
Fundamentals of AC Machines

 Magnetic Field Production and Distribution
- DC Machines
- Synchronous Machines
- Induction Machines

 Generated (induced) Voltages
- Synchronous Machines
- Induction Machines
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Generated Voltage (EMF)
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Generated Voltage (EMF)

Electrical Angle vs. Mechanical Angle

sn

l

p

1 cosfB B 

p

N

SS

e Blv

fB



2

e

2

3



Generated Voltage (EMF)

Electrical Angle vs. Mechanical Angle
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Generated Voltage (EMF)

Frequency of the generated EMF
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No. of 
poles

No. of mech.
Revolutions (θ=θm)

No. of time 
cycles (ωet=θe) 

2 1 (2π(360o)) 1 (2π)

4 1 (2π(360o)) 2 (2*2π)

6 1 (2π(360o)) 3 (3*2π)

2p ns (rpm) pns (cycles/min)
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Generated Voltage (EMF)

For One Conductor
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Generated Voltage (EMF)

sn
D

/ 1
2

pole pB l 




1B
l

p

2p
D
p


 

1
1

2
2

B DlDB l
p p





 

1 1m

p
E B lv


 

D l
l f D

p

1mE f 
1 2rmsE f



1 2.22rmsE f 

7



Generated Voltage (EMF)

For One Turn

θs = turn span (pitch) angle
θc = turn chording angle
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Generated Voltage (EMF)

For One Coil
Nc= number of turns per coil

For One Coil Group
s = number of stator slots

number of slots/pole/phase

q = number of coils/coil group
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Generated Voltage (EMF)

For One Coil Group

α = slot angle (pitch) 
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Generated Voltage (EMF)

For One Phase
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Generated Voltage (EMF)

For One Phase
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Generated Voltage (EMF)

For One Phase
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Generated Voltage (EMF)

For One Phase

q = no. of slots/pole/phase
c = no. of conductors/slot
p = no. of per poles

4.44 ( ) w
phase

kE f qcp
m



4.44 w
phase ph

kE f N
m



phN qcp

14



Generated Voltage (EMF)

For space harmonics

For any harmonic:
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Generated Voltage (EMF)

For space harmonics
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Generated Voltage (EMF)

For space harmonics A

B
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Generated Voltage (EMF)

1. Wound Rotor (Slip-Ring) Machine
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Generated Voltage (EMF)

1. Wound Rotor (Slip-Ring) Machine
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Generated Voltage (EMF)

2. Squirrel Cage Rotor Machine
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Generated Voltage (EMF)

2. Squirrel Cage Rotor Machine
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Generated Voltage (EMF)

2. Squirrel Cage Rotor Machine
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Torque Production
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Torque Production
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