
9. Synchronou s Machines
� 9.1 What does one look like?� 9.2 How does it work?� 9.3 What is the model?� 9.4 How does one find the parameters?� 9.5 How are Synchronous machines used?� 9.6 What's missing?

9.1 What does one look like?� Stator : 3 phase 
winding� Rotor: Electromagnet, 
DC field.� Flux Φ produced by 
field winding, if.� 3 phase winding can 
be on rotor, field on 
stator.

9.2 How does it work?� Open circuit stator, rotate field at n rev/s, apply I f.� f=np� Ep = 4.44 fNΦ.� E at 90º to Φ �
 
if
.� But  saturation. 
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Mmf, Emf triangle� Stator current Ip flows.� Equivalent mmf of I f 

and Ip add.� VP= Ef + Ei� Now E
i
 leads I

p
 by 90º� E

i
= jX

S 
I
p

9.3 What is the model?
� Ignore R, v small 

compared to X
s
.� V

P
= E

f
 + j IpXs (Motor)� VP= Ef - j IpXs (Gen)

Power and torque�
Note: Per Phase. Neglect R. Take V as reference. E ∠δ�
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9.4 How does one find the 
parameters?0 Open circuit characteristic1 E

f
 vs I

f2 Short circuit characteristic3 I
p SC

 vs I
f 
.2 X

S
 =  E

f  
/ I

p SC
 .

9.5 How are Synchronou s 
machines used?4 Local load.4 Infinite bus bar.5 Starting

Local load.4 Operating as a generator:5 V
P
 determined by I f.5 Speed, f, determined by 

prime mover.5 Power determined by 
load.5 Power factor determined 
by load.
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Infinite bus bar.6 Infinite bus bar: V and f 
fixed.6 Operating as a generator or 
motor:7 V

P
 determined by supply.7 Speed, f, determined 

supply.7 Power determined by 
prime mover/ mechanical 
load.7 Power factor determined 
by If.

Phasors on Infinite Bus
6 Vp constant.6 E 8 δ 9 more stable: Power + and -

Starting: Motoring; T only at Ns; Cage or VSD: Generating; E <  V= Magnitude, f, phase, 
phase rotation.= Lamps or 
synchroscope.
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9.6 What's missing?> Saliency> Saturation> Dynamic performance> Q axis field
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