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References & Circuit Simulator

Can be downloaded from:

1. http://elearning.utm.my/22232/
2. https://people.utm.my/rasli1/

Circuit simulator: Matlab


http://elearning.utm.my/20211/
https://people.utm.my/rasli1/
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General




AC Machines

/ .

Synchronous Induction Machines
hMachines
Magneticfield current is Field current is supplied
supplied by a separate dc by magneticinduction
POWEr SoUrce (transformer action) into
their field windings.

. —

The field circuits are located on
their rotors.




Application

* Could be
v/ Generators
v/ Alternator
v/ Motors
¢/ Transmission gears




Structure
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3-Phase Structure




Operational (Generator)
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B is a uniform magnetic
field. aligned as shown.



Operational (Motor)
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FIGURE 19-4. Combined Armature and Field Magnetic Lines of Force.
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Figure 1. Right-hand rule for
motors (1)



Induced Voltage (Generator)

B is a uniform magnetic
field, aligned as shown.
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Total induced voltage on the loop

eind = eba t ecb t edc t ead

=vBl/sin® +vBlsin 6
ab cd
=2 vBL sin®



Induced Torque (Motor)
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The total induced torque on the loop:
Tind =Tap TThe TTeqg T Ty
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Induced Voltage and Torque

As a conclusion, the induced voltage is dependent upon:
a. Flux level (the B component)

b. Speed of Rotation (the v component)

c. Machine Constants (the | component and machine
materials)

Also for the torque is dependent upon:
a. Strength of rotor magnetic field

b. Strength of stator magnetic field

c. Angle between the 2 fields

d. Machine constants



Induced Voltage in 3-Phase

The induced voltages at each phase will be as follows:
e .=Nowsinwt V
e,, = Noowsin(wt —120%) V
e.. = Nowsin(wt —240°) V

The maximum induced voltage is when sin has a value of 1, hence,

E =Now , smncew=2rf,
LE =2nNQf



Induced Torque in 3-Phase

Therefore the torque equation may be represented in the following form:
t.,=KH B sino = KH_ X B,

Note that K is a constant value.
Since B,= uH_,

Tind — kBr X BS
The constant k is a value which will be dependent upon the permeability

of the machine’s material. Since the total magnetic field density will be the
summation of the B, and B, hence:

7’-ina’ :kBr X(Bnet _Br):kBr ><Bnet
If there is an angle 6 between Bnet and BR,

t. . =kB B  sino



Equivalent Circuit (Generator)
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r.r2 : per phase stator and rotor resistance
X1, X2 : per phase stator and rotor leakage reactance
Xm : magnetizing reactance
Xe : per phase capacitive reactance of the terminal capacitor C
RL, : load resistance (all reactance referred to above relate to the base frequency f )
F v : p-u. frequency and speed
Ig, I, 1 : stator, rotor and load current per phase

Vi, Eg

ry
Xe

: terminal and gap voltage

=0.447Q, r; = 0484Q, x| =x2 = 0.640Q
= 12.732Q (C = 250uF)



Equivalent Circuit (Motor)
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I, = equivalent of no-load current.
. I,=-equivalent of rotor current.
I+ I.=equivalent of stator current at any load,
R, = resistance of stator,
Rz = equivalent resistance of rotor.
R = resistance equivalent to shaft loading.
S = rotor slip, expressed as fraction of synchronous speed.



Testing (Generator)

* I[nsulation test

e Test of dielectric withstanding voltage (DWV)
* Impulse test

e Partial discharge test



Testing (Motor)

* I[nsulation test
* Voltage test

* Current test

* Impulse test

* Continuity test
* Impedance test



