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Fundamental concepts (Chapter 1)
Introduction on ac machines

Voltage induced in a rotating loop
Torque induced in a current-carrying loop
The rotating magnetic field

The effect of the number of poles

Reversing the direction of the magnetic
field




Production of induced force on a wire
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B “A magnetic field induces a
force on a current-carrying
wire within the field”

F=i(IxB)

‘ﬂ =ilBsind,

6 = angle bewteen the wire and field vector
Direction of the force?

Right hand rule: I (index finger), B
(middle finger) and F (Thumb).

Induced voltage on a conductor moving
in a magnetic field
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“A magnetic field induces a
voltage on a conductor (wire)
moving within the field”

€nq = (VXB)el




Introduction on ac machines

* Motors convert electrical to mechanical energy while
generators convert mechanical to electrical energy.

Voltage induced in a rotating loop
(operation as a generator)

B is a uniform magnetic |
field, aligned as shown. +0—

(@) (b)

FIGURE 4-1
A simple rotating loop in a uniform magnetic field. (@) Front view; (b) view of coil.

 Java applet showing the basic system:




Voltage induced in a rotating loop
(operation as a generator)
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B is a uniform magnetic |
field, aligned as shown. +0—
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FIGURE 4-1
A simple rotating loop in a uniform magnetic field. (@) Front view; (b) view of coil.

* Basic equation (section 1.7): e,, =(vxB)el
* Polarity of the induced voltage: Right hand rule. v — index
finger, B — middle finger and thumb —e¢,,,)

Voltage induced in a rotating loop

* The total voltage is the sum of the voltages in each
segment: e,, =e, te,+e, +e,

eqp = (VX B)el=vBisin @, e.q =(xB)el =vBisind,,

epe = €4, =0 because the direction of v Bis perpendicular to /.
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“The velocity of the wire is tangential to the path of rotation”




Voltage induced in a rotating loop

» Total voltage in the loop: €., =€, +e, =vBlsin6,, +vBlsing,,

For:6=6,,6, =180"-6,,,sin & =sin(180° - 0), |e,, = 2vBlsin @
* Considering that:
6 =at, wistheangular velocity of the loop

v=rwm, visthe tangential speed and r the radius
e,  =2rwBlsinax, Areaof theloop:A=2rl and ¢, = AB

Cing» V-

eind = ¢Maxw81n o

* Factors that affect ¢;,;?
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Comments for lab #3!

Note: 8= 0° means that the loop is in the vertical position.

Rotor circuit of an elementary machine

How to supply the voltage
induced in the loop to a load? Via
slip (metal) rings and brushes.

Segments ab and cd are always
connected to the same slip ring.

Brushes are made of graphite like
material, highly conductive and
with low friction not to wear
down the slip rings.

Brushes




Torque induced in a current-carrying loop
(operation as a motor)

Current is injected !
into the loop!
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* Basic equation (Force & torque): F=i(IxB) t=F(rsinf)

How are 6, and 6_,defined? From the center towards the sides of the loop!

cd

Torque induced in a current-carrying loop
(operation as a motor)

The total torque induced on the loop is: 7,y =7, 7., + 7, +7,

F,, =i(IxB)=ilB T4 = (F Mrsin8,,) = rilBsin 8, (clockwise)
Toq =(Foq \rsin@,,)=rilBsin@,; (clockwise)
Toe =Tda = 0

t,,,d,N-ml

T,q = 2rilBsin @

(clockwise), since 8, = 6.,




Brushes

Torque induced in a current-carrying loop
(operation as a motor)

One can also say that the torque induced on a loop tend to
align the magnetic field produced by this loop with the
external one.
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The torque induced in the loop is proportional to the
strength of the loop’s magnetic field, the strength of the
external magnetic field and the sine of the angle between
them.

T, =kB

loop

Bgsin@ =kB,,, X By




The rotating magnetic field

* It is required so that the rotor actually rotates due
to a torque that tends to line up the magnetic field
of the rotor with the magnetic field of the stator.

* In conventional synchronous AC machines, a DC
current is applied to the rotor circuit as described
in the simplified model of previous slides.

* A three-phase set of currents with equal
magnitude and phase shifted by 120° flowing in a
three-phase winding produces a rotating magnetic
field of constant magnitude.

The rotating magnetic field
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Stator of a three-
phase rotating
machine.

A set of three-
phase balanced
currents is
applied to it!

The windings are
phase-shifted in
space by 120°.

i,(t)=1I, sinax B,.(t)=B,, sinax£0’
iy (t) =1, sin(@x—120")  B,,(t)= B, (ax—120")£L120°
i.(t)=1, sin(ex+120°)  B_.(t)= B, (o +120°)£240°

B, ()=B,(t)+B,, () +B,.(t)

Applet of the rotating magnetic field:




The rotating magnetic field

B,.(t)=B, sinaZ0° B,,(1)=B, sin(@—120)2£120° B,_.(t) = B, sin(ax+120") 2240’

- é

B, (0)=B,.(0)+B,,(0)+B,.(0)=0+ [T B, ]4120" + (7 B, ]4240"

. B,,(07)=15B,2-90"
B, .(90°)=B,.(90°)+ B,,(90°) + B..(90°) = B,, £0° +(~0.5B,, ) £120° + (- 0.5B,, ) £240°
 B,,(90")=1.5B,, £0°

The magnitude of
the rotating
magnetic field is
constant!

The electrical frequency and the speed of
the magnetic field rotation

» For the case we have seen so far (2 poles) the
mechanical speed (revolutions/s) is equal to the
electric frequency in Hz.

f.=1f, 2poles
w,=wm, 2poles




The electrical frequency and the speed of the
magnetic field rotation

* For a P=4 poles machine, each pole moves only halfway
the stator in one electrical cycle.

f.= g f,, Ppoles w, = g“’m P poles

Reversing the direction of the magnetic
field rotation

e [f the current in any two of the three coils is
swapped, the direction of the magnetic
field’s rotation will be reversed (4-35).

e The result is that the shaft would rotate in
the reverse direction since [, follows fBg.
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