

Changing the frequency of the supply voltage is an ideal method for induction motor speed 

control. In order to ensure a correct motor magnetization, it is also necessary to change the 

amplitude of the voltage according to the following equation: 

E = 4.44 x max x f x N      (1.0) 

  

Where, ‘E’ is the electromotive force or the rotor induced voltage in Volts  

 ‘f’ is the frequency of the voltage supplied in Hertz. ,‘N’ is the number of turns per phase, 
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 ‘’ is the flux per pole. 

 

 

 

 

 

 

 

Figure 2.0: Voltage vs Frequency under the Constant Volt/Hertz principle 

The motor’s stator’s coil inductive reactance (XL) is given as 2πfL and it is directly 

proportional to the frequency. 

4.0: Induction Motor Torque 

The torque developed in the induction motor is done by inducing current to the rotor, which 

is proportional to the differential speed of the rotor and the rotating magnetic field in the 

stator 

To calculate the internal electromagnetic torque produced as it relates to the internal power 

(Pg), recall that the mechanical power is equal to the torque (T) times the angular velocity, or  

P = ωsT.          (2.0) 

  

Where: ωs  =  the synchronous angular velocity of the rotor; p is the power  

5.0: Ac Drive System 

(i) Open Loop AC drive System:      

Example of open-loop drive system is direct-on-line starter of an induction motor. 

 The basic parts of the AC drive system are shown in figure 3.0 below. 
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Figure 3.0: Basic parts of Open-loop AC drive system 

(ii)  Closed-Loop Ac Drive Systems 

In a closed Loop drive system, a controller is introduce which help to monitor the optimal 

current needed and also helps to control the energy drawn by the motor in order to improve 

the system performance. 

 

 

 

 

 

 

 

  

Figure 4.0: Basic components of a Closed-loop AC drive system 

6.0    Methodology 

The method adopted within the research is a classical optimal system, which uses information 

on the torque of the motor to get the acceptable optimal voltage that will give the induction 

motor optimal power developed. The classical energy control system consists of an open-loop 

Inverter DC source 
3 Phase 
    IM 

Control signal 
Generator 

Output Torque 

Estimator 
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AC drive system (Direct-on line system) and optimal energy consumption controller, which 

should be designed and modeled. 

The stator voltages values of the three-phase induction motor at different load torques were 

obtained by varying the modulation index such that (0 < m < 1) using the principle of 

constant volt/hertz.   

An embedded MATLAB model gives identical responses under equivalent operating 

conditions when used to analyze, model and simulate the open-loop AC drive system. (Rateb, 

2006). 

In this research, the open-loop AC drive system components were modeled using embedded 

MATLAB/ Simulink models. The complete equivalent circuit of the induction motor shown 

in figure 2.22 was used as the basis of the computation.  

A 5.4hp, 400V, 50Hz, 1430rpm, three-phase induction motor was utilized in this study.  

The amount of electrical energy consumed over time is directly related to the power the 

motor draws and the duration of operation. 

Power =  
Energy consumed

time
 

This implies that Energy consumed = Power x Time 

Energy consumed = iv 𝑑𝑡         (3.0) 

If the time taken ( 𝑑𝑡)  is 1second 

Then  

Energy consumed = Power drawn x time =  iv 𝑑𝑡 = 𝑖𝑣   (4.0)   

The power at frequency of 50Hz is 5.4Hp which is approximately 4000W.  

The output torque at 50Hz is given as 

Tn  =
p

ω
        

Tn=    
60P

2πN
  =   

60 x 4000

2 x 3.142 x1430
   = 26.7N-m    (Sim Power Systems Version 4). 

For a 400V nominal phase to phase voltage at the frequency of 50Hz, the DC voltage at the 

output of a rectifier circuit is   
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Vd = (400 x 20.5) = 565.7V.  

The inverter output voltage (RMS) is calculated by 

Vrms =   
( m x Vd)

√2
 ,          (5.0) 

Where:  m is the modulation index.  

The power device within the three-phase voltage source inverter circuit is that the modeled 

metal oxide field-effect transistor (MOSFET) in Simulink. And therefore the MOSFET has 

the subsequent parameter: 

i.   The MOSFET has an ON-state resistance of 1 x 10-3Ω 

ii.   For a 5.4Hp, 400V, 50Hz mechanical output power during a discretized model in 

Simulink, the snubber capacitance of the  MOSFET is 

Cs  =
4000

( 1000 x 2 π x 50 x 400)
   =  32x10-6 farad    (Sim Power Systems Version 4) 

i. The snubber resistance of the MOSFET 

  Rs= 
2 X Ts

Cs
        (6.0) 

=  
2 x 10−6

32 𝑥 10−6  = 309.84 ohms,  

Where:  

    Discrete time step =    Ts = 2 x10-6 (Sim Power Systems Version 4) 

The discrete SV PWM block is an inbuilt three-phase generator in Simulink that generates 

three-phase pulses to the three-phase inverter consistent with the constant volt/hertz principle, 

using space vector pulse width modulation technique (Bimal, 2007): 

Where: 

 The 
𝑣𝑜𝑙𝑡𝑎𝑔𝑒

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
  =  constant        

And it is  
400

50
=  8 volts/hertz 

The stator voltages values of the three-phase induction motor at different load torques were 

obtained by varying the modulation index such that (0 < m < 1) using the principle of 

constant volt/hertz. The results obtained were presented in table 1.0   
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 Figure 5.0: Direct 

on line (Open-

loop) control 

model of an 

induction motor 

using constant 

V/Hz principle 

and a space vector 

(SV) PWM 

technique in 

MATLAB/Simulink 

From table 1.0 

Line voltage = 400V and Phase voltage = 
400

√3
  = 230.94V 

Table 1.0 : Starting energy consumed per second  and voltages from open loop at 

different load torques at 50Hz  

 

8



DESIGN OF ENERGY OPTIMIZATION CONTROL MODEL FOR THREE PHASE INDUCTION MOTOR 

© 2025 GPH | International Journal of Electrical And Electronics Engineering | https://gphjournal.org/index.php/eee  

 

 

 Vl-l is the line to line (Root mean square) value of stator voltage in volts (V) 

 Vp is the per phase (Root mean square ) value of stator voltage in volts (V) 

 T is the output torque in Newton-metre (Nm) 

 E is the energy drawn by the motor at a given load torgue in Joule (J) 

3.2.  Design of Classical Optimal Energy consumption Controller 

The optimal energy consumed and corresponding stator voltage value of the three-phase 

induction motor at different load torques can be obtained by varying the stator voltage 

throughout the modulation index variation.  The energy consumed by the motor at different 

load torques were determined using the parameters of the induction motor.  

The tables 2.0below shows the  average  minimum  points  obtained  by  fitting  curve of  the 

optimal voltages (Vopt)  and  the optimal energy consumption values for different  selected 

load  torques  at  the specified  frequencies,  and  satisfy  the  best performance for motor 

operation.  
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Table 2.0: Optimal stator voltages value, starting current  and Energy consumed value 

within the first two second at starting of different load torques at 50Hz 

T [N.m] Vopt[V] Is(A) E(J) 

2 92.37 2.23 205.99 

3 103.92 2.58 268.11 

4 115.47 2.93 338.33 

6 150.11 3.94 589.93 

8 161.65 4.36 704.79 

10 184.75 5.11 944.07 

12 196.30 5.54 1087.50 

13 207.84 5.92 1242.88 

16 219.39 6.42 1408.48 

20 230.94 6.98 1613.72 

T [N.m] Vopt[V] Is(A) E(J) 

2 92.37 2.23 205.99 

3 103.92 2.58 268.11 

4 115.47 2.93 338.33 

6 150.11 3.94 589.93 

8 161.65 4.36 704.79 

10 184.75 5.11 944.07 

12 196.30 5.54 1087.50 
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The MATLAB  Curve Fitting Toolbox was used to derived the  relationship between  the 

stator voltage and  the energy drawn at  different  load  torques  at the same frequency .  And 

the data  table 3.4 are shown in figure 6.0 and figure 7.0. 

 

Figure 6.0:  Stator Voltage against Energy consumption fitting curve at 50Hz 

The optimal energy consumption controller’s equation at frequency of 50Hz in  figure6.0 

from the fitted curve equation is given by 

𝑉𝑃 =  0.0706𝐸4 −  1.6977𝐸3 +  13.129𝐸2 −  19.032𝐸 + 100.06  (7.0) 

Let   Vp = a1𝐸4 + a2𝑃3 + a3𝑃2 +  a4P +  a5    

Where;  a1 = 0.0706 ,        

  a2 = -1.6977  , 

Vp= 0.0706E4 - 1.6977E3 + 13.129E2 - 19.032E + 100.06
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   a3 =   13.129  

  a4=  - 19.032   

             a5 =   100.06 

 

 

 

 

 

 

 

 

 

Figure 7.0: Optimal Energy Consumption Value against load torque fitting curve at 

50Hz 

The equation relating optimal energy consumption and load torque at 50Hz in figure 7.0 from 

the fitted curve equation is given by 

𝐸 =  −1.5911𝑇2 + 116.33𝑇 − 63.594     (8.0) 

 Let  ( E) =  b1T
2 + b2T + b3       

 Where;      b1 = -1.5911 

     b2 = 116.33 

     b3 = - 63.594 

3.3. Modeling of Classical Optimal Energy Consumption Controller 

Figures 3.4 shows the models of optimal energy consumption controller using equations (7.0) 

and (8.0) at frequency of 50Hz, The MATLAB/Simulink toolbox was used to build the 

models. 
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Figure 8.0: Optimal Energy Consumption Controller Model at frequency of 50Hz Using 

Matlab Simulink 

 

According to frequency applied, an automatic switch can select proper controller, which 

applies the suitable modulation index (Ma) as a control signal to control the value of applied 

voltage on the stator. 
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Figure 9.0: Classical Optimal Energy consumption Control System Model Using Matlab 

Simulink. 

7.0: Comparison energy consumed by the induction motor using  the Open-loop AC 

Drive System, and Classical Optimal Control System 

The results presented were for open-loop AC drive system, (Direct on line System) and 

classical optimal control system.  All these results are supported by figures that compare the 

open-loop system and the classical optimal control system. 

The comparison of the energy  consumed by the induction motor when using open-loop AC 

drive system and the classical optimal control system at frequency of 50Hz is represented 

graphical formshown figure 10.0. respectively. 
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Figure 10.0: Stator Current comparisons at nominal frequency of 50Hz 

The open-loop (Direct-on-line) speed control system of an induction motor was set up using 

the given parameters of the induction motor. The optimal values of the voltage and the 

optimal values of the energy consumed were computed in line with the following equations 

(7.0) and equation (8.0)  Thestator voltage of the three-phase induction motor was varied by 

varying the modulation index using the principle of voltage /frequency to take the 

approximate constant flux. The values of the stator current at load torques for frequency of 

50Hz, was recorded in table 1.0,  

The information of the induction motor was used to generate the optimal stator energy 

consumed according to the fitness function for a given frequency value as shown in figure 

7.0. The relationships between the optimal energy consumed and the load torque at 50Hz was 

generated and shown in figures 6.0, and 7.0. The stator voltage and optimal energy 

consumption a relationship was shown in figure 6.0. 

The optimal energy controller models at the frequency of  50Hz shown in figure 8.0 were 

built using the MatLab program. The models were built using the equations 7.0 and 8.0. 
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The optimal energy controller models was validated by simulation using a typical induction 

motor model drive as shown in the circuit diagram in figure 9.0.  

A classical energy controller was installed in the open-loop (direct-on-line) system as shown 

in figure 9.0. And simulation was carried out. The value of energy consumed using the open-

loop system was compared to the value of the energy consumed when using the classical 

current controller system. The optimal controller helped in minimizing the stator current 

which in turn reduced the energy consumed. 

From figure 10.0, it shows at minimum load torque of 2Nm and phase voltage of 230.94V, 

the starting current of 5.62A drawing energy of 1297.88J when using the open loop method. 

While using the classical control system, the minimum current was reduced to 2.18A and the 

energy drawn was reduced to 162.70J. At a torque of 10Nm, the current drawn using the 

open-loop system was 6.40A consuming 1478.01W of energy while using the classical 

control system, the starting current was reduce to 5.08A , consuming only 940.60W of 

energy. At a torque of 16Nm, the starting current drawn using the open-loop system was 

6.76A consuming 1478.01W of energy, but when using the optimal controller method, the 

starting current was reduce to 6.76A, consuming only 1390.36W of energy.At a torque of 

20Nm to the maximum torque of 26.7Nm, both the open-loop system and the classical 

control system have the value for starting current and energy consumption. The results in 

figure 4.1 show that when the classical optimal control system if implemented, the stator 

starting current and energy consumption by the induction motor will be highly minimized 

when compared to the open-loop AC system. 

9.0 Conclusion 

A new method of quantifying and minimizing the energy consumption of an induction motor 

is proposed. This new method called the classical optimal current controller technique will 

help to improve the general performance of the induction motor by minimizing the stator 

current which is usually high when using the direct-on-line (Open-loop) system.  

It is obvious that the classical optimal controller systemprovides a very good opportunity to 

save energy, reduce operating costs and increase profit and as well increase the life of the 

induction machine. It has also helped to improve the efficiency of the induction motor when 

compared to direct on line system. And finally, operating the induction motor at the 
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minimized stator current will increase the input power to the rotor and also will help prolong 

the life span of the induction motor by reducing the vibration, heat, and noise generated. 

Induction motors are one of the most used electric motors in the industry. So, every design in 

minimizing energy consumption is important.  

Acknowledgments: 

The authors would like to express their sincere appreciation to TETFUND (Tertiary 

Education Trust Fund), Nigeria, for their sponsorship of this research   

REFERENCES 

Collins, E. R (1990):"Torque and Slip Behavior of Single-Phase Induction Motors Driven 

from Variable Frequency Supplies," Proceedings of lEEE-IAS Conference, 1990, pp. 

61-66. 

Cohen, Leon (1995): Time-Frequency Analysis, Prentice-Hall P'IR  Pearson Education 

Company Upper Saddle River, New Jersey, 07694, Pp 275. 

Rateb, I. and Hussein, S. (2006): Improving Mechanical Characteristics of Inverter-Induction 

Motor Drive System, American Journal of Applied Sciences, Vol.3, No.8. Pp.155- 

168. 

Sim Power Systems (2001): Modeling, Simulation, Implementation, User’s Guide Version 4,   

Pp. 12-15 

YakobLiklikwatil et al ( 2021): Saving of Using Electrical Energy of Induction Motor 

Through Regulations of Minimum Operating Voltage . J. Phys.: Conf. Ser. 1933 

012108 

Zhenyu, Y. and David, F. (1998): AC Induction Motor Control Using Constant V/Hz 

Principle and Space Vector PWM Technique with TMS320C240, Texas Instruments, 

Digital Signal Processing Solutions. Vol.10,  Pp. 11-13. 

 

 

 

17

https://gphjournal.org/index.php/eee

	Article Title 
	Asiwe Uchechukwu and Ufuoma Godwin
	Abstract
	Keywords:
	Torgue, Energy, Optimization, Induction motor, Matlabsimlink.
	How to cite:
	1.0 Introduction:
	2.0: Starting of Squirrel Cage Induction Motor.
	3.0: Constant Volts/Hertz (V/F) Principle
	4.0: Induction Motor Torque
	5.0: Ac Drive System
	6.0 Methodology
	7.0: Comparison energy consumed by the induction motor using the Open-loop ACDrive System, and Classical Optimal Control System
	9.0 Conclusion
	Acknowledgments
	REFERENCES

