The electrical machines deals with the energy transfer either from mechanical to
electrical form or from electrical to mechanical form, this process is called electromechanical
energy conversion. An electrical machine which converts mechanical energy into electrical
energy is called an electric generator while an electrical machine which converts electrical energy
into the mechanical energy is called an electric motor. A DC generator is built utilizing the basic
principle that emf is induced in a conductor when it cuts magnetic lines of force. A DC motor
works on the basic principle that a current carrying conductor placed in a magnetic field
experiences a force,

Working principle:

All the generators work on the principle of dynamically induced emf.

The change in flux associated with the conductor can exist only when there exists a relative
motion between the conductor and the flux.

The relative motion can be achieved by rotating the conductor w.r.t flux or by rotating flux w.r.t
conductor. So, a voltage gets generated in a conductor as long as there exists a relative motion
between conductor and the flux. Such an induced emf which is due to physical movement of coil
or conductor w.r.t flux or movement of flux w.r.t coil or conductor is called dynamically induced
emf,

Whenever a conductor cuts magnetic flux, dynamically induced emf is produced in it according
to Faraday’s laws of Electromagnetic Induction.

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

So, a generating action requires the following basic components 1o exist.

1. The conductor or a coil
2. Flux
3. Relative motion between the conductor and the flux,

In a practical generator, the conductors are rotated to cut the magnetic flux, keeping flux
stationary. To have a large voltage as output, a number of conductors are connected together in a
specific manner to form a winding. The winding is called armature winding of a de machine and
the part on which this winding is kept is called armature of the dc machine.

The magnetic field is produced by a current carrying winding which is called field winding.

The conductors placed on the armature are rotated with the help of some external device. Such an
external device is called a prime mover.

The commonly used prime movers are diesel engines, steam engines, steam turbines, water
turbines etc.

The purpose of the prime mover is to rotate the electrical conductor as required by Faraday's laws
The direction of induced emf can be obtained by using Flemings right hand rule,

The magnitude of induced emf = e = BLV sin@= E,, sin@®
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Natur e of induced dlf:

The nature of the induced emf for a conductor rotating in the magnetic field is aternating. As
conductor rotatesin a magnetic field, the voltage component at various positionsis different.
Hence the basic nature of induced emf in the armature winding in case of dc generator is
alternating. To get dc output which is unidirectional, it is necessary to rectify the alternating
induced emf. A device which is used in dc generator to convert alternating induced emf to
unidirectional dc emf is called commutator.

Construction of DC machines:

A D. C. machine consists of two main parts

1 Stationary part: It isdesigned mainly for producing a magnetic flux.

2. Rotating part: It is called the armature, where mechanical energy is converted into
electrical (electrical generate) or conversely electrical energy into mechanical (electric
into)
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Parts of a Dc Generator:
1) Yoke
2) Magnetic Poles
a) Polecore
b) Pole Shoe
3) Field Winding
4) Armature Core
5) Armature winding
6) Commutator
7) Brushes and Bearings



The stationary parts and rotating parts are separated from each other by an air gap. The stationary
part of aD. C. machine consists of main poles, designed to create the magnetic flux, commutating
poles interposed between the main poles and designed to ensure spark less operation of the
brushes at the commutator and a frame / yoke. The armature is a cylindrical body rotating in the
space between the poles and comprising a slotted armature core, a winding inserted in the
armature core dots, a commutator and brush
Y oke:
1. It savesthe purpose of outermost cover of the dc machine so that the insulating materials
get protected from harmful atmospheric elements like moisture, dust and various gases like
SO, acidic fumes etc.
2. It provides mechanical support to the poles.

3. It forms a part of the magnetic circuit. It provides a path of low reluctance for magnetic flux.
Choice of materia: To provide low reluctance path, it must be made up of some magnetic
material. It is prepared by using cast iron because it is the cheapest. For large machines rolled
steel or cast stedl, is used which provides high permeability i.e., low reluctance and gives good
mechanica strength.

Poles: Each poleis divided into two parts

a) pole core b) pole shoe
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Functions:

1. Pole core basically carries afield winding which is necessary to produce the flux.
2. It directs the flux produced through air gap to armature core to the next pole.

3. Pole shoe enlarges the area of armature core to come across the flux, which is necessary to
produce larger induced emf. To achieve this, pole core has been given a particul ar shape.

Choice of materid: It is made up of magnetic materia like cast iron or cast stedl. Asit requires a
definite shape and size, laminated construction is used. The laminations of required size and
shape are stamped together to get a pole which isthen bolted to yoke.

Armature: Itisfurther divided into two parts namely,
(1) Armature core (2) Armature winding.

Armature core is cylindrical in shape mounted on the shaft. It consists of slots on its periphery
and the air ducts to permit the air flow through armature which serves cooling purpose.
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Functions:
1. Armature core provides house for armature winding i.e., armature conductors.
2. To provide a path of low reluctance path to the flux it is made up of magnetic materia

like cast iron or cast stedl.

Choice of material: As it has to provide a low reluctance path to the flux, it is made up of
magnetic material like cast iron or cast stedl.

It is made up of laminated construction to keep eddy current loss aslow as possible.
A single circular lamination used for the construction of the armature core is shown below.

2. Armature winding: Armature winding is nothing but the inter connection of the armature
conductors, placed in the slots provided on the armature core. When the armature is rotated, in
case of generator magnetic flux gets cut by armature conductors and emf gets induced in them.

Function:

1 Generation of emf takes place in the armature winding in case of generators.
2. To carry the current supplied in case of dc motors.

3. To do the useful work it the externa circuit.

Choice of materia : As armature winding carries entire current which depends on external load, it
has to be made up of conducting material, which is copper.



Field winding: The field winding is wound on the pole core with a definite direction.

Lamminated
pole core

Wire ends

Laminated
pole shoe

Functions: To carry current due to which pole core on which the winding is placed behaves as an
electromagnet, producing necessary flux.

Asit helpsin producing the magnetic field i.e. exciting the pole as e ectromagnet it is called
‘Field winding’ or ‘Exciting winding’.

Choice of materia : Asit hasto carry current it should be made up of some conducting material
like the auminum or copper.

But field coils should take any type of shape should bend easily, so copper isthe proper choice.
Field winding is divided into various coils called asfield coils. These are connected in series with
each other and wound in such adirection around pole cores such that aternate N and S poles are
formed.

Commutator: Therectification in case of dc generator is done by device called as commutator.
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Functions: 1. To facilitate the collection of current from the armature conductors.
2. Toconvertinternaly developed alternating emf to in directiona (dc) emf
3. Toproduce unidirectional torquein case of motor.



Choice of material: Asit collects current from armature, it is also made up of copper segments. It
is cylindrical in shape and is made up of wedge shaped segments which are insulated from each
other by thin layer of mica.

Brushes and brush gear: Brushes are stationary and rest on the surface of the Commutator.
Brushes are rectangular in shape. They are housed in brush holders, which are usualy of box
type. The brushes are made to press on the commutator surface by means of a spring, whose
tension can be adjusted with the help of lever. A flexible copper conductor called pigtail is used
to connect the brush to the externd circuit.
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Functions: To collect current from commutator and make it available to the stationary external

circuit.

Choice of material: Brushes are normally made up of soft material like carbon.

Bearings:. Ball-bearings are usually used as they are more reliable. For heavy duty machines,
roller bearings are preferred.

Working of DC generator:

The generator is provided with a magnetic field by sending dc current through the field coils
mounted on laminated iron poles and through armature winding.

A short air gap separates the surface of the rotating armature from the stationary pole surface. The
magnetic flux coming out of one or more worth poles crossing the air gap , passes through the
armature near the gap into one or more adjacent south poles.

The direct current leaves the generator at the positive brush, passes through the circuit and returns
to the negative brush.

The terminal voltage of a dc generator may be increased by increasing the current in the field coil
and may be reduced by decreasing the current.

Generators are generally run at practically constant speed by their prime mores.



Types of armaturewinding:

Armature conductors are connected in a specific manner called as armature winding and
according to the way of connecting the conductors; armature winding is divided into two types.

Lap winding: In this case, if connection is started from conductor in dot 1 then the connections
overlap each other as winding proceeds, till starting point is reached again.

There is overlapping of coils while proceeding. Due to such connection, the total number of
conductors get divided into ‘P’ number of parallel paths, where

P = number of polesin the machine.

Large number of paralel pathsindicates high current capacity of machine hence lap windingis
pertained for high current rating generators.

Wave winding: In thistype, winding always travels ahead avoiding over lapping. It travelslike a
progressive wave hence called wave winding.

Both coils starting from slot 1 and slot 2 are progressing in wave fashion.

Due to thistype of connection, the total number of conductors get divided into two number of
paralel paths always, irrespective of number of poles of machine.

As number of parallel pathsisless, it is preferable for low current, high voltage capacity

generators.
Sl.
Lap winding Wave winding
No.
1. Number of paralel paths (A) = poles (P) Number of parallel paths (A) = 2 (always)

Number of brush setsrequired is equal to

Number of brush setsrequired is aways

more than 500 A

> number of poles egual to two

Preferable for high current, low voltage Preferable for high current, low current
> capacity generators capacity generators
. Normally used for generators of capacity Preferred for generator of capacity less

than 500 A.




EMF equation of a generator

Let P=number of poles
@ = flux/polein webers
Z = total number of armature conductors.
= number of dots x number of conductors/dot
N = armature rotation in revolutions (speed for armature) per minute (rpm)
A = No. of parallel paths into which the ‘z’ no. of conductors are divided.
E = emf induced in any parallel path

Ey = emf generated in any one paralld path in the armature.
Average emf generated/conductor = d@/dt volt
Flux current/conductor in one revolution

dt=dxp

In one revolution, the conductor will cut total flux produced by all poles=d x p
No. of revolutions/second = N/60
Therefore, Time for one revolution, dt = 60/N second
According to Faraday’s laws of Electromagnetic Induction, emf generated/conductor = d@/dt=
X px N /60 volts
Thisis emf induced in one conductor.
For a simplex wave-wound generator
No. of parale paths = 2
No. of conductorsin (series)in one path = Z/2
EMF generated/path = @PN/60 x Z/2 = @ZPN/120 volt

For asimple lap-wound generator
Number of parallel paths =P

Number of conductorsin one path = Z/P
EMF generated/path = @PN/60 (Z/P) =
@ZN/60 A = 2 for simplex — wave winding
A =P for simplex lap-winding



