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EMf Generation in DC machines

@ The emf induced in the coil is always sinusoidal (assuming a
sinusoidal flux distribution in air-gap).
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EMf Generation in DC machines

@ The emf induced in the coil is always sinusoidal (assuming a
sinusoidal flux distribution in air-gap).

@ Brush-1 is always connected to the commutator segment which is
under the influence of south pole

@ The votlage between Brush-1 and Brush-2 is always unidirectional(say
positive).

@ Brush and Commutator combination act as a mechanical rectifier.
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DC Machine - Cut View
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DC Machine - Rotor Structure
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EMF Generation in DC machine

@ Assume direction of rotation is clockwise, EMF induced in the coil is
positive when the coil is under influence of North pole.

Where, w, is armature speed in rad/sec, N is number of turns, ¢ is flux
per pole.
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across brushes is rectified due to the action of commutator.

@ Emf induced in one coil at any time ‘t’ is given by:
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N
EMF Generation in DC machine

@ Assume direction of rotation is clockwise, EMF induced in the coil is
positive when the coil is under influence of North pole.

@ Voltage induced in the coil is sinusoidal, but the voltage available
across brushes is rectified due to the action of commutator.

@ Emf induced in one coil at any time ‘t’ is given by:
emf = Nw,¢sin(w,t)

@ The voltage appearing at the brushes is unidirectional and hence
average dc voltage is
1 (7 _ 2
Ec.=—= [ Nw,¢sin(w,t)d(w,t) = —Nw,¢ = 2NPn¢
0

m s

Where, w, is armature speed in rad/sec, N is number of turns, ¢ is flux
per pole.

Prof. Doolla (DESE) EN 206: DC Machines February 3, 2012 6 /21



N
EMf Generation in DC machines

@ One turn = two conductors

EN 206: DC Machines February 3, 2012 7/21



N
EMf Generation in DC machines

@ One turn = two conductors
o If, z is the total number of conductors in one coil of N turns, then

N=z

EN 206: DC Machines February 3, 2012 7/21



EMf Generation in DC machines

@ One turn = two conductors

o If, z is the total number of conductors in one coil of N turns, then

N=z

o E. = ¢ZnP, EMF per conductor = ¢Pn.

EN 206: DC Machines February 3, 2012 7/21



N
EMf Generation in DC machines

One turn = two conductors

If, z is the total number of conductors in one coil of N turns, then

N=z

E. = ¢ZnP, EMF per conductor = ¢Pn.
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EMf Generation in DC machines

@ One turn = two conductors

o If, z is the total number of conductors in one coil of N turns, then
=3

e E. = ¢ZnP, EMF per conductor = ¢Pn.

o EMF per turn = 2Pn¢.

o If, Z is the number of armature conductors arranged in 'a’ parallel

paths, then series conductors between brushes are (Z/a). Therefore
voltage across the brushes is given by :

£ _ »ZnP
£ 60a
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N
EMf Generation in DC machines

One turn = two conductors

If, z is the total number of conductors in one coil of N turns, then

N=2z

E. = ¢ZnP, EMF per conductor = ¢Pn.
EMF per turn = 2Pn¢.

If, Z is the number of armature conductors arranged in 'a’ parallel
paths, then series conductors between brushes are (Z/a). Therefore
voltage across the brushes is given by :

_ ¢ZnP
£ 60a

In dc machine, the armature winding is always double layer winding
and is either lap connected or wave connected type.
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DC machines are designed for flat topped B wave. The voltage across
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Number of parallel paths = 2 (wave winding), = poles (lap winding)

DC machines are designed for flat topped B wave. The voltage across
brushes is higher in case of a flat topped flux density wave than a
sinusoidal wave of same peak.

@ In dc machines, field winding is stationary and armature winding is
rotating.
@ Based on connection of field winding, dc machine is categorized as
self excited or separately excited machine.
Commutator performs two important functions in a dc machine
e Convert alternating quantities to direct quantities or vice-versa
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EMf Generation in DC machines

Number of parallel paths = 2 (wave winding), = poles (lap winding)

DC machines are designed for flat topped B wave. The voltage across
brushes is higher in case of a flat topped flux density wave than a
sinusoidal wave of same peak.

@ In dc machines, field winding is stationary and armature winding is
rotating.

@ Based on connection of field winding, dc machine is categorized as

self excited or separately excited machine.

Commutator performs two important functions in a dc machine

e Convert alternating quantities to direct quantities or vice-versa
e Keep the rotor or armature mmf stationary in space
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Production of Stationary MMF
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(1 to 4) are insulated from
each other and from the
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Production of Stationary MMF

@ Four commutator segments parmature mmt
(1 to 4) are insulated from
each other and from the
shaft.

@ The centre of line of the
poles around which the filed
coils are wound is called field
axis or direct axis. : )

v

@ Two parallel paths between the brushes

@ TerminalA-Commutator segment-1 — upper coil-side in slot-1 —
back end connection 1 — lower coil-side in slot 3 — commutator
segment 2 — upper coil side in slot 2 — coil 2 — lower coil side in
slot 4 — commutator segment 3 — back to terminal B.

Field MMF is in direct axis and armature mmf is in quadrature axis.
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@ The current entering the
brush is divided equally
among the parallel paths.

31Armc|ture mmf

EN 206: DC Machines February 3, 2012 10 / 21



|
Production of Stationary MMF

@ The current entering the
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3T Armature mmf

@ The current through
armature coils sets up an
armature mmf in the axis
vertically upwards i.e., 90°
away from direct or d-axis
called quadrature(q) axis.
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|
Production of Stationary MMF

@ The current entering the
brush is divided equally
among the parallel paths.

@ The current through
armature coils sets up an
armature mmf in the axis
vertically upwards i.e., 90°
away from direct or d-axis
called quadrature(q) axis.

@ The torque produced
because of interaction of
field of armature and field
poles is called
electromagnetic magnetic
torque.

4
3]

Armature mmf
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@ The armature mmf is directed vertically upward and is stationary in
space.
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Production of Stationary MMF

@ The armature mmf is directed vertically upward and is stationary in
space.

o It is directed along the interpolar or quadrature axis even though
armature rotates.

@ For a motor, the electromagnetic torque is always acting in the
clockwise direction and for a generator, the armature must be driven
in anticlockwise direction.

@ In a DC machine, field winding is concentrated on salient pole to
produce stationery flux and armature winding is distributed.
@ The process of current reversal in the coil short-circuited by the

brushes is called commutation and the time duration is called
commutation time.
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@ The delay in reversal of current in the short circuited coil may result
in sparking

@ The output dc voltage shall have low ripple if there are more number
of coils in series between the brushes.

@ As the number of series coils between the brushes is increased, the
magnitude of dc voltage increases and the ripple contents are also
reduced.

o If the machine works as a motor, then rotor would rotate in clock
wise direction and reverse is true for generator.

@ Brushes are generally placed on quadrature axis

@ Electromagnetic torque developed is given by, T, = K ¢l,, where K,

is armature constant defined as K, = % ,
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Production of Stationary MMF

@ The delay in reversal of current in the short circuited coil may result

in sparking

@ The output dc voltage shall have low ripple if there are more number
of coils in series between the brushes.

@ As the number of series coils between the brushes is increased, the
magnitude of dc voltage increases and the ripple contents are also
reduced.

o If the machine works as a motor, then rotor would rotate in clock
wise direction and reverse is true for generator.

@ Brushes are generally placed on quadrature axis

@ Electromagnetic torque developed is given by, T, = K,¢/,, where K,
is armature constant defined as K, = % ,

@ In case of generator, the electromagnetic torque opposed the motion

of rotor and in case of motor, electromagnetic torque drives the
equipment.
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Production of Stationary MMF

@ The delay in reversal of current in the short circuited coil may result

in sparking

@ The output dc voltage shall have low ripple if there are more number
of coils in series between the brushes.

@ As the number of series coils between the brushes is increased, the
magnitude of dc voltage increases and the ripple contents are also
reduced.

@ If the machine works as a motor, then rotor would rotate in clock
wise direction and reverse is true for generator.

@ Brushes are generally placed on quadrature axis

@ Electromagnetic torque developed is given by, T, = K,¢/,, where K,
is armature constant defined as K, = % ,

@ In case of generator, the electromagnetic torque opposed the motion

of rotor and in case of motor, electromagnetic torque drives the
equipment.
@ Electromagnetic power or internal armature power is given by E,/,
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N
Problem-1

A 4 pole machine has 60 slots and 8 conductors per slot. The total
flux per pole is 20 mWhb. For a relative speed of 1500 rpm between
the field flux and armature winding, calculate the generated armature
voltage if the machine is a dc machine with lap connected winding
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@ Each armature has several parallel paths connected to the brush
terminals
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Circuit representation of DC machine

@ Each armature has several parallel paths connected to the brush
terminals

o
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Y Ea m
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@ Generator mode of operation, E; = V; + I,R,.

@ Motor mode of operation, E, = V; — LLR,.
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Circuit representation of DC machine

@ Each armature has several parallel paths connected to the brush
terminals

o

field

Y Ea m

Armature

@ Generator mode of operation, E; = V; + I,R,.
@ Motor mode of operation, E, = V; — LLR..

e By considering brush voltage drop (2V):
E, = Vi + I,R; + 2 (Generator), E; = V; — IR, — 2 (Motor)
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Circuit representation of DC machine

@ Each armature has several parallel paths connected to the brush
terminals

o

field

Y Ea l—m‘l

Armature

@ Generator mode of operation, E; = V; + I,R,.
@ Motor mode of operation, E, = V; — LLR..

e By considering brush voltage drop (2V):
E, = Vi + I,R;, + 2 (Generator), E; = V; — IR, — 2 (Motor)

@ When the machine is operated as motor, the generated emf is called
back emf or counter emf. It opposes flow of current /,
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Circuit representation of DC machine

o Electrical power output = Electromagnetic power - Ohmic - Brush
contact loss, Vil, = Eply + 2R, + 21,

EN 206: DC Machines February 3, 2012 15 / 21



Circuit representation of DC machine

o Electrical power output = Electromagnetic power - Ohmic - Brush
contact loss, Vil, = Epl, + 2R, + 21,

@ In case of motor, Electrical power input = Electromagnetic power +
ohmic losses + brush contact loss

EN 206: DC Machines February 3, 2012 15 / 21



Circuit representation of DC machine

o Electrical power output = Electromagnetic power - Ohmic - Brush
contact loss, Vil, = Epl, + 2R, + 21,

@ In case of motor, Electrical power input = Electromagnetic power +
ohmic losses + brush contact loss
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with dc supply.
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Circuit representation of DC machine

o Electrical power output = Electromagnetic power - Ohmic - Brush
contact loss, Vil, = Epl, + 2R, + 21,

@ In case of motor, Electrical power input = Electromagnetic power +
ohmic losses + brush contact loss

@ The field winding can be a permanent magnet (small size) or excited
with dc supply.

@ Field can be self or separately excited.

@ In self excited machine, residual magnetism is essential.

@ When the armature rotates, a residual voltage appears across

the brushed. This residual voltage should establish a current in
the field winding so as to reinforce the residual flux
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Classification of DC Machine

Separately Excited Machine

o Field is supplied from an
external source

field

Armature
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Classification of DC Machine

Separately Excited Machine
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external source
@ Voltage across field is
independent of armature
voltage and shall be

designed to remain constant
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Classification of DC Machine

Separately Excited Machine a
@ Field is supplied from an rem
external source field

oy v
@ Voltage across field is t Ea
independent of armature

voltage and shall be

. : Armature
designed to remain constant rmatre )
v
Series Machine
. T : ~ VT8
o Field winding is connected in ¥ Series field
. Q
series =
Vi Ea "
£
<L
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@ Field is supplied from an rem
external source field
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@ Voltage across field is t Ea
independent of armature

voltage and shall be
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Series Machine
. T : ~ VT8
@ Field winding is connected in ¥ Series field
. Q
series =
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Classification of DC Machine

Separately Excited Machine a
@ Field is supplied from an rem
external source field

S v
@ Voltage across field is t Ea
independent of armature

voltage and shall be

. : Armature
designed to remain constant rmatre )
Series Machine
. T : ~ VT8
@ Field winding is connected in ¥ Series field
. Q
series =
v, £ E
o Field changes with load current E

@ Field winding consist few turns -
of thick wire (Rse)
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Classification of DC Machine

Shunt Machine

@ Field winding is connected in
parallel to the armature Y

-
o
Armature
e 11
shunt field
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parallel to the armature Vi Ea *:E g‘é
@ It has high resistance z 12
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Classification of DC Machine

Shunt Machine
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parallel to the armature Y

@ It has high resistance
compared to the one
connected in series (Rsp)

,_,
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Classification of DC Machine

Shunt Machine

@ Field winding is connected in i o =
parallel to the armature Ve ta *:E g "E

@ It has high resistance z 12
compared to the one =

connected in series (Rsp)

Compound Machine

. . . + .
@ Both series and shunt winding series field . -
are present. v 5 &
t Ea g =
= z
< =

v
v
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Classification of DC Machine

Shunt Machine

@ Field winding is connected in i o =
parallel to the armature Ve ta *:E g "E

@ It has high resistance z 12
compared to the one =

connected in series (Rsp)

Compound Machine

@ Both series and shunt winding ¥ series field -
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@ It is possible to have shunt § E
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Classification of DC Machine

Shunt Machine

@ Field winding is connected in i o =
parallel to the armature Ve ta *:E g "E

@ It has high resistance z 12
compared to the one =

connected in series (Rsp)

Compound Machine

@ Both series and shunt winding
are present.

+ .
series field

t Ea

Armature

@ It is possible to have shunt
winding as separately excited

shunt field

@ The series field and armature
field may aid (cumulative) or
oppose each other (differential)

v
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Classification of DC Machine
Long Shunt Machine

+

"

=%}
Armature
shunt field

@ No appreciable difference in operating characteristics

v
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=%}
Armature
shunt field

@ No appreciable difference in operating characteristics

@ Choice is based on mechanical considerations of connections or of
reversing switches
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Classification of DC Machine
Long Shunt Machine

+

"

=%}
Armature
shunt field

@ No appreciable difference in operating characteristics

@ Choice is based on mechanical considerations of connections or of
reversing switches

@ Thumb rule: Long shunt requires longer wire to connect.
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Armature Reaction

@ The effect of armature mmf on field flux distribution in the air-gap is
termed as “armature reaction”.
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Armature Reaction

@ The effect of armature mmf on field flux distribution in the air-gap is
termed as “armature reaction”.

o Effect of armaure reaction
e Total main field flux will reduce per pole - reduction in generated emf
and torque
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Armature Reaction

@ The effect of armature mmf on field flux distribution in the air-gap is
termed as “armature reaction”.

o Effect of armaure reaction
e Total main field flux will reduce per pole - reduction in generated emf
and torque
e Main field flux wave is distorted along the periphery-limits successful
“commutation”
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Armature Reaction
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@ Armature reaction can be compensated by using

o High reluctance pole tips (chamfered or eccentric)
e Inter-poles are connected between main poles and in series with
armature current and physically placed in commutating zone.
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@ Armature reaction can be compensated by using
o High reluctance pole tips (chamfered or eccentric)
o Inter-poles are connected between main poles and in series with
armature current and physically placed in commutating zone.
e Compensating winding is generally used in rapidly fluctuating load
conditions
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@ Armature reaction can be compensated by using

o High reluctance pole tips (chamfered or eccentric)
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armature current and physically placed in commutating zone.

o Compensating winding is generally used in rapidly fluctuating load
conditions
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Armature Reaction

@ Armature reaction can be compensated by using

o High reluctance pole tips (chamfered or eccentric)

o Inter-poles are connected between main poles and in series with
armature current and physically placed in commutating zone.

o Compensating winding is generally used in rapidly fluctuating load
conditions

@ Brushes
e Carbon, copper graphite, electro-graphite etc
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Armature Reaction

@ Armature reaction can be compensated by using
o High reluctance pole tips (chamfered or eccentric)
o Inter-poles are connected between main poles and in series with
armature current and physically placed in commutating zone.
o Compensating winding is generally used in rapidly fluctuating load
conditions

@ Brushes
e Carbon, copper graphite, electro-graphite etc
e Maintenance is a big problem
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