Fundamentals of AC Machines
=

-1 Magnetic Field Production and Distribution
- DC Machines
- Synchronous Machines
- Induction Machines
0 Generated (induced) Voltages
- Synchronous Machines

- Induction Machines



Generated Voltage (EMF)
 Symnchrenous Machines
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Generated Voltage (EMF)

~ Synchrenous Machines
Electrical Angle vs. Mechanical Angle
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Generated Voltage (EMF)

1 Symnchreneus Machines

Electrical Angle vs. Mechanical Angle
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Generated Voltage (EMF)
_ 5

Frequency of the generated EMF
Mech. Angle Elect. Angle

No. of No. of mech. No. of time
poles | Revolutions (6=0,_) | cycles (w t=0,)
2 1 (2(360°)) 1 (2n)
4 1 (2(360°)) 2 (2*2m)
6 1 (2(360°)) 3 (3*2nm)
2p n, (rpm) pn, (cycles/min)
__ bn,

=0 0. = PO, | p = no. of pair poles




Generated Voltage (EMF)

Synehronous Machines

For One Conductor
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Generated Voltage (EMF)

Synehronous Machines
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Generated Voltage (EMF)

Synehronous Machines
For One Turn AR

8, = turn span (pitch) angle L e
6, = turn chording angle

Chording Factor E E E 0,
~ vector sum > > o~ |E
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kK. =sin ?S — COS?C Os , Oc¢ in electrical degrees
Eturn =2* Econd* kc :> Etum — 444f ¢kc




Generated Voltage (EMF)

Synehronous Machines
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Generated Voltage (EMF)

Synehronous Machines

For One Coil Group
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Generated Voltage (EMF)

Synehronous Machines
For One Phase
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Generated Voltage (EMF)

0 Synchroneus Machines
For One Phase
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Generated Voltage (EMF)

Synehronous Machines

For One Phase
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Generated Voltage (EMF)

Synehronous Machines

For One Phase

K
E phase — 444f gb(qcp)ﬁw
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Generated Voltage (EMF)

Synehronous Machines

For space harmonics
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Generated Voltage (EMF)

Synehronous Machines

For space harmonics

K
— 4.44f N
h¢h ph m

E

h phase

Eh — 1:h¢hkwh

El 1:1¢1kwl S

w1l

S

j> E, Bk
"S

E e = JEZ+EZ+EZ+....

p3

M. M
A\ M,
—

Eh _Bhkwh
8 9




Generated Voltage (EMF)

Synehronous Machines

For space harmonics

EI= J2 E, cos(hw,t)
e, =~/2E, cos(h(w,t—120))
B, = J2 E, cos(h(w,t+120))
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g  Positive seq. Zero seq. . / Negative seq.

h=1,7,13,.... h=3,9,15,... h=5,11,17,....



Generated Voltage (EMF)

1 Induction Mechines 000000
1. Wound Rotor (Slip-Ring) Machine




Generated Voltage (EMF)

Induetion Meachines
1. Wound Rotor (Slip-Ring) Machine

B, =B,cosd
kw2
E, phase = 4441 ON, -




Generated Voltage (EMF)

2. Squirrel Cage Rotor Machine

Welds holding copper or Welds at all joints
aluminum bars to end ring




Generated Voltage (EMF)

1 Induction Mechines 000000
2. Squirrel Cage Rotor Machine




Generated Voltage (EMF)

Induciion Machines
2. Squirrel Cage Rotor Machine

kw
E) phase = 4441 ON | ml
For simplicity, assume:
kW 2
E, phase = 4441 ON
m




Torque Production

Incuetion Machines [
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Torque Production

Induction Machines
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