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Course Logistics

 No tutorial this week

* Quizzes
* Quiz 3: March 20 at the beginning of the tutorial
* Quiz 4: April 2 at the beginning of the lecture



Rotating Magnetic Field at
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Apply balanced set of currents
s = |y COS(wet)

s = Iy cos(a)et +120°)

B\
Fas: Fm
|:bs: /é;r\
ch: _”(i?w-

Resulting MMF
|:s — Fas + I:bs + ch

2 - .
”fz(—mlo



Rotating Magnetic Field at wot=60°

Currents

bs axis
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Apply balanced set of currents
s = |y COS(wet)

s = Iy cos(a)et +120°)
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Rotating Magnetic Field at at =120

bs axis
Apply balanced set of currents

< oW e = Iy cos@) )

\qbs ihs = Iy cos|wgt —120°
> 15 axis les = Im COS(a)et+12O°)
o
|:as = "
F.= fFn
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Rotating Magnetic Field at ot =240°

Currents

bs axis
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Apply balanced set of currents

s = |y COS(wet)
ihs = Im cos(a)et —120°)
s = Iy cos(a)et +120°)
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Rotating Magnetic Field at ot =330°

bs axis

Apply balanced set of currents
s = |y COS(wet)

s Akl les = Imcos(a)et+120 )
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Rotating Magnetic Field

bs-axis hs-axis bs-axis
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Producing Rotating Magnetic Field

1. Given a set of AC currents shifted in time

2. Apply these currents to shifted in space stator windings — Produce MMF vector F, that:
« Has constant magnitude ’

« Rotates in space 3 %;W@,
i ): | ?ﬁg/{? t 2=l COS(a)e’[) How many phases can you have ?
o« = InCOS( 1) i, = 1, cos(@,t —120°) L w2 phates

i =1 cos(a)et@) > et ;

i, =1, cos(w,t+120°)

C

How do you change direction of rotation ?
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2-Pole Rotating Magnetic Field =,

Fotré—pole Stator System
Le

Qe — C()et Electrical displacement

9 . O 2 One cycle of currents
e > 7T = one complete revolution
of magnetic poles

Synchronous speed is the speed at which

stator magnetic poles rotate

In this case, this is the same as electrical

frequency / speed

/C4—>’W?E’wt c ple T
/7 .
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Syn €
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Ngyn = 60- f, [rpm]
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— represent number of poles (P = 2)
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4-Pole Rotating Magnetic Field

For 4-pole Stator System

Let P — represent number of poles (P =4)

@Z C()et Electrical displacement

6 . O 2 One cycle of currents
e —> £7T = half revolution
of magnetic poles

Synchronous speed is the speed at which
stator magnetic poles rotate

In this case, this is half of the electrical
frequency / speed o

Currents
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Number of Magnetic Poles
) - pile

Mechanical and Electrical speed and position
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Speed of a P-Pole Motor > e« agyrchenac podhivg = < ok et Gt Gy

P —denoted number of poles (P=2,4,6, ...) / V/ X&

P o Typical
0, = w1l Eectical displacement rad/sec r;ﬁ? speed, N
Electrical (stator) speed for f, = 60 Hz rpm
w0, =21, ~ 37T [tIs] {4102 |120m 3600) | 2¢x0
Synchronous speed is 2/P of the electrical speed 4 6075 1800 | (g0
Wsyn z@a)e [r/s] 6 |40z 11200 | ((»0
A 8 |30m  [900 | (ko

syn

n,,=—p0f, [rpm
5 [rpm]

I

(.
We can always “convert” a P-pole motor into an equivalent 2-pole motor using th./7 F Cosormn, 7@,{&/%

P M
Equivalent 2-pole motor seed @{E}a’rm Actual mechanical speed
2-pole motor ¢

Actual mechanical speed is not constant and depends on the mechanical load!
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Speed of a P-Pole Motor
P —denoted number of poles (P=2,4,6, ...)

Qe = C()et Electrical displacement P Dgyn nsyn Typic:l )
| - rad/sec |rpm speed,
Electrical (stator) speed for f, = 50 Hz rpm
w, = 278, ~ 314 |r/s] 2 |100% |3000 | 2420
Synchronous speed is 2/P of the electrical speed 4 50r l_SQO MF 270
2

Osyn = 5 Ve [1/s] 6 [33.337/1000 | f¢o

2 8 25T 750 (0
n,,=—-60f, [rpm]

P
We can always “convert” a P-pole motor into an equivalent 2-pole motor using the P/2 factor !

P

Equivalent 2-pole motor seed Wy = E Orm Actual mechanical speed

Actual mechanical speed is not constant and depends on the mechanical load!
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Slip & Asynchronous Speed

< Induction Machine = Asynchronous Machine
=) Speed of the rotor is different from the speed of the stator magnetic field / poles

| o S
—> difference between the speed of synchronous airgap field and the rotor speed

e o eez
BEORRG et
Fractional Slip: ~ § = \o/= (Syf—x (r _ %Y%) elee Gpeed GZ;@W@Z to

— — e o

syn a)S n a)e m
o - ’ Stotor  reoh | Sy Syeé’/! W‘*"fﬁ
Percent Slip: S = n 100% (C— g‘Z V):%EL%\
Wy = i;_wm

Rotor speed relative to the stator magnetic field (poles) ==)

Slip frequency: ., =a, — . @

Rotor mechanical speed: = n
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_— "

a) Assume synchronous speed @, = @,

Principle of Operation (ldle mode) ok Gl

@. — @ @"E O,
g = e r :O \J\Dg - @ MS
@, —
/_,-—-"——\
o w 00O
* Rotor bars do not cut magnetic flux - — = 0

* No current induced
* No torque produced
Qoo Geed G a3 gt
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Principle of Operation (motor

b) Assume @ and @, <@,
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Principle of Operation (motor)
b)Assume T >0 and @, <®,

S =

W, — @
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Principle of Operation (generator)

c) Assume Tm <0 and @, > @,
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Frequency of Rotor Currents

Slip frequency @, =@, — @, =S @, Rotor electrical speed relative to the stator magnetic field

-

120
r]syn A 1:e

P

/(L‘u?

@ O 3% _Jg o (e ¢
2r 21 tas ue-t)
§c ot éo H’];
G- 0/

,&’L CZK o =32 H
v Rotor winding (circuit) operates at different frequency
v This frequency is proportional to slip s
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Speeds in Induction Machines

r=4
‘*Example 1: A 3-phase, E;LLI:LZ, pQL&nductlon/notor operates at slip of F 5%. Determine:

—

\\ CCW

/(a) Synchronous speed = 60 L « 6o 7 =~ | oo P

(b) Shaft speed “(,. - @7 ([ 0.0§) = [T[0 ~xp™

(c) Speed of the rotating air-gap field - (Qoo\me

< (d) Frequency of the rotor currents {r - Q. ,][5 = 0.06x o = 2 [z
(e) Slip in rpm Nty = (oo . ¢ = O T pre

(f) Speed of the rotor field relative to:
gk.,i;r'v‘“'[&->(i) rotor body {0 vpe (CCW) > foeward,

- 2 (ii) stator body  |goo v p
K /7(|||) stator rotating field () )E o




Looking ahead...

e Continue Module 5





