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Abstract— there are several types of method available to 

control Induction motor in industries. To observe  the steady 

state equivalent circuit model of an induction motor to 

implant the equation that aver  the use of a constant V/f 

speed control of close loop and open loop control. The main 

purpose is to sustain the speed at fixed reference. Six step 

voltage source inverter (VSI) used to drive motor in open 

loop control. In this paper, six step generator generated 

variable frequency signals which fed to motor. Here, 

constant V/f ratio is maintained in order to get torque 

constant over the full operating range. To scrutinize the 

open loop control systems for supervisory induction 

machine, several outcome obtained at altered V/f ratio.   By 

modification in V/f ratio in open loop approach speed ruling 

of three phase induction motor drive can be upgraded.  For 

more enhancement in speed regulation, slip regulation is 

used in closed loop speed control. The slip is supplementary 

to the response speed signal to the frequency command. 

Various outcome are gained when modification in V/f ratio 

in close loop method. The work of this paper is to study, 

evaluation and comparison of Various V/f control technique 

applied to the induction motor drive through simulations. 

Simulation result shows that if open loop configuration, the 

effect of change in V/f ratio improves speed regulation and 

there is no remarkable effect in closed loop configuration. 

Open loop V/f control technique is simple and easy to 

implement. However if closed loop V/f control technique is 

adopted there is no change the V/f ratio as it not helps to 

obtain better result. 
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I. INTRODUCTION 

Because of advances in solid state power devices and 

microprocessors, variable speed AC induction motors 

powered by switching power converters offer an easy way to 

regulate both the frequency and magnitude of the voltage 

and current applied to a motor [1]. As a result much higher 

efficiency and performance can be achieved by these motor 

drives with less generated noises. The most common 

principle of this kind is the constant V/f principle which 

requires that the magnitude and frequency of the voltage 

applied to the stator of a motor maintain a constant ratio. By 

doing this, the magnitude of the magnetic field in the stator 

is kept at an approximately constant level throughout the 

operating range. Thus, (maximum) constant torque 

producing capability is maintained. The constant V/f 

principle is considered for this application 

II. SPEED CONTROL OF INDUCTION MOTOR 

It is very important to control the speed of induction motors 

in industrial and engineering applications. Efficient control 

strategies are used for reducing operation cost too. Speed 

control techniques of induction motors can be broadly 

classified into different category. Having known the Torque-

speed characteristic of the motor, its speed can be controlled 

in three ways: 

 Changing the number of poles 

 Varying the input voltage at fixed frequency 

 Varying both the input voltage and frequency  

 
Fig.  1: Torque Speed Characteristics of Induction Motor 

The developed torque expression Te derived from 

the equivalent circuit has been plotted in this above figure 1 

as a function of slip. There are three regions of the curve: 

motoring, regeneration, and plugging. In motoring mode, 

Motor starts with initial torque 𝑇𝑒𝑠 reaches maximum 

value 𝑇𝑒𝑚 at slip 𝑆𝑚 and then reaches synchronous speed (S 

= 0) at zero torque. At starting (S = 1), the current is high 

(typically 500%), and at S = 0, the machine takes only the 

excitation current. In the normal operating region S is very 

small and the air gap flux  𝛹𝑚 is nearly constant. The 

machine goes into regenerative mode at super synchronous 

speed. When the slip is negative (S < 0). The peak torque in 

regeneration mode 𝑇𝑒𝑞 somewhat small ( 𝑇𝑒𝑞 <   𝑇𝑒𝑚) and 

normal operation occurs at a low value of negative slip. For 

sustained induction generator operation, the slip remains at a 

negative value. In plugging mode, the motor rotates in a 

direction oppos

shape of the curve depends on the machine’s parameters. To 

maintain torque capability of the motor close to the rated 

torque at any frequency, the air gap flux Φ𝑎𝑔 is maintained 

constant. Any reduction in the supply frequency without 

changing the supple voltage will increase the air gap flux 

and the motor may go to saturation. This will increase the 

magnetizing c current, distort the line current and voltage, 

increase the core loss and copper loss, and it makes the 

system noisy. The air gap voltage is related to frequency f. 

𝐸𝑎𝑔 =  𝐾1 Φ𝑎𝑔  f 

𝑉𝑠 ≈ 𝐾1 Φ𝑎𝑔  f 

Φ𝑎𝑔 = Constant ≈ 
𝑉𝑠

𝑓
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III. THE EQUIVALENT CIRCUIT 

To study the behavior of the induction motor at various 

operating conditions, it is convenient to derive an equivalent 

circuit of the motor under sinusoidal steady state operating 

conditions. For a balanced 3 phase system, equivalent circuit 

for any one phase can be drawn as shown in figure 2, as 

below. 

 
Fig. 2: Equivalent circuit of Induction motor. 

Plotting the torque against slip or speed gives us 

the torque-speed characteristic of the motor. Stalling torque 

its value can be calculated by differentiating the torque 

expression with respect to slip and then setting it to zero to 

get S 

Slip at maximum torque, 

 
Maximum torque, 

 

 
Fig. 3: Torque speed curve for normal operation 

 
Fig. 4: Torque speed curves for variable voltage 

For positive values of slip, the torque-speed curve 

has a peak. This is the maximum torque produced by the 

motor and is called the breakdown torque. 

IV. PRINCIPLE OF CONSTANT V/F 

If an attempt is made to reduce supply frequency at the rated 

supply voltage the air gap flux〖 Ψ〗_m will tend to 

saturate, causing excessive stator current and distortion of 

flux wave Therefore, the region below the base or rated 

frequency (ω_b) should be accompanied by the proportional 

of stator voltage so as maintain the air gap flux constant. 

Note that the breakdown torque Tem given by Equation 

remains approximately valid, expect in the low frequency 

region where the air gap flux is reduced by the stator 

impedance drop (Vm < Vs). Therefore, in this region, the 

stator drop must be compensated by an additional boost 

voltage so as to restore the maximum torque value. If the air 

gap flux of the machine is kept constant (like a dc shunt 

motor) in the constant torque region.  The torque sensitivity 

per ampere of stator current is high, permitting fast transient 

response of the drive with stator current control.  In variable 

frequency, variable- voltage operation of a drive system, the 

machine usually has low slip characteristics (i.e., low rotor 

resistance), giving high efficiency. In spite of the low 

inherent starting torque for base frequency operation, the 

machine can always be started at maximum torque. The 

absence of a high in-rush starting current in a direct-start 

drive reduces stress and therefore improves the effective life 

of the machine. 

 
Hence, from the above equation the maximum 

torques will remain constant if the speed is controlled by 

supply frequency variation with the ratio Vs/f kept constant 

V. TYPES OF CONTROL TECHNIQUES 

Various speed control techniques implemented are mainly 

classified in the following three categories: 

 Scalar Control (V/f Control) 

 Vector Control (Indirect Torque Control) 

 Direct Torque Control (DTC) 

A. Scalar Control (V/f Control) 

In this type of control, the motor is fed with variable 

frequency signals generated by the PWM control from an 

inverter. Here, the V/f ratio is maintained constant in order 

to get constant torque over the entire operating range. Since 

only magnitudes of the input variables – frequency and 

voltage – are controlled, this is known as “scalar control” 

Control of this type offers low cost and is an easy to 

implement solution. In such controls, very little knowledge 

of the motor is required for frequency control. Thus, this 

control is widely used. A disadvantage of such a control is 

that the torque developed is load dependent as it is not 

controlled directly. Also, the transient response of such a 

control is not fast due to the predefined switching pattern of 

the inverter. However, if there is a continuous block to the 

rotor rotation, it will lead to heating of the motor regardless 

of implementation of the overcurrent control loop. By 

adding a speed/position sensor, the problem relating to the 

blocked rotor and the load dependent speed can be 

overcome.  However, this will add to the system cost, size 

and complexity. There are a number of ways to implement 

scalar control. 
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B. Vector Control  

This control is also known as the “field oriented control”, 

“flux oriented control” or “indirect torque control”. Using 

field   orientation (Clarke-Park transformation), three-phase 

current   vectors are converted to a two-dimensional rotating 

reference frame (d-q) from a three-dimensional stationary 

reference frame. The“d” component represents flux 

producing component of stator current and “q” component 

represents the torque producing component 

 
Fig. 5: Vector Control of Induction Machine 

In general, there exists three possibilities for such 

selection and hence, three different vector controls. They are 

Stator flux oriented control, Rotor flux oriented control and 

magnetizing flux oriented control. 

C. Direct Torque Control  

It is based on stator flux control in the stator fixed reference 

frame using direct control of the inverter switching.  Direct 

torque control (DTC) has become an alternative to the well-

known Vector Control of induction machine. It was 

introduced in Japan by Takahashi (1984) and also in 

Germany by Depenbrock (1985). DTC of induction machine 

has increasingly become the best alternative to field 

orientation methods or vector control. 

VI. SCALAR CONTROL 

The most popularly used scalar control methodology is V/f 

method of open loop speed control and closed loop speed 

control. Generally, the drives with such a control are without 

any feedback devices called open loop control shown in Fig. 

6. 

 
Fig. 6: Op en loop co ntro l 

The drives with such a control are with feedback 

device called closed loop control shown in fig 7. 

 
Fig. 7: Open loop co ntro l 

A. Open Loop Constant V/F Control 

The bock diagram of six step voltage source inverter (V.S.I.) 

shown in Fig. 7 and Fig. 8 and Simulink diagram in Fig. 9 is 

built from seven main blocks. The induction motor, the 

three-phase inverter, the three-phase thyristor rectifier, and 

the bridge firing unit are provided with the Sim Power 

Systems library. More details are available in the reference 

pages for these blocks. The three other blocks are specific to 

the Electric Drives library. These blocks are the DC bus 

voltage regulator, the six-step generator, and the DC bus 

voltage filter. 

 
Fig. 8: Block diagram v/f control for induction motor       

using six step VSI 

 
Fig. 9: Simulink schematic o f v/ f co ntro l for induction 

motor drive using 6 -step VSI. 

B. Simulation result of open loop constant V/F control of 

three phase induction motor drive using six step VSI 

 
Fig. 10: Simulation Waveform for open loop control 

The open loop constant V/f control technique is simulated 

for 4.5s. Following are the simulation conditions. The 
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acceleration ramp of 2000 rpm/s is given at time t=0 sec. At 

t = 1.5 s, the torque of 5 N- m is applied to the motor.  You 

can observe a speed slightly. At t = 2.5 s, the torque applied 

to the motor's shaft steps from 5 N -m to 10 N- m.  Again 

speed decrease slightly.  At t = 3.5 s, the torque applied to 

the motor's shaft steps from 10 N-m to 15.N-m then some 

speed drop at this point. At t=4s, the load torque of 

induction motor is removed completely shown in Fig. 10 

C. Close Loop Constant V/F Control 

An improvement of open loop V/f control is closed loop 

speed control slip regulation as shown in below figure. Here, 

the speed loop error generates the slip command through a 

proportional- integral (P-I) controller and limiter. The slip is 

dded to the feedback speed signal to generate the frequency 

command as shown. The frequency command also generates 

the voltage command through volts/Hz function generator, 

which incorporates the low- frequency stator drop 

compensation. Since the slip is proportional to the 

developed torque at constant flux, the scheme can be 

considered as an open loop torque control within a speed 

control loop. The feedback current signal is not used 

anywhere in the loop.  With a step -up speed command, the 

machine accelerates freely with a slip limit that corresponds 

to the stator current or torque limit, and then settles down to 

the slip value at steady state as dictated by the load torque as 

indicated in the Fig. 11 and Fig. 12 

 
Fig. 11: Block diagram closed loop v/f control for induction 

motor 

 
Fig. 12: Simulation block diagram closed loop v/f control 

for induction motor 

The speed controller is based on a PI regulator that 

controls the motor slip. As shown in the following figure, 

the slip value computed by the PI regulator is added to the 

motor speed in order to produce the demanded inverter 

frequency.  The latter frequency y is also used to generate 

the demanded inverter voltage in order to maintain the 

motor V/F ratio constant. The space vector modulator 

(SVM) contains seven blocks. The αβ vector sector is used 

to find the sector of the αβ plane in which the voltage vector 

lies. The αβ plane is divided into six different sectors spaced 

by 60 degrees. The ramp generator is used to produce a 

unitary ramp at the PWM switching frequency. This ramp is 

used as a time base for the switching sequence. The 

switching time calculator is used to calculate the timing of 

the voltage vector applied to the motor. The block input is 

the sector in which the voltage vector lies in close loop 

control v/f method. 

D. Simulation result of close loop constant V/F control of 

three phase induction motor drive 

 
Fig. 13: Simulation Waveform for close loop control 

The close loop constant V/f control technique is simulated 

for 4.5s.Following are the simulation conditions. The 

acceleration ramp of 2000 rpm/s is given at time t=0 sec. At 

t = 1.5 s, the torque of 5 N- m is applied to the motor. You 

can observe a speed At t = 2.5 s, the torque applied to the 

motor's shaft steps from 5 N -m to 10 N- m.  Again speed 

decrease slightly. At t = 3.5 s, the torque applied to the 

motor's shaft steps from 10 N -m to 15 N-m.  Then some 

speed drop at this point. At t=4s, the load torque of 

induction motor is removed completely.  From the figure 13 

that the motor reaches steady state at t=1.3 parameters of 

Induction Motor is Shown in table.1 

3ph, Squirrel cage Induction Motor 

Motor Rating 3 H.P., 2.238KVA 

Voltage 220V 

Frequency (f) 50 Hz 

Stator Resistance (Rs) 0.435 ohm 

Stator Inductance (Ls) 0.002 H 

Rotor Resistance (Rs) 0.816 ohm 

Rotor Inductance (Ls) 0.002 H 

Mutual  Inductance (Lm) 69.31x10-3 H 

No. of pole (P) 4 

Inertia (J) 0.089 Kg-m2 

Friction factor (F ) 0.05  m.s. 

Table 1: Parameter of Induction Motor 
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