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                                                    MODEL QUESTION-1 
TIME: 3 Hours 

FM: 70 

 

Answer any Six questions including Q.No.1 which is compulsory. 

 

1. Answer all the following questions.                                                                                              [2×10] 

                      

(a) Write four advantage of an electric drive system. 

(b) Draw the typical torque-speed characteristics of mechanical loads. 

(c) What is a Group Electric Drive (Shaft Drive)? 

(d) What is meant by ñload equalization? 

(e) Why stator voltage control is more suitable for speed control of induction motor in fan type load 

than constant  type load ? 

(f) A train driven by separately excited dc motors has better co-efficient of adhesion than  driven by 

series motor. Justify the statement. 

(g) Compare static Kramer and Scherbius  drive system. 

(h) Draw the simplified speed/time curve for the main line services and show all necessary periods. 

(i) What is self control of synchronous motor ? 

(j) A 440 V, 60 Hz induction motor is to be used on a 50 Hz supply. What voltage should be used? 

 

2.  a) Why flywheel is mounted on the shaft of the motor in non-reversible drive? Deduce the   expression   
for the Moment of Inertia of the flywheel.                                                                                        [4]                                                                                     

        b)  A motor has a heating time constant of 45 minutes and cooling        time constant of 75 minutes. 

The motor has final steady state temperature rise of 50
0
C while delivering its continuous rating of 25 

kW         

        i) Determine the load the motor can deliver for 15 minutes so  that the temperature rise does not 

exceed 50
0
C. 

         ii) The motor delivers 35 kW for a period of 15 minutes followed by a shutdown for 15 minutes. 

Determine the maximum temperature rise.                                                               [6]                                   

                      

  3. a) Why braking is required ? Explain each of the electrical braking briefly.                                                                            

        

 b) A 220 V, 1500 rpm, 11.6 A separately excited motor is controlled by a l-phase fully -controlled 

rectifier with an ac source voltage of 230 V, 50 Hz. Enough filter inductance is added to ensure 

continuous conduction for any torque greater than 25 percent of rated torque, Ra = 2 ohm 

       i) What should be the value of the firing angle to get the rated    torque  at 1000 rpm? 

 ii) Ca1culate the firing angle for the rated braking torque and - 1500 rpm. 

      iii)Ca1culate the motor speed at the rated torque and a= 160
o
 for the regenerative braking in the second 

quadrant.                                                           [4+6]   

                                                                              

  

4. a) Explain with sketch how the rheostatic braking is done in D.C. shunt and series motors        [4]             

           



b) The switching frequency of the chopper is 2 kHz. The source voltage is 80V and the duty ratio is 30%. 

The load resistance is 4 ohm. Assume that the inductance and capacitance are ideal and large enough to 

sustain the load current and load voltage with little ripple. Calculate  

i) On time and switching period 

ii) Average voltage across the load 

iii) Average current of the load                                   [6]                                     

           

5.     a) Formulate the expression for the tractive effort  during acceleration period of a locomotive train.  

  b) Explain the speed control of induction motor by stator voltage/hertz control method.                    [5+5]                                             

                                                                                                       

6.  a) The distance between two stations is 1.92kms.The scheduled speed and the duration of stops 

respectively are 40kmph and 20sec. Assume the quadrilateral approximation of the speed-time curve 

and the coasting and braking retardation as 0.16kmphps and 3.2kmphps respectively. Determine the 

acceleration if the speed at the end of the accelerating period is 60.8kmph.Find also the duration of the 

coasting period.                                                                                                             [6]                                          

                                

b) Sketch and explain the static Kramerôs variable speed drive system                                                [4]                                                                          

7.    a) How the operation of synchronous motor shifts from motoring to generative braking ?                                          

    b) Draw the speed-torque characteristics of a three phase induction motor in its 4-quadrant region.      

                                                                                                                                        [5+5]                                                                                       

8.       Write short notes on the following (Any two)                                [5x2]                                                                              

       a) Steady state stability of an electric drive 

       b) Static Ward-Leonard Drive System 

       c) Speed control by D.C. Chopper 

    

  

 

 

 

                

 

 

                                                   

 

 

 

 



 

MODEL QUESTION-2 

TIME: 3 Hours 

FM: 70 

Answer any Six questions including Q.No.1 which is compulsory. 

1.Answer all the following questions.                                                                                             [2×10]                      

a) Differentiate between the active and passive load related to drive system. 

b)Draw the torque-speed characteristics of a separately excited DC motor during dynamic braking. 

c)Why regenerative braking is not possible in half controlled rectifier ? 

d)What are methods to reduce the energy loss during starting of three phase induction motor ? 

e)What is the limitation for static Kramer drive and how it will be improved ? 

f)Differentiate between the CSI and VSI . 

g)Why stator voltage control is more suitable for speed control of induction motor in fan 

type load than constant  type load ?What is meant by ñload equalization? 

h)What is function of pantograph in electric locomotive train A train driven by separately excited 

dc motors has better co-efficient of adhesion than  driven by series motor. Justify the statement. 

i)A train driven by separately excited dc motors has better co-efficient of adhesion than  

driven by series motor. Justify the statement. Draw the simplified speed/time curve for the main 

line services and show all necessary periods. 

j)What are merits and demerits of   microprocessor based drive system ? 

2. a) Derive the thermal modelling for heating and cooling curve ?                                                                                                                        

        b) A motor has a heating time constant of 90 minutes. If the temperature rise of the motor is 

100
0
 C when it is continuously loaded with its rated load. Determine the temperature rise of 

the motor after 2 hour of its rated load. If the temperature after 2 hour reaches the maximum 

permissible temperature (final steady state temperature with rated load applied 

continuously) after it is overloaded, determine the permissible overloading ? Assume 

constant loss=0.5 of full load copper loss.                                                      

       

3. a) Draw the circuit diagram and briefly explain the dynamic braking of a three phase induction 

motor.                                                                                                                         [3]                        

        

 b) Plot and briefly explain the torque-speed characteristics of dc shunt motor during regenerative 

braking.                                             [3] 

                                        

c) Explain the speed control of three phase induction motor by rotor injection method.          [4]                 

                                                                                                            

4. a)Why braking is required ? Explain each of the electrical braking briefly.              [4]                       

                                                                                                               



 b)A 2200V,50 Hz, three phase,6 pole ,Y- connected squirrel cage Induction motor has following   

parameters.  

,075.0 W=sR   W= 12.0'

rR   W== 5.0'

rs XX  

The combined inertia of motor and load is 100 kg-mt
2. 

 Calculate  

i)The time taken and energy dissipated in the motor during starting. 

ii)The time taken and energy dissipated in the motor when it is stopped by plugging.               [6] 

                    

5.a)     Formulate the expression for the tractive effort  during acceleration  period of a locomotive train.       

 b) Explain the  speed control of induction motor by stator voltage/hertz control method.                   [5+5]                                             

                                                                                        

6.a)   The distance between two stations is 1.92kms.The scheduled speed and the duration of stops 

respectively are 40kmph and 20sec. Assume the quadrilateral approximation of the speed-time curve and 

the coasting and braking retardation as 0.16kmphps and 3.2kmphps respectively. Determine the 

acceleration if the speed at the end of the accelerating period is 60.8kmph.Find also the duration of the 

coasting period.                                                                   

b) Sketch and explain the static Kramerôs variable speed drive system                                           [6+4] 

                                                

 7. a) How the operation of synchronous motor shifts from motoring to generative braking ?         

 b) Draw the speed-torque characteristics of a three phase induction motor in its 4-quadrant region.     [5+5]   

                                        

8.  Write short notes on the following (Any two)                                                    [5x2]   

       a) Steady state stability of an electric drive 

       b) Static Ward-Leonard Drive System 

       c) Speed control by D.C. Chopper 

    

  

                

 

 

 

 

 

 

 

 

 

 



 

MODEL QUESTION-3 

TIME: 3 Hours 

FM: 70 

Answer any Six questions including Q.No.1 which is compulsory. 

1.Answer all the following questions.                                 [2×10]                     

a)State the advantages of the electric drive? 

b)How electric friction is necessary for drive ? 

c)Chopper control drive have more advantages over phase controlled drive. Justify.  

d)What are the advantages of V/f  methods for speed control of induction motor ? 

e)For good adhesion, the motor speed-torque characteristics should have low speed regulation and 

for good load sharing of loads between motors, the torque-speed curve should have high regulation, 

Why ? 

f)Mention some of the drawback of conventional Ward-Leonard scheme over static Ward-Leonard 

scheme.  

g)What are the advantages of single phase,25KV,50 hz transmission line for locomotive train.  

h)Draw the speed-torque characteristics of a three phase induction motor in its 4-quadrant region. 

i)Why regenerative braking is not preferred for dc series motor ?  

j)Plot the torque-speed characteristics of dc shunt motor during dynamic braking. 

. 

2.a) Derive the formula for overloading factor, when a motor is subjected to i) short time duty 

ii) intermittent periodic duty.                                                                                                                             

        b) Derive the transfer function of an armature controlled dc motor and draw the closed loop 

block diagram.                                       [5+5]                                            

                                    

3. a) What are the various factors that influence the choice of  electric drives ?                        [4] 

 b) A 230V,960 rpm and 200 amp separately excited dc motor has an armature resistance of 0.02 

ohm. The motor is fed from a chopper which provides both motoring and braking operations. 

The source has a voltage of 230V. Assuming continuous conduction 

i) Calculate duty ratio of chopper for motoring operation at rated torque and 350 rpm. 

     ii) Calculate duty ratio of chopper for braking operation at rated torque and 350rpm. 

iii) If the duty ratio of chopper is limited to 0.95 and the maximum permissible motor current 

is twice the rated, calculate maximum permissible motor speed and power fed to the source?                                              

                                                                           

 4.a) A 150 V, dc shunt motor drives a constant torque load at a speed of 1200 rpm. The armature 

and field resistances are 1 ohm and 150 ohm respectively. The motor draws a line current of 10 

amp at the given load. Calculate i) the resistance that should be added to the armature circuit to 



reduce the speed by 50%. ii)Assume the rotational losses to be 100W,Calculate the efficiency of 

the motor without and with the added resistance.                      [ 6 ]                                          

b)Draw and explain the various torque-speed characteristics of three phase induction motor at 

below and above base frequency.                          [4] 

 5.a) A 2.8 kW,400V,50hz,4 pole,1370rpm delta connected squirrel cage induction motor has 

following parameters referred to the stator. 

W=2sR   W=5'

rR   W== 5'

rs XX  W=80mX . Motor speed is controlled by stator voltage 

control. When driving a fan load it runs at rated speed at rated voltage. Calculate i) motor 

terminal voltage, current and torque at 1200 rpm  ii) motor speed, current and for the terminal 

voltage of 300 V.                                                       

b) With neat diagram describe the static Kramerôs method for slip recovery power for three-

phase induction motor. What are the drawbacks seen.                    [5+5] 

 6. a)  A train service consists of following uniform acceleration of 1kmphps for 2 minutes. Free 

running for 30 minutes. Coasting for 2 minutes at a deceleration of 0.1kmphps. Uniform braking 

at 1.2 kmphps to stop the train. Stopping time 5 minutes. Calculate i) Distance between the 

stations ii) The scheduled speed                                                                                            [6] 

                                                           

b) Describe the duty cycle of main line service of the traction drive.                                    [4]                              

7. a) Draw and explain the phasor diagram of synchronous motor operating with constant load 

torque at different  value of rotor excitation.                                                                      [5] 

      b) Explain the speed control of three phase induction motor by rotor emf injection method.                                                    

    8.   Write short notes on the following (Any two)                                                               [5x2]   

       a)Load equalization  

       b)Tractive effort for train movement 

       c)Drive mechanism in textile mill  

  

 

 

 

 

 

 

 



 

MODULE -1 

INTRODUCTION TO DRIVE SYSTEMS  

Drives: Systems employed for motion control are called drives. Motion control is required in industrial 

as well as domestic applications like transportation system, rolling mills, paper mills, textile mills, 

machine tools, fans, pumps, robots, washing machines etc. Motion control may be translational, rotational 

or combination of both. Generally, a drive system is basically has a mechanical load, a transmission 

system and a prime mover. The prime mover may be I.C. engine, steam engine, turbine or electric motors. 

However, electric motors are predominantly used employed  as prime mover due to certain advantages.  

Advantages of Electric Drives: 

¶ Flexible control characteristics. 

¶ Starting and braking is easy and simple 

¶ Provides a wide range of torques over a wide range of speeds (both ac and dc motor) 

¶ Availability of wide range of electric power 

¶ Works to almost any type of environmental conditions 

¶ No exhaust gases emitted 

¶ Capable of operating in all 4 quadrants of torque ïspeed plane 

¶ Can be started and accelerated at very short time 

Choice of Electrical Drives: 

The choice of an electrical drive depends on a number of factors. Some important factors are: 

ü Steady state operation requirements: (nature of speed-torque characteristics, speed regulation, 

speed range, efficiency, duty cycle, quadrants of operation, speed fluctuations, rating etc) 

ü Transient operation requirement(values of acceleration and deceleration, starting, braking, speed 

reversing) 

ü Requirement of sources:(types of source, its capacity, magnitude of voltage, power factor, 

harmonics etc) 

ü Capital and running cost, maintenance needs, life periods 

ü Space and weight restrictions 

ü Environment and location 

ü Reliability 

 

 

 

 

 



 

Basic Elements of the Electric Drive Systems: 

 

                                                      Fig 1.1 

A modern electric drive system has five main functional blocks as shown above a mechanical load, a 

motor, a power modulator, a power source and a controller. 

Power source: The power source provides the energy to the drive system. It may be dc or ac (single-

phase or three-phase)  

Power Converter: The converter interfaces the motor with the power source and provides the motor with 

adjustable voltage, current and frequency. During transient period such as starting, braking and speed 

reversal, it restricts source and motor current within permissible limits Also the converter converts the 

electric waveform into required signal that requires the motor.  

Types of modulator: 

¶ Controlled Rectifier(ac to dc) 

¶ Inverter (dc to ac  

¶ AC Voltage Regulator (ac to ac  

¶  DC Chopper (dc to dc) 

¶ Cyclo-converter (ac to ac) (Frequency converter) 

Controller:  

A well designed controller has several functions. The basic function is to monitor system variables, 

compare them with desire values, and then adjust the converter output until the system achives a desired 

performance. This feature is used in speed and position control. 

Electric motor: i) The basic criterion in selecting an electric motor for a given drive application is it 

meets power level and performance required by the load during steady state and dynamic operation.  

ii)  Environmental factors: In industry such as in food processing, chemical industries and aviation where 

the environment must be clean and free from arc. Induction motors are used instead of DC motor.  

Mechanical Load: 
 The mechanical load usually called as machinery such as flow rates in pump, fans, robots, machine tools, 

trains and drills are coupled with motor shaft.  

Classification of Load torque: Various load torques are broadly classified into two categories. 

A) Active Load Torque 



B) Passive Load Torque 

Load torques which have the potential to drive the motor under equilibrium conditions are called active 

load torques. Such load torques usually retain their sign when the direction of the drive rotation is 

changed. Torque due to the force of gravity, hoists, lifts or elevators and locomotive trains also torques 

due to tension, compression, and torsion undergone by an elastic body come under this category. 

Components of the Load Torque (TL) : 

The load torque TL can be further divided into the following components: 

1.Friction torque TF: The friction will be present at the motor shaft and also in the various parts of the 

load.  

2.Windage torque TW: When a motor runs, the wind generates a torque opposing the motion. This is 

known as the windage torque. 

3.Torque required to do the useful mechanical work, TM: The nature of this torque depends on the type of 

load. It may be constant and independent of speed, it may be some function of speed, it may be time 

invariant or time variant, and its nature may also vary with the change in the load's mode of operation. 

The friction torque óTFô can be resolved into three components as shown in figure 1.2b.                                 

               
                                 Fig 1.2 (a)                                                Fig 1.2 (b) 

                                                       
 

                            SCVF TTTT ++=
                                                                         ( 1.1)     

 

 

   The  first component Tv which varies linearly with speed is called viscous friction and is given by the 

following equation: 

                                                        mV BwT =                                                                               (1.2) 

  where B is the viscous friction coefficient.  

The windage torque wT , which is proportional to speed squared, is given by the following equation: 

                                                        
2

mw CwT =                                                                                 (1.3) 

where C is a constant.  

So, VF TT =  is taken in account. 

Now, the load torque can be represented by   wVML TTTT ++=  



                                              
2

mmML CwBwTT ++=                                                                       (1.4) 

 In many applications 
2

mw CwT =  is very small compared to mBw and negligible compared to MT . To 

simplify the analysis, the term wT  is neglected. 

                                               wML BwTT +=                                                                                  (1.5) 

Torque-Speed Characteristics of Mechanical Load: 

Fundamental Torque Equations 

Mechanical load exhibit wide variations of speed-torque characteristics. Load torques are generally speed 

dependent and can be represented by an empirical formula such as  
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                                                                              (1.6)

 

Where C is a proportionally constant,Tr is the load torque at the rated speed nr, n is the operating speed , 

and k is an exponential coefficient representing the torque dependency speed. Figure shows the typical 

mechanical loads.                                                                     

 

                                              
1.Torque independent of speed. 

The characteristics of this type of mechanical load are represented by setting k is equal to zero and C 

equals to 1.While torque is independent of speed. Such examples are hoists,the pumping of water etc.  

                                              

2. Torque linearly dependent on speed. The torque is linearly proportional to speed k=1,and the 

mechanical power is proportional to the square of the speed. An example would be a motor driving a dc 

generator connected to a fixed resistance load with constant field.   It can be shown as                                                                         

      w

P
T =   where P is the power generated by generator                                                                      (1.7) 



But P=VI  and  
R
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                                                      Ý wT´                                                                                           (1.9) 

3. Torque proportional to the square of speed. 

The torque-speed characteristic is parabolic, k=2. Such examples of loads are fans, centrifugal pumps, 

and propellers.                                              
2wT´                                                                             (1.10) 

                                                                       

4. Torque inversely proportional to speed. 

 In this case, k=-1.Examples are milling, boring machines, road vehicle and traction etc. 
w

T
1

´
     (1.11)

                                                                       

Combined torque-speed  characteristics of Motor -Load  system: 

Speed-torque characteristics of motor and mechanical load 

                                           

Dynamic of Motor-Load System: 

Fundamental Torque Equations 

The dynamic relations applicable to all types of motors and loads. The dynamic or transient condition. 

These condition appears during starting, braking and speed reversal of the drive. 

   A motor generally drives a load (machine) through some transmission system. While the motor always 

rotates, the load may rotate or may undergo a translational motion. It is convenient, however, to represent 

the motor load system by an equivalent rotational system, as shown in figure . 

                                            
The following notations is adapted: 

J = polar moment of inertia of the motor-load system referred to the motor shaft,Kg-m
2
 

wm= instantaneous angular velocity of the motor shaft, rad/ sec 

Tm = developed torque of the motor, N-m 

LT  = the load (resisting) torque, referred to the motor shaft, N-m 

Any motor-load system can be described by the following fundamental torque equation during dynamic 

condition: 



                                              )( mLm Jw
dt

d
TT °=

                                                                               (1.12)
 

dt

dJ
w

dt

dw
JTT m

m
Lm °°=Ý

                                                                                                          (1.13)
 

 This equation is applicable for variable inertia drives such as mines winder, industrial robots etc.     

And  
dt

dw
JTT m

Lm °=                                                                                                                          (1.14) 

This equation is for constant inertia i.e. 0=
dt

dJ
  

negative sign for deceleration and positive sign for acceleration.
 

Acceleration  or deceleration depends on whether mT  is greater or less thanLT .During acceleration, 

motor should supply not only load torque LT but also an additional torque component called inertia torque

dt

dw
J m  to overcome the drive inertia. During deceleration, dynamic torque 

dt

dw
J m   has negative sign. 

Therefore, it assists the motor torque mT and maintains drive motion by extracting from stored kinetic 

energy. 

  The fundamental torque equation balance between the various torques in the drive may be considered 

while investing the dynamic behavior is 

                                       
dt

dw
JTT m

Lm +=
                                                                                           (1.15)

 

Where,                             wML BwTT +=
                                                                                            (1.16) 

It is seen from the above equation that, when 

i)                       
Lm TT >
     

..ei
           

0>
dt

dwm

                                                                                   (1.17)
 

the drive will be accelerating, in particular, picking up speed to reach rated speed 

ii)               Lm TT <
      

..ei
      

0<
dt

dwm

                               (1.18)
 

the drive will be decelerating and particularly, coming to rest 

iii)         Lm TT =
  

..ei
   

0=
dt

dwm

             (1.19)
 

the motor will continue to run the same speed, if it were running or will continue to be at rest, 

if it were not running. 

Stability:  
Steady State Stability 

A) Transient state Stability or Dynamic Stability 

Criteria for Steady State Stability: 

Let us assume that the motor-load  speed-torque curve is at in equilibrium i.e. at steady state. 



The disturbances changes the equilibrium states. The disturbances are  two types. Such as  

1.Due to  slow change of inertia of rotating masses or that of inductances changes the equilibrium states 

slowly. So, effect of the inertia and the inductances are neglected for dynamics. 

2. Due to large  and sudden changes of inertia and inductances there is a sudden changes of equilibrium 

states. So, the inertia and inductances are taken for dynamic study.  

Study of stability under conditions given above for the first type of disturbance relate to the field of steady 

state stability while for the second type of disturbance pertain to the  field of dynamic or transient 

stability. 

Let the equilibrium values of the torques and speed be denoted by Lm TT ,  and mw  

Then at equilibrium, when deviation is not occurred  

                                                                     Lm TT =                                                                            (1.20) 

Let a small deviation  in load torque is done, so that all equilibrium changes by Lm TT DD ,  and mwD  

then, the dynamics  
dt

dw
JTT m

Lm +=  becomes  
dt

wwd
JTTTT mm

LLmm

)( D+
+D+=D+

             (1.21)
 

                               
dt

wd
JTT m

Lm

D
+D=DÝ                                                                                      (1.22) 

If we assume that these increments are so small that may be expressed as linear functions of the change in 

speed, then 

                                                                        
m

w

m
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                                                          (1.23)

 

                                                                      
m

m

L
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dw
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T D=D                                                             (1.24) 

Where           
m

m

dw

dT
   and      

m

L

dw

dT
      indicates derivatives at the point of equilibrium.Sybstituting these 

relations in early equation and rearranging,  we have     
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     called mechanical time constant. 

For the system to be stable when the exponent of the equation be negative. This exponent will be negative 

when  

                                               0>-
m

m

m

L

dw

dT

dw

dT

                                                                                    (1.26)
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                                                             (1.27) 

Transient state stability: 

Concept of Transient Stability 

Thus the equation of motion in terms of power, can be written as  

Ldynm PPP +=
                                                                                                                   (1.28)

 

Where dynm PP ,  and  LP  denote the motor power, dynamic power and the load power at the shaft 

respectively. The dynamic power is determined from the angular acceleration. Let the angular 

position of the shaft at any instant is taken as the dbetween a point and reference which is 

rotating at synchronous speed. With sudden application of load, since the rotor slows down, the 

angular acceleration will be negative and hence the dynamic power will be given by  

2

2

dt

d
PP jdyn

d
-=

                                                                                                                  (1.29)
 

Where, 
Poles

wJPj

2
**=

                                                                                                  (1.30)
 

The electromagnetic power mP  has two components (i) damping power which linearly varies with 
dt

dd

from synchronous speed and (ii) Synchronous power which is a function of load angle d.  Thus, 

Ldj PP
dt

d
P

dt

d
P =++ )(

2

2

d
dd

                                                                                                              (1.31)
 

 Where, dP   is the damping power.   Neglecting damping and assuming cylindrical rotor, then the above 

equation will be  

                                     

Lmj PP
dt

d
P =+ d

d
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2
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                                                                                                                        (1.32)
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Where 0d is the load angle before the disturbance, i.e., at time t=0. So, for the machine to be stable at the 

synchronous speed 0=
dt

dd
. Hence,           
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With the motor initial load 1LP , the operating point is at A corresponding to point 0d . As the load is 

suddenly increased to 2LP , the power angle swings to fd  at which the speed is again synchronous. When 

the system is stable  ( ) ( ) 0sinsin

0

22 =-+-ñ ñ
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 where id is the power angle corresponding to new load 2LP . So, from the equation it is to be written as  
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Or Area 21 AA =  . This method of determining the transient stability of a drive system is called equal area 

criterion of stability. 

   Conclusion : 

i) If area 21 AA > , the drive is stable 

ii ) If area 21 AA = , the drive is just stable 

iii ) If 21 AA < , the motor loses synchronism 

Rating of Motor : 
From the classes of duty the motor rating is selected. A motor can be selected for a given class of duty 

based on its thermal rating with due consideration to pull out torque i.e. the overload must be within the 

pull out torque. The various classes of duties are 

¶ Continuous duty 



¶ Intermittent duty 

¶ Short time duty 

Continuous duty: Two classes of continuous duty are there. a) continuous duty at constant load b) 

continuous duty with variable load 

i) continuous duty at constant load: It denotes the motor operation at a constant load torque 

for a long duration enough to attain the steady state temperature. Ex. Paper mill drives, 

centrifugal pumps and fans etc. Frequent starting is not required. The rating of the 

machine is decided by input power. 

If efficiency of the load and transmission is h,the input power to the load is   

 
h

wT
P=                  (for rotational body)                                                                                              (1.39) 

                                  T= load torque 

h*201.0

*VF
P=          (for linear motion)                                                                                                (1.40) 

                                  F= force exerted by load in kg 

                                  V= velocity of motion in m/sec 

h*102.0*2

*VF
P=       (for elevator)                                                                                                      (1.41) 

h

r

*102.0

HQ
P=           (for pump)             (1.42) 

                  

                       H= gross head comprising suction in mt 

                        Q= quantity of delivery of pump in mt^3/sec 

                        r= density of liquid in kg/mt^3 

h*102.0

HQ
P=             (for fan)             (1.43) 

                           Q=volume of air in mt^3/sec 

                           H= pressure of air in kg/mt^2 

ii ) continuous duty with variable load: Load has several steps in one cycle. The motor rating is 

neither selected for highest load nor lowest load rather the rating is selected on average losses  for the 

load cycle. Ex. Metal cutting lathes, conveyors etc. 

 
For variable motor mechanical load, the current to the motor is variable. To find the rating of the motor 

the equivalent current Ieq  method is used for finding the motor rating. 



Let each step of the load the power loss is composed of constant loss which is independent of load called 

core and variable loss called copper loss. The variable load consists of motor current I1,I2é.I6 for one 

cycle. Thus 
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After Ieq is determined, a motor with next higher current rating (= Irated) from commercially available 

ratings is selected. 

DC motor: For the design of dc motor, the maximum allowable current is 2 times the rated current. 

Induction and Synchronous motor: Here the maximum breakdown torque to rated is 2 to 2.25 

Short Time Duty: In short time duty, the time of operation is less than the heating time constant and the 

motor is allowed to cool down to the ambient temperature before it is required to start again. If a motor 

rating of power rP  is subjected to short time duty load of  rP  , then the temperature rise will be far below 

than the permissible temperature perq  . Therefore, the motor can be overloaded by a factor K>1 such that, 

the maximum temperature rise just reaches the permissible value perq .Now, for the load rKP ,the time of 

operation is rt .  
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For motor  power rP  the loss is  rP1  
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 From the equations, the overloading factor      a
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Intermittent  periodic duty:  Here, the temperature neither reaches the steady state value during on nor 

reaches to ambient temperature during off period. So, the over-loading  can be applied to the motor to 

bring to the steady state temperature for which the motor rating can be selected. The overloading factor 

can be found as  
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Load Equalization: 

In application such as electric hammer, pressing job, steel rolling mills etc, load fluctuates widely within 

short intervals of time. In such drives, to meet the required load the motor rating has to be high or the 

motor would draw the pulse current from the supply. Such pulse current from the supply gives voltage 

fluctuations which affects to the other load connected to it and affects to the stability of the source. The 

above problem can be met by using a flywheel connected to the motor shaft for non-reversible drives.This 

is called load equalization.  The moment of inertia and the mechanical time constant can be found out 

from the load equalization problem. 

                                                 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

öö
÷

õ
ææ
ç

å

-

--
=

ll

ll

l

mrm

r

TT

TT

t

ww

T
J

min

max0
ln

    or   

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

öö
÷

õ
ææ
ç

å

-

--
=

max

min0
ln

TT

TT

t

ww

T
J

lh

lh

h

mrm

r           (1.49) 

The mechanical time constant is  
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The symbols used have their respective meaning. 

Bidirectional Electrical Drives (1
st
 and 2

nd
 quadrant) 

From the action-reaction theory of Newtonôs Law, when an electric motor driving a mechanical load in a 

steady state operation, a force  exerted by either part (motor or load) of drive system, is opposed by a 

force equal in magnitude and opposite in direction from the other. This can be understood by taking a 

bidirectional drives with unidirectional speed and bidirectional load torque. 



 

                               
Bi-directional speed drive (1

st
 and 4

th
 quadrant) 

In the figure shown below an elevator is moving passengers in both directions (up and down).For 

simplicity, let us assume that the elevator does not have a counterweight. In the upward directions,the 

motor sees the load force lF which is a function of the weight of the passengers plus elevator cabin,cable 

etc. Since the weight and lF are unidirectional, the motor force mF   is also unidirectional. The speed of 

the motor in this operation is bidirectional.
 
 

                                
Four-Quadrant Drives 

 

 



 
The Following conventions are to be followed. 

1.  When the torque of an electric machine is in the same direction as  system speed, the machine 

consumes electric power from the source and deliver the mechanical power to the laod. The 

machine is then operating as a motor. 

2. If the speed and the torque of the machine are in opposite directions, the machine is consuming 

mechanical power from the load and delivering electric power to the source. In this case, the 

machine is acting as generator. 

Characteristics of Motor: 
Three types of electric motors generally used for drive purposes. DC, Induction and Synchronous motor. 

DC Drives: 

Separately Excited Dc motor: 

                                             
The basic equations for DC motor are 

me wKE f=                                                    (1.51) 

aaRIEV +=                                            (1.52) 

ae IKT f=                                                        (1.53) 

Where, E = back emf in volt; f= flux per pole in weber; V = supply voltage in volt; aI = Armature 

current in Amp; aR = Armature resistance in ohm; mw = speed of armature in rad/sec; T = torque 

developed in motor in N-mt 

From the above set of steady state equations the steady state torque speed relation can be found out as  
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This equation can be applied to all series, shunt, compound and separately excited dc motors. 

In the case of separately excited motors, if the field voltage is maintained constant,and assuming the flux 

as constant, then                               KKe =f   (constant)                (1.56) 

The speed equation is written for the separately as well as shunt motor is  
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 The speed increases from the zero upto the base speed. This method is called the constant torque 

method. Beyond the rated voltage, and rated armature current the voltage can not be increased further due 

to insulation problem. So, to control the speed the flux control can be done. By decreasing the flux, speed 

can be increased above the base speed 0mw . This method is called constant power method where both 

voltage and armature current is kept constants. Further, in the below base speed region, the speed can be 

decreased from the no load speed 0mw  by increasing the load. When the load increased, the speed 

decreased from its no load speed. This motor is used where the speed regulation is good.   

           
                                                            

Dc Series Motor: 

                                                  
From the basic equation the speed can be written as  
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In series motor,                    ae IKT f=   ,                            but aÍf  
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In the case of series motor, any increase in torque is accompanied by an increase in the armature current 

and therefore, an increase in flux. Because the flux increases with torque, the speed must drop to maintain 

a balance between the induced voltage and the supply voltage. The characteristic is therefore, highly 

drooping.  

                                                   

Methods of speed control 
From the speed-torque relation from the equation it is seen that, the speed can be controlled by any one of 

the following three methods.  

1. Armature voltage control 

2. Armature resistance  control  (Rheostatic control)   

3. Field flux control 

Armature voltage control method: (DC shunt motor) 

The speeds corresponding to two different armature voltages are V1  and V2  of a dc shunt motor are given 

by  
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The no load speed is directly proportional to the supply voltages. Keeping the load torque as constant, the 

family of  motor torque-speed characteristics can be drawn for  a given load torque.  



                                                               
This method is only for below rated speed since the voltage magnitude should not be greater than the 

rated voltage. The variable voltages can be obtained by phase controlled rectifier and DC-DC Chopper 

concerter.  

DC Series motor: 

                                                     
Field flux control method.  

If the field of a separately or series excited motor running at a speed is weakened, its induced emf 

decreases. Because of low armature resistance, the current increases by an amount much larger than the 

decrease in the field flux. As a result, in spite of the weakened field, the torque is increased by a large 

amount, considerably exceeding the load torque. The surplus torque thus available causes the motor to 

accelerate and the back emf to rise. The motor will finally settle down to a new speed, higher than the 

previous one, at which the motor torque with the weakened field becomes equal to the load torque. Any 

attempt to weaken the field by a large amount will cause a dangerous inrush of current. Care should 

therefore be taken to weaken the field only slowly and gradually. 

 

 

 

 



                                                
Armature resistance control:  

Speed torque characteristics of separately excited (or shunt) and series motors for various values of 

external resistance Re in series with the armature are shown. 

                                             
The main drawback of this method of speed control is its poor efficiency. Because of the poor efficiency, 

this method is seldom used with separately excited motors, except for getting speeds which are required 

for very short times. 

Braking:  
There are three methods of braking a dc motor 

1. Regenerative braking. 

2. Dynamic braking or rheostatic braking. 

3. Plugging or reverse voltage braking 

Regenerative Braking:  

In regenerative braking, the energy generated is supplied to the source.  

Separately Excited Motor: 

The steady-state equivalent circuit of a separately excited motor and source is given in figure. If by some 

method the induced emf E is made greater than the source voltage V, the current will  reverse. The 

machine will work as a generator and the source will act as a sink of energy, thus giving regenerative 

braking.  

 

 



                                                      
Series motor 

Series motors cannot be used for regenerative braking in the same simple way as separately excited 

motors. For the regenerative braking to take place, the motor induced emf must exceed the supply voltage 

and the armature current should reverse. The reversal of armature current will reverse the current through 

the field, and, therefore, the induced emf will also reverse. The main advantage of regenerative braking is 

that the generated electrical energy is usefully employed instead of being wasted in rheostats as in the 

case of dynamic braking and plugging. 

Dynamic Braking: 

The dynamic braking of a dc motor is done by disconnecting it from the source and closing the armature 

circuit through a suitable resistance. The motor now works as a generator, producing the braking torque. 

For the braking operation, the separately excited (or shunt) motor can be connected either as a separately 

excited generator (fig.b), where the flux remains constant, or it can be connected as a self-excited shunt 

generator, with the field winding in parallel with the armature (fig.c).  

 

 
 

Series Motor: 

For dynamic braking, the series motor is usually connected as a self-excited series generator. For the self-

excitation, it is necessary that the current forced through the field winding by the induced emf aids the 

residual flux. This requirement is satisfied either by reversing the armature terminals or the field 

terminals. 



                                       
Speed-Torque Characteristics during dynamic braking: 

                                  
Plugging: 

If the armature terminals (or supply polarity) of a separately excited (or shunt) motor when running are 

reversed, the supply voltage and the induced voltage will act in the same direction and the motor current 

will reverse, producing braking torque. This type of braking is called plugging. In the case of a series 

motor, either the armature terminals or field terminal s should be reversed. Reversing of both gives only 

the normal motoring operation. 

                                  
Torque-speed characteristics: 

When running at the rated speed, the induced voltage will be nearly equal to the supply voltage V. 

Therefore, at the initiation of braking, the total voltage in the armature circuit will be nearly 2 V. To limit 

the current within the safe value, a resistance equal to twice the starting resistance will be required. 



Plugging is a highly inefficient method of braking. Not only is power supplied by the load, but also the 

power taken from the source is wasted in resistances. 

                                                          

Starting:  

Separately excited dc motor: 

The maximum current that a de motor can safely carry during transients of short duration is limited by the 

maximum armature current that can be commutated without sparking. From the speed equation we see 

                                    mw  ww D-= 0    

For large motors (greater than 10hp),the armature resistance aR  is very small. For these motors, the speed 

drop wD is very small, and the machine is considered to be constant speed machines. The torque 

developed at starting stT  and starting current stI can be calculated by keeping speed as zero during 

starting. 
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The starting current is         
a
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V
I =                                     (1.64) 

Effect of reducing source voltage during starting. 

                                                   
Effect of reducing external resistances. 

                                                         



Series Motor: 

In series motor, the starting current is less due to presence of field resistances in series with armature 

resistance. 
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From the two equations it is seen that, 

stT  is less in shunt motor and more in series motor. 

stI  is more in shunt motor and less in series motor. So, series motor is widely used in traction drive. 

Induction motor : 

Advantages 
¶ Light in weight (cage type motor is usually used) 

¶ Higher efficiency 

¶ Low maintainance 

¶ Robust and reliable 

¶ Less cost than commutator type motor  

¶ Ability to operate in dirty and explosive environment 

¶ Advance feedback control technique such as field oriented control  

 Disadvantages 

¶ Armature and field windings are highly coupled 

¶ Non-linear modeling 

¶ Multi -variable structure 

¶ Controller such as power converter, inverter are relatively complex and expensive. 

Steady-state performance of three phase induction motor: 

The steady state performance can be studied from the power flow and equivalent circuit. 

 

                                   

Input power to the stator is       sssi IVP qcos3=         (1.68) 

Input power = stator cu loss+ core loss+ air gap power 
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But from equivalent circuit 
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Steady-state torque-speed Characteristics: 

When the slip is very small, sTm´  

When the slip is very large 
s

Tm

1
´  



                                           
Three zones are there i) motoring zone  (0<s<1)  ii) regenerating zone (s<0) iii) plugging zone (1<s<2) 

In the normal motoring zone Tm=0 at s=0. When slip increases, speed decreases but torque approaches 

maximum value. In the breakdown zone called quasi region, the stator drop is small and flux remains 

constant. 

Features 

¶ At s=0,Tm=0. Because there is no induced current and zero relative speed 

¶ Tem is the maximum at sm where 
''

rr sXR =  

¶ Tst is starting totque when s=1 

¶ The motor is stable between (0 to sm)  

Four-quadrant operation of Induction motor : 

                         
 

  

 

 

 



 

Speed-Control  

There are five methods for speed control for modifying speed-torque characteristics. i) Stator voltage 

control ii)  Stator Frequency control iii)  Slip power recovery control ((Kramer drive))  or Rotor emf 

injection method  iv) Rotor resistance control   

Last two methods are only for slip ring induction motor. 

Supply voltage control Method 
2

sm VT ´
 

 
 

                                                           
The curves indicates that, the slip at maximum torque is independent of terminal voltages. The range of 

speeds within which steady state operation (for constant torque loads ) may takes place for same for all 

voltages i.e. between the maximum torque and synchronous speed. With in that region there will be a 

small speed  drop with decrease in voltage.This method is suitable for fan, pump and centrifugal drives. 

Drawbacks: 

¶ Gives poor energy efficiency at low speed 

¶ This method is only suitable for below base speed 

 

Stator Frequency control 

By controlling the stator frequency ófô, synchronous speed which in turn determines the rotor speed of the 

motor. When the frequency is varied, then the magnetizing current mI  is also affected, which is given by  
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But, the magnetizing current must be constant for constant breakdown torque (maximum torque). 

Therefore, for constant breakdown torque, 
f

Vs ratio should be maintained constant. When the operating 

frequency is increased beyond the breakdown torque, then the torque gets reduced but the starting torque 

is increased. For further decrease in supply frequency 
f

Vs can not be maintained constant. At very low 

frequency the apparent increases that increased the voltage drop. Hence sV  decreased. 

 

                                                                 
Slip power recovery control (rotor emf injection method): 

In an induction motor, torque is equal to the power crossing the air gap divided by the synchronous 

mechanical speed. In early slip-ring induction motor drives, power was transferred through the motor to 

be dissipated in external resistances, connected to the slip-ring terminals of the rotor. This resulted in an 

inefficient drive over most of the speed range. More modern slip-ring drives use an inverter to recover the 

power called slip power  from the rotor circuit, feeding it back to the supply system. One of the best 

recovery drive circuit is  static Scherbius drive.  

 

                                          
 

At running condition of slip with constant load, voltage and frequency the rotor current  
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By giving additional voltage jE  at the rotor end, then  
r

jj

r
R

EEs
I

-
= ,                                             (1.78) 

Since the load torque is constant, then 
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It is seen the slip increases when the injected emf is in phase opposition to the induced emf. Now, as the 

slip increases, the induced emf increases and hence the current till the developed torque is equal to the 

load torque. In this way the injected emf controls the speed. Similarly when the injected emf is in same 

phase then the slip decreases. 
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This slip in term of slip power in rotor circuit can be recovered  and send back to ac supply by Scherbius 

drive and efficient thus increase. 

                                           
Scherbius method for slip power recovery 

In this scheme, the rotor terminals are connected to a three-phase diode bridge that rectifies the rotor 

voltage. This rotor output is then inverted into mains frequency ac by a fully controlled thyristor converter 

operating off the same mains as the motor stator. The dc link current, smoothed by a reactor, may be 

regulated by controlling the firing angle of the converter in order to maintain the developed torque at the 

level required by the load. The current controller (CC) and speed controller (SC) are also indicated. The 

current controller output determines the converter firing angle a from the firing control circuit (FCC). 

From the equivalent circuit and ignoring the stator impedance, the RMS voltage per phase in the rotor 

circuit is given by 
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Where rw and rw are the angular frequencies of rotor and stator voltages respectively. And ónô is the ratio 

of the equivalent stator to rotor turns. The dc-link voltage at the rectifier terminals of the rotor, dv  is 

given by  Rd Vv
p

63
=                          (1.82) 

 
Assuming that the transformer interposed between the inverter output is and the ac supply has the same 

turn ratio ónô as the effective stator-to-rotor turns of the motor. 
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The negative sign arises because the thyristor converter develops negative dc voltage in the inverter mode 

of operation. The dc-link inductor is mainly to ensure continuous current through the converter so that the 

expression (1.83) holds for all conditions of operation. Combining the preceding three equations gives 

acosss wsw -=             so that           acosns -=           (1.84) 

And the rotor speed is 
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Thus, the motor speed can be controlled by adjusting the firing angle a. By varying a between 
0180

and 
090 , the speed of the motor can be varied from zero to full speed, respectively.  

Rotor resistance control 

The introduction or rotor resistance in slip ring induction motor will modifies the speed-torque curves. 

The operating points from zero to synchronous speed can be obtained in this method. 



                                                               

                                                        

Braking: 

Regenerative braking 

The speed-torque curves obtained by the reversal of the phase sequence of the motor terminal voltages are 

also shown by dotted lines. With a positive sequence voltage across the motor terminals, the operation 

above synchronous speed gives the regenerative braking operation (portion BAE).Similarly, with a 

negative sequence voltage across the motor terminals, regenerative braking is obtained for speeds above 

the synchronous speed in the reverse direction (portion bae). In regenerative braking, the motor works as 

an induction generator, converting mechanical energy supplied by the load to electrical energy, which is 

fed to the source. Thus the generated energy is usefully employed. 

                                             

 

                                          

 



                                                  
Plugging 

An induction motor operates in the plugging mode for slips greater than l. For positive sequence voltages, 

a slip greater than 1 is obtained when the rotor moves in the reverse direction (portion CD). Since the 

motor is running in the reverse direction, a positive torque provides the braking operation. With negative 

sequence voltages, plugging takes place on portion cd, shown by the chain-dotted line. When running in 

the forward direction, the motor can be braked by changing the phase sequence of the motor terminal 

voltages by simply interchanging the connections of any two motor terminals. This will transfer the 

operation from point F to f and braking will commence. The motor torque is not zero at zero speed. When 

braked for stopping, the motor should be disconnected from the supply at or near zero speed. An 

additional device will be required for detecting zero speed and disconnecting the motor from the supply. 

Therefore, plugging is not suit-able for stopping. It is, however, quite suitable for reversing the motor. 

From the forward motoring (portion BC), the reverse plugging operation (portion CD) is obtained when 

an active load drives the motor in the reverse direction, as in crane and hoist applications. When operating 

this way, plugging is some-times called counter-torque braking. 

Dynamic braking 

In dc dynamic braking, the motor is disconnected from the ac supply and connected to a dc supply. The 

flow of direct current through the stator windings sets up a stationary magnetic field. The relative speed 

between the stationary stator field and the moving rotor is now negative. Consequently, 3-phase voltages 

of reverse polarity and phase sequence (compared to the motoring in the same direction) are induced in 

the rotor. The resultant three-phase rotor currents produce a rotating field, moving at the rotor speed in the 

direction opposite to that of rotor, thus giving a stationary rotor field. Since both stator and rotor fields are 

stationary and rotor current flows in the reverse direction, a steady braking torque is produced at all 

speeds. It, however, becomes zero at standstill due to zero rotor currents. 

Synchronous motor 
In the synchronous motor, the stator windings are exactly the same as in the induction motor, so when 

connected to the 3-phase supply, a rotating magnetic field is produced. But instead of having a cylindrical 

rotor with a cage winding, the synchronous motor has a rotor with either a d.c. excited winding (supplied 

via slip rings), or permanent magnets, designed to cause the rotor to ólock-onô or ósynchronise withô the 

rotating magnetic Weld produced by the stator. Once the rotor is synchronised, it will run at exactly the 



same speed as the rotating field despite load variation, so under constant-frequency operation the speed 

will remain constant as long as the supply frequency is stable. 

With the synchronous machine we again find that, the maximum (pull-out) torque which can be 

developed before the rotor is forced out of synchronism with the rotating field. This ópull-outô torque will 

typically be 1.5 times the continuous rated torque, but for all torques below pull-out the steady running 

speed will be absolutely constant. The torqueïspeed curve is therefore simply a vertical line at the 

synchronous speed.. We can see from Figure that the vertical line extends into quadrant 2, which indicates 

that if we try to force the speed above the synchronous speed the machine will act as a generator. 

                                                 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

MODULE-2 

CONTROL OF DRIVE SYSTEMS  
Dc motors are widely used in many speed-control drives. Open-loop operation of dc motors may be 

satisfactory in many applications. When the load increases the speed of the motor drops and the new 

operating point of speed is obtained after the transient. For getting constant speed i.e. the initial operating 

point the open loop does not work. So, closed-loop control system is required. The basic block diagram of 

closed-loop control system is shown. 

                                       

If the motor speed decreases due to application of additional load torque, the speed error Ne increases, 

which increases the control signal cE . This in turn changes the firing angle of the converter, and thus 

increases the motor torque to restore the speed of the drive system. The system passes through a transient 

period until the developed torque matches the applied torque. A closed-loop system improves the 

dynamic response specially during acceleration, deceleration and disturbances such as loading in drive 

system. The response of a closed ïloop system can be studied by using transfer function techniques. 

 

Separately Excited DC motor Drives 

 Armature voltage control is inherently a closed loop control system in dc motor drives.However,  the 

output speed  signal  can not be measured and the speed error is not found properly. This closed loop is 

further extended by using a feed back tachogenerator with speed controller and converter for modern 

control drives.  

Motor Transfer function without tachogenerator and converter. (Armature vol tage speed control) 

                                    
The basic set of equations are  

                                                 g
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                                          Where   nKe ag =              (2.2) 


