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The Salient Pole 
Synchronous Machine 

 

 

It is known that in case of cylindrical type synchronous 
machine the air gap is uniform. Due to uniform air gap, 
the field flux as well as armature flux vary sinusoidally  
in the air gap, the  air gap length is constant and 
reactance is also constant. Due to this the mmf of 
armature and field act upon the same magnetic circuit 
all the time hence can be added vectorially.     
But in salient pole type alternators the length of the air 
gap varies and the reluctance also varies. Hence the 
armature flux and field flux cannot vary sinusoidally in 
the air gap. The reluctance of the magnet circuits on 
which mmf act are different in case of salient pole 
alternators.   Hence the armature and field mmf cannot 
be treated in a simple as they can be in cylindrical pole 

alternators. Salient-pole generators, such as 
hydroelectric generators, have armature 
inductances that are a function of rotor position, 
making analysis one step more complicated. The 
key to analysis of such machines is to separate 
mmf and flux into two orthogonal components. 
The two components are aligned with the direct 
axis and the quadrature axis of the machine. The 
direct axis is aligned with the field winding, while 
the quadrature axis leads the direct by 90°. 
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Field poles in a salient-pole machine cause non 
uniformity of the magnetic reluctance of the air 
gap. The reluctance along the polar axis is 
appreciably less than that along the inter polar 
axis. We often refer to the polar axis as the direct 
axis and the inter polar as the quadrature axis. 
This effect can be taken into account by resolving 
the armature current Ia into two components, 
one in time phase and the other in time 
quadrature with the excitation voltage as shown in 
Fig. The component Id of the armature current is 
along the  direct axis (the axis of the field poles), 
and the component Iq is along the quadrature axis. 
Let us consider the effect of the direct-axis 
component alone. With Id lagging the excitation 
EMF Ef by 90°, the resulting armature-reaction flux 
φad is directly opposite the filed poles as shown in 
Fig. The effect of the quadrature axis component 
is to produce an armature-reaction flux φaq, which 
is in the quadrature-axis direction as shown in 
Figure.  
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21.1 Two Reaction Theory:  
 

The theory which gives the method of analysis of 
the disturbing effects caused by salient pole 
construction is called Two Reaction Theory. 
Professor Andre Blonded has put forward the two 
reaction theory.  
According to this theory the armature mmf  can be 
divided into two components as; 

1- Component acting along the pole axis called 
direct axis  d-axis. 

2- Components acting at right angles to the pole 
axis called  quadrature axis   q-axis. 

The component acting along direct axis can be 
magnetizing or demagnetizing. The component 
acting along quadrature axis is cross magnetizing. 
These components produce the effect of different 
kinds.   
According to two reaction theory: 

i- The armature current  Ia may be resolved into 
two components Id perpendicular to Eo  & 
Iq along Eo. 

ii- The armature reactance has two components;  
    d-axis armature reactance Xad linked with Id   
    and  q-axis armature reactance Xaq linked with  
      Iq. 
  By adding the armature leakage reactance Xla 
with each Xad  and Xaq. 



Electrical Machine II                                             Asst. prof.;   Hilmi F. Ameen 

Chapter Eight                                           The Salient Pole Synchronous Machine  
  

 118 

q
X

d
XThen

aq
X

ad
X

gapairerltodue

axisdofthatthanerlisaxisqalongcerelucThe

la
X

aq
X

q
X

la
X

ad
X

d
X



−−

+=

+=

.arg

argtan

   
 
 
 
 
     

 

 

 

 

 

 

δ=The power angle or load angle, between V & Eo 

ψ= Internal power factor angle, between   Ia &Eo. 
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21.2 The Salient Pole Synchronous Machine 
Advantages: 
1- The presence of large air gap in inter polar region 

gives better ventilation. 
2- It develops more power for same excitation. 
3- For same power developed and with same excitation, 
the load angle is less if its compared with cylindrical 
type. 
4- The salient pole machine develops reluctance power 
which is help the machine to continuous to operate on 
infinite bus bars even if      the excitation fails. 

5- With larger (dPd/d), salient pole machine can 
withstand more fluctuating loads.  
 

21.2 The Power Developed by a synchronous 
Generator: 
 
Neglecting the armature resistance(cu-loss), then: 
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The power developed consists of two components, 

• the first term represents power due to field 
excitation  

• The second term gives the reluctance 
power( power due to saliency). If Xd=Xq, the 
machine has a cylindrical rotor, the second 
term becomes zero and the power is given by 
the first term only.  

• If the field current is zero, then Eo=0, then the 
first term is zero and the power developed by 
the second term.  
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Note: The 400V for the above example is phase voltage. 
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21.3 The Power Developed by a synchronous 
Motor: 
 
The expression for the power developed by a salient 
pole synchronous motor: 
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Example 3: 
 A 400V, three phase, Y-connected synchronous motor with 

Xd=6 7& Xq=4  is running in parallel with infinite bus bar. If the 
field current is reduced to zero, find the maximum load that can 
be put on synchronous motor& the armature current at 
maximum power ( neglect armature cu losses). 

Solution: 
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Example 5: A 3.3kV, 1.5MW, three phase synchronous motor has 
Xd=4Ω and Xq=3Ω per phase. Neglecting all loss, calculate the 
maximum mechanical power for this excitation. 
Solution:  
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