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E&T2520 Electrical Machines 1 
Miscellaneous Exercises  
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Q3 A single phase, 25 kVA, 220/440 V, 60 Hz transformer gave the following test results.  

Open circuit test (440 V side open):   220 V  9.5 A  650 W 
Short-circuit test (220 V side shorted):   37.5 V  55 A  950 W 

(a) Derive the approximate equivalent circuit in per-unit values. 
(b) Determine the voltage regulation at full load, 0.8 PF lagging and draw the phasor 

diagram. 
 
Q4. A 10kVA, 200/400V 50Hz, single-phase transformer has the following equivalent circuit 

parameters. 
Equivalent Resistance for core loss refer to 200V side   Rc1=320Ω  
Magnetizing Reactance refer to 200V side      Xm1=165Ω 
Primary winding (200V side) resistance and reactance   R1=0.03Ω,  X1=0.15Ω 
Secondary winding (400V side) resistance and reactance  R2= 0.12Ω,  X2=0.25Ω 
Calculate the equivalent circuit parameters refer to 400V side. Find the percentage voltage 
regulation and efficiency when supplying full load at rated voltage 400V and 0.8 p.f. 
leading.  



 

P.2 

 
DC MACHINES 
Q5 

 
Q6 

 
Q7 

 
 
Q8B A dc machine is connected across a 240-volt line. It rotates at 1200 rpm and is generating 230 

volts. The armature current is 40A. 
(a) Is the machine functioning as a generator or as a motor? 
(b) Determine the resistance of the armature circuit. 
(c) Determine power loss in the armature circuit resistance and the electromagnetic power. 
(d) Determine the electromagnetic torque in newton-meters. 
(e) If the load is thrown off, what will the generated voltage and the rpm of the machine be, 

assuming (i) No armature reaction. (ii) 10% reduction of flux due to armature reaction 
at 40 amps armature current. 

 
Q8D. A dc shunt machine (23 kW, 230V, 1500 rpm) has Ra = 0.1 Ω. 

(i). The dc machine is connected to a 230 V supply. It runs at 1500 rpm at no-load and 
1480 rpm at full-load armature current. 
(a) Determine the generated voltage at full load. 
(b) Determine the percentage reduction of flux in the machine due to armature 

reaction at full-load condition. 
(ii). The dc machine now operates as a separately excited generator and the field current is 

kept the same as in part 1. It delivers full load at rated voltage. 
(a) Determine the generated voltage at full load. 
(b) Determine the speed at which the machine is driven. 
(c) Determine the terminal voltage if the load is thrown off. 
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INDUCTION MACHINES 
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Q11. The power supplied to a three-phase induction motor is 40 kW and the corresponding stator 

losses are 1.5 kW. Calculate (i) the total mechanical power developed and rotor I2 R loss 
when the slip is 0.04 per unit (ii) the output kW of the motor and (iii) the efficiency of the 
motor, if the friction and windage losses are 0.8 kW. Neglect rotor iron and copper losses.  

 
Q12 
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SYNCHRONOUS MACHINES 
 
Q13 

 
Q14 

 
 
Q15. (a) When a 50 kVA, 3-phase,440-V, 60 Hz, star connected synchronous generator is driven 

at its rated speed, it is found that the open-circuit terminal voltage is 440 V line-to-line 
with a field current of 7 A. When the stator terminals are short circuited, rated current is 
produced by a field current of 5.5 A. Determine the synchronous reactance per phase.  

 (b) If the synchronous in (a) is used to supply an independent load of 40 kW with 0.85 
lagging power factor at a potential of 440 V, 

 (i) Determine the field current required; and 
 (ii) if the load is reduced to 20 kW at 0.75 lagging power factor, to what value will the 

field current have to be reduced to maintain rated load potential?  
 
Q16.  The 3 phase synchronous motor of 10 MVA, 14kV, star-connected, Rs=0.07ohm/phase 

and Xs=16.5 ohm.phase is connected to a 3 phase, 14 kV, 60 Hz infinite bus and draws 5 
MW at 0.85 leading power factor. Determine the values of the stator current (Ia), the 
excitation voltage (Ef), and the field current (If). Draw the phasor diagram. (Ans. Q6 
Ia=242.6A, Ef=10.73kV, If=265A) 
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 TRANSFORMERS (SOLUTIONS) 
Q1 Open Circuit Test  

LV side input voltage, V = 200V,  LV side input current, I = 4A, LV side input power, 
Poc = 125W 
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Short Circuit Test  
HV side input voltage = 60V,  
HV side input current = 10A,  
HV side input power = Poc =280W  
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VBASE1=200V  VBASE2= 400V  IBASE1= 50A   IBASE2=25A 
SBASE1=10kVA    SBASE2=10kVA   
ZBASE1=(VBASE1)2/SBASE1=4Ω ZBASE2=(VBASE2)2/SBASE2=16Ω 
Xe (pu)= Xe2/ZBASE2=0.053  Re (pu)= Re2/ZBASE2=0.015 
XM (pu)= XM2/ZBASE2= 41.25 RC (pu)= RC2/ZBASE2=80       
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 TRANSFORMERS (SOLUTIONS) 
Q2. 
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TRANSFORMERS (SOLUTIONS) 
Q3 
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DC MACHINES (SOLUTIONS) 
Q5 

 
Q6. Ea = Vt –Ia Ra = 100 – 6 x 0.1 = 99.4V  

No load loss = Ea x Ia = 99.4 x 6 = 596.4W  
At full load, 
Ea (fl) = Vt – IaRa = 100 – 120 x 0.1 = 88V  
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Q7 Ea= 5+110(1) = 115V 
Wm = 1200 x 2π / 60 = 125.71 rad/s. 
KaΦ = Ea/Wm = 115/125.71 = 0.915Vs/rad 
Ia = Ea / (Ra+RL) = 115/ (0.2 +2) = 52.27A 
T = KaΦIa = 0.915 x 52.27 = 47.83Nm 
P = IL

2RL
  = 52.272 x 2 = 5464.3W 
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Q8B DC MACHINES (SOLUTIONS) 
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Q8D 
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 INDUCTION MACHINES (SOLUTIONS) 
Q9 

 
Q12 
 

No Load Test  
V=380⇒phase voltage = Vp=219.4V 
I =Input current = 29A 
Power Loss = P = 2067/3=689W (per phase) 
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Io=V/Rc+jV/(jXm)=3.14 – j28.7A 
 
Lock rotor Test  
Line Input voltage = 188V⇒V=108.5V(per phase) 
Input current = 104A Three phase power loss= 3240W ⇒P=1080W (per phase) 
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Speed = 1455 ⇒ s =(1500-1455)/1500=0.03  Z=Rs+Rr/s+jXe=1.71+j1.04Ω 
I1=V/Z=219.4/(1.71+j1.04)=109.6∠ (-31.25o)A  IL=I1+Io=96.8-j85.7=129.3 ∠ (-cos-1(0.75))A  
Rotor Power loss=Pr=3x109.62x0.05=1.8kW  Torque=Pr/s/(2π1500/60)=382 Nm  
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Q10 INDUCTION MACHINES (SOLUTIONS) 

Q11 Assume stator loss including stator copper and core loss 
Airgap power = Input power – stator loss = 40 – 1.5 = 38.5 kW=3 (I2’)2 R2’ / s 
3 (I2’)2 R2’ = Copper Loss = s 38.5 = 0.04 x 38.5 = 1.54 kW 
Gross Mechanical Power Output = 3 (I2’)2 R2’ (1-s) / s = 1.54 (1-s) / s = 1.54 x 0.96 / 0.04 =36.96kW
Actual Mechanical Power Output = Gross Mechanical Output-Rotational Loss=36.96-0.8=36.16kW 
Efficiency = Output / Input x 100% = 36.16 / 40 x 100% = 90.4%  

 SYNCHRONOUS MACHINE (SOLUTION) 
Q13 At no load, the generated emf 

Ef = kVk 77.5
3

10 =  Zs = 1.5 + j 15 = 15.06∠ 84.3° 
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Full load current, 8.0cos
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kI a = 57.735∠ -36.9°A 

satf ZIVE += ⇒ °∠×°−∠+°∠= 3.8406.159.36735.5705770fE = 6392.4∠ 5.8°V 
Ef is proportional to If, hence % increase in If = (6392-5770)/5770 x 100% = 10.8%  
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Q14 SYNCHRONOUS MACHINES (SOLUTIONS) 
1500= 2x50x60 / P , P = 4 
T  = 10000000 / (1500x2π/60) = 63,636.36 Nm, 
Pin = 6600 x 31/2 x920 x 1 = 10.517kW,  
Pout = 10MW.    
Efficiency = 10/10.517 x 100 % = 95%, 
Rotational Loss = Pin – Pout = 517 kW 
Power loss in field = 100 x 5.5 = 550W 

Q15 

Q16 

 


