


Induction Motor Drives

When the stator is supplied by a balanced three-phase ac source 
of frequency ω radians per second (or f Hz), a rotating field moving 
at a synchronous speed ωm radians per sec is produced



If the rotor speed is ωm rad/ sec then the relative speed between the 

stator rotating field and the rotor is given by ωml  = ωs - ωm .  where ωml

is called the slip speed. The parameter s is known as slip and is given 

by



It is also possible to convert amechanical speed ωm to the rotor electrical 

speed ωre of the rotating field as given by ωre =(p /2) ωm

In that case,  ωis the synchronous electrical speed, ωre.  The slip speed 

becomes ωsl = ω - ωre = ω - ωr.  Thus, the slipcan also defined as 

The equivalentcircuit for one phase of the rotor is shown in Fig.1.

Fig.1

Where Rr is the resistance per phase of
the rotor windings; Xr is the leakage
reactance per phase of the rotor at the
supply frequency; Er represents the
induced rms phase voltage when the
speed is zero 1or s = 1. where Rr and Xr

are referred to the rotor winding



The per-phase circuit model of induction motors is shown in Fig. 2. 

where Rs and Xs are the per-phase resistance and leakage reactance 

of the stator winding

Fig. 2. 

The complete circuit model with all parameters referred to  the stator 

is shown in Fig.3.  where Rm represents the resistance for excitation  

(or core)  loss and Xm is the magnetizing reactance. R′r and X′r are 

the rotor resistance and reactance referred to the stator.  I′r is the rotor 

current referred to the stator.  There will be stator core loss,  when the 

supply is connected and the rotor core loss depends on the slip.  

The friction and windage loss Pno load exists when the machine 

rotates.  The core loss Pc may be included as a part of rotational

loss Pno load.



Fig.3

performance Characteristics 





Steady-State Stability

Let us examine the equilibrium points A and B, which are obtained when an induction motor 
drives the load TLl, as shown in figure 5. Let us first examine point A for the steady-state stability. 
A small increase in speed makes the load torque greater than the motor torque. Deceleration 
occurs and the operation is restored to point A. Similarly, a small decrease in speed causes the 
motor torque to exceed the load torque. Acceleration occurs and the operation is restored to 
point A. Thus, A is a stable equilibrium point. Let us next examine the stability of the equilibrium 
point B. A small increase in speed causes the motor torque to exceed the load torque. 
Acceleration takes place and the operating point moves away from B. Similarly, a small decrease 
in speed makes the load torque greater than the motor torque, causing deceleration and the 
operating point to drift away from B. Thus B is an unstable equilibrium point. 

figure 5



torque–speed Characteristics 





Rs=0



The speed and torque of induction motors can be varied by one 

of the following

1. Stator voltage control 

2. Rotor voltage control 

3. Frequency control

4. Stator voltage and frequency control 

5. Stator current control 

6. Voltage,  current,  and frequency control

note. read example 15.1  pp.773  



1. stator voltage Control

Torque  indicates that the torque is proportional to the square of the 

stator supply voltage and a reduction in stator voltage can produce a 

reduction in speed.  If the terminal voltage is reduced to bV .Since 

one cannot allow the terminal voltage to be more than the rated value, 

this method allows speed control only below the normal rated speed. 

where b< 1. Figure 6 shows the typical torque–speed characteristics 

for various values of b.  The points of intersection with the load line 

define the stable operating points.  In any magnetic circuit, the induced 

voltage is proportional to flux and frequency,and therms air-gap 

flux can be expressed as Va = bVs = Kmωϕ







Control of Induction Motors by AC Voltage Controllers

Fig.7 shows two commonly used symmetrical 3-phase ac voltage controller

circuits for wye- and delta-connected stators, respectively. For small size

motors, each antiparallel thyristor pair can be replaced by a triac. Connection

Cl can also be used with a delta-connected stator. With a delta connection, a

third harmonic current may circulate, increasing the motor losses. Each

thyristor pair of circuit Cl carries the line current, whereas each thyristor pair

of circuit C2 carries only the phase current. Thus, in C2 the thyristor current

rating is reduced by a factor of v'3.



Under normal operation, the maximum voltage to which the thyristors 

of circuit C1 are subjected is ( 3/2) times smaller than that of the 

thyristors of circuit C2

The thyristors of the controllers of fig.7. are fired in the sequence of 

their numbers with a phase difference of 60 degree. For circuit C1 the 

firing angle α is measured from the instant the phase voltage VAN has a 

zero value. For circuit C2, firing angle α is measured from line voltage 

VAB.  Let us define an angle Let us define an angle 

where (Rin +jXin) is the input impedance of the induction motor. For 

the firing angle α ≤ ∅. the motor terminal voltage remains constant and 

nearly equal to the supply voltage. Both motor voltage and current are 

sinusoidal. For higher values of α , the current flows discontinuously 

and the motor voltage decreases with an increase in a. The zero motor 

voltage and current are reached at α = 150 and α = 180 for the circuits 

Cl and C2, respectively.



FAN OR PUMP ANO CRANE HOIST DRIVES

Two major applications of induction motors fed by ac voltage 
controllers are fan or pump drives and the crane hoist drive

In fan and pump drives, the torque varies as the square of the speed and 

the power as the cube of the speed. The pump and fan drives require 

speed control only in a narrow range. Because torque reduces as the 

square of the speed and the speed control is required only in a narrow 

range, the ac voltage controller fed squirrel-cage induction motor with a 

is found suitable for these applications. 



In approximation circuit

The slip at which the maximum value of Is, occurs is obtained by 

equating (d Is /ds) to zero, giving sm= 1/3 



example 1 .Finding the performance parameters of a three-phase Induction Motor with stator 

voltage Control 







3- Frequency Control

The synchronous speed is directly proportiona1 to the supply frequency .Hence, the

synchronous speed and the motor speed can be controlled below and above the

normal full-load speed by changing the supply frequency. If the synchronous speed

corresponding to the rated frequency is called the base speed ωb, the

synchronous speed at any other frequency ωs = β ωb becomes where β>1



The typical torque–speed characteristics are shown in Figure 1.  for various values of β.  The 
dc-ac converter( inverter) in can vary the frequency at a fixed voltage.  If Rs is negligible, the 
torque equation will be:-



Thus, it can be concluded that the maximum torqueis inversely proportional to

frequency squared,and Tmβ2 remains constant, In this type of control, the motor is

said to be operated in a field-weakening mode. For β >1, the motor is

operated at a constant terminal voltage and the flux is reduced, thereby limiting

the torque capability of the motor. For1<β < 1.5, the relation between Tm and β can

be considered approximately linear. For β < 1, the motoris normally operated at a

constant flux by reducingthe terminal voltage Va along with the frequency so that

the flux remains constant.





4-voltage and Frequency Control 

If the ratio of voltage to frequency is kept constant, the flux in

Equation:-Tmβ2 = Tmb ,indicates that the maximum torque, which is independent

of frequency, can be maintained approximately constant. However, at a high

frequency, the air-gap flux is reduced due to the drop in the stator impedanceand

the voltage has to be increased to maintain the torque level. This type of

control is usually known as volts/hertz control. If ωs = βωb, and the voltage-

to-frequencyratio is constant so that

The ratio d,  which is determined fromthe rated terminal voltageVs and the base 

speed ωb, is given by



The typical torque–speed characteristics are shown in Figure2. As the frequency is

reduced, β decreases and the slip for maximum torque increases. For a given

torque demand, the speed can be controlled by changing the frequency. Therefore,

by varying both the voltage and frequency, the torque and speed can be controlled.

The torque is normally maintained constant while the speed is varied. The voltage at

variable frequency can be obtained from three-phase inverters or cycloconverters.

The cycloconverters are used in very large power applications (e.g., locomotives

and cement mills), where the frequency requirement is one-half or one-third of the

line frequency.







Example 2. Finding the performance parameters of a three-phase Induction Motor with 

voltage and Frequency Control 























The input PF is PFs = cos -24.74° = 0.908   lagging

















5-Current Control 

The torque of induction motors can be controlled by varying the rotor

current. Theinput current, which is readily accessible, is varied instead of

the rotor current. For a fixed input current, the rotor current depends on

the relative values of the magnetizing and rotor circuit impedances. From

Figure1, the rotor current can be found as:



Generally, Xm is much greater than Xs and Rs, which can be neglected for most applications.

Neglecting the values of Rs and Xs.

Home work (derive this Formula) 



The input current Ii is supplied from a dc current source Id consisting of a large inductor.  

The fundamental stator rms phase current of the three-phase current-source inverter is 

related to Id by 

It can be noticed from Eq.1.  that the maximum torque depends on the square of the 

current and is approximately independent of the frequency

Home work (derive this Formula) 

=0.779 Id



The typical torque–speed characteristics are shown in Fig.2. for increasing values of stator

current. Because Xm is large as compared with Xs and X′r, the starting torque is low. As the

speed increases (or slip decreases) , the stator voltage rises and the torque increases.

The starting current is low due to the low values of flux (as Im is low and Xm is large) and

rotor current compared with their rated values. The torque increases with the speed

due to the increase in flux.





The constant current can be supplied by three-phase current-source inverters.  The current-fed 

inverter has the advantages of fault current control and the current is less sensitive to the motor 

parameter variations. However,  they generate harmonics and torque pulsation.  Two possible 

configurations of current-fed inverter drives are shown in Fig.  3.  In Fig.3a,  the inductor acts as 

a current source and the controlled rectifier controls the current source.  The input PF of this 

arrangement isvery low.  In Fig.3b, the dc–dc converter controls the current source and the input 

PF is higher.









6-voltage, Current, and Frequency Control 

The torque–speed characteristics of induction motors depend on the type of control.  It may be 

necessary to vary the voltage,  frequency,  and current to meet the torque–speed requirements,  

as shown in Fig.3,  where there are three regions.  In the first region,  the speed can be varied by 

voltage(or current)  control at constant torque.  In the second region,  the motor is operated at 

constant current and the slip is varied.  In the third region,  the speed is controlled by frequency at 

a reduced stator current. 


