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Unit 4

D C Machines



Maxwell’s Cork screw Rule :



Maxwell’s Cork screw Rule :

Hold the cork screw in yr right 
hand and rotate it in clockwise 
in such a way that it advances in 
the direction of current. Then 
the direction in which the hand 
rotates will be the direction of 
magnetic lines of  force .



Fleming’s left  hand rule 



Fleming’s left  hand rule 
Used to determine the direction of force acting 
on a current carrying conductor placed in a 
magnetic field .
The middle finger , the fore finger and thumb of 
the left hand are kept at right angles to one 
another .
     The middle finger  represent the direction                                       

of current

     The fore finger  represent the direction of                                       
magnetic field

     The thumb will indicate the direction of                                           
force acting on the conductor .

                 This rule is used in motors.



Fleming’s Right  hand rule 



Fleming’s Right  hand rule 
Used to determine the direction of emf induced         

in a conductor 
 The middle finger , the fore finger and thumb of        

the left hand are kept at right angles to one 
another.

The fore finger represent the direction 
of magnetic field  

The thumb represent the direction of 
motion of the conductor

The middle finger will indicate the 
direction of the inducted emf .

 
This rule is used in DC Generators



Len’s Law 

The direction of induced emf is given by 
Lenz’s law .

 According to this law, the induced emf will 
be acting in such a way so as to oppose the 
very cause of production of it . 

          e = -N (dØ/dt)  volts



DC Generator 
Mechanical energy is converted to  electrical 
energy

Three  requirements  are  essential 

1. Conductors

2. Magnetic field 

3. Mechanical energy  



Working principle 
A generator works on the principles of 

Faraday’s law of electromagnetic induction 

Whenever  a conductor is moved in the 
magnetic field , an  emf is induced and the 
magnitude of the induced  emf is directly 
proportional to the rate of change of flux 
linkage.

 This emf causes a current flow if the 
conductor circuit is closed .



DC Machine

Commutator



Sectional view of a DC machine



Construction of DC Generator 

Field system 

Armature core 

Armature 
winding 

Commutator

Brushes



Field winding 



Rotor and rotor winding 



Working principle of DC motor 



Working principle of DC motor 



Force in DC motor 



Armature winding 

There are 2 types of winding

Lap and Wave winding

Lap winding

  A = P

The armature             
windings are              
divided into               
no. of sections           
equal to the no          
of  poles

Wave winding

 A = 2

 It is used in low                   
current output                    
and high voltage.

 2 brushes



Field system

It is for uniform magnetic field within 
which the armature rotates.

Electromagnets are preferred in 
comparison with permanent magnets 

They are cheap , smaller in size , 
produce greater magnetic effect and 

Field strength can be varied 



Field system consists of the 
following parts

Yoke 

Pole cores

Pole shoes 

Field coils 



Armature core 

The armature core is cylindrical 

High permeability silicon steel  
stampings

Impregnated 

Lamination is to reduce the eddy 
current loss



Commutator 
Connect with external circuit 

Converts ac into unidirectional current 

Cylindrical in shape 

Made of wedge shaped copper segments

Segments are insulated from each other

Each commutator segment is connected to 
armature conductors by means of a cu strip called 
riser.

No of segments equal to no of coils



Carbon brush 
Carbon brushes are used in DC machines 
because they are soft materials

It does not generate spikes when they contact 
commutator

To deliver the current thro armature 

Carbon is used for brushes because it has 
negative temperature coefficient of resistance

Self lubricating , takes its shape , improving 
area of contact  



Brush rock and holder 



Carbon brush 
Brush leads (pig tails)

Brush rocker ( brush gear )

Front end cover 

Rear end cover 

Cooling fan 

Bearing 

Terminal box 



EMF equation 

Flux cut by 1 conductor 
in 1 revolution                    = P * φ
Flux cut by 1 conductor in
 60 sec         = P φ N /60
Avg emf generated in 1
conductor       = PφN/60
Number of conductors in 
each parallel path     = Z /A

 Eg         = PφNZ/60A



DC generators are generally classified 
according to their method of excitation .

Separately excited DC generator 

Self excited D C generator 

Types of DC Generator



Further classification of DC Generator

Series wound generator 

Shunt wound generator 

Compound wound generator

Short shunt  & Long shunt 

Cumulatively compound 

& 

Differentially compound



Losses in DC Generators 

1. Copper losses or variable losses 
2. Stray losses  or constant losses 

Stray losses : consist of (a) iron losses or core 
losses and (b) windage and friction losses .

Iron losses : occurs in the core of the machine 
due to change of magnetic flux in the core .  
Consist of hysteresis loss and eddy current 
loss.

Hysteresis loss depends upon the frequency , 
Flux density , volume and type of the core .



Losses

Hysteresis loss depends upon the frequency , 
Flux density , volume and type of the core .

Eddy current losses :  directly proportional to 
the flux density , frequency , thickness of the 
lamination .

Windage and friction losses are constant due to 
the opposition of wind and friction . 



Shunt Generators:

a. in electro plating 

b. for battery recharging 

c. as exciters for AC generators.

Applications 

Series Generators :
A. As boosters
B.  As lighting arc lamps



DC Motors

Converts Electrical energy into Mechanical 
energy 

Construction : Same for Generator and 
motor

Working principle : Whenever a current 
carrying conductor is placed in the 
magnetic field , a force is set up on the 
conductor.



Back emf

The induced emf in the rotating armature 
conductors always acts in the opposite 
direction of the supply voltage . 

According to the Lenz’s law, the direction of the 
induced emf is always so as to oppose the 
cause producing it . 

In a DC motor , the supply voltage is the cause 
and hence this induced emf opposes the 
supply voltage. 



Classification of DC motors

DC motors are mainly classified into 
three types as listed below:

Shunt motor 

Series motor

Compound motor

Differential compound

Cumulative compound 



According to the speed equation of a dc motor

N ∞ Eb/φ 

∞ V- Ia Ra/ φ

Thus speed can be controlled by-

Flux control method: By Changing the flux by 
controlling the current through the field 
winding.

Armature control method: By Changing the 
armature  resistance which in turn changes 
the voltage applied across the armature

Speed control of DC motors



Advantages of flux control:

It provides relatively smooth and easy control 

Speed control above rated speed is possible

As the field winding resistance is high the field current 
is small. Power loss in the external resistance is small . 
Hence this method is economical

Disadvantages:

Flux can be increased only upto its rated value

High speed affects the commutation, motor operation 
becomes unstable 

Flux control 



Armature voltage control method

The speed is directly proportional to the voltage 
applied across the armature .

Voltage across armature can be controlled by 
adding a variable resistance in series with the 
armature

Potential divider control :

If the speed control from zero to the rated speed is 
required , by rheostatic method then the voltage 
across the armature can be varied by connecting 
rheostat in a potential divider arrangement .



Starters for DC motors

Needed to limit the starting current .

1. Two point starter

2. Three point starter 

3. Four point starter



Applications:

Shunt Motor:

Blowers and fans

Centrifugal and reciprocating pumps

Lathe machines

Machine tools

Milling machines 

Drilling machines



Series Motor:

Cranes 

Hoists , Elevators

Trolleys

Conveyors

Electric locomotives

Applications:



Cumulative compound Motor:

Rolling mills

Punches

Shears

Heavy planers

Elevators

Applications:



SUBJECT : ELECTRICAL ENGINEERING (EIR2C4)

UNIT V

ROTATING ELECTRICAL MACHINES

TOPICS COVERED:

ARMATURE REACTION, COMMUTATION AND  LOSSES  IN DC 

MACHINES 



Armature reaction in DC 
machine

In a DC machine, two kinds of magnetic 
fluxes are present;

 'armature flux' and 'main field flux'. 
The effect of armature flux on the main 
field flux is called as armature reaction



The effect of armature reaction is well illustrated in 
the figure below.



Commutation

Commutation in DC machines is the 
process by which the reversal of current 
takes place. 

 In DC generator this process is used to 
convert the induced AC in the conductors to 
a DC output. 

 In DC motors commutation is used to 
reverse the directions of DC current before 
being applied to the coils of the motor.

https://www.elprocus.com/alternating-current-and-direct-current-and-its-applications/


Consider, no current is flowing in the armature 
conductors and only the field winding is energized (as 
shown in the first figure of the above image). 

The second figure in the above image shows armature 
flux lines due to the armature current. Field poles are 

de-energised.



Now, when a DC machine is on load, both the fluxes 
will be active. 

The armature flux cross magnetises the main field 
flux and, hence, disturbs the main field flux (as 

shown in third figure the of above image).
 This effect is called as armature reaction in DC 

machines.



Commutation in DC Machine
For the transformation of current, the 

Commutator segments and brushes should 
maintain a moving contact all time.



The time for which the coil is short-circuited for a very
short period with the help of brushes, is known as
commutation period.



Let the current flowing through the conductor be Ia. 
Let a, b, c be the Commutator segments of the motor. 
Now, the current reversal in the coil can be understood 

by the below steps.



 Let the Armature starts rotating, then the brush moves 
over the commutator segments. 

 Let the first position of the brush commutator contact 
be at segment b as shown above. As the width of the 
commutator is equal to the width of the brush, in the 
above position the total areas of commutator and 
brush are in contact with each other.

 The total current conducted by the commutator 
segment into the brush at this position will be 2Ia.

Position-1



Position-2
 Now the armature rotates towards the right and the 

brush comes in contact with the bar a.

 At this position, the total conducted current will be 
2Ia, but the current in the coil changes. Here the 
current flows through two paths A and B. 3/4th of the 
2Ia comes from the coil B and remaining 1/4th comes 
from coil A.

 When KCL is applied at the segment a and b, the 
current through the coil B is reduced to Ia/2 and the 
current drawn through segment a is Ia/2.

https://www.elprocus.com/kirchhoffs-laws-working-formula/


Position-3

 At this position half of the brush, a surface is in contact with segment a 
and the other half is with segment b. As the total current drawn trough 
brush is 2Ia, current Ia is drawn through coil A and Ia is drawn through 
coil B. Using KCL we can observe that the current in coil B will be zero.



Position-4
 In this position, one-fourth of the brush surface will be in 

contact with segment b and three fourth with segment a. 
Here the current drawn through coil B is – Ia/2. Here we 
can observe that the current in coil B is reversed.



Position-5
 At this position, the brush is in full contact with segment a 

and the current from coil B is Ia but is reverse direction to 
the current direction of position 1.Thus commutation 
process is completed for segment b.



Losses in 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



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.

▪ I2R losses (where, Ia = Armature current and 
Ra=  Armature resistance)

▪ 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.



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

o Brush contact resistance also contributes to the copper losses. 
Generally, this loss is included into armature copper loss.

https://www.electricaleasy.com/2012/12/armature-winding-of-dc-machine.html


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. 

 Two losses occurs 
 Eddy Current 

 Hysteresis 



Mechanical Losses
 Mechanical losses consist of the losses due to friction 

in bearings and commutator segment. 
These losses contributes 10 to 20% of full load losses.



Stray Losses
 Apart from losses stated above, there may be small 

losses present which are called as stray losses or 
miscellaneous losses. 

 These losses are difficult to calculate . 

 This losses arises due to inaccuracies in the designing 
and modelling of the machine. 

 stray losses are assumed to be 1% of the full load.



Power Flow diagram

https://1.bp.blogspot.com/-lShxyn1FMVs/VpDiyh8p6pI/AAAAAAAABuU/B6DPagNIVBA/s1600/Power+flow+diagram+of+a+dc+generator.jpg


Thank You 





COMMUTATION???
The process by which the current in the short circuited  

coil is reversed while it crosses the MNA is called  
‘Commutation’

The brief period during which the coil remains short-  
circuited is known as ‘Commutation Period’



If the current reversal ie. The change from ‘+I’ to zero  
and then to ‘-I’ is completed by the end of short  circuit 
or commutation period, then the commutation  is 
‘ideal commutation’.

If current reversal is not complete by that time, then  it 
will result in sparking in the brushes resulting in a  
‘non-ideal commutation.’

Let us discuss the process of commutation or current  
reversal in more detail with the help of the figures.



Consider the fig shown below-

Coil B is about to be short circuited
 because brush is about to come in contact with  
commutator segment ‘a’.

It is assumed that each coil carries
 20A,so that brush  current is 40A.

Prior to the beginning of short-circuit, coil B belongs to  
the group of coils lying to

the left of brush & carries  20A from left to right.



In the fig shown here coil B has entered its period of  
short circuit and approximately at one-third of this  
period.

The through coil B has reduced down from 20A to 10A  
because the other 10A flows via segment ‘a’.

As the area of contact of brush is more with segment ‘b’  
than with segment ‘a’, it receives 30A from the former,  
the total again being 40A.



Again consider the fig shown-

Now the coil B is in the middle of the short-circuite  
period.

The current through it has decreased to zero.

The two currents of 20A each, pass to the brush directly  
from coil A & coil C as shown. The brush contact areas  
with the two segment ‘b’ & ‘a’ are equal.



Consider the shown below:-In this fig coil B has became the  
part of the group of coils lying to the right of the brush.

It is seen that brush contact area with segment ‘b’ is  decreasing 
rapidly whereas that with segment ‘a’ is increasing.

Coil B now carries 10A in the reverse direction which combine  

with 20A supplied by coil A to make up 30A that passes from  
segment ‘a’ to the brush, the other 10A is supplied by coil C to  
the brush.



From the fig show now depicts the moment when coil  
B is almost at the end of commutation period. For  
ideal commutation, current through it should have  
reversed by now but, as shown it is carrying 15A only  
(instead of 20 A).

The difference of current between coils C & B
ie. 20-15=5A, jumps directly from segment ‘b’ to the  

brush through air producing spark.



If the change of current through coil B are plotted on  a 
time base it will be represented by a horizontal line  AB 
upto the beginning of commutation period.

From the finish of commutation the current will be  
represented by another horizontal line CD.

The way in which current changes from its positive value  
to zero and then to negative value depends on how coil B  
undergoes commutation.



If the change of current through coil B are plotted on  a 
time base it will be represented by a horizontal line  AB 
upto the beginning of commutation period.

From the finish of commutation the current will be  
represented by another horizontal line CD.

The way in which current changes from its positive value  
to zero and then to negative value depends on how coil B  
undergoes commutation.





 EMF equation of DC generator 

 Examples on EMF equation 

 Torque equation of DC motor

 Examples on Torque equation 

 Types of DC motor and generator





 Let,

➢ φ = Flux per pole in Weber.

➢ Z = Total number of armature conductors.

➢ N = Armature rotation in revolution per minute ( r.p.m ).

➢ P = Number of poles.

➢ A = Number of parallel paths in armature.

➢ E = e.m.f induced in any parallel path or generated e.m.f



 According to Faraday's law's of Electromagnetic 
induction.

 Average e.m.f generated / conductors -
Flux cut / Conductors in one revolution,     dφ = φP wb.

 Number of revolutions / minute  =  N / 60

 Time taken for one revolution, -

e.m.f generated / conductor



Total e.m.f generated between the terminals

E  =  average e.m.f generated per conductor  *  number of conductor in each parallel 
path

Where    A  =  P for lap winding
         A  =  2 for wave 
winding.



Example 2 : A 4 pole generator with wave wound armature has 50 slots 

each having 20 conductors. The flux per pole is 10 mWb. At what speed must 
the armature rotate to give an induced emf of 0.24 kV. What will be the 
voltage developed, if the winding is lap connected and the armature rotates at 
the same speed?

Total no. of conductors, Z = 50 x 20 = 1224

Wave winding, A=2

From EMF equation,

N= Eg60A / ΦZP = (240x60x2)/(10/1000x1224x4) = 612.75 rpm

Lap winding, A=P=4

Eg = PΦZN/60A = (4x10/1000x1224x612.75)/(60x4) = 0.125 kV





For a particular DC Motor, the number of poles (P) and the number of 
conductors per parallel path (Z/A) are constant.

Where,







Types of DC 
Motor:

Classification of the d.c. motor depends on the way of connecting the armature and 
field winding of a d.c. motor:

1.DC Shunt Motor 
2. DC Series Motor 
3.DC Compound Motor



DC Shunt Motor:

•In dc shunt motor the armature and field winding are connected 
in parallel across the supply voltage 
• The resistance of the shunt winding 𝑅s is always higher than 
the armature winding resistance 𝑅𝑎 
•as field current is responsible for generation of flux. 
•So ∅ ∝ 𝐼sh 
• So shunt motor is also called as constant flux motor



Eb= VL – Ia Ra

Ia= IL + Ish

VL = Eb + Ia Ra

Ish = VL/Rsh



DC SERIES MOTOR

➢ In series wound motor the field winding is  connected in 

series with the armature.Therefore, series field winding 

carries  the armature current.



Eb = VL – Ia Ra – Ise Rse

Ia = IL = Ise

VL = Eb + Ia Ra + Ise Rse



DC COMPOUND MOTOR

 Compound wound motor has two field windings; 

one  connected in parallel with the armature and 

the other  in series with it. There are two types 

of compound  motor connections

1.Short-shunt connection

2.Long shunt connection



SHORT SHUNT CONNECTION



 Eb = VL – Ia Ra – ISE RSE

 Ia = IL – Ish

 IL = ISE

 VL = Eb + Ia Ra + ISE RSE

 Ish = VL  
Rsh



Eb = VL – Ia Ra – ISE RSE

IL = ISE = IL – Ish

VL = Eb + Ia Ra + ISE RSE









CLASSIFICATION



APPLICATIONS

• Shunt generator:

Lighting loads  Battery charging

• Series generator:

For the arc lamps

As constant current generator  As 

boosters on D.C. generator



• Separately Exicted generator:

The application of these generator have  limitations , because they 
need a separate excitation  for the field winding. Some of the 
application are  electro-refining of materials or electro-plating

• Cumulative compound generator: 

•  Used for domestic lighting 

• For energy transmission over a long distance.

• Differential compound generator:

Its important application is electric arc welding
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