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Question 1 

A  208 V, 45 kVA, delta-connected , 50 Hz synchronous motor has a synchronous 
reactance of 2.5 Ω and a negligible armature resistance. Its friction and windage losses 
are 1.5 kW , and its core losses are 1.0 kW.  Initially the shaft is supplying a 15 hp load, 
and the motor power factor is 0.8 leading. Answer the following:  

 

I. Sketch the phasor diagram of this motor, and find the values of armature 
phase current, load line current and the internal back EMF;           [11 marks] 
 

II. Assume that the shaft load is increased to 30 hp with constant excitation; 
Sketch the behavior of the phasor diagram in response to this change;  

                                                                                                                 [7 marks] 

III. Find the armature phase current, load line current and the back EMF after the 
load change; and                                                                                 [5 marks] 
 

IV. What is the new power factor?                                                            [2 marks]  

 

 

                                                                                                              Total 25 marks 
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 Question 2    

A 100 MVA , 13.8 kV, 60 Hz, Y-connected , 3-phase synchronous generator is 
connected to a 13.8 kV/220 kV , 100 MVA, Δ − 𝑌𝑌 connected transformer. The 
reactances are in per unit to the machines’s own base are 

𝑋𝑋𝑑𝑑 = 1.0,𝑋𝑋𝑑𝑑′ = 0.25 ,𝑋𝑋𝑑𝑑" = 0.12  

And its time constants in seconds are 

𝜏𝜏𝑎𝑎 = 0.25 , 𝜏𝜏𝑑𝑑" = 0.4 , 𝜏𝜏𝑑𝑑′ = 1.1  

The transformer reactance is 0.2 per unit on the same base. The generator is operating 
at the rated voltage and no-load when a 3-phase fault occurs at the secondary 
terminals of the transformer. Answer the following: 

I- Find the subtransient, transient, and the steady state short circuit currents 
in per unit and actual amperes on both sides of the transformer;  

[12 marks] 
 
 

II- What is the maximum rms current (ac plus dc) at the beginning of the 
fault?; and         [3 marks] 
 
 

III- Obtain the instantaneous expression for the short circuit current including 
dc component. Assume load angle 𝛿𝛿=𝜋𝜋

2
 radians.                         [10 marks]   

                                                                                                                                                                                                             

                                                                                                        Total 25 marks 
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Question 3 

A 50 Hz synchronous generator having inertia constant H=10 MJ/MVA and a transient 
reactance 𝑋𝑋𝑑𝑑′ = 0.3 per unit is connected to an infinite bus through a 3-phase 
transformer with reactance of Xt=0.2 per unit and a double-transmission line each 
having reactance of XL=0.3 per unit. The infinite bus voltage is 1.0 per unit and the 
delivered generator real power is 0.65 per unit at 0.8 power factor lagging to the infinite 
bus. Assume the damping power coefficient is D=0.138 per unit and consider a small 
disturbance in load angle ∆𝛿𝛿 = 12𝑜𝑜. Answer the following: 

 

I. Write the linearized force-free equation that describes the mode of oscillation 
of the system;                                                                                    [15 marks] 

 

II. Obtain the equation describing the rotor angle 𝛿𝛿(𝑡𝑡) ; and                 [5 marks] 
 

 

III. Obtain the equation describing the frequency as a function of time. [5 marks] 

 

                                                                                                           Total 25 marks      
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Question 4 

The excitation control system of a synchronous generator is shown in Figure Q4. 

I. Define the function of each block with clear definition to each term. [5 marks] 
 

II. Find the open-loop and closed loop transfer functions.                     [10 marks] 
 
 

III. From the open-loop transfer function get the approximate second order 
characteristic equation then calculate the damping factor 𝜁𝜁 and the damped 
frequency of oscillation. Comment on the time domain response of this 
system. Assuming all K’s are equal to 1.0 and  𝜏𝜏𝐴𝐴 = 0.1 , 𝜏𝜏𝐸𝐸 = 10, 𝜏𝜏𝐺𝐺 = 0.2, 𝜏𝜏𝑅𝑅 =
0.05.  All in seconds. 

 

                            Figure Q4 The excitation control system 

                                                                                                                      [10 marks] 

 

                                                                                                   Total 25 marks 
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Question 5 

 A power system is described by the following state-space equation 

�̇�𝒙 = 𝑨𝑨.𝒙𝒙 + 𝑩𝑩.𝒖𝒖  

Where   𝑨𝑨 = �
0 1 0
0 0 1
−3 −2 −5

�      ,  𝑩𝑩 = �
0
0
1
�   , 𝑪𝑪 = [1 0 0] 

The system uses the state feedback control law  𝒖𝒖 = −𝑲𝑲𝒙𝒙  .  

 

I) Is the system controllable?                                                        [5 marks] 
 

II)  Find the state feedback gain matrix of the system shown in Figure Q5 
below if the desired closed-loop poles are: 

𝑠𝑠 = −2 ∓ 𝑗𝑗0.5, 𝑠𝑠 = −10                                                                         [15 marks] 

 

 

Figure Q5 Regulator system 

III) Find the new transfer function of the controlled plant and find the new 
dominant complex-pair poles.                                                       [5 marks]  

 

                                                                                                            Total 25 marks 
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Question 6 

I) Define the per unit value of any variable                                             [5 marks] 
 

II) What is the importance of short circuit ratio of synchronous machine? 

                                                                                                                       [5 marks] 

III) Discuss briefly the effect of prime mover speed on a synchronous generator 
connected to a large power system (infinite bus bar)                         [5 marks] 
 

IV) Discuss briefly the benefit of using thyristor-controlled series capacitor in 
power lines                                                                                         [5 marks] 
 
  

V) Find the state-space model of this system: �̈�𝑧 + 3�̇�𝑧 + 9𝑧𝑧 = 4𝑢𝑢           [5 marks]  

 

                                                                                                              Total 25 marks 

 

 

END OF QUESTIONS 

 

Please turn the page for Formula Sheets 
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Formula sheet 

 
These equations are given to save short‐term memorisation of details of derived 
equations and are given without any explanation or definition of symbols; the student 
is expected to know the meanings and usage. 
 
 

 

 

 

 

            

Per unit quantity=𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴 𝑣𝑣𝑎𝑎𝐴𝐴𝐴𝐴𝑣𝑣 𝑜𝑜𝑜𝑜 𝑞𝑞𝐴𝐴𝑎𝑎𝑞𝑞𝐴𝐴𝑞𝑞𝐴𝐴𝑞𝑞
𝐵𝐵𝑎𝑎𝐵𝐵𝑣𝑣 𝑣𝑣𝑎𝑎𝐴𝐴𝐴𝐴𝑣𝑣

  ,      |𝑆𝑆| = √3|𝑉𝑉𝐿𝐿|. |𝐼𝐼𝐿𝐿|,     𝐸𝐸 = 𝑉𝑉 + 𝐼𝐼.𝑍𝑍 

M=[𝐵𝐵 ⋮ 𝐴𝐴𝐵𝐵 ⋮  𝐴𝐴2𝐵𝐵],       𝐺𝐺(𝑠𝑠) = 𝐶𝐶[𝑠𝑠𝐼𝐼 − (𝐴𝐴 − 𝐵𝐵𝐵𝐵)]−1𝐵𝐵 ,          𝑠𝑠2 + 2𝜁𝜁𝜔𝜔𝑞𝑞𝑠𝑠 +𝜔𝜔𝑞𝑞2=0 
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