Direct current machines

INTRODUCTION

# Direct current machines as a class include those
machines that either produce or utilize direct current.

# In either case the machine functions as an energy

conversion device, where the conversion is from

mechanical to electrical energy the machine is termed a

generator.

# If the conversion process proceeds in the other

direction the machine is a motor.

4 Whethef ‘a -' machme operates a motor or a
generator in a given: s_it@ﬁtﬂiqp is largely independent of
the machine conditions rand parameters but depends on
the direction of power flow between the machine and the

electrical supply system.

# The motor convert the electrical energy into

nechanical energy, while the generator convert the

mechanical energy into electrical energy.
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.- The_stator has___salient poles and is _excited by one or
more field coils. e



# In the dc M/C the stator called "field". while the

rotor called "armature".

Armatire

e

# When the field winding is connected to the dc
source, magnetic flux will produce.
#This flux produced will cut the armature winding

and induce in it voltage.

# The voltage induce in the armature coil 1S an

alternating voltage, which must be rectified.
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# Stationary carbon brushes held against the
commutator surface connect the winding to the external

armature terminals.

# The need for commutation is the reason why the

armature windings of dc machines are placed on the

'h rotor.
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In case of AC supply @ = @n sin wt

In rotating machines are generated in winding or

group of coils by rotating these winding mechanical ly
through a magnetic field.
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METHODS OF FIELD EXCITATION

¥ DC machines may be magnetized by currents
obtained from a separate source, such as a battery or an
auxiliary dynamo called an exciter, Or they may generate
their own magnetizing currents. These w.n:::I “separate

excitation™ and “self excitation” respectively.

(A) Separate excitation |/

4 In fig.3 the diagram of the essential
connection of separate excitation is given. | |
= Sepafate excitation is largely used in the works -
testing of dc machines for 'determination of the open- |
circuit or magnetization characteristic.

# Separate excitation has the great advantage that
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the value of the exciting current is mdependent of that of

the load.
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(B) Self excitation

4 The field windings of self-excited dc machines

i g

mav be supplied in three different ways.

a-The field may be connected in series with the

armature (fig.4), resulting “series machine”.
s

# The power loss in the series ﬁél__d windings equal

o Ifz Rf (series): At L
If-=Ia
Rf(séries)-__pL/ 4

o

# As the armature current is determined by the load.
to reduce this power loss the
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the series field winding s DI (thick wire with small

number of turmnms arc used).
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h-The field may be connected 10 shunt with the

= 22

armature(fig. )- resulting a “shunt machine

# The power 10SS in the shunt field windings equals
Plossz. If Rﬂshunt): <

=(V/ R Rehuns

ki iy

Rf(shunt) =pL/ a



_to reduce

sald resistance should be
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c-The field may be in two sections (ﬁg 6 ), one Gf |

which is connected in series and the other in shunt with

the armature, resulting a - ‘compound machipe”
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# With self-excited machines residual magnetism
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excitation process started.

L5



e supply:

/ [ - current taking from th

I - the conductor current
o- flux per pole, g e

B - the flux den51ty ‘-/ '
n- speed of rotation(r.p.m. ) /

-

L, - the armature length, meter

L. -the conductor length, g
D, - the armature diameter, L/

A - the area under the pole

Z - the number of armature conductors,

Ep - the backemf

T - the torque

Ty~ the load torquie, |

TD. the torque due to damping (frietion)
Tpm- the pnme-rnover torque.
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- ' The e.m.f (e.) induced in a conductor of length Le
located in a magnetic field of a density B and moving by

1
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RFor the Motor case g ;"
V, B F - JeR {
e -V - I R, =(6) g
Y 1S called the apphed voltage on the terminals of
the armature, | |
- Ey is back emf e 2‘
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RFor the Generator case

E, =V +1R, (7)
o .

where ,
Vv " is called the terminal voltage appears on the

terminals of generator.

E.. isinduced emf | |
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4 Where a motor is being considered , the basic rule
is Flemings Left Hand Rule. ' | |

| % The direction of the force exerted on a current
r::arrvmg conductor in a magnetic field 1s ShOWIl in fig.
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The torque equation of dc motors

# Where the conductor is pivoted and the radial

distance between the conductor and the axis of rotation 1S
denoted by the symbol D,/2, the torque developed in the
armature (T) is given by the expression
>3 Torgue Jeuafﬂ-ﬁ ed in ene cmw/uc/-cﬁf
T-F.D,/2
ISR (7.b)

wid 7 qupla‘ = ._ | (7.c)
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e3) Mechanical 10SS€S :
_friction losses at bearing and commutator

air ﬁigtion or windage losses of rotating
[,-; armature. | T . |
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