5/23/06

EE 1291
Energy Conversion and

Transport

D.ELANGOVAN

Chapter 3

DC Motors

360 Chapter 8. DC madnes



3.1 DC Motor

 Thedirect current (dc) machine can be used as
amotor or asa generator.

e DC Machineismost often used for a motor.

 Themajor advantages of dc machines are the
easy speed and torqgue regulation.

 However, their application islimited to mill s,
mines and trains. Asexamples, trolleysand
underground subway cars may use dc motors.

e |n the past, automobiles were equipped with dc
dynamosto chargetheir batteries.
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3.1 DC Motor

« Eventodaythestarterisaseriesdc motor

 However, the recent development of power
eledronics hasreduced the use of dc motors
and generators.

» The dedronically controlled ac drives are
gradually replacing the dc motor drivesin
factories.

 Nevertheless alarge number of dc motorsare
still used by industry and several thousand are
sold annually.
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Construction

5/23/06 360 Chapter 8. DC madnes



DC Machine Construction
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Figure 8.1 Genera arrangement of adc madine
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DC Machines

« Thestator of thedc motor has
poles, which are excited by dc
current to produce magnetic mtating, Commtating el
fields. ‘

 Intheneutral zone, in themiddle
between the poles, commutating
poles are placed to reduce
gparking of the commutator. o
The commutating polesare { I N B
supplied by dc current. o\

e« Compensatingwindingsare
mounted on the main poles.
These short-circuited windings
damp rotor oscillations. .

Shunt field
winding
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DC Machines

The poles are mounted on an
Iron corethat providesa Y
closed magnetic drcuit. |

e Themotor housing supports
theiron core, the brushes and
the bearings.

e The rotor hasaring-shaped
laminated iron core with dots.

e Collswith several turnsare
placed inthedots. The
distance between thetwo legs
of the coil isabout 180 €electric
degrees.
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DC Machines

The milsare conneded in series
through the commutator
segments.

The ends of each coil are
conneded to a commutator
segment.

The commutator consists of
Insulated copper segments
mounted on an insulated tube.

Two brushesare pressd to the
commutator to permit curre nt
flow.

Thebrushesare placed in the
neutral zone, where the magnetic
field iscloseto zero, to reduce
arcing
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DC Machines

The rotor hasaring-shaped
laminated iron core with dots.

The commutator consists of
insulated copper segments
mounted on an insulated tube.

Two brushesare pressd to
the commutator to permit
current flow.

Thebrushesare placed in the
neutral zone, wherethe
magnetic field is closeto zero,
toreducearcing.
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DC Machines

The commutator switchesthe
current from onerotor coil to
the adjacent caill,

The switching requiresthe
interruption of the cail
current.

The sudden interruption of an
inductive airr ent generates
high voltages.

The high voltage produces
flashover and arcing between
the commutator segment and
the brush.
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DC Machine Construction
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Figure 8.2 Commutator with the rotor coil s connections,
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DC Machine Construction
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Figure 8.3 Detall s of the commutator of a dc motor.
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DC Machine Construction

Figure 8.4 DC motor stator with polesvisible.
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DC Machine Construction
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Figure 8.5Rotor of adc motor.
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DC Machine Construction

F |

Figure 8.6 Cutaway view of a dc motor.
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DC Motor Operation
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DC Motor Operation

|ln adc motor, the gator

polesare supplied by dc Rotation
excitation curre nt, which 2 e e
producesa dc magnetic AN /i
fleld 00000

The rotor issupplied by

dc aurrent through the N S
brushes commutator

and colls.

The interaction of the radaion | conpx
magnetic field and rotor windng

current generatesa force
that drivesthe motor
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DC Motor Operation

Themagnetic field lines
enter into the rotor from the
north pole (N) and exit
toward the uth pole (S).

The polesgenerate a
magnetic field that is
perpendicular to the aurrent
carr ying conductors.

The interaction between the
field and the aurrent
producesa L orentz force,

Theforce isperpendicular to
both the magnetic field and
conductor |

(b) Rotor current flow from segment 2to 1(slot b to a)

(@ Rotor current flow from segment 1 to 2 (dot ato b)
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DC Motor Operation

The generated force turns the rotor
until the coil readhes the neutral

point between the poles. Ve
At this point, the magnetic field
becomes pradicdly zero together L

with the force |

r dc
However, inertia drives the motor
beyond the neutral zone where the
diredion of the magnetic field
reverses.

To avoid the reversal of theforce
diredion, the commutator changes
the current direction, which

mai ntains the wunterclockwise
rotation. .

(@ Rotor current flow from segment 1 to 2 (slot ato b)

(b) Rotor current flow from segment 2to 1 (dot b to a)
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DC Motor Operation

Before reaching the neutral zone,
the current entersin segment 1 and
exits from segment 2,

Therefore, current enters the coll
end at dot aand exitsfrom dot b
during this stage.

After passng the neutral zone, the
current enters segment 2 and exits
from segment 1,

Thisreverses the current direction
through the rotor coil, when the coll
passes the neutral zone.

The result of this current reversal is
the maintenance of the rotation.

(b) Rotor current flow from segment 2to 1 (dot b to a)
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DC Generator
Operation
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DC Generator Operation

The N-S polesproducea
dc magnetic field and the

rotor coil turnsin this Ve
field. |

A turbineor other oy
machine drivesthe rotor. | e

(& Rotor current flow from segment 1 to 2 (slot ato b)

The onductors in the
slots aut the magnetic flux
lines which induce
voltage in the rotor coils.

The il hastwo sides 7/
oneisplaced in dot a, the M
other in slot b. e

(b) Rotor current flow from segment 2 to 1 (slot b to a)
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DC Generator Operation

In Figure 8.11A, the
conductors in slot aare

cutting thefield lines Vi
entering into the rotor
from the north pole, v

The conductors in slot b |
are cutting thefield lines
exiting from the rotor to
the outh pole.

The atting of thefield
linesgeneratesvoltagein

r dc

(& Rotor current flow from segment 1 to 2 (slot ato b)

the conductors. Vee
Thevoltages generated In v
thetwo sidesof the il > +

are added. L

(b) Rotor current flow from segment 2 to 1 (slot b to a)
5/23/06 360 Chapter 8. DC madnes 23



DC Generator Operation

Theinduced voltageis
conneded to the generator
terminalsthrough the
commutator and brushes

In Figure 8.11A, the induced
voltage in b ispositive, and In |
aisnegative. e
.. ) ) (& Rotor current flow from segment 1 to 2 (slot ato b)
The positiveterminal is
conneded to commutator
segment 2 and to the
conductors in slot b.

Thenegativeterminal is
conneded to segment 1 and -
to the conductors in dot a. > 5y

r_dc

(b) Rotor current flow from segment 2 to 1 (slot b to a)
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DC Generator Operation

 When the il passeghe
neutral zone:

— Conductorsin slot aare
then moving toward the
south pole and cut flux lines
exiting from the rotor

— Conductorsin dot b cut the I e

ng%( t!)l nes enteri ng the In (& Rotor current flow from segment 1 to 2 (slot ato b)

e This dhangesthe polarity
of the induced voltage in
the all.

 Thevoltageinduced in a
ISnow positive, and in b is ‘
negative. > 1

r_dc
(b) Rotor current flow from segment 2to 1(slot b to a)
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DC Generator Operation

 The smultaneously the
commutator reversesits
terminals, which asaures
that the output voltage
(V4o polarity is
unchanged. | ac

° | N Figure 8118 (& Rotor current flow from segment 1 to 2 (slot ato b)

— thepositiveterminal is
connected to commutator
segment 1 and to the
conductorsin slot a.

— Thenegativeterminal is .
connected to segment 2 and M

tothe conductorsin dot b. |>dc .

(b) Rotor current flow from segment 2 to 1 (slot b to a)
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DC Machine
Equivalent Circuit
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Generator
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DC Generator Equivalent circuit

« Themagnetic field produced by the dator polesinducesa
voltagein the rotor (or armature) coilswhen the
generator is rotated.

 Thisinduced voltageis represented by a vdtage urce.

e The gator coil has resistance which is monneded in
sagies

 Thepolefluxisproduced by the DC excitation/field
curre nt, which ismagnetically coupled to the rotor

 Thefidd circuit has resistanceand a source
 Thevoltagedrop on the brushes regresented by a battery
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DC Generator Equivalent circuit

Rf ,._I I- a L Oad

Medhanical Eledricd
power in power out

e Figure 8.12Equivalent circuit of a searately excited dc
generator.
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DC Generator Equivalent circuit

« Themagnetic field produced by the stator poles
Induces a vdtagein the rotor (or armature) coils
when the generator isrotated.

 Thedcfield current of the poles generates a
magnetic flux

o Thefluxisproportional with thefield current if
theiron core isnot saturated:

CI)agzKllf
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DC Generator Equivalent circuit

 The rotor conductorscut thefield lines
that generate voltage in the coll s.

Eag =2N B/ Y
« Themotor spedal and flux equationsare:

D _
V=t ®, =B/, D,
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DC Generator Equivalent circuit

 The combination of thethree egquation
resultsthe induced voltage equation:

_ _ Dy H_ ( oo =
By =2N,B/v=2N,B/, o—2E=N, (B, DyJwo=N, &, @
 The guation issmplified.

E, =N, @, w=N, K, I, 0=K, | @
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DC Generator Equivalent circuit

 When the generator isloaded, theload current produces
a vdtage drop on the rotor winding resistance.

e |n addition, thereisamore or less mnstant 1-3V voltage
drop on the brushes

 Thesetwo voltage drops reducetheterminal voltage of
the generator. Theterminal voltageis,

Eag :Vdc T Iag Ra +Vbrush
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DC Motor Equivalent circult

Vbrush R Eledricd

-|I+ a power In

R

MA— & W
T — |5 + I N, DC Power
Vi | <> E., Ve <. supply

Medanicd
power out

 Figure 8.13 Equivalent circuit of a separately excited dc motor

e Equivalent circuit issimilar to the generator only the current
directions are different
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DC Motor Equivalent circult

 The operation equations are:
e Armature voltage equation

Vdc = Eam T Iam Ra +Vbrush

The induced voltage and motor speed vs anguar
frequency

Eam:KmIfw a):27_[nm
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DC Motor Equivalent circult

 The operation equations are:
 The combination of the egquationsreailtsin

Kmlfw:Eam: dc_lamRm

The aurrent is calculated from this eguation. The output
power and torque are:

P

out

=Egn lam  T="2=K,|
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DC Machine
Excitation Methods
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DC Motor Operation

« Therearefour different methodsfor
supplying the dc current to the motor
or generator poles.

— Separate ecitation;
— Shunt connedion

— Seriesconnedion

— Compound
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DC Motor Equivalent circuit

Vbrush R

DC Power

e Figure 8.14 Equivalent circuit of a shunt dc motor
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DC Motor Equivalent circuit

V R
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e Figure 8.15 Equivalent circuit of a seriesdc motor
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DC Motor Equivalent circuit

Vbrush R
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 Figure 8.16 Equivalent circuit of a compound dc motor
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