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Abstract— Induction motors are the most widely used 

electrical motors due to their reliability, low cost and 

robustness. However, induction motors do not inherently 

have the capability of variable speed operation. Due to this 

reason, earlier dc motors were applied in most of the electrical 

drives. But the recent developments in speed control methods 

of the induction motor have led to their large scale use in 

almost all electrical drives. Out of the several methods of 

speed control of an induction such as pole changing, 

frequency variation, variable rotor resistance, variable stator 

voltage, constant V/f control, slip recovery method etc., the 

closed loop constant V/f speed control method is most widely 

used. This is review paper with literature of different authors. 
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I. INTRODUCTION 

Be it domestic application or industry, motion control is 

required everywhere. The systems that are employed for this 

purpose are called drives. Such a system, if makes use of 

electric motors is known as an electrical drive. In electrical 

drives, use of various sensors and control algorithms is done 

to control the speed of the motor using suitable speed control 

methods. The basic block diagram of an electrical drive is 

shown below: 

 
Fig. 1.1: Block Diagram of an Electrical Drive 

Earlier only dc motors were employed for drives 

requiring variable speeds due to ease of their speed control 

methods. [4] The conventional methods of speed control of 

an induction motor were either too expensive or too 

inefficient thus restricting their application to only constant 

speed drives. However, modern trends and development of 

speed control methods of an induction motor have increased 

the use of induction motors in electrical drives extensively. In 

this paper, we have studied the various methods of speed 

control of a 3-phase induction motor and compared them 

using their Torque-Speed characteristics. Also the transients 

during the starting of a 3-Phase induction motor were studied 

using MATLAB Simulink and the effects of various 

parameters such as rotor and stator resistances and 

inductances were analysed. 

II. BACKGROUND 

A. Three Phase Induction Motor & Their Torque-Speed 

Analysis 

Based on the construction of the rotor, a 3-phase induction 

motor can be categorized into two types: 

1) Squirrel Cage Induction Motor 

2) Wound Rotor or Slip Ring Induction Motor 

The stator of both types of motors consists of a three phase 

balanced distributed winding with each phase mechanically 

separated in space by 120 degrees from the other two phase 

windings. This gives rise to a rotating magnetic field when 

current flows through the stator. In squirrel cage IM, the rotor 

consists of longitudinal conductor bars which are shorted at 

ends by circular conducting rings.[8-10] Whereas, the wound 

rotor IM has a 3 balanced distributed winding even on the 

rotor side with as many number of poles as in the stator 

winding. Considering the three phases to be balanced, the 

analysis of a 3-induction motor can be done by analysing only 

one of the phases. The per phase equivalent circuit of an 

induction motor is shown below: 

 
Fig. 2.1: Per Phase Equivalent Circuit of A 3-Induction 

Motor 

R2 and X2 are the stator referred values of rotor resistance R1 

and rotor reactance X1. Slip is defined by 

 
where, ωm and ωs are rotor and synchronous speeds, 

respectively. [13] 

Further, 

 
Where f and p are supply frequency and number of 

poles, respectively. 

Since, stator impedance drop is generally negligible 

compared to terminal voltage V, the equivalent circuit can be 

simplified to that shown below: 
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Fig. 2.2: Per Phase Approximate Equivalent Circuit of A 3-

 

Rotor current 

 
Power transferred to rotor (or air-gap power) 

 
Rotor copper loss is 

 
Electrical power converted into mechanical power 

 
Torque developed by motor 

 
Thus, 

 
Substituting the value of I2 into the above equation, we get, 

 
Differentiating T with respect to s and equating to zero gives 

the slip for maximum torque 

 
Substituting Sm in T gives the value of maximum torque, 

thus[14] 

 

III. REVIEW OF LITERATURE 

W.I.IBRAHIM, et.al. Presented [1] in this paper, the 

development of the speed control system using frequency 

control has been designed by combinations of PWM control 

circuit, driver circuit and H-Bridge inverter. The most 

important parts in this research is to make a simple, robust 

and compact open-loop PWM controller circuit to control the 

SPIM. The experimental results show that the SPIM can be 

successfully driven to a variable frequency and speed. The 

frequency range of the designed variable drive circuit is 16 

Hz up to 56 Hz at a constant voltage to control the SPIM 

speed. While the speed is limited to 480 rpm up to 1680 rpm 

if 50 Hz single phase AC motors are used. 

MOHAMED M. M. NEGM, et.al. Presented [6] a 

new technique for speed control of a 3-phase IM based on the 

optimal preview control theory is proposed. The vector 

method is adopted in the control law to simplify the 

controlled system analysis. The preview feed-forward steps 

are introduced in the control law to improve the transient 

response. The robustness of the controlled system is indicated 

by changing the rotor resistance. A constant big torque is 

obtained over the whole control range by ' equating the @xis 

component of the stator space flux to zero. Coincidental 

results between the desired values and their responses are 

obtained. A space vector PWM control technique for voltage 

source fed IM is prepared for microprocessor based control. 

Spectral analysis of the output voltage is evaluated to predict 

effect of the proposed space vector modulation (SVM) 

technique on the dynamic performance of the IM. The 

proposed technique is found to be suitable for optimal 

preview control of IM. Extensive computer simulation results 

are made for speed control, field orientation control and 

constant flux control. 

ALI S. BA-THUNYA et.al. Presented [7] the single-

phase induction motor can successfully be driven from a 

variable frequency power supply. Hence, the motor speed can 

be easily adjusted. Other methods for speed control, such as 

voltage amplitude control do not allow for the range of speed, 

which is possible with the use of a variable frequency supply. 

The torque performance of the capacitor connected motors 

can be enhanced at low frequency range by altering the V/f 

control law such that the internal power dissipation in the 

motor is held constant [19]. High performance control 

strategies can be used for adjustable speed single-phase 

induction motor drives in combination with high performance 

converter topologies. Also, low-cost high-performance 

converter topologies have been proposed. Advantages and 

disadvantages of different converter 8 topologies have been 

discussed. Simulation results for a few of the existing 

topologies and the proposed topologies have been carried out. 

For the figure of Fig. 12, in order to have maximum converter 

utilization, special PWM techniques have to be used. These 

include the current hysteresis and Space Vector PWM 

technique in which the basis vectors are unequal. 

EDUARD MULJADI et.al.  Presented [9] this paper 

has presented a new scheme for starting a single phase 

induction motor. By periodically and synchronously shorting 

the running capacitor with a solid-state switch, the need for a 

separate starting capacitor and start/run switch can be 

eliminated. Since the starting capacitor can now be 

dynamically varied, the optimum capacitor value can be 

selected for any rotor speed. However, it was shown that by 

simply controlling as constant the switch turn-off instant with 

respect to the source voltage zero crossing, good starting 

performance can be obtained with a minimum of complexity. 

Since the starting switch is one of the most failure prone 

components of a typical capacitor-run single-phase motor, 

due electronic circuits. To arcing of the mechanical contacts, 

elimination of this device is expected to significantly improve 

the reliability of such machines. 

EDWARD RANDOLPH COLLINS et.al. Presented 

[11] the single-phase induction motor can be successfully 
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driven from a variable-frequency power supply. By using 

such a supply, the motor’s speed can be easily adjusted. Other 

methods for speed control, such as tapped windings or 

voltage amplitude control, do not allow for the range of speed 

possible with a variable-frequency supply. When using the 

single-phase induction motor with a variable- frequency 

supply, the motor’s maximum available steady-state and 

dynamic torque must be taken into consideration. Loads that 

require high torque at low speeds might not be 

accommodated. Loads with low torque at low speeds, such as 

fans, could easily be used. The criteria used to determine the 

maximum allowable load must be determined by the user 

based on the motor’s parameters, the duty cycle, and other 

application-oriented factors. The goal of this paper was to 

describe the behavior of the single-phase induction motor in 

running conditions when supplied from a variable-frequency 

power supply. Many other issues remain unresolved. Some of 

these are starting techniques, operation with the auxiliary 

winding (and any series capacitor), variable-speed operation 

of a motor with a centrifugal switch, etc. Additionally, the 

impact of power supply harmonics on the motor were not 

examined. For many applications, some of these issues would 

require resolution before a variable-frequency motor drive 

could be installed on existing equipment. For others, a 

variable-frequency drive could be used without modification. 

The user must be aware, however, that the single-phase 

induction motor will behave quite differently than a 

comparable three-phase induction motor and drive. 

A.S.ZEIN EL-DIN et.al. Presented [12] this paper 

describes a novel method of speed control of an AC motor 

(single-phase running capacitor induction motor) by 

adjusting the flux linkage between two magnetic coils using 

a modified inverter and Bang-Bang control. This strategy 

influences the effective equivalent inductance of two coils 

connected in series with the motor, consequently control the 

motor applied voltage. Simulation and experimental study 

have shown that, by this method of control the speed of the 

motor can be changed smoothly from zero value to the rated 

speed with high response. 

IV. CONCLUSION 

The goal of this paper has been to highlight a problem which 

afflicts our discipline, to illustrate its pervasiveness and to 

make suggestions on what to do about it. The problem will 

never be totally overcome but there is a lot we can do, 

especially in this age of computer access to information. The 

progress of Electric drives in the last few years with 

increasing use of a standard, modular, integrated approach 

have led to increased penetration of power conversion 

equipment. The observation that power electronics 

technology may be becoming a mature field for Electrical 

machines after a lifetime of at least a century as many other 

technologies before it was an important motivation to 

critically examine the present state of the art and possible 

future development. In this process it is important to 

understand historically how and when the original driving 

philosophy for the spectacular development of power 

electronics technology has come about. This paper is related 

to literature of the existing research. 
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