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• Synchronous Machine Initial 
Conditions

• To carry out a State Space (SS) 
model analysis for a given operating 
load condition, one needs to 
compute the suitable excitation 
currents for all the windings. 

• Each operating load condition is 
represented by an output power, S, 
a power factor, cos(ϕ), and an 
output phase voltage, Va. These 
excitation currents are determined 
from the phasor diagram of the 
machine. 

• A sample phasor diagram 
representing an overexcited 
synchronous machine, i.e. the 
synchronous generator produces 
both real power, P, and reactive 
power, Q, is given as shown.

Phasor Diagram of the Synchronous Generator



In a 3-phase balanced system, the voltage expressions are given as:

𝑣𝑣𝑎𝑎𝑛𝑛 (𝑡𝑡)=𝑉𝑉𝑚𝑚 cos(𝜔𝜔𝑡𝑡)

𝑣𝑣b𝑛𝑛 (𝑡𝑡)=𝑉𝑉𝑚𝑚 cos(𝜔𝜔𝑡𝑡−120°) 

𝑣𝑣c𝑛𝑛 (𝑡𝑡)=𝑉𝑉𝑚𝑚 cos(𝜔𝜔𝑡𝑡−240°)

Also, the current expressions are given as:

𝑖𝑖𝑎𝑎 (𝑡𝑡)=𝐼𝐼𝑚𝑚 cos(𝜔𝜔𝑡𝑡−ϕ)

𝑖𝑖b (𝑡𝑡)=𝐼𝐼𝑚𝑚 cos(𝜔𝜔𝑡𝑡−ϕ −120°)

𝑖𝑖c (𝑡𝑡)=𝐼𝐼𝑚𝑚 cos(𝜔𝜔𝑡𝑡− ϕ −240°)



In this work, the consumer power notation is being used where generated power is 

considered negative. Accordingly, if one uses the terminal voltage Va as a reference, then the 

current ia should be in the 3rd quadrant.  

The terminal voltage, aV could be expressed as: 

 0   0= ∠ = +a a aV V V j                                 

The armature phase current, aI , is expressed as:      

   cos   sina a aI I jIφ φ= − −         

where φ  is the power factor angle. 



The complex power, S , is related to the phase voltage and current as follows: 

*  3    3 cos   3 sina a a a a aS I V I V j I Vφ φ= = − −       

The real power is given by: 

   3 cosa aP I V φ= −    (Negative, meaning Watts are generated)  

and the reactive power is given by: 

   3 sina aQ I V φ= −    (Negative, meaning VARs are generated)  

      



From the above phasor diagram, we can see that the equivalent quadrature axis voltage 

qE , is related to the terminal voltage by the following equation: 

    +  + qa q a a aV E jx I r I=         

We can then write: 

       q a q a a aE V jx I r I= − −         

Neglecting the phase winding resistance ra, we can write: 
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Accordingly, we can write the following using phasor notation: 
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where the angle δ is the torque angle and is given by: 
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we also get: 

   sin(   )d aI I δ φ= +          

   cos(   )q aI I δ φ= +          

    ( )= + −af q d q dE E x x I   



The field voltage afE  is related to the field winding current and mutual inductance between the 

field and armature windings as follows: 

     
2

= afm f
af

L iE ω          

The field winding current, if, and voltage, Vf, initial conditions can be determined by:  

( )
2          and           = =af

f f f f
afm

Ei V r i
Lω

      

 
Note also the following from the phasor diagram: 
ϭ° = δ +3π/2 
ψ = π - ϕ  

  = ∠af afE E δ  
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