Motores eléctricos

De corrente continua (DC)

De corrente alternada




[1 Recortar slide

Coill-span (pitch) =
1/2 B-wave length

Conductor. A length of wire which takes active part in the energy-
conversion process 1s a called a conductor.

Turn. One turn consists of two conductors.

Coil. One coil may consist of any number of turns.

Coil —side. One coil with any number of turns has two coil-sides.
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Wave windins

No. of parallel paths = 2 = No. of brushes
Dummy coils are required (Mech balance)
High voltage low current
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end of coil 1

startof coll 2
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Numa revolucao o
fluxo apanhado por
um condutor é

& =

E =

E

P = Number of poles of the machine.

¢ = Flux per pole in Wb

Z = Total number of armature conductors.
N = Speed of armature in rpm

A = Number of parallel paths in the armature winding.

= P Wh
Po  Pp  PoN
t TN 60 YN
_p¢N 7  PIpN
60 <A~ 60A ‘ol
szn where n in speed in r.p.s.
N
60

Tempo de uma
revolucao

ﬁ n=



Para uma dada maquina o n2 de polos e n? de condutores por caminho paralelo é constante

E =K ¢nwhere K = Pz 15 a constant or E o= ¢ n

A

E=K, ¢ Nwhere K, = % 15 another constant or K oc ¢ N

2N . .. .
E = ¢ o where @ = 1s the angular velocity in radian/second

60

Conclui-se que a forca electromotriz induzida é proporcional ao fluxo por polo e a velocidade de rotacao

Se a maquina trabalha como gerador Se a maquina trabalha como motor
PZoN PZON
E,= o "ot £v="g0a "



Average force on each conductor, F = Bil newton
Binario
Torque due to one conductor = F x r newton metre

Total torque developed in the armature,

T = ZFr newton metre

or Ir=Z2ZBilr
PZ¢N
E = volt.
P = No. of poles. El, =al' or EI = 2-[] <T
¢ = Flux per pole in Wb. GZNP 2N PZ 6N
r = Average radius of armature in metre. Xx] =—xT I'=——N
o 60A '@ = 760 . mA

I = Effective length of each conductor in metre.
Z = Total armature conductors.

I = Total armature current.

A = No. of parallel paths.



An eight pole lap wound DC generator has 960 conductors, a flux of 40 m Wb per pole and is driven
at 400 rpm. Find OC emf.

Solution:
.. _ QZNP
Open circuit emf, E‘g = “G0A
where, ¢ =40 m Wb =40 x 107 Wb; Z=960; N =400 rpm; P =8
A = P =8 (lap winding)

F = 40 x 107 x 960 x 400 x 8
g 60 x 8

=256 V (Ans.)



The induced emfin a DC machine is 220 volts at a speed of 1500 rpm. Calculate the electromagnetic
torque developed at an armature current of 20 A.

Solution:
Here E=220 Vi N= 1500 rpm; I =20 A

Power developed in the armature
ol =EI

E,l E,l 220 x 20 % 60
= —bla _ a__ _ =23, .
o le=—% ~2zN 760 2 x 1500 - 2287 Nm (Ans)




1. Separately excited DC generators
2. Self excited DC generators — these are further classified as:
(i) Shunt wound DC generators
(¢i) Series wound DC generators
(iii) Compound wound DC generators.
(@) Long shunt compound wound generators
(b) Short shunt compound wound generators.



Excitacao separada

Terminal voltage, V = EE -1 R,

If contact brush drop per brush (v,) is known,
V=E -I R -2v
g a o a b.
Power developed = Eg I;

Power output = VI, = VI_



Armature current, [_ =1, + 1,
Terminal voltage, V=FE —I R
E a a
Including brush contact drop, V=E —I R —2uvu
g a a b

Power developed = E? I : Power output = VI,



la SERIES
A FIELD

Series field current, I, =1 =1 (421)

Series field winding resistance = R,

Terminal voltage, V=F . IR -1 R_=E . I.(R,+R_)

Including brush contact drop, V= Eg -1 (R, +R_)-2u,

Power developed = E li,J:'ﬂ: Power output = VI, = VI



Regulag¢ao de tensao num gerador shunt

Generated voltage or voltage at the terminals at no-load

5 _p POZN
¢~ 70 7604

At full load, the terminal voltage is

V=E -I _ R

£ a(fly "a v

b
Where. .’m )= Full-load armature current
Rﬂ = Armature resistance

V, = Total voltage drop at the brushes

-V
% Voltage regulation = EGV x 100



R,, = 100Q

The armature of a four-pole DC shunt generator has 378 wave
o connected conductors. The armature and shunt winding resistance
Ve E of the generator is 1 ohm and 100 ohm respectively. The flux per
[';_ - pole is 0.02 Wb. If a load resistance of 10 ohm is connected across
the armature terminals and the generator is driven at 1000 rpm,

Y calculate the power absorbed by the load.

PZ¢N 4% 378x 0-02 x 1000 _

= = 5
Generated emf, Eg G0 A 60 < 2 252V
. Vv Vv , .
Line current, [ LS o = n (where V' is terminal voltage)
R, 10
. v v
Shunt field current, I, = R, =100
_ _vV.V _
Armature current, I =1 +1I,= 10 + 100 = (0-11V)

Using the relation, E{g =V+I R
252=V+011 Vx 10
Terminal voltage., V = 227 volt

Vv _227

Load current, IL = R_L =70 =22TA

Power absorbed by the load, P = VI, =227 x 227 = 5:153 kW (Ans.)



Motores DC

(a) Main field (b) Field due to current carrying coil (c) Resultant field

O comutador



010 010
N N
SIC olo
(a) Torque development due to alignment (b) Production of E
of rotor field with main field
J
E. = PZYN ) Eb o ¢
b 60 A
I-Ii +
T E,=V-I,R, Se o motor for sujeito a um esforco com uma
y carga, a velocidade diminui, o que faz reduzir
J .
] = V . E, a forca contra-electromotriz, pelo que a
a
l a corrente fornecida ao motor aumenta



binario

_ i _ 2nN

El = o, oI El = “60 % T,

o ZNP 2N PZ¢N
Xx] =—=——xT y T = N

of 60A e T 60 e o e~ 2za "

Generator action Motor action
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Maquinas AC

Sincronos

Assincronos




_120f _ PN
Ns==p~ o /=10
where N is the synchronous speed in rpm;  fis the supply frequency and
P is the number of poles of the machine.

Fig. 6.1 Generator principle Fig. 6.2 Motor principle



Generator action Motor action
| + / +
> yy < Y A
Tm Tr  AMa
bDC
Ra v [] ((C( Aa v Supply
(] TE
Y Y Y

Fig. 6.3 Generator action

Fig. 6.4 Motor action

o

. In generator action, the rotation is due to

mechanical torque, therefore, T_and w are in the
same direction.

. The frictional torque T, acts in opposite direction

to rotation .

. Electromagnetic torque T, acts in opposite direction

to mechanical torque T_ so that ol = ol + ol

. In generator action, an emf is induced in the

armature conductors which circulates current in
the armature when load is connected to it. Hence,
e and / both are in the same direction.

In generator action, £> V

In generator action, the torque angle &is leading.
In generator action, mechanical energy is converted
into electrical energy.

(=]

. In motoring action, the rotation is due to electro-

magnetic torque, therefore, T, and « are in the
same direction.

. The frictional torque T acts in opposite direction

to rotation w.

. Mechanical torque 7 acts in opposite direction to

electromagnetic torque T, so that o, = ol _+ @l
In motoring action, current is impressed to the
armature against the induced emf (e), therefore
current flows in opposite direction to that of
induced emf.

. In motor action, E< VV
. In motoring action, the torque angle &is lagging.

In motoring action, electrical energy is converted
into mechanical energy.




Coo se gera uma tensao induzida varidvel (sinusoidal)

360°




Relacdo entre frequéncia, velocidade de rotacao e numero de polos

No. of cycle made per revolution =

P
2
N,
60

No. of revolutions made per second =

No. of cycles made per second = No. of cycles/revolution x No. of revolutions/s

S P N PN, tests
f= 7 %60 = 120 cycles/s or Hz



Rotor e estator

O campo magnético na mdaquina pode estar tanto no estator como no rotor

Air duct for
s . ’ cocling
Nas Mmaquinas SiIncronas o Campo de s Laminated
. ~ , - - stator core
excitagao esta normalmente no rotor e nao Outer
frame
no estator
Laminated
pole shoe
Paole shoe
Field winding

Path of mean
0 - magnetic flux



Circuito equivalente de um motor sincrono

| R Xg V = Voltage applied to the armature (phase value)

S [ = armature current (phase value)

z
® R = effective armature resistance in ohm per phase
3 X = synchronous reactance per phase
EE:Z:L':‘[‘! E = excitation voltage (phase value)
Z = synchronous impedance per phase
I = exciting or field current
_ X V=FE+IZ,=E+IR+ jX.)=E+ IR+ jIX
where, Zs = R+ jXg = (R* + X; Ztan™' =% ohm s S

R —

ea]
1
=
|
—

s =V IR+ jX;)=V - IR - jIX



Magquinas assincronas

O estator é alimentado com corrente trifasica



fSlmples
Rotor em gaiola 4 dupla
Maquinas Assincronas

de barras profundas

Rotor bobinado

escovas

Nucleo do rotor B
Enrolamentos Ancis



Normalmente o rotor e trifasico
encontrando-se o0os seus enrolamentos
ligados em estrela ou em triangulo.

A ligacdo ao exterior € obtida através
de 3 escovas que fazem contacto com
cada um destes aneéis.
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Tal como no caso do transformador, as
grandezas do rotor podem ser reduzidas ao
estator e vice-versa.

Nucleo do rotor 3 .
Enrolamentos Ancis



Classification of electrical machines

Electrical
machines
DC AC
Machines Machines
| |
\J v \ 2 | 4
DC DC Synchronous Asynchronous
Generator Motor Machine Machine
Synchronous Synchronous Induction
Generator Motor Machines
2 v v 2
1 phase | | 3 phase 1 phase | | 3 phase 1 phase | | 3 phase




