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I) 
1)it provides mechanical support 1 
 it carries the magnetic flux produced the poles 
 
2) Front pitch:-The number of armature conductors or elements spaned by a Coil on the front (commutator end)of armature 
Back pitch (Ys)- The distance, measured in terms of the armature conductors, 
which a coil advances on the back of the armature 
 
3) 1.Resistance commutation  
   2. e m f commutation  
 
4) Eb =(¢ZN/60) x( P/A). speed N IS in rpm 
                OR 
   Eb = ( ¢ZN) x( P/A). Speed N is in rps 
 
5) Armature copper loss = constant loss. Ia2Ra = Wc 

 
II) 
1)  
 
 
 
 
 
 
 
 
 
 
 
 
2)  
 
 
 
 
 
 
 
 
3) 1. No residual magnetism 
 
    2. reversed rotation 
 
    3. reversed shunt field connection 
 
    4. reversed residual magnetism 
 
    5.Field circuit resistance too high 
 
   6.0pen field circuit connection 

 
4) An Electric DC motor is a machine which converts electric energy into mechanical
    The working of DC motor is based on the principle that when a
    mechanical force. 
   The direction of mechanical force is given by Fleming’s Left
  Consider a part of a multipolar d.c. motor as shown in Figure below. Wh
supply: 
  (i) the field magnets are excited developing alternate N and S poles;
  (ii) the armature conductors carry currents. All conductors under N
carry currents in the opposite direction. 
Suppose the conductors under N-pole carry currents into the plane of the paper and those under S
shown in Figure. 
Since each armature conductor is carrying current and is placed in the magnetic 
it is clear that force on each conductor is tending to rotate the armature in anticlo
 All these forces add together to produce a driving torque which sets the armature rotating.

The number of armature conductors or elements spaned by a Coil on the front (commutator end)of armature 
The distance, measured in terms of the armature conductors,  

An Electric DC motor is a machine which converts electric energy into mechanical energy. 
The working of DC motor is based on the principle that when a Current carrying conductor is placed in a magnetic field, it experiences a

The direction of mechanical force is given by Fleming’s Left-hand Rule and its magnitude is given by F = BI] Newton. 
Consider a part of a multipolar d.c. motor as shown in Figure below. When  the terminals of the motor are connected to an external source of d.c. 

field magnets are excited developing alternate N and S poles; 
(ii) the armature conductors carry currents. All conductors under N—pole carry currents in one                 direction while all the conductors under S

pole carry currents into the plane of the paper and those under S-pole carry currents out of the plane of the paper as 

Since each armature conductor is carrying current and is placed in the magnetic field, mechanical force acts on it. On applyin
it is clear that force on each conductor is tending to rotate the armature in anticlockwise direction. 
All these forces add together to produce a driving torque which sets the armature rotating. 

The number of armature conductors or elements spaned by a Coil on the front (commutator end)of armature  

field, it experiences a 

 
the terminals of the motor are connected to an external source of d.c. 

direction while all the conductors under S-pole 

pole carry currents out of the plane of the paper as 

field, mechanical force acts on it. On applying Fleming’s left hand rule,  
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5)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6) Torque Vs. Armature Current (Ta-Ia) 
 
In case of DC shunt motors, we can assume the field flux
armature reaction. 
As we are neglecting the change in the flux (1), we can say that torque is
proportional to armature current. Hence, the Ta-Ia characteristic for a dc shunt motor will be a straight line through the origin.
 
Since heavy starting load needs heavy starting current, shunt motor should never be started on a heavy load.
 
 Speed Vs. Armature Current (N -Ia) 
 
As flux (1) is assumed to be constant, we can say N oc Eb. But, as back emf is also almost constant, the speed should remain constant. But practically, 
(1) as well as Eb decreases with increase in load. 
 Back'emf Eb decreases slightly more than (1), therefore, the speed decreases sl
speed. Therefore, a shunt motor can be assumed as a constant speed motor. 
 speed vs. armature current characteristic in the following 
characteristic is shown by the dotted line.  

 
 
 
 
 
 
 
 
 
 
 
7) As it is indicated in name of permanent magnet DC motor, the 
this motor are essentially made ofpermanent magnet. 
 A PMDC motor mainly consists of two parts. A stator and an armature. Here the stator which is a steel cylinder. The magnets a
periphery of this cylinder, 
 
 The permanent magnets are mounted in such a way that the N 
as shown in the figure below. 
 That means, if N e pole of one magnet is faced towards armature then S pole of very next magnet is faced towards armature. 
In addition to holding the magnet on its inner periphery, the steel cylindrical stator also serves as low reluctance return path for the magnetic 
 Although field coil is not required in permanent magnet DC 'motor but still it is sometimes found that they are used along with permanent ma
 This is because if permanent magnets lose their strength, these lost magnetic strengths can be compensated by 
coils. 

 Generally, rare earthhard magnetic materials are used for these permanent magnet

 
 
 

  
field flux (1) to be constant. Though at heavy loads, ([3 decreases in a small amount due to increased 

flux (1), we can say that torque is 
characteristic for a dc shunt motor will be a straight line through the origin.

Since heavy starting load needs heavy starting current, shunt motor should never be started on a heavy load. 

constant, we can say N oc Eb. But, as back emf is also almost constant, the speed should remain constant. But practically, 

Back'emf Eb decreases slightly more than (1), therefore, the speed decreases slightly. Generally, the speed decreases only by 5 to 15% of full load 
speed. Therefore, a shunt motor can be assumed as a constant speed motor.  
speed vs. armature current characteristic in the following figure the straight horizontal line represents the ideal characteristic and the actual 

7) As it is indicated in name of permanent magnet DC motor, the field poles of 
 

A PMDC motor mainly consists of two parts. A stator and an armature. Here the stator which is a steel cylinder. The magnets a

The permanent magnets are mounted in such a way that the N — pole and S e pole of each magnet are alternatively faced towards armature 

That means, if N e pole of one magnet is faced towards armature then S pole of very next magnet is faced towards armature. 
t on its inner periphery, the steel cylindrical stator also serves as low reluctance return path for the magnetic 

coil is not required in permanent magnet DC 'motor but still it is sometimes found that they are used along with permanent ma
This is because if permanent magnets lose their strength, these lost magnetic strengths can be compensated by field excita

Generally, rare earthhard magnetic materials are used for these permanent magnet. 

(1) to be constant. Though at heavy loads, ([3 decreases in a small amount due to increased 

characteristic for a dc shunt motor will be a straight line through the origin. 

constant, we can say N oc Eb. But, as back emf is also almost constant, the speed should remain constant. But practically, 

ightly. Generally, the speed decreases only by 5 to 15% of full load 

the straight horizontal line represents the ideal characteristic and the actual 

A PMDC motor mainly consists of two parts. A stator and an armature. Here the stator which is a steel cylinder. The magnets are mounted in the inner 

and S e pole of each magnet are alternatively faced towards armature 

That means, if N e pole of one magnet is faced towards armature then S pole of very next magnet is faced towards armature.  
t on its inner periphery, the steel cylindrical stator also serves as low reluctance return path for the magnetic flux. 

coil is not required in permanent magnet DC 'motor but still it is sometimes found that they are used along with permanent magnet.   
field excitation through these field 
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III) 
a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b)  
 
 
 
 
 
 
 
 
 
 
 
IV) 
a)  
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b)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V) 
a) 
 
 
 
 
 
 
 
 
 
 
 
 
The reversal of current in a coil as the coil passes the brush axis is called commutation.
 
When commutation takes place, the coil undergoing commutation is shortcircuited by the brush. The brief period during which t
shortcircuited is known as commutation period Tc. 
 
 If the current reversal is completed by the end of commutation period, it is called ideal commutation.
 
 If the current reversal is not completed by that time, then sparking occurs between the brush and the commutator
to both. 
 
(i) In Fig. (2.7) (i), the brush is in contact with segment I of the commutator.The commutator segment 1 conducts a current o
from coil A and 20 A from the adjacent coil as shown. The 
 
(ii) As the armature rotates, the brush will make contact with segment 2 and
thus short-circuits the coil A as shown in Fig. (2.7) (ii). There are now two
parallel paths into the brush as long as the short-circuit of
Fig.(2.7) (ii) shows the instant when the brush is one-fourth on segment 2 and
through segment 2 is three times the resistance of the path thr0ugh segment
1 ('.' contact resistance varies inversely as the area of contact of brush with
segment 1 and 10 A through segment 2. Note that current in coil A (the coil
undergoing commutation) is reduced from 20 A to 10 A.
 
(iii) Fig.(2.7) (iii) shows the instant when the brush is one
segment 1 and 20 A through segment 2 ('.' now the resistances of the two
 
(iv) Fig. (2.7) (iv) shows the instant when the brush is three
Athrough segment 2 and 10 A through segment 1. Note that current in coil A
commutation.The reader may see the action of the commutator in reversing the current in
a coil as the coil passes the brush axis. 
 
(v) Fig. (2.7) (v) shows the instant when the brush is in contact only with
segment 2. The brush again conducts 40 A; 20 A from coil A and 20 A
from the adjacent coil to coil A. Note that now current in coil A is 20 A but
in the reverse direction. Thus the coil A has undergone commutation. Each .
coil undergoes commutation in this way as it passes the brush axis. Note
that during commutation, the coil under consideration remains shortcircuited
by the brush.  
 
 
Fig. (2.8) shows the current-time graph for the coil A undergoing commutation. The horizontal line AB represents a constant current of 20 A upto The 

current in a coil as the coil passes the brush axis is called commutation. 

When commutation takes place, the coil undergoing commutation is shortcircuited by the brush. The brief period during which t

If the current reversal is completed by the end of commutation period, it is called ideal commutation. 

If the current reversal is not completed by that time, then sparking occurs between the brush and the commutator which results in progressive damage 

(i) In Fig. (2.7) (i), the brush is in contact with segment I of the commutator.The commutator segment 1 conducts a current o
A and 20 A from the adjacent coil as shown. The coil A has yet to undergo commutation. 

(ii) As the armature rotates, the brush will make contact with segment 2 and 
circuits the coil A as shown in Fig. (2.7) (ii). There are now two 

circuit of coil A exists. 
fourth on segment 2 and three-fourth on segment 1. For this condition, the resistance of the path

through segment 2 is three times the resistance of the path thr0ugh segment 
act resistance varies inversely as the area of contact of brush with the segment). The brush again conducts a current of 40 A; 30 A through

segment 1 and 10 A through segment 2. Note that current in coil A (the coil 
20 A to 10 A. 

(iii) Fig.(2.7) (iii) shows the instant when the brush is one-half on segment 2 .and one-half on segment 1. The brush again conducts 40 A; 20 A through
segment 1 and 20 A through segment 2 ('.' now the resistances of the two parallel paths are equal). Note that now. current in coil A is zero.

(iv) Fig. (2.7) (iv) shows the instant when the brush is three-fourth on segment2 and one-fourth on segment 1. The brush conducts a current of 40 A; 30 
gh segment 1. Note that current in coil A is 10 A but in the reverse direction to that before the start of 

commutation.The reader may see the action of the commutator in reversing the current in 

shows the instant when the brush is in contact only with 
segment 2. The brush again conducts 40 A; 20 A from coil A and 20 A 
from the adjacent coil to coil A. Note that now current in coil A is 20 A but 

one commutation. Each . 
coil undergoes commutation in this way as it passes the brush axis. Note 
that during commutation, the coil under consideration remains shortcircuited 

undergoing commutation. The horizontal line AB represents a constant current of 20 A upto The 

When commutation takes place, the coil undergoing commutation is shortcircuited by the brush. The brief period during which the coil remains 

which results in progressive damage 

(i) In Fig. (2.7) (i), the brush is in contact with segment I of the commutator.The commutator segment 1 conducts a current of 40 A to the brush; 20 A 

fourth on segment 1. For this condition, the resistance of the path 

the segment). The brush again conducts a current of 40 A; 30 A through 

half on segment 1. The brush again conducts 40 A; 20 A through 
parallel paths are equal). Note that now. current in coil A is zero. 

fourth on segment 1. The brush conducts a current of 40 A; 30 
is 10 A but in the reverse direction to that before the start of 

undergoing commutation. The horizontal line AB represents a constant current of 20 A upto The 
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beginning of commutation. From the finish of commutation, it is represented by
same distance from it as AB i.e., the current has exactly reversed (
under which the coil undergoes commutation. If the current changes at a uniform rate (i.e., BC is a straight line), 
shown in Fig. (2.8). Under such conditions, no sparking will take place between the brush and the commutator.
 
b) Critical Field Resistance for a Shunt Generator 
 
We have seen above that voltage build up in a shunt ge
generator will build up a voltage OM as shown in Fig. (3.5). If the 
0L, slightly less than OM. As the field circuit resistance is increased, the slope of resistance linealso increases. When the 
tangent (line CC) toO.C.C, the generator would just excite. If the 
to excite. The field circuit 
resistance represented by line 0C (tangent to O.C.C.) is called critical 
maximum field circuit resistance (for a given speed) with which the shunt generator would just excite is known as its critical 
It should be noted that shunt generator will build up voltage only if 
 

 
 
 
 
 
 
 
VI) 
 
 
 
 
 
 
 
 
 
a) Fig. (3.15) shows shunt generator 1 connected to the bus
of this generator, the second shunt generator 2 is connected in parallel wish the 
generator 2 with generator-1 is as under: 
 
(i) The prime mover of generator 2 is brought up to the rated speed. Now
(ii) Next circuit breaker CB-2 is closed and the excitation of generator 2 is
indicated by voltmeter V2. 
 
(iii) Now the generator 2 is ready to be paralleled with generator 1. The main
Note that generator 2 is not supplying any load because its generated
(i.e., not supplying any load) on the bus-bars.  

b)  
 
 
 
 
 
 
 
 
 
 
Open Circuit Characteristic of a DC. Generator 
 
The O.C.C. for a dc. generator is determined as follows. The 
separately excited from an external d.c. source as shown in Fig. (3.1) (ii). The 
increased from zero in steps and the corresponding values of generated e.m.f.
(E0) read off on a voltmeter connected across the armature terminals. On plotting
as shown in Fig.  (i). Fig. (ii) 
 
The following points may be noted from O.C.C.: 
(i) When the field current is zero, there is some generated e.m.f. 0A. This is
(ii) Over a fairly wide range of field current (upto point B in the curve), the

finish of commutation, it is represented by Another horizontal line CD on the opposite side of the zero line and the 
it as AB i.e., the current has exactly reversed (— 20 A). The way in which current changes from B to C depends upon the conditions 

commutation. If the current changes at a uniform rate (i.e., BC is a straight line), then it is called ideal commutation as 
shown in Fig. (2.8). Under such conditions, no sparking will take place between the brush and the commutator. 

We have seen above that voltage build up in a shunt generator depends upon field circuit resistance. if the field circuit resistance is R1 (line 0A), then 
generator will build up a voltage OM as shown in Fig. (3.5). If the field circuit resistance is increased to R2 (tine OB), the

field circuit resistance is increased, the slope of resistance linealso increases. When the 
tangent (line CC) toO.C.C, the generator would just excite. If the field circuit resistance is increasedbeyond this point (say line OD), the generator will fail 

resistance represented by line 0C (tangent to O.C.C.) is called critical field  resistance RC for the shunt generator. It may 
t resistance (for a given speed) with which the shunt generator would just excite is known as its critical 

It should be noted that shunt generator will build up voltage only if field circuit resistance is less than critical field resistance

a) Fig. (3.15) shows shunt generator 1 connected to the bus-bars and supplying load. When the load on the power plant increases beyond the capacity 
generator, the second shunt generator 2 is connected in parallel wish the first to meet the increased load demand. The procedure for paralleling 

(i) The prime mover of generator 2 is brought up to the rated speed. Now switch S4 in the field circuit of the generator 2 is closed
2 is closed and the excitation of generator 2 is adjusted till it generates Voltage equal to the bus

(iii) Now the generator 2 is ready to be paralleled with generator 1. The main Switch S3, is closed, thus putting generator 2 in parallel with generator 1.
Note that generator 2 is not supplying any load because its generated e.m.f. is equal to bus-bars voltage. The generator is said to be “

The O.C.C. for a dc. generator is determined as follows. The field winding of the dc. generator (series or shunt) is disconnected from the machine and is
shown in Fig. (3.1) (ii). The generator is run at fixed speed (i.e., normal speed). The field current (it) is

increased from zero in steps and the corresponding values of generated e.m.f. 
voltmeter connected across the armature terminals. On plotting the relation between E0 and If, we get the open circuit characteristic 

is some generated e.m.f. 0A. This is due to the residual magnetism in the field poles. ‘
field current (upto point B in the curve), the curve is linear. It is because in this range, reluctance of iron is negligible as

horizontal line CD on the opposite side of the zero line and the 
20 A). The way in which current changes from B to C depends upon the conditions 

then it is called ideal commutation as 

field circuit resistance. if the field circuit resistance is R1 (line 0A), then 
field circuit resistance is increased to R2 (tine OB), the generator will build up a voltage 

field circuit resistance is increased, the slope of resistance linealso increases. When the field resistance line becomes 
asedbeyond this point (say line OD), the generator will fail 

field  resistance RC for the shunt generator. It may be defined as under The 
t resistance (for a given speed) with which the shunt generator would just excite is known as its critical field resistance. 

stance 

load. When the load on the power plant increases beyond the capacity 
meet the increased load demand. The procedure for paralleling 

field circuit of the generator 2 is closed 
adjusted till it generates Voltage equal to the bus—bars voltage. This is 

S3, is closed, thus putting generator 2 in parallel with generator 1. 
bars voltage. The generator is said to be “floating” 

the dc. generator (series or shunt) is disconnected from the machine and is 
fixed speed (i.e., normal speed). The field current (it) is 

the relation between E0 and If, we get the open circuit characteristic 

field poles. ‘ 
curve is linear. It is because in this range, reluctance of iron is negligible as 
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compared with that of air gap. The air gap reluctance is constant and hence
(iii) Afier point B on the curve, the reluctance of iron also comes into picture. It is because at higher flux densities, Dr fo
iron is no longer negligible. Consequently, the curve deviates from linear
(iv) After point C on the curve, the magnetic saturation of poles begins and E0 tends to level off. :1 The reader may note th
excited generator is obtained 4 by running it as a separately excited generator

 
VII) 
a)  
 
 
 
 
 
 
  b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VIII) 
a) SPEED CONTROL OF SHUNT MOTOR 
1. Flux Control Method 
 
 
 
 
 
 
 
 
 
 
 
 
 

 speed of a dc motor is inversely proportional to the flux per pole.

 Thus by decreasing the flux, speed can be increased and vice versa.

 To control the flux, a rheostat is added in series with the field winding, 

 .Adding more resistance in series with the field winding will increase the speed as it decreases the flux.

 In shunt motors, as field current is relatively very small, I

 Therefore, this method is quite efficient.  

2. Armature Control Method 

 
 Speed of a dc motor is directly proportional to the back emf E

 That means, when supply voltage V and the armature resistance R

current Ia. 

d with that of air gap. The air gap reluctance is constant and hence linear relationship. 
fier point B on the curve, the reluctance of iron also comes into picture. It is because at higher flux densities, Dr for iron decreases and reluctance of
s no longer negligible. Consequently, the curve deviates from linear relationship. 

(iv) After point C on the curve, the magnetic saturation of poles begins and E0 tends to level off. :1 The reader may note th
obtained 4 by running it as a separately excited generator 

is inversely proportional to the flux per pole. 

decreasing the flux, speed can be increased and vice versa. 

To control the flux, a rheostat is added in series with the field winding,  

.Adding more resistance in series with the field winding will increase the speed as it decreases the flux. 

rs, as field current is relatively very small, Ish
2R loss is small. 

is directly proportional to the back emf Eb and Eb = V - IaRa.  

V and the armature resistance Ra are kept constant, then the speed is directly proportional to armature 

r iron decreases and reluctance of 

(iv) After point C on the curve, the magnetic saturation of poles begins and E0 tends to level off. :1 The reader may note that the O.C.C. of even self-

are kept constant, then the speed is directly proportional to armature 
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 Thus, if we add resistance in series with the armature, Ia decreases and, hence, the speed also decreases. 

 Greater the resistance in series with the armature, greater the decrease in speed. 
 
3. Voltage Control Method 

 Multiple voltage control: 

In this method, the shunt field is connected to a fixed exciting voltage and armature is supplied with different voltages. 

 Voltage across armature is changed with the help of suitable switchgear. 

 The speed is approximately proportional to the voltage across the armature.b) Ward-Leonard System: 

 
 This system is used where very sensitive speed control of motor is required (e.g electric excavators, elevators etc.).  

 The arrangement of this system is as shown in the figure at right. 

 M2 is the motor to which speed control is required. 

 M1 may be any AC motor or DC motor with constant speed. 

 G is a generator directly coupled to M1. 

 In this method, the output from generator G is fed to the armature of the motor M2 whose speed is to be controlled.  

 The output voltage of generator G can be varied from zero to its maximum value by means of its field regulator and, hence, the armature 

voltage of the motor M2 is varied very smoothly. 

 Hence, very smooth speed control of the dc motor can be obtained by this method  

b)   Torque equation of a DC motor 
When armature conductors of a DC motor carry current in the presence of stator field flux, a mechanical torque is developed between the armature and 
the stator. Torque is given by the product of the force and the radius at which this force acts. 
 

 Torque T = F × r (N-m) …where, F = force and r = radius of the armature 

 Work done by this force in once revolution = Force × distance = F × 2πr    (where, 2πr = circumference of the armature) 

 Net power developed in the armature = word done / time 
= (force × circumference × no. of revolutions) / time 
= (F × 2πr × N) / 60 (Joules per second) .... eq. 2.1 

But, F × r = T and 2πN/60 = angular velocity ω in radians per second. Putting these in the above equation 2.1 
Net power developed in the armature = P = T × ω (Joules per second) 
 
Armature torque (Ta) 

 The power developed in the armature can be given as, Pa = Ta × ω = Ta × 2πN/60 

 The mechanical power developed in the armature is converted from the electrical power, 
Therefore, mechanical power = electrical power 
That means, Ta × 2πN/60 = Eb.Ia 

 We know, Eb = PΦNZ / 60A 

 Therefore, Ta × 2πN/60 = (PΦNZ / 60A) × Ia 

 Rearranging the above equation, 
Ta = (PZ / 2πA) × Φ.Ia(N-m) 

IX) 
a) 
Generally, three characteristic curves are considered important for DC motors which are, 
(i) Torque vs. armature current, (ii) Speed vs. armature current and (iii) Speed vs. torque. 

Characteristics Of DC Series Motors 
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Torque Vs. Armature Current (Ta-Ia) 

 This characteristic is also known as electrical characteristic.  

 We know that torque is directly proportional to the product of armature current and field flux 

 Flux  is directly proportional to Ia. Hence, before magnetic saturation Ta α Ia2.  

 Therefore, the Ta-Ia curve is parabola for smaller values of Ia. 

Speed Vs. Torque (N-Ta) 

 This characteristic is also called as mechanical characteristic.  

 It can be found that when speed is high, torque is low and vice versa. 

 The speed suddenly fall in starting position and then decrees gradually respect to torque 

Speed Vs. Armature Current (N-Ia) 

 For small currents speed is inversely proportional to .  

 As we know, flux is directly proportional to Ia, speed is inversely proportional to Ia. 

b) LOSSES IN A ROTATING DC MACHINE 

 Copper losses 

 Armature Cu loss 

 Field Cu loss 

 Loss due to brush contact resistance 

 Iron Losses 

 Hysteresis loss 

 Eddy current loss 

 Mechanical losses 

 Friction loss 

 Windage loss 
The above tree categorizes various types of losses that occur in a dc generator or a dc motor. Each of these is explained in details below. 
Copper Losses 

 These losses occur in armature and field copper windings. 
 Copper losses consist of Armature copper loss, Field copper loss and loss due to brush contact resistance. 

Armature copper loss = Ia
2Ra           

 This loss contributes about 30 to 40% to full load losses. 
 The armature copper loss is variable and depends upon the amount of loading of the machine. 

 
Field copper loss = If

2Rf                  
 

 In the case of a shunt wounded field, field copper loss is practically constant. 
 It contributes about 20 to 30% to full load losses. 

 
Brush contact resistance also contributes to the copper losses. Generally, this loss is included into armature copper loss. 
Iron Losses (Core Losses) 

 As the armature core is made of iron and it rotates in a magnetic field, a small current gets induced in the core itself too.  
 Due to this current, eddy current loss and hysteresis loss occur in the armature iron core.  
 Iron losses are also called as Core losses or magnetic losses. 

 
Hysteresis loss is due to the reversal of magnetization of the armature core.  

 When the core passes under one pair of poles,  
 it undergoes one complete cycle of magnetic reversal 

Eddy current loss: 
 When the armature core rotates in the magnetic field, an emf is also induced in the core  
 Though this induced emf is small, 
 it causes a large current to flow in the body due to the low resistance of the core. 
 This current is known as eddy current.  
 The power loss due to this current is known as eddy current loss. 

Mechanical Losses 
 Mechanical losses consist of the losses due to friction in bearings and commutator. 
 Air friction loss of rotating armature also contributes to these. 
 These losses are about 10 to 20% of full load losses. 

Stray Losses 
 These losses are difficult to account. 

 They are usually due to inaccuracies in the designing and modeling of the machine. 

 Most of the times, stray losses are assumed to be 1% of the full load. 

X) 
       a) SWIMBURN’S TEST 
 
The efficiency of DC machine like any other machine is determined by the ratio of output power to that of the input power. 
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PROCEDURE:  

 Keep the auto transformer and field control rheostat at minimum resistance position.

 Loosen the rope on the brake drum and put some water inside the rim of the brake drum.

 Connect the circuit as shown in the circuit diagram.

 Switch on the motor and adjust the potentiometers till the armature attains the rated voltage and     increase   the field rh
the motor attains the rated speed. 

 Record the readings of the instruments at no

CALCULATION OF EFFICIENCY 

 No load power input = VI0 watts. 
In Swinburne’s test no load power input is only required to supply the losses. The losses occur in the mach

 Iron losses in the core 

 Friction and windings losses 

 Armature copper loss. 

 Since the no load mechanical output of the machine is zero in Swinburne’s test, the no load input power is only used to suppl

 The value of armature copper loss =Ia2Ra 
Here, Ra is the armature resistance. 

 Now, no to get the constant losses we have to subtract the armature copper loss from the no load power input.

 After calculating the no load constant losses now we can determine the efficiency at any load.

 Let, I is the load current at which we have to calculate the efficiency of the machine.

 Then, armature current (Ia) will be (I – Ish), when the machine is motoring.
And (I + Ish),  when the machine is generating.

Calculation of efficiency when the machine is motoring on load

Power input = VI 

Armature copper loss,=Ia2Ra  

Constant losses,=Wc  
 

∴ Efficiency of the motor     : 

Calculation of Efficiency When the Machine is Generating on Load

Power input = VI 

Armature copper loss       ,

Constant losses, ∴ Efficiency of the generator=VI/VI+losses

 

Keep the auto transformer and field control rheostat at minimum resistance position. 

drum and put some water inside the rim of the brake drum. 

Connect the circuit as shown in the circuit diagram. 

Switch on the motor and adjust the potentiometers till the armature attains the rated voltage and     increase   the field rh
r attains the rated speed.  

Record the readings of the instruments at no-load condition.  

no load power input is only required to supply the losses. The losses occur in the machine mainly are:

Since the no load mechanical output of the machine is zero in Swinburne’s test, the no load input power is only used to suppl

 

Now, no to get the constant losses we have to subtract the armature copper loss from the no load power input.

After calculating the no load constant losses now we can determine the efficiency at any load. 

Let, I is the load current at which we have to calculate the efficiency of the machine. 

), when the machine is motoring. 
),  when the machine is generating. 

is motoring on load 

 

Calculation of Efficiency When the Machine is Generating on Load 

 

Efficiency of the generator=VI/VI+losses 

Switch on the motor and adjust the potentiometers till the armature attains the rated voltage and     increase   the field rheostat till 

ine mainly are: 

Since the no load mechanical output of the machine is zero in Swinburne’s test, the no load input power is only used to supply the losses. 

Now, no to get the constant losses we have to subtract the armature copper loss from the no load power input. 
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                                                            That is Ia2Rc=Wc 


