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

Question (1)                                [20] Points 

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

1.b) Explain the construction of 3-phase induction motor?  

1.c) Explain the starting of 3-phase induction motor?  

1.d)  A three phase 220V, 60Hz, 6 poles,10HP,  wye-connected induction motor has a 

stator impedance of (0.344+j0.498) Ω/phase and (0.147+j0.224)Ω/phase of the rotor 

winding referred to the stator side. The exciting branch impedance viewed from the 

stator side is ( j12. Ω). The no load loss=262 watt and may be assumed constant and a 

slip of 0.02.  

i-Draw the equivalent circuit?   

ii- Determine  speed;  mechanical power developed;  developed torque;  and efficiency?  

 

Question (2)                                [25] Points 

2.a) Sketch and explain the torque-speed characteristics of  DC motor? 

2.b) Explain the construction of DC motor?  

2.c) Explain the starting of DC motor?  

2.d)A 120 V shunt  DC motor has the following parameters Ra=0.4 Ω, Rf=120 Ω and 

rotational losses  are 240 watt on full load the line current is 19.5A and the motor runs 

at 1200rpm.  

 i-Draw the equivalent circuit?   

ii- Determine: the armature current, the field current,  shaft speed,  mechanical power 

developed,  developed torque,  and efficiency?  
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2.e) A separately excited DC generator has an open circuit terminal voltage of 144V. 

When loaded by resistive load the voltage across the load is 120V. The armature 

resistance is 0.52 Ω and the field supply voltage is 220V and field resistance is 147 Ω.  

Determine  (i) armature current and field current (ii) the efficiency? 

 

Question (3)                                  [15] Points 

3.a) Explain the construction of operation of 3-phase synchronous motor?  

3.b) - A three phase 460V, 60Hz, 6 poles, wye-connected cylindrical rotor synchronous 

motor has a synchronous reactance of 2 Ω/phase.  Rs is negligible and Is=22A/phase and 

unity p.f.  

i-Draw the equivalent circuit?  

 ii-Find the rotor speed and torque angle?  

iii-Find the Pout  and the maximum torque?  
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Answer 

Question (1)                                 [15] Points 

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



 

 

  

 



1.b) An induction machine is one in which alternating current is supplied to the stator directly and to 

the rotor by induction or transformer action from the stator. 

Construction:  1-stator   2-rotor 

1-The stator winding is excited from a balanced three-phase source and produces a magnetic field in 

the air gap rotating at synchronous speed. 

2-The rotor winding may one of two types. 

a-A wound rotor is built with a three-phase winding similar to, and wound with the same 

number of poles as, the stator.  The rotor terminals are available external to the motor. 

B-A squirrel-cage rotor has a winding consisting of conductor bars embedded in slots in the 

rotor iron and short-circuited at each end by conducting end rings.  It is the most commonly used type 

of motor in sizes ranging from fractional horsepower on up. 

The difference between synchronous speed and the rotor speed is commonly referred to as the slip of 

the rotor.   

The fractional slip s  is         s
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n : rotor speed in rpm              snsn  1                                (6.2) 

m : mechanical angular velocity   sm s   1                      (6.3) 

rf : the frequency of induced voltages, the slip frequency r ef s f                                 

  A wound-rotor induction machine can be used as a frequency changer. 

1-The rotor currents produce an air-gap flux wave that rotates at synchronous speed and in 

synchronism with that produced by the stator currents. 

2-With the rotor revolving in the same direction of rotation as the stator field, the rotor currents 

produce a rotating flux wave rotating at ssn  with respect to the rotor in the forward direction. 

3-With respect to the stator, the speed of the flux wave produced by the rotor currents (with frequency 

esf ) equals=  s s s s1sn n sn n s n        

4-Because the stator and rotor fields each rotate synchronously, they are stationary with respect to 

each other and produce a steady torque, thus maintaining rotation of the rotor.  Such torque is called 

an asynchronous torque. 
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= r rsinT KI                                 (6.6) 

rI : the rotor current 

r : the angle by which the rotor mmf wave leads the resultant air-gap mmf  

 

 



1.c) starting with 1-auto-transformer  2-series resistors 3-series impedance 

4-delta-star connection  5-electronic starter using inverter or AC converter 

 



 

1.d)  A three phase 220V, 60Hz, 6 poles,10HP,  wye-connected induction motor has a 

stator impedance of (0.344+j0.498) Ω/phase and (0.147+j0.224)Ω/phase of the rotor 

winding referred to the stator side. The exciting branch impedance viewed from the 

stator side is ( j12.6 Ω). The no load loss=262 watt and may be assumed constant and a 

slip of 0.02. 



i-Draw the equivalent circuit?   

ii- Determine  shaft speed;  mechanical power developed;  developed torque;  and 

efficiency?  

Vph=220/√3=127V∟0V,  Zm=Xm=12.6∟90Ω,  IM=127/j 12.6=-j10.1=10.1∟-90A  

Zeq=Req+jXeq=0.344+j0.498 +0.147/0.02+j0.224=7.7+j0.722=7.7∟5.35Ω,   

Ir=V1/Zeq=127∟0/7.7∟7.35=16.5∟-5.35A  

Is=IM+Ir= 22.33-j2.88-j10.1=22.33-j12.98= 25.81∟-30.13 A, pf=cos30.13=0.865 

ns=120*60/6=1200rpm, ωs=1200*pi/30=40pi=125.7rad/s 

nr=(1-S)ns=(1-0.02)1200=1176.4rpm, ωr=1176*pi/30=123.145rad/s 

Core losses + rotational losses =262W 

Copper losses=3 I L
 2

(R1+R2')=3*16.5^2*(0.344+0.147)=408W 

Pmech=3*16.5^2*0.147(1-0.02)/0.02=5883, Tmech=5883/123.145=47.8Nm 

Output power= Pmech –rotational losses=5883-262=5621W 

Tout=5621/123.145=45.7Nm 

η=pout/pin= pout/(pout+losses)= 5621/(5621+262+408) =0.9834 

 

 



Question (2)                                [25] Points 

2.a) Sketch and explain the torque-speed characteristics of  DC motor? 

 

2.b) Explain the construction of DC motor?  

Dc machines are characterized by their versatility.  

By means of various combinations of shunt-, series-, and separately-excited field windings they 

can be designed to display a wide variety of volt-ampere or speed-torque characteristics for both 

dynamic and steady-state operation.  

 

 

 





 

 

 

 

 



 

1.c) starting with  1-series resistors   2-voltage divider 3-electronic starter using rectifier 

or DC chopper 



 

2.c) Explain the starting of DC motor? 

 





  

2.d)A 120 V shunt  DC motor has the following parameters Ra=0.4  ,Rf=120 and 

rotational losses  are 240 watt on full load the line current is 19.5A and the motor runs 

at 1200rpm 

Determine  

 i-Draw the equivalent circuit?   



ii- Determine: the armature current, the field current,  shaft speed,  mechanical power 

developed,  developed torque,  and efficiency?  

        

If=120/120=1A, Ia=19.5-1=18.5A, Ea= Va-IaRa=120-18.5*0.4=112.6V 

Pinp=120*19.5=2340watt,  Pdev=112.6*18.5=2083.1W,  

Pout= Pdev- losses=2083-240=1843watt    η=1843/2340=79% 

2.e) A separately excited DC generator has an open circuit terminal voltage of 144V. 

When loaded by resistive load the voltage across the load is 120V. The armature 

resistance is 0.52 Ω and the field supply voltage is 220V and field resistance is 147 Ω.  

Determine (i) the generated emf, (ii) armature current and field current (iii) the 

efficiency? 

Ea =144V,  If=220/147=1.5A, Ea=VL+IaRa, Ia=(144-120)/0.52=46.15A,  

Pinp=220*1.5+46.15*144= 6975.6W, Pout=120*46.15=5538W, η=5538/6975.6=79.4% 

Question (3)                                  [15] Points 

3.a) Explain the construction of operation of a 3-phase Induction Motor? 

 Main features of synchronous machines: 

1-A synchronous machine is an ac machine whose speed under steady-state 

conditions is proportional to the frequency of the AC current in its armature 

winding: on the stator. 

2-The rotor (field windings dc power supplied by the excitation system ) 

along with the magnetic field created by the dc field current on the rotor, 

rotates at the same speed as, or in synchronism with, the rotating magnetic 

field produced by the armature currents, and a steady torque results. 

  

 



       
 

 

Error! 
Figure 4.12 Schematic views of three-phase generators: 

 (a) two-pole, (b) four-pole, and (c) Y connection of the windings. 

 

Construction:  
1-Cylindrical rotor: for two- and four-pole turbine generators. 

2-Salient-pole rotor: for multipolar, slow-speed, hydroelectric generators  

Frequency determined by the speed of its mechanical drive (or prime 

mover). 

The amplitude of the generated voltage is proportional to the frequency and 

the field current. 
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tNke mepphwmea  sin                        (4.48) 

pphwmepphwmemax 2  NkfNkE                     (4.49) 
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 Torque equation: 
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  where 

   R= resultant air-gap flux per pole 

fF= mmf of the dc field winding 

RF= electric phase angle between magnetic axes of R  and fF 

 

 The minus sign indicates that the electromechanical torque acts in 

the direction to bring the interacting fields into alignment.  

 In a generator, the prime-mover torque acts in the direction of 

rotation of the rotor, and the electromechanical torque opposes 

rotation.  The rotor mmf wave leads the resultant air-gap flux. 

 In a motor, the electromechanical torque is in the direction of 

rotation, in opposition to the retarding torque of the mechanical 

load on the shaft. 

 Torque-angle curve: Fig. 5.1. 

 

 
Figure 5.1 Torque-angle characteristics. 

 An increase in prime-mover torque will result in a corresponding 

increase in the torque angle. 

 maxTT  : pull-out torque at 90RF  .  Any further increase in prime-

mover torque cannot be balanced by a corresponding increase in 

synchronous electromechanical torque, with the result that 

synchronism will no longer be maintained and the rotor will 

speed up.   loss of synchronism, pulling out of step. 

 
  

3.b) - A three phase 460V, 60Hz, 6 poles, wye-connected cylindrical rotor synchronous 

motor has a synchronous reactance of 2 Ω/phase.  Rs is negligible and Is=22A/phase and 

unity p.f.  

i-Draw the equivalent circuit?  ii-Find the rotor speed and torque angle?  

iii-Find the Pout  and the maximum torque?  

 



              

nr =ns=120*60/6=1200rpm, ωr =ωs=1200*pi/30=125.7rad/s, 460/√3=265.6∟0 

265.6∟0-j22*2=265.6-j44=268.2∟-9.4V 

Torque angle=δ=-9.4
o
,  

 

 Pdev =
3 ∗ Vph ∗  Vf ∗ 𝑠𝑖𝑛𝛿

 Xs
=

3 ∗ 265.6 ∗  268.2 ∗ 𝑠𝑖𝑛9.4

 2
= 17451.5𝑊 

 Tmax =
3 ∗ Vph ∗  Vf

 ωs  Xs
= 841𝑁𝑚 

 
 

 


