
Question 1 

A shunt generator with 220 V output voltage, shunt circuit resistance Rfd = 220 Ω and total 

inductor circuit resistance is ⅀Ra= 0.2 Ω. This generator is loaded with a 10 Ω load. And, its 

efficiency is 0.89. 

a) Output current, armature current and excitation current, 

b) Induced voltage, 

c) Induced power and output power (electrical power), 

 

a)  

𝐼𝑙𝑎𝑜𝑑 =  
𝑉

𝑅𝑙𝑜𝑎𝑑
=  

220

10
= 22 𝐴 

𝐼𝑓𝑑 =  
𝑉

𝑅𝑓𝑑
=  

220

220
= 1 𝐴 

𝐼𝑎 =  𝐼𝑙𝑎𝑜𝑑 + 𝐼𝑓𝑑 = 22 + 1 = 23 𝐴 

b)  

𝐸𝑎 = 𝑉𝑎 +  ∑ 𝑅𝑎  𝐼𝑎 

𝐸𝑎 = 220 + (23𝑥0.2) = 224,6 𝑉 

       c) 

𝑃𝑒𝑛𝑑 = 𝐸𝑎 𝐼𝑎  = 224,6 𝑥 23 = 5165,8 𝑊 

𝑃𝑒𝑙𝑘 = 𝑉 𝐼𝑙𝑜𝑎𝑑  = 220 𝑥 22 = 4840 𝑊 

 

Question 2 

When loaded at the nominal power of a 2HP DC shunt motor with a pole voltage of 210 V, its 

efficiency is 82%. The shunt excitation winding resistance is 310 Ω, the total armature  

resistance is 0.25 Ω. When motor is operated at full load, 

a) The current drawn from the DC supply, 

b) Armature current 

𝜂 =  
Output Power

Input Power
=  

𝑃𝑚𝑒𝑐

𝑃𝑒𝑙𝑘
 

𝑃𝑚𝑒𝑐 = 736 𝑥 2 = 1472 𝑊  

𝑃𝑒𝑙𝑘 =  
𝑃𝑚𝑒𝑐

𝜂
=  

1472 

0.82
= 1795 𝑊 



𝑃𝑒𝑙𝑘 = 𝑉 𝐼  

𝐼𝑠𝑢𝑝 =  
1795

210
= 8.54 𝐴 

c) 

𝐼𝑠𝑢𝑝 =  𝐼𝑎 + 𝐼𝑓𝑑 

𝐼𝑓𝑑 =  
𝑉

𝑅𝑓𝑑
=

210

310
 = 0,67 𝐴 

𝐼𝑎 = 8,54 − 0,67 = 7,87 𝐴 

Question 3 

The number of parallel of the rotor winding is 2a=2p.  a 4-pole shunt generator with a nominal 

speed of 1200 rpm is excited and an excitation flux of generator is 0.04Wb. The number of 

conductors in the rotor is 300 and the total resistance of the windings on the q-axis of the 

generator is 0.1 Ω. Current flowing through armatüre is 160 A. Calculate the output voltage of 

the generator. 

2𝑎 = 2𝑝 

𝐸𝑎 = 𝑧𝑎  
𝑝

𝑎

𝑛

60
 𝜙𝑓𝑑 

𝐸𝑎 = 300 
2

2
 
1200

60
 0.04 = 240 𝑉 

 

𝐸𝑎 = 𝑉𝑎 +  ∑ 𝑅𝑎  𝐼𝑎 

 

𝑉𝑎 = 240 − (0.1 𝑥 160) = 224 𝑉 

 

 

 

 

 

 

 

 

 

 



Question 4. 

 

 

 

 

 



Question 5 

Repeat Question 4 for a finite core permeability of 𝜇 = 2500 𝜇0 

 

Question 6 

 



 

 

Question 7 

When the secondary side of a 50 kVA, 33000/1000 V one-phase transformer is short-circuited 

and subjected to a short-circuit test at rated current, (V1)sc = 180V, Psc =600W and When the 

transformer is no-load, V20 = 1000V ,  I10 = 1.5A , P0=180W. Find the efficiency of the 

transformer with iron and copper losses in case of inductive operation (cos 𝜑 =0.9) at rated 

current.  

 

𝑃𝐹𝑒 = 𝑃0 = 180 𝑊 

𝑃𝑐𝑢 = 𝑃𝑠𝑐 = 600 𝑊 

𝐼2 =
50000

1000
= 50𝐴 

𝜂 =
𝑉2𝑥𝐼2𝑥 cos 𝜑

𝑉2𝑥𝐼2𝑥 cos 𝜑 + 𝑃𝐹𝑒 + 𝑃𝑐𝑢
=

1000𝑥50𝑥0,9

1000𝑥50𝑥0,9 + 600 + 180 
= % 98.3 

 



Question 8 

There is a single-phase transformer which has label values that 300 kVA, 50 Hz, 11000/2300 

voltage. This transformer’s resistances and reactances are R1 = 1.28 Ω R2= 0.0467 Ω Xl1 = 4.24 

Ω Xl2 = 0.162 Ω. When no-load current is neglected and resistance and reactance of secondary 

are referred to primary, 

a) Find voltage at short-circuit current 

b) Find short-circuit current. 

a) 

 

𝑉1𝑘 =  𝑍1𝑘 𝑥 𝐼1 

𝑎 =
11000

2300
= 4.78 

𝑍1𝑘 = 𝑅1𝑘 + 𝑗 𝑋1𝑘 

𝑅1𝑘 = 𝑅1 + 𝑅2
′ = 𝑅1 + (𝑎2 𝑥 𝑅2) = 1,28 + [(4,78)2 𝑥 0,0467] = 2,34 Ω 

𝑋1𝑘 = 𝑋1 + 𝑋2
′ = 𝑋𝑙1 + (𝑎2 𝑥 𝑋𝑙2) = 4,24 + [(4,78)2 𝑥 0,0467] = 7,94 Ω 

𝑍1𝑘 = 2,34 + 𝑗 7,394 

𝐼1 =
300 𝑥103

11000
= 27,27 𝐴 

𝑉1𝑘 = 𝑍1𝑘 𝐼1𝑘 = 8,28 𝑥 27,27 = 226 𝑉 

b) 

(𝐼1)𝑠𝑐 =  
𝑉1

𝑍1𝑘
=

11000

8,28
= 1328 𝐴 

 

Question 9 

When the secondary side of a 10 kVA, 4800/240 V one-phase transformer is short-circuited 

and subjected to a short-circuit test at rated current, (V1)k=180V, Pkd=180W. If the 

magnetizing current is neglected; Find the short-circuit resistance and reactance of the 

transformer for the secondary reduction to primary. 

𝐼1 =
10000

4800
= 2,038 𝐴 

𝑃𝑠𝑐 = 𝑅1𝑘 𝑥 𝐼1
2 



𝑅1𝑘 =
180

2,0382
= 41,47 Ω 

𝑍1𝑘 =
𝑉1𝑘

𝐼1
=

180

2,038
= 86,41 Ω  

𝑋1lk =  √86,412 − 41,472  = 75,8 Ω  


