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UNIT-I1
DC GENERATOR

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 to 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 dc 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@= En, sin@
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Nature of induced elf:

The nature of the induced emf for a conductor rotating in the magnetic field is alternating. As
conductor rotates in a magnetic field, the voltage component at various positions is 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 is designed 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) Pole core
b) Pole Shoe
3) Field Winding
4) Armature Core
5) Armature winding
6) Commutator
7) Brushes and Bearings
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The stationary parts and rotating parts are separated from each other by an air gap. The stationary
part of a D. 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 slots, a commutator and brush
Yoke:
1. It saves the 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 material: 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 steel, is used which provides high permeability i.e., low reluctance and gives good
mechanical strength.

Poles: Each pole is divided into two parts

a) pole core b) pole shoe
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Functions:

1. Pole core basically carries a field 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 particular shape.

Choice of material: It is made up of magnetic material like cast iron or cast steel. As it 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 is then bolted to yoke.

Armature: It is further 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 material

like cast iron or cast steel.

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 steel.

It is made up of laminated construction to keep eddy current loss as low 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 external circuit.

Choice of material : As armature winding carries entire current which depends on external load, it
has to be made up of conducting material, which is copper.
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Field winding: The field winding is wound on the pole core with a definite direction.

Lamminated
pole core
d holes
ng Former
ats ' Wire ends
@
of o
2 S
Laminated Field winding
pole shoe

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

As it helps in producing the magnetic field i.e. exciting the pole as electromagnet it is called
‘Field winding’ or ‘Exciting winding’.

Choice of material : As it has to carry current it should be made up of some conducting material
like the aluminum or copper.

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

Commutator: The rectification 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. Toconvert internally developed alternating emf to in directional (dc) emf
3. To produce unidirectional torque in case of motor.
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Choice of material: As it 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 usually 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 external circuit.

Meg =

woooen Box

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.
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Types of armature winding:

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 slot 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 poles in the machine.

Large number of parallel paths indicates high current capacity of machine hence lap winding is
pertained for high current rating generators.

Wave winding: In this type, winding always travels ahead avoiding over lapping. It travels like a
progressive wave hence called wave winding.
Both coils starting from slot 1 and slot 2 are progressing in wave fashion.

Due to this type of connection, the total number of conductors get divided into two number of
parallel paths always, irrespective of number of poles of machine.

As number of parallel paths is less, it is preferable for low current, high voltage capacity
generators.

SI.
Lap winding Wave winding
No.
1. Number of parallel paths (A) = poles (P) Number of parallel paths (A) = 2 (always)
Number of brush sets required is equal to Number of brush sets required is always
2.
number of poles equal to two
Preferable for high current, low voltage Preferable for high current, low current
3.
capacity generators capacity generators
Normally used for generators of capacity Preferred for generator of capacity less
4.
more than 500 A than 500 A.
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EMF equation of a generator

Let P =number of poles
@ = flux/pole in webers
Z = total number of armature conductors.
= number of slots x number of conductors/slot
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 parallel 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 p x N /60 volts
This is emf induced in one conductor.
For a simplex wave-wound generator
No. of parallel paths = 2
No. of conductors in (series)in one path = Z/2
EMF generated/path = @PN/60 x Z/2 = @ZPN/120 volt

For a simple lap-wound generator
Number of parallel paths = P

Number of conductors in 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
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Armature Reaction and Commutation
Introduction

In a d.c. generator, the purpose of field winding is to produce magnetic field (called main flux)
whereas the purpose of armature winding is to carry armature current. Although the armature winding is
not provided for the purpose of producing a magnetic field, nevertheless the current in the armature
winding will also produce magnetic flux (called armature flux). The armature flux distorts and weakens
the main flux posing problems for the proper operation of the d.c. generator. The action of armature flux
on the main flux is called armature
reaction.

2.1 Armature Reaction

So far we have assumed that the only flux acting in a d.c. machine is that due to the main poles
called main flux. However, current flowing through armature conductors also creates a magnetic flux
(called armature flux) that distorts and weakens the flux coming from the poles. This distortion and field
weakening takes place in both generators and motors. The action of armature flux on the main flux is
known as armature reaction.

The phenomenon of armature reaction in a d.c. generator is shown in Fig.(2.1)

Only one pole is shown for clarity. When the generator is on no-load, a small current flowing in
the armature does not appreciably affect the main flux f1 coming from the pole [See Fig 2.1 (i)]. When
the generator is loaded, the current flowing through armature conductors sets up flux f1. Fig. (2.1) (ii)
shows flux due to armature current alone. By superimposing f1 and 2, we obtain the resulting flux f3 as
shown in Fig. (2.1) (iii). Referring to Fig (2.1) (iii), it is clear that flux density at; the trailing pole tip
(point B) is increased while at the leading pole tip (point
4. it is decreased. This unequal field distribution produces the following two effects:

The main flux is distorted.

Due to higher flux density at pole tip B, saturation sets in. Consequently, the increase in flux
at pole tip B is less than the decrease in flux under pole tip A. Flux f3 at full load is,
therefore, less than flux f1 at no load. As we shall see, the weakening of flux due to armature
reaction depends upon the position of brushes.

Rotation Rotation * Rotatiois
0] (i1) (iif)
Fig. (2.1)

2.2 Geometrical and Magnetic Neutral Axes

4. The geometrical neutral axis (G.N.A.) is the axis that bisects the angle between the centre line of
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M.N.A. coincides
with G.N.A.

4~ G.N.A.

(i) : (i)
Fig. (2.2)
4. The magnetic neutral axis (M. N. A.) is the axis drawn perpendicular to the mean direction of the
flux passing through the centre of the armature. Clearly, no e.m.f. is produced in the armature

conductors along this axis because then they cut no flux. With no current in the armature conductors,
the M.N.A. coincides with G, N. A. as shown in Fig. (2.2).

5. In order to achieve sparkless commutation, the brushes must lie along M.N.A.

2.3 Explanation of Armature Reaction

With no current in armature conductors, the M.N.A. coincides with G.N.A. However, when
current flows in armature conductors, the combined action of main flux and armature flux shifts the
M.N.A. from G.N.A. In case of a generator, the M.N.A. is shifted in the direction of rotation of the
machine. Inorder to achieve sparkless commutation, the brushes have to be moved along the new M.N.A.
Under such a condition, the armature reaction produces the following two effects:

1. It demagnetizes or weakens the main flux.
2. It cross-magnetizes or distorts the main flux.

Let us discuss these effects of armature reaction by considering a 2-pole generator (though the following
remarks also hold good for a multipolar generator).

Q) Fig. (2.3) (i) shows the flux due to main poles (main flux) when the armature conductors
carry no current. The flux across the air gap is uniform. The m.m.f. producing the main
flux is represented in magnitude and direction by the vector OFm in Fig. (2.3) (i). Note
that OFm is perpendicular to G.N.A.

(i) Fig. (2.3) (ii) shows the flux due to current flowing in armature conductors alone (main
poles unexcited). The armature conductors to the left of G.N.A. carry current “in” (") and
those to the right carry current “out” (). The direction of magnetic lines of force can be
found by cork screw rule. It is clear that armature flux is directed downward parallel to
the brush axis. The m.m.f. producing the armature flux is represented in magnitude and
direction by the vector OFA in Fig. (2.3) (ii).

(iii)  Fig. (2.3) (iii) shows the flux due to the main poles and that due to current in armature
conductors acting together. The resultant m.m.f. OF is the vector sum of OFm and OFA
as shown in Fig. (2.3) (iii). Since M.N.A. is always perpendicular to the resultant m.m.f.,
the M.N.A. is shifted through an angle g. Note that M.N.A. is shifted in the direction of
rotation of the generator.

(iv) In order to achieve sparkless commutation, the brushes must lie along the M.N.A.
Consequently, the brushes are shifted through an angle g so as to lie along the new
M.N.A. as shown in Fig. (2.3) (iv). Due to brush shift, the m.m.f. FA of the armature is
also rotated through the same angle g. It is because some of the conductors which were
earlier under N-pole now come under S-pole and vice-versa. The result is that armature
m.m.f. FA will no longer be vertically downward but will be rotated in the direction of
rotation through an angle g as shown in Fig. (2.3) (iv). Now FA can be resolved into
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Fig. (2.3)

(@) The component Fd is in direct opposition to the m.m.f. OFm due to main poles. It has a
demagnetizing effect on the flux due to main poles. For this reason, it is called the
demagnetizing or weakening component of armature reaction.

(b) The component Fc is at right angles to the m.m.f. OFm due to main poles. It distorts the main
field. For this reason, it is called the cross magnetizing or distorting component of armature
reaction. It
may be noted that with the increase of armature current, both demagnetizing and distorting
effects will increase.

Conclusions

(i) With brushes located along G.N.A. (i.e., g = 0°), there is no demagnetizing component of
armature reaction (Fd = 0). There is only distorting or cross magnetizing effect of armature
reaction.

(if) With the brushes shifted from G.N.A., armature reaction will have both demagnetizing and
distorting effects. Their relative magnitudes depend on the amount of shift. This shift is
directly proportional to the Armature current.

(iii) The demagnetizing component of armature reaction weakens the main flux. On the other
hand, the distorting component of armature reaction distorts the main flux.

(iv) The demagnetizing effect leads to reduced generated voltage while cross magnetizing effect
leads to sparking at the brushes.
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2.4 Demagnetizing and Cross-Magnetizing Conductors

With the brushes in the G.N.A. position, there is only cross-magnetizing effect of armature
reaction. However, when the brushes are shifted from the G.N.A. position, the armature reaction will have
both demagnetizing and cross magnetizing effects. Consider a 2-pole generator with brushes shifted (lead)
Om mechanical degrees from G.N.A. We shall identify the armature conductors that produce
demagnetizing effect and those that produce cross-magnetizing effect.

(1) The armature conductors Om on either side of G.N.A. produce flux in direct opposition to main
flux as shown in Fig. (2.4) (i). Thus the conductors lying within angles AOC = BOD = 2 6m at the top
and bottom of the armature produce demagnetizing effect. These are called demagnetizing armature
conductors and constitute the demagnetizing ampere-turns of armature reaction (Remember two
conductors constitute a turn).

@iD)

Fig.(2.4)

(ii) The axis of magnetization of the remaining armature conductors lying between angles AOD
and COB is at right angles to the main flux as shown in Fig. (2.4) (ii). These conductors produce the
cross-magnetizing (or distorting) effect i.e., they produce uneven flux distribution on each pole.
Therefore, they are called cross-magnetizing conductors and constitute the cross-magnetizing ampere-
turns of armature reaction.

2.5 Calculation of Demagnetizing Ampere-Turns Per Pole (ATd/Pole)

It is sometimes desirable to neutralize the demagnetizing ampere-turns of armature reaction. This
is achieved by adding extra ampere-turns to the main field winding. We shall now calculate the
demagnetizing ampere-turns per pole (ATd/pole).
total number of armature
conductors
current in each armature
I = conductor

la/2
= for simplex wave winding
la/P
= for simplex lap winding
forward lead in mechanical
Om = degrees

LetZ
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Referring to Fig. (2.4) (i) above, we have,
Total demagnetizing armature conductors
49111

360 <2

= Conductors in angles AOC and BOD =

Since two conductors constitute one turn,

.. 1|48, 20,
Total demagnetizing ampere-turns = 5{ 360 Z | J= 360~ Z1

These demagnetizing ampere-turns are due to a pair of poles.

;3 ; 0
Demagnetizing ampere-turns/polc = % x 71
o}

. ’ 0
ie., AT, /pole = ;gz) x 71

As mentioned above, the demagnetizing ampere-turns of armature reaction can
be neutralized by putting extra turns on each pole of the generator.

. ‘ AT,
No. of extra turns/pole = I—d for a shunt generator
sh
ATy i s
= = for a series generator

a

Note. When a conductor passes a pair of poles, one cycle of voltage is generated. We say one cycle
contains 360 electrical degrees. Suppose there are P poles in a generator. In one revolution, there are 360
mechanical degrees and 360 *P/2 electrical degrees.

360° mechanical = 360 Xg electrical degrees

or 1° Mechanical = g electrical degrees

6 (mechanical) = w
Pair of pols

) 26
em | P}fz em = P
2.6 Cross-Magnetizing Ampere-Turns Per Pole (ATc/Pole)

We now calculate the cross-magnetizing ampere-turns per pole (ATc/pole).
Total armature reaction ampere-turns per pole

12,4 Z,
P 2P

Demagnetizing ampere-turns per pole is given by;

or =

I (. two conductors make one turn))

AT, /pole = Sg(l) xZI

(found as above)
Cross-magnetizing ampere-turns/pole are

/ ,l 79111 _ Liem
ATd,pole_szI 36O><ZI_ZI P 360

_ L . em
AT, /pole = ZI( P 360
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2.7 Compensating Windings

Compensating
winding

Fig. (2.5)
The cross-magnetizing effect of armature reaction may cause trouble in d.c. machines subjected
to large fluctuations in load. In order to neutralize the cross magnetizing effect of armature reaction, a
compensating winding is used. A compensating winding is an auxiliary winding embedded in slots in the
pole faces as shown in Fig. (2.5). It is connected in series with armature in a manner so that the direction
of current through the compensating conductors in any one pole face will be opposite to the direction of
the current through the adjacent armature conductors [See Fig. 2.5].

Let us now calculate the number of compensating conductors/ pole face. In calculating the
conductors per pole face required for the compensating winding, it should be remembered that the current
in the compensating conductors is the armature current la whereas the current in armature conductors is
la/A where A is the number of parallel paths.

No. of compensating conductors/pole
Let Zc = face

Za = No. of active armature conductors
la = Total armature current
la/A = Current in each armature conductor
I
2.1y =7y % Xa
Z
or L = Xa

The use of a compensating winding considerably increases the cost of a machine and is justified only for
machines intended for severe service e.g., for high speed and high voltage machines.

2.8 AT/Pole for Compensating Winding

Only the cross-magnetizing ampere-turns produced by conductors under the pole face are effective in
producing the distortion in the pole cores. If Z is the total number of armature conductors and P is the
number of poles, then,
No. of armature conductors/pole = P
. ) § 7
No. of armature turns/pole = P
No. of armature turns under pole face = % X %
If I is the current through each armature conductor, then,
AT/pole required for compensating winding = % X %
Pole arc

= Armature AT/pole x m
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2.9 Commutation

Fig. (2.6) shows the schematic diagram of 2-pole lap-wound generator. There are two parallel
paths between the brushes. Therefore, each coil of the winding carries one half (la/2 in this case) of the
total current (la) entering or leaving the armature.

Note that the currents in the coils connected to a brush are either all towards the brush (positive
brush) or all directed away from the brush (negative brush). Therefore, current in a coil will reverse as the
coil passes a brush. This reversal of current as the coil passes & brush is called commutation.

72 N

L _ =
12
Fig. (2.6)

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 short circuited by the brush. The brief
period during which the coil remains short circuited 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 which
results in progressive damage to both.

Ideal commutation

Let us discuss the phenomenon of ideal commutation (i.e., coil has no inductance) in one coil in
the armature winding shown in Fig. (2.6) above. For this purpose, we consider the coil A. The brush
width is equal to the width of one commutator segment and one mica insulation. Suppose the total
armature current is 40 A. Since there are two parallel paths, each coil carries a current of 20 A.

(1) In Fig. (2.7) (i), the brush is in contact with segment 1 of the commutator. The commutator
segment 1 conducts a current of 40 A to the brush; 20 A from coil A and 20 A from the
adjacent coil as shown. The coil A has yet to undergo commutation.

(i) 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 coil A exists. Fig. (2.7) (ii) shows the instant when the brush is one-
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 through segment 1 (Q contact
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 undergoing commutation) is reduced from 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 (Q 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 segment 2 and one-fourth
on segment 1. The brush conducts a current of 40 A; 30 A through segment 2 and 10 A
through 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
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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 short circuited 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 beginning of commutation.
From the finish of commutation, it is represented by another horizontal line CD on the
opposite side of the zero line and the same distance from 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 under which the coil undergoes 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.
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Practical difficulties

The ideal commutation (i.e., straight line change of current) cannot be attained in practice. This is
mainly due to the fact that the armature coils have appreciable inductance. When the current in the coil
undergoing commutation changes, self-induced e.m.f. is produced in the coil. This is generally called
reactance voltage. This reactance voltage opposes the change of current in the coil undergoing
commutation. The result is that the change of current in the coil undergoing commutation occurs more
slowly than it would be under ideal commutation.

This is illustrated in Fig. (2.9). The straight line RC represents the ideal commutation whereas the curve
BE represents the change in current when self-inductance of the coil is taken into account. Note that
current CE (= 8A in Fig. 2.9) is flowing from the commutator segment 1 to the brush at the instant when
they part company. This results in sparking just as when any other current carrying circuit is broken. The
sparking results in overheating of commutators brush contact and causing damage to both.

Fig. (2.10) illustrates how sparking takes place between the commutators segment and the brush. At the
end of commutation or short-circuit period, the current in coil A is reversed to a value of 12 A (instead of
20 A) due to inductance of the coil. When the brush breaks contact with segment 1, the remaining 8 A
current jJumps from segment 1 to the brush through air causing sparking between segment 1 and the brush.

40A
' 3 I
+ 2012 : :l 4
] | 40
i i 8A "
= . i o Sparking
z 0 : : » '‘Time .
g ] Y L _Jl2 JLaJL |
O 1 \I
i i\E = . Sparking 32T A TS
—Rpe————" e Commutation_ iC ) 200,
.4 ! period . —_— — — — —
Beginning End 20 20 12 20 20
Fig.
Fig. (2.9) (2.10)

2.10 Calculation of Reactance Voltage
Reactance voltage = Coefficient of self-inductance *Rate of change of current

When a coil undergoes commutation, two commutator segments remain short circuited by the brush.
Therefore, the time of short circuit (or commutation period Tc) is equal to the time required by the
commutator to move a distance equal to the circumferential thickness of the brush minus the thickness
of one insulating strip of mica
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= brush width in
Let Wb cm;
= mica thickness in
Wm cm
v = peripheral speed of commutator in cm/s
Wb . Wm

Commutation period, T, = seconds

V
The commutation period is very small, say of the order of 1/500 second.

Let the current in the coil undergoing commutation change from + | to — | (amperes) during the
commutation. If L is the inductance of the coil, then reactance voltage is given by;

Reactance voltage, Er = L*2I/T.

2.11 Methods of Improving Commutation

Improving commutation means to make current reversal in the short-circuited coil as sparkless as
possible. The following are the two principal methods of improving commutation:

(i)Resistance commutation

(i) E.M.F. commutation

2.12 Resistance Commutation

The reversal of current in a coil (i.e., commutation) takes place while the coil is short-circuited by
the brush. Therefore, there are two parallel paths for the current as long as the short circuit exists. If the
contact resistance between the brush and the commutator is made large, then current would divide in the
inverse ratio of contact resistances (as for any two resistances in parallel). This is the key point in
improving commutation. This is achieved by using carbon brushes (instead of Cu brushes) which have
high contact resistance. This method of improving commutation is called resistance commutation. Figs.
(2.11) and (2.12) illustrates how high contact resistance of carbon brush improves commutation (i.e.,
reversal of current) in coil A.

In Fig. (2.11) (i), the brush is entirely on segment 1 and, therefore, the current in coil A is 20 A.
The coil A is yet to undergo commutation. As the armature rotates, the brush short circuits the coil A and
there are two parallel paths for the current into the brush.

Fig. (2.11) (ii) shows the instant when the brush is one-fourth on segment 2 and three-fourth on segment
1. The equivalent electric circuit is shown in Fig. (2.11) (iii) where R1 and R2 represent the brush contact
resistances on segments 1 and 2. A resistor is not shown for coil A since it is assumed that the coil
resistance is negligible as compared to the brush contact resistance
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The values of current in the parallel paths of the equivalent circuit are determined by the
respective resistances of the paths. For the condition shown in Fig. (2.11) (ii), resistor R2 has three times
the resistance of resistor R1. Therefore, the current distribution in the paths will be as shown. Note that
current in coil A is reduced from 20 A to10 A due to division of current in (he inverse ratio of contact
resistances. If the Cu brush is used (which has low contact resistance), R1 R2 and the current in coil A
would not have reduced to 10 A.

As the carbon brush passes over the commutator, the contact area with segment 2 increases and
that with segment 1 decreases i.e., R2 decreases and R1 increases. Therefore, more and more current
passes to the brush through segment 2. This is illustrated in Figs. (2.12) (i) and (2.12) (ii), When the break
between the brush and the segment 1 finally occurs [See Fig. 2.12 (iii)], the current in the coil is reversed
and commutation is achieved. It may be noted that the main cause of sparking during commutation is the
production of reactance voltage and carbon brushes cannot prevent it.

Nevertheless, the carbon brushes do help in improving commutation. The other minor advantages of

carbon brushes are:

(i) The carbon lubricates and polishes the commutator.

(ii) If sparking occurs, it damages the commutator less than with copper brushes and the damage to the
brush itself is of little importance.

2.13 E.M.F. Commutation

In this method, an arrangement is made to neutralize the reactance voltage by producing a
reversing voltage in the coil undergoing commutation. The reversing voltage acts in opposition to the
reactance voltage and neutralizes it to some extent. If the reversing voltage is equal to the reactance
voltage, the effect of the latter is completely wiped out and we get sparkless commutation. The reversing
voltage may be produced in the following two ways:

(i) By brush shifting

(i) By using interpoles or compoles

(i)By brush shifting

In this method, the brushes are given sufficient forward lead (for a generator) to bring the short-circuited
coil (i.e., coil undergoing commutation) under the influence of the next pole of opposite polarity. Since
the short-circuited coil is now in the reversing field, the reversing voltage produced cancels the reactance
voltage. This method suffers from the following drawbacks:

@ The reactance voltage depends upon armature current. Therefore, the brush shift will depend
on the magnitude of armature current which keeps on changing. This necessitates frequent
shifting of brushes.

(b) The greater the armature current, the greater must be the forward lead for a generator. This
increases the demagnetizing effect of armature reaction and further weakens the main field.

(i) By using interpoles or compotes
The best method of neutralizing reactance voltage is by, using interpoles or compoles.
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2.14 Interpoles or Compoles

The best way to produce reversing voltage to neutralize the reactance voltage is by using
interpoles or compoles. These are small poles fixed to the yoke and spaced mid-way between the main
poles (See Fig. 2.13). They are wound with comparatively few turns and connected in series with the
armature so that they carry armature current. Their polarity is the same as the next main pole ahead in the
direction of rotation for a generator (See Fig. 2.13). Connections for a d.c. generator with interpoles is
shown in Fig. (2.14).
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Functions of Interpoles

The machines fitted with interpoles have their brushes set on geometrical neutral axis (no lead). The
interpoles perform the following two functions:

(i) As their polarity is the same as the main pole ahead (for a generator), they induce an e.m.f. in the coil
(undergoing commutation) which opposes reactance voltage. This leads to sparkless commutation. The
e.m.f. induced by compoles is known as commutating or reversing e.m.f. Since the interpoles carry the
armature current and the reactance voltage is also proportional to armature current, the neutralization of
reactance voltage is automatic.
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(ii) The m.m.f. of the compoles neutralizes the cross-magnetizing effect of armature reaction in small
region in the space between the main poles. It is because the two m.m.f.s oppose each other in this region.
Fig. (2.15) shows the circuit diagram of a shunt generator with commutating winding and compensating
winding. Both these windings are connected in series with the armature and so they carry the armature
current. However, the functions they perform must be understood clearly. The main function of
commutating winding is to produce reversing (or commutating) e.m.f. in order to cancel the reactance
voltage. In addition to this, the m.m.f. of the commutating winding neutralizes the cross magnetizing
ampere-turns in the space between the main poles. The compensating winding neutralizes the cross-
magnetizing effect of armature reaction under the pole faces.
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