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Question : (20 Marks) 
A three-phase, cylindrical rotor type synchronous generator, has negligible losses and 
synchronous reactance of 2.1 Ω per phase.  It is operated on an infinite bus having a voltage of 15 
kV  ((Assume as a reference.) and delivers 90 MVA at 0.8 power-factor lagging. 

1. Determine : 
a. The line current (2 points) 
b. Generator internal voltage E (2 points) 
c. Generator power angle δ. (2 points) 

2. If the field current of the machine is reduced by 10%, while the mechanical power 
input to the machine is maintained constant, determine: 

a. The new value of δ, (6-points) 
b. The reactive power delivered to the system. (8-points). 

 

Solution: 

  R= zero 

(a)  : Rated gen. current =   .87.361.464,3
10153
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3
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∠
∗ + o87.361.464,3 −∠  *  2.1 o08.2405.266,1490 ∠=∠  

(b) 
As the field current is  reduced by  10% , then the induced e.m.f.  of 

the generator get reduced by the same value (i.e. 10%) with new power 
angle,  the system will have new  operating  condition. It was stated in the 
problem that the  machine input is maintained constant  

 
• The objective of this question is to show the relation of power 

with the values of voltages. 

Infinite Bus Bar 
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• It is worth mentioning that if has had direct relation to Q. 
wherase the  mechanical input to the generator has  direct 
relation to the P. 

 
 

|Ea| =  0.9 * 3464.1 =  12,839.44 δ∠ new 
 
S= P+JQ P=90*0.8 = 72 MW  (constant) 
S = V Ia * 

 

Ia = 
JX

VEa 0|||| ∠−∠δ         ⇒ Ia
* = 

JX
VEa

−
∠−−∠ 0|||| δ  

 

S =|V| 
JX

VEa
−

∠−−∠ 0|||| δ  

P = Real Part of S 
 

P= δsin
||||

X
EV a   =72 MW                ……………(1) 

 

Q= ||cos|(||| VE
X
V

a −δ  )   ………………………(2) 

 

sinδ  = 
44.839.12*660.8*3

1.2*72  = 0.4555  955.26)4555.0(sin 1 =⇒ −  

 
96.26=∴δ  

 
Another way: Since the output power is the same , and |V| constant; 

then from equation (1) , one can get:  
 

P= 1sin
|||| 1 δ

X
EV a     = 2sin

|||| 2 δ
X
EV a   from which 

 

sin o955.264533.0
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2
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δ
δ , substitute in (2) 

 

Qnew= svar831,479,11))866096.26cos*)44.839,12((
1.2

8660
=−  

Q3-phase= 3*11,479,831= 34,439,493=34.4 * 106 


