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SPECIAL INSTRUCTIONS:  -   Answer all questions. In cascaded questions, you can assume suitable values for parameters you 

have not been able to calculate in previous sub-questions. 

 

1. Consider the 440 VLL / 60 Hz three-phase system shown below. Load 1 is ∆-connected and consists of a 

series connection of R = 116.3 Ω and L = 0.154 H in each phase. Load 2 is Y-connected and consumes P 

= 4 kW and Q = -2 kVAr. A) Draw the per-phase equivalent circuit showing the values of the source 

voltage and load impedances; B) Compute the reactive power supplied by the source; C) Calculate the 

current circulating in one element of load 2. (15 marks) 

 

 

2. The impedances of a single-phase transformer are as follows: Req = 0.02 pu, Xeq = 0.05 pu, Xm = 40 pu 

and Rc = 25 pu. Using the pu system and considering the case of “full load” with PF = 0.8 leading: A) 

Calculate the percentage voltage regulation; B) Compute the efficiency of the transformer. (10 marks)  

3. A three-phase, 120 kVA, 60 Hz, six-pole, Y-connected synchronous generator is connected to a 440 VLL 

grid. It has a synchronous impedance of 1.5 Ω per phase. Neglect all losses. Compute:  A) The shaft 

speed in rpm. B) The power factor when it operates injecting 90 kW with an internal induced voltage 

X 



(EA) equal to the grid voltage. C) Draw the phasor diagram, relating voltages (EA, Vφ and VXS) and 

current (IS). Indicate the values of all magnitudes and angles; D) What value of internal induced voltage 

would be required for operation with rated power and unit power factor? (20 marks). 

4. A four-pole, 208 V, 60 Hz, Y-connected, three-phase squirrel cage induction motor has the following 

parameters, in Ω/phase referred to the stator:  R1 = 0.220, X1 = 0.430, Xm = 15.0, R2 = 0.127 and X2 = 

0.430. Its rated slip is equal to 0.04. Mechanical and core losses can be neglected. Compute: A) The 

torque at rated speed; B) The power factor at rated speed; C) The shaft speed when the load torque is 

reduced to half rated torque; D) Now consider that the motor is supplied with a frequency converter. 

What should be the frequency supplied by the frequency converter to the motor so that it operates with 

half rated speed and rated slip (s = 0.04)?  (20 marks) 

5. A separately excited dc machine has the following characteristics: Armature resistance is 0.2 Ω, induced 

voltage at 1500 rpm and rated field current is 220 V. Mechanical losses: 750 W at 1800 rpm and 

proportional to the square od the speed. Core losses at 1500 rpm: 500 W proportional to the speed. The 

machine is not saturated. For a 120 V armature voltage, the recorded armature current is - 50 A, that is, 

the machine is operating as a generator. Find:  A) The shaft speed, B) the electromagnetic (converted) 

power, C) the shaft (input) power and torque, D) The shaft speed and power at which there is no power 

flow from the machine to the dc bus voltage. (20 marks).  

6. Consider the emergency power supply shown below. The inverter is controlled with “linear sinusoidal 

pulse-width modulation (SPWM)” to allow the regulation of the voltage across the load, as the battery 

discharges and its voltage (Vd) decreases. When the battery voltage is equal to the rated value, the 

modulation index (ma) is equal to 0.75, what, for a transformer with a turns ratio (Np:Ns) of 1 : 6.285, 

results in a load voltage of 240 VRMS. A) What is the rated voltage value of the battery bank? B) What is 

the minimum battery voltage for which the linear SPWM method can still provide a load voltage of 240 

V? C) For this battery voltage level, what would be the magnitude of the fundamental component and 

harmonics of order (h) 3 and 5 of the load voltage if the modulation scheme of the inverter is changed to 

“square-wave?” (15 marks).  



 

 



 

Formula sheet 

Ac circuits: 

 

Magnetic Circuits: 

 

Transformers:  
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AC Machinery: 
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Synchronous machines (generator oriented formulas):  
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Induction machines (Y-connected motor oriented formulas): 
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DC Machines (motor oriented formulas): 
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Power Electronics: 

DC-AC converters (Inverters): 

Square wave modulation scheme: 

)(harmonicsinteger  odd  ,
)ˆ(

)ˆ(           al)(fundament  
4

)ˆ( 1

1 h
h

V
VVV o

hodo ==
π

 

SPWM 

1
ˆ

ˆ
   ,)ˆ( 1 ≤==

tri

control

adao
V

V
mVmV  


