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Solve & draw as much as you can (questions in two pages) 

Question (1)                                 [15] Points 

1.a) Explain the common conditions for build-up voltage process of the DC generator? 

1.b) A separately excited DC generator has an open  circuit terminal voltage of 144V at 

1000 rpm and the armature resistance is 0.5 Ω. When it loaded the voltage across the 

load is 120V. Determine the load current? 

 

Question (2)                                         [15] Points 

2.a)  Compare between the no load test and the short circuit test of the transformer? 

2.b)  A 50KVA, 2200V:220V, 60Hz, single phase distribution transformer has a 

leakage impedance of (0.9+j5) Ω for the high voltage winding and  (0.05+j0.14)Ω for 

the low voltage winding. Neglect the exciting branch impedance.  

i-Draw the equivalent circuit referred to the high side?  

ii-Find the input voltage applied on the high side to obtain a full load current in the low 

voltage winding as it is short circuited? 

iii-Find the input voltage applied on the high side to obtain a half full load current with 

0.8 pf  lagging and 220V on the low voltage winding? 
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Question (3)                                 [15] Points 

3.a) Sketch and explain the torque-speed characteristics of a  3-phase induction motor 

as the supply voltage is changed, the supply frequency is changed, and both the supply 

voltage and frequency are changed?  

 

3.b) An induction motor [3-phase, 220 V, 10-hp, 60-Hz, six pole, Y connected] has a 

stator  impedance of (0.344+j0.52) Ω and a rotor impedance referred to the stator of 

(0.15+j0.22)Ω . The exciting branch has Xm=13 Ω. Draw the equivalent circuit and 

Determine:    (i) the starting torque?     

(ii) the maximum torque and the slip at which the maximum torque occurs? 

(iii) the new rotor resistance that causes the maximum torque at starting? 

 

Question (4)                                  [15] Points 

4.a) Explain the starting process of  the  DC motor?  

4.b)A [15Hp, 230V] DC shunt  motor delivers a full load torque at 1200rpm while the 

motor line full load current is 75A.  The armature resistance is 0.2 Ω and the field 

Determine  0 Ω.resistance is 23 

 (i) the generated emf,  (ii) the developed torque at full load      (iii) the motor speed if 

the field resistance is reduced to 200 Ω at the same load torque?   

With my Best Wishes       

 

 

 

 

 

 

 

 



 

 

Answer 

Question (1)                                 [15] Points 

1.a) Explain the common conditions for the build-up voltage process of the DC 

generator? The conditions are:  

1-the field winding must have a residual magnetic flux 

2-A rotational direction must be help and increase the residual magnetic flux  

3-the field circuit resistance is less than the critical value 

 

 

1.b) A separately excited DC generator has an open  circuit terminal voltage of 144V at 

1000 rpm and the armature resistance is 0.5 Ω. When it loaded the voltage across the 

load is 120V. Determine the load current? 

Va=Ea-IaRa=144-Ia*0.5=120V then Ia=[144-120]/0.5=48A=load current 

 

 

Question (2)                                         [15] Points 

2.a)  Compare between the no load test and the short circuit test of the transformer? 

Short circuit test Vsc<Vrate, Isc= Irate On high voltage side 



Psc =copper losses To obtain Req, Xeq 

Open circuit test Voc=Vrate, Ioc< Irate 

Poc =core losses 

On low voltage side 

To obtain Rc, Xm 

 

and  

 

  

 

 

   

2.b)  A 50KVA, 2200V:220V, 60Hz, single phase distribution transformer has a 

leakage impedance of (0.9+j5) Ω for the high voltage winding and  (0.05+j0.14)Ω for 

the low voltage winding. Neglect the exciting branch impedance.  

i-Draw the equivalent circuit referred to the high side?  



ii-Find the input voltage applied on the high side to obtain a full load current in the low 

voltage winding as it is short circuited? 

iii-Find the input voltage applied on the high side to obtain a half full load current with 

0.8 pf lagging and 220V on the low voltage winding? 

 

A=2200/220=10, Isc=Ifl=S/V=50000/220=227.3A,Ip=227.3/10=22.73A, 

Req=0.9+100*0.05=5.9Ω, Xeq=5+100*0.14=19Ω, Vp=Ip(Req+jXeq) 

Vp=22.73(5.9+j19)=452.2∟72.8V 

b-half full load with pf=0.8 lag current=  



Ihfl=0.5S/[V*0.8] =0.5*50000/(220*0.8)=142∟-36.9A Ip=142/10=14.2∟-36.9A,  

Vp=2200+Ip(Req+jXeq)=2200+14.2∟-36.9 *(5.9+j19)=2434.5∟3V 

Question (3)                                 [15] Points 

3.a) Sketch and explain the torque-speed characteristics of a  3-phase induction motor 

as the supply voltage is changed, the supply frequency is changed, and both the supply 

voltage and frequency are changed?  

 

 

  

   



 

3.b) An induction motor [3-phase, 220 V, 10-hp, 60-Hz, six pole, Y connected] has a 

stator  impedance of (0.344+j0.52) Ω and a rotor impedance referred to the stator of 

(0.15+j0.22)Ω . The exciting branch has Xm=13 Ω. Draw the equivalent circuit and 

Determine:    (i) the starting torque?     

(ii) the maximum torque and the slip at which the maximum torque occurs? 

(iii) the new rotor resistance that causes the maximum torque at starting? 



          
   

Figure 6.9 Single-phase equivalent circuit for a three-phase induction motor. 

Equivalent circuits with the core-loss resistance Rc neglected 

 

 
Figure 6.13 Induction-motor equivalent circuits simplified by Thevenin’s theorem. 
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ns=120*60/6=1200rpm, ωs=1200*pi/30=125.7rad/s, Vph=220/√3=127V 

at start S=1, then approximately 

Tstart=[3*127*0.15]/[125.7*((0.3+0.15)^2+(0.5+0.22)^2)]=74.3Nm 

Tmax=[0.5*3*127]/[125.7*(0.3)+(0.3^2+0.72^2)^0.5]=168.4Nm 

Smaxt=[0.15]/[(0.3^2+0.72^2)^0.5]=0.184 



R2new=[(0.3^2+0.72^2)^0.5]=0.8 Ω 

Question (4)                                  [15] Points 

4.a) Explain the starting process of  the  DC motor?  

 

 

 

 



 

        



  

 

 

  

4.b)A [15Hp, 230V] DC shunt  motor delivers a full load torque at 1200rpm while the 

motor line full load current is 75A.  The armature resistance is 0.2 Ω and the field 

Determine  0 Ω.resistance is 23 

 (i) the generated emf,  (ii) the developed torque at full load      (iii) the motor speed if 

the field resistance is reduced to 200 Ω at the same load torque?   

        

 



 

  

If=230/230=1A, Ia=57-1=56A, Ea=230-56*0.2=218.8V, w=(pi/30)*1200=125.7rad/sec 

Pout=218.8*56=12252.8W, Tout=12252.8/125.7=97.5Nm 

If=230/200=1.15A, Ia=57-1.15=55.85A, Ea=230-55.85*0.2=218.83V, 

w2=(218.83*55.85)/(97.5*pi/30)=1197rpm 


