


 
 
 

Solution 
Q.1 a 

 

 
 
 

Functions of Power Modulator: 

 

• Modulates the power flow from source to the motor in such a way that the motor is imparted speed-

torque characteristics required by the load. 

• During transient operations, such as staring, braking and speed reversal, it restricts source and motor 

currents within permissible values; excessive current drawn from source may overload it or may cause 

a voltage dip. 

• Converts electrical energy of the source in the form suitable to the motor, e.g. if the source is D.C and 

the Induction motor is to be driven, then the power modulator is required to convert the DC into a 

variable frequency AC. 

• Selects the mode of operation of the motor i.e. motoring or braking. 
 
Q 1. B)  

 

 
 

 

 

 
 

 

 
 

 



 
 
 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
  

Q. 2 a)  

 
Q.2 b) 

 During the starting, we know if precautionary measures are not taken there is a chance of huge current flow 
through the motor circuit. 

 Current Limit Control scheme is employed to limit the converter  and motor current below a safe limit during 

transient operations. 

 It has a current feedback loop with a threshold logic circuit. 
 To limit the current and sense the current fed to the motor, current limit controller is installed. 
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 The feedback loop does not effect the normal operation of the drive but if the current  exceeds the 
predetermined safe limit, the feedback loop activates and the current is  brought down below the safe limit. 

 Once the current is brought down below the safe limit the feedback loop again deactivates  and in this way the 

control of current takes place. 

 
 

 
Q. 3 a) 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

  

J = Moment of inertia of motor load system referred to the motor shaft kg / m
2
 

 ω
m

 = Instantaneous angular velocity of motor shaft, rad/sec. 

 
T = Instantaneous value of developed motor torque, N-m 
 
Tl = Instantaneous value of load torque, referred to the motor shaft N-m 
 



 
 
 

 

 
Equivalent Values of Drive Parameters Loads with Rotational Motion 

 

 

 
 
 

 



 
 
 

 

 

 

 

 
Q. 3b) 

 
 



 
 
 

 

 

 
Q.4 

Components of Load Torque 
• Friction Torque, TF 

• Windage Torque,TW 

• Torque required to do the useful mechanical work,TL 

• Tl can be divided into the following components; 
•  i) Friction torque TF – Friction will be present at the motor shaft and also in various parts of the load. TF is 

equivalent value of various friction torques referred to the motor shaft. 

•  ii) Windage Torque Tw – It is a torque generated when a motor runs, which opposes the motion.  

• iii) Torque required to do the useful mechanical work TL Nature of this torque depends on particular 

application.  

•  It may be constant and independent of the speed;  

•  It may be some function of speed;  
• It may depend on the position or path followed by the load;  

•  It may be time invariant or time variant;  

•  It may vary cyclically and its nature may also change with the load’s mode of operation 

Variation of friction torque with speed is shown in the following figure 

 
 



 
 
 

As can be seen from the figure, the Friction torque value at stand still is much higher than its value slightly above zero 
speed.  

• Friction at zero speed is called Stiction or static friction. In order for a drive to start, the motor torque should at least 

exceed Stiction.  

• Friction torque can be resolved into three components ( see the fig.)  
- Viscous friction torque (Tv ) : - component which varies linearly with speed.  

- Tv = Bωm; where B is viscous friction coefficient. 

-  Coulomb friction (Tc ) which is independent of speed.  Additional friction torque at standstill (Ts):  
-  Ts is present only at stand still and is not taken into account in the dynamic analysis. 

- Windage friction torque (Tw): - which is proportional to the speed squared. 

-  Tw = Cω2 m; where C is a constant 
-  - From the above discussion, for finite speeds;  

- Tl = TL + Bωm + Tc + Cω2 m  

- where,  

- Tl – instantaneous value of load torque referred to motor shaft.  
- TL – torque required to do the useful mechanical work. . In many applications, 

-  (Tc + Cω2 m ) is very small and can be neglected. Then the fundamental torque equation becomes; 

Nature and Classification of Load Torque 
As stated earlier, the nature of load torque depends on particular application.  

• Fans, compressors, centrifugal pumps, ship-propellors, coilers, high speed hoists, traction, etc… are example of the 

case where load torque is proportional to speed squared.  fig. (a) and (b)  
• In a high speed hoist, viscous friction and windage also have appreciable magnitude, in addition to gravity. 

 

 

 
Figure (c) shows the traction load to be function of only speed, assuming a leveled ground. In actual practice the train 

has to negotiate upward and downward slopes. Consequently, a torque due to gravity, which varies with position is 
also present. Furthermore, when a train takes a turn, the friction force on wheels changes substantially. Thus traction is 

an example where the load torque also depends on position or path followed 



 
 
 

Q.5 
 

 

 

 
 



 
 
 

 
 

 
 



 
 
 

 

 
 



 
 
 

 

 
Q.6 a) 

 

 

 
Q.6 b) 



 
 
 

 

 

 

 
 


