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EECE 376
Electromechanics

Module 5 (Start Reading Chap. 4 & 5): 

Rotating Magnetic Field & AC Motors
Spring 2015
Instructor: Dr. Juri Jatskevich
Class Webpage:
http://courses.ece.ubc.ca/eece376

Learning Objectives & Important Concepts / Topics
• 2 and 3 phase stator systems and windings
• Concept of rotating magnetic field 
• Multi-pole (P-pole) stator system
• Types of basic multi-phase ac rotating devices
• Concept of rotating reference frame – qd-coordinates
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AC Motors Synchronous
Asynchronous

Brushless DC
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Stator Lamination

Stator Winding 

Equivalent 
concentrated 
winding

Real winding
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Sinusoidally Distributed Stator Winding  

This winding will produce MMF distributed in the air-gap

( ) pssps NdNN 2sin
0

== ∫ φφ
π

( )spas NN φsin=

Total number of turns of the 
equivalent sinusoidal winding

( )spas NN φsin−=

( )sas
s

asas i
N

Fmmf φcos
2

==
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Sinusoidally Distributed Stator Winding  

Assume mmf distributed in the air-gap

Distributed winding

( )sas
s

asas i
N

Fmmf φcos
2

==

Distributed winding represented by

as – as’ at the maximum turn density 
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Rotating Magnetic Field
Stator Windings Magnetic Axis Apply balanced set of currents

( )o90cos −= tIi embs ω

( )tIi emas ωcos=

bsass FFF +=Resulting MMF

0=bsFmas FF = ∠= ms FFAt  t = t0
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Rotating Magnetic Field
Apply balanced set of currents

( )o90cos −= tIi embs ω

( )tIi emas ωcos=

bsass FFF +=Resulting MMF

=bsF=asF ∠= ms FF

At  t = t1
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Rotating Magnetic Field
Apply balanced set of currents

( )o90cos −= tIi embs ω

( )tIi emas ωcos=

bsass FFF +=Resulting MMF

=bsF=asF ∠= ms FF

At  t = t2
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Rotating Magnetic Field
Apply balanced set of currents

( )o90cos −= tIi embs ω

( )tIi emas ωcos=

bsass FFF +=Resulting MMF

=bsF=asF ∠= ms FF

At  t = t4
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mbs FF
2

1
−= mcs FF

2

1
−=

∠= ms F     FResulting MMF vector

At t = t0
3-Phase Rotating Magnetic Field

mas FF =

Apply balanced set of currents ( )o120cos −= tIi embs ω

( )tIi emas ωcos=

( )o120cos += tIi emcs ω
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=bsF=asF =csF

∠= ms F
2

3
FResulting MMF vector

At t = t1
3-Phase Rotating Magnetic Field
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=bsF=asF =csF

∠= ms F
2

3
FResulting MMF vector

At t = t2
3-Phase Rotating Magnetic Field
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=bsF=asF =csF

∠= ms F
2

3
FResulting MMF vector

At t = t4
3-Phase Rotating Magnetic Field
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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 Fs that 
• Has constant magnitude
• Rotates in space  

( ) ems F θ∠= 2/3F

tee ωθ =

( )o90cos −= tIi embs ω

( )tIi emas ωcos=

ems F θ∠=F

( )o120cos −= tIi embs ω

( )tIi emas ωcos=

( )o120cos += tIi emcs ω

How many phases 
can you have ?

How do you 
change direction 
of rotation ?
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2-Pole Rotating Magnetic Field
For 2-pole Stator System

P – number of poles (P = 2)  

]rpm[   60 esyn fn ⋅=

tee ωθ =

esyn ωω =

πθ 20 →=e
One cycle of currents
= one complete revolution

of magnetic poles

Synchronous speed is 
the same as electrical 
speed

Electrical displacement
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4-Pole Rotating Magnetic Field
For 4-pole Stator System

P – number of poles (P = 4)  

]rpm[   30 esyn fn ⋅=

tee ωθ =

esyn ωω
2

1
=

πθ 20 →=e
One cycle of currents
= half revolution

of magnetic poles

Synchronous speed is 
half of electrical speed

Electrical displacement
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P-Pole Rotating Magnetic Field

tee ωθ =

For P-pole Stator System
P – number of poles

]rpm[   
120

esyn f
p

n ⋅=

esyn p
ωω 2

=

πθ 20 →=e
One cycle of currents
= 2/P revolution

of magnetic poles

Synchronous speed of 
magnetic poles is 2/P
of the electrical speed

Electrical displacement

8

40π12006

60π18004

120π36002

ωsynnsynp

For fe = 60 Hz
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Type of Common Rotating Devices
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Rotating Frame of Reference: Chap. 5
Assume rotating MMF

( ) ems F θ∠= 2/3F

tee ωθ =

( )o120cos −= tIi embs ω

( )tIi emas ωcos=

( )o120cos += tIi emcs ω

where

Is there a system of coordinates 
in which the magnetic field 
appears stationary ?

How does the number of 
phases come into play ?
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Consider that each phase has variables

,...,, λvif =

abssqds fKf =

( ) ( )
( ) ( ) ⎥

⎦

⎤
⎢
⎣

⎡
⋅⎥
⎦

⎤
⎢
⎣

⎡
−

=⎥
⎦

⎤
⎢
⎣

⎡

bs

as

ds

qs

f

f

f

f

θθ
θθ

cossin

sincos

Define a vector

How would these variables look if we view 
them in qd-coordinate system ?

[ ]Tbsasabs ff=f

[ ]Tdsqsqds ff=f

2-phase stator system

Rotating Frame of Reference: Chap. 5
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Consider that each phase has variables

,...,, λvif =

abcssqds fKf =

Define a vector

How would these variables look if we view 
them in qd-coordinate system ?

[ ]Tcsbsasabcs fff=f

[ ]Tdsqsqds ff=f

3-phase stator system

( ) ( ) ( )
( ) ( ) ( ) ⎥

⎥
⎥

⎦

⎤

⎢
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⎢
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⋅
⎥
⎥
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⎡

+−
+−=⎥

⎦

⎤
⎢
⎣

⎡

cs

bs

as

ds

qs

f

f

f

f

f
oo

oo

120sin120sinsin

120cos120coscos
3

2

θθθ
θθθ

Rotating Frame of Reference: Chap. 5
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Rotating Frame of Reference: Chap. 5


