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

Question (1)                                 [12] Points 

a- Explain how a single phase induction motor operates? 

b- Write four methods used to start a single phase induction motor? 

c- A (120V, 60Hz) single phase induction motor of the split phase type has a standstill 

impedance of the main winding of (2+j3.5) Ω and (9.15+j8.4) Ω of the auxiliary winding. Draw 

the equivalent circuit and determine the phase displacement angle and the starting torque?  

  

 Question (2)                                 [12] Points 

a- Explain the idea of operation of a linear induction motor? 

 b- A (100-poles, three-phase, 240V, 50Hz) moving-rail LIM has a pole pitch of 0.5m and a slip 

of 20%. The rotor copper loss is 800W. Draw the equivalent circuit and determine the 

synchronous velocity and the rail speed and the thurst force? 

 

Question (3)                                 [12] Points 

 a-Explain one circuit used to drive stepper motor? 

b- A stepper motor has a step-angle of 2 degrees and stepping frequency of 1800 pulse/s. 

Determine: 

 i-Resolution   ii-Rotor speed   iii-Number of steps required to make 20.6 revolutions?   
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Question (4)                                 [12] Points 

a- Draw the equivalent circuit of the two-phase induction motor? 

b-A symmetrical two phase balanced supply (220V, 50Hz, 4-poles) squirrel-cage induction 

motor has a stator impedance of (0.53+j2.45) Ω/phase and (0.96+j2.94) Ω/phase of the rotor 

winding referred to the stator side. The exciting reactance viewed from the stator side is 70 Ω. 

The windage, friction, and core losses equal 200 watt and may be assumed constant. The slip is 

equal to 4%. 

i-Draw the equivalent circuit?  ii-Find the ωsyn,  Is, Ir , Pgap, Pcopper , Tdev,  ωr, Pinp , Pout ? 

Question (5)                                 [12] Points 

a-Explain how to reverse the direction of rotation of the universal motor? 

b- A universal series motor has a resistance of 30 and total inductance of 0.5H. When the motor 

is connected to a DC supply of 250V it takes 0.8 A and rotates by 2000 rpm.  if the motor is 

connected to an AC supply of 250V, 50Hz and takes 0.8 A. Find the speed and pf? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Answer 

 

Question (1)                                 [12] Points 

a- Explain how a single phase induction motor operates? 

 

     

 

b- Write four methods used to start a single phase induction motor? 

 

1-Split phase IM                                             2-Capacitor start and run IM 

3-Capacitor start and capacitor run IM             4-Capacitor start IM 

2-Shaded pole IM 

 

c- A (120V, 60Hz) single phase induction motor of the split phase type has a standstill 

impedance of the main winding of (2+j3.5) Ω and (9.15+j8.4) Ω of the auxiliary winding. 

Draw the equivalent circuit and determine the phase displacement angle and the starting 

torque? 



  

 

 Im =  
120∟0

2+j3.5
=

120∟0

4.03∟60.3
= 29.8∟ − 60.3A 

Ia =  
120∟0

9.15 + j8.4
=

120∟0

12.42∟42.6
= 9.7∟ − 42.6A 

Ra =  
Xa(Rm +  Zm  )

Xm
=

8.4(2 +  2 + j3.5 )

3.5
= 14.5Ω 

Displacement angle=δ =-60.3—42.6=-17.7
o
 

Ts=Ksr*Im*Ia*sinδ= Ksr*9.7*29.8*sin(-17.7)=87.9Ksr Nm 

Question (2)                                 [12] Points 

a- Explain the idea of operation of a linear induction motor? 

 



 
b- A (100-poles, three-phase, 240V, 50Hz) moving-rail LIM has a pole pitch of 0.5m and a 

slip of 20%. The rotor copper loss is 800W. Draw the equivalent circuit and determine 

the synchronous velocity and the rail speed and the thrust force? 

𝑢𝑠 = 2𝜏𝑝𝑓 = 2 ∗ 0.5 ∗ 50 = 50𝑚
𝑠 ,   

  𝑢 = (1 − 𝑆)𝑢𝑠 =  1 − 0.2 50 = 40 𝑚
𝑠           

𝑆 =
𝑝𝑐𝑜𝑝𝑟

𝑝𝑔𝑎𝑝
 , 𝑝𝑔𝑎𝑝 =

800

0.2
= 4000𝑊, 𝑡𝑢𝑟𝑠𝑡 𝑓𝑜𝑟𝑐𝑒 = 𝐹 =

𝑝𝑔𝑎𝑝

𝑢𝑠
=

4000

50
= 80𝑁     



 

X2'=0 

Question (3)                                 [12] Points 

 a-Explain one circuit used to drive stepper motor? 





 

b- A stepper motor has a step-angle of 2 degrees and stepping frequency of 1800 pulse/s. 

Determine: 

 i-Resolution   ii-Rotor speed   iii-Number of steps required to make 20.6 revolutions?   

𝑹𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 =
𝟑𝟔𝟎

𝜷
=

𝟑𝟔𝟎

𝟐
= 𝟏𝟖𝟎𝒔𝒕𝒆𝒑 𝒓𝒆𝒗 , 

  𝑹𝒐𝒕𝒐𝒓 𝒔𝒑𝒆𝒆𝒅 =
𝜷𝒇𝒑

𝟑𝟔𝟎
=

𝟐 ∗ 𝟏𝟖𝟎𝟎

𝟑𝟔𝟎
= 𝟏𝟎𝒓𝒑𝒔 = 𝟔𝟎𝟎𝒓𝒑𝒎          . 

 

𝒕𝒐𝒕𝒂𝒍 𝒓𝒐𝒕𝒐𝒓 𝒂𝒏𝒈𝒍𝒆𝜭 = 𝟐𝟎. 𝟔 ∗ 𝟑𝟔𝟎 = 𝟕𝟒𝟏𝟔 𝒅𝒆𝒈. = 𝜷 ∗ 𝒔𝒕𝒆𝒑𝒔 

𝑵𝒖𝒎𝒃𝒆𝒓of steps =
7416

2
= 3708steps 



 

Question (4)                                 [12] Points 

a- Draw the equivalent circuit of the two-phase induction motor? 

 

 

b-A symmetrical two phase balanced supply (220V, 50Hz, 4-poles) squirrel-cage induction 

motor has a stator impedance of (0.53+j2.45) Ω/phase and (0.96+j2.94) Ω/phase of the rotor 

winding referred to the stator side. The exciting reactance viewed from the stator side is 70 Ω. 

The windage, friction, and core losses equal 200 watt and may be assumed constant. The slip is 

equal to 4%. 



i-Draw the equivalent circuit?  ii-Find the ωsyn,  Is, Ir , Pgap, Pcopper , Tdev,  ωr, Pinp , Pout ? 

𝑅2
′

𝑆
=

0.96

0.04
= 24Ω,  Z′2 = 24 + 𝑗2.94 = 24.2∟7 Ω, 𝑗70    Z′

2 = 22.1∟25.2 = 20 + j9.4 Ω 

 Zin = 0.53 + 𝑗2.45 + 20 + j9.4 = 23.7∟30 Ω, 

I1 =  
220∟0

23.7∟30
=  9.3∟ −  30A, I′2 =  

70∟90

 76.8∟71.8
=  8.5∟ −  12A    

𝑆 =
𝑝𝑐𝑜𝑝𝑟

𝑝𝑔𝑎𝑝
 , 𝑝𝑔𝑎𝑝 =

2I′2
2𝑅2

′

𝑆
= 2 ∗ 8.5 ∗ 8.5 ∗ 24 = 3468𝑊,     

𝜔𝑠 =
120𝑓

𝑝
∗

2𝑝𝑖

60
= 50𝑝𝑖  𝑟𝑎𝑑 𝑆 = 1500𝑟𝑝𝑚, 𝑇𝑑𝑒𝑣 =

𝑝𝑔𝑎𝑝

𝜔𝑠
=

3468

50𝑝𝑖
= 22.1𝑁𝑚 

𝜔𝑟 = 𝜔𝑠 1 − 𝑆 = 48𝑝𝑖  𝑟𝑎𝑑 𝑆 = 1440𝑟𝑝𝑚,  

Question (5)                                 [12] Points 

a-Explain how to reverse the direction of rotation of the universal motor? 





 

Reverse the direction of the field or the direction of the armature current to reverse the direction 

of the speed of the motor. 

b- A universal series motor has a resistance of 30 and total inductance of 0.5H. When the motor 

is connected to a DC supply of 250V it takes 0.8 A and rotates by 2000 rpm.  if the motor is 

connected to an AC supply of 250V, 50Hz and takes 0.8 A. Find the speed and pf? 

For DC supply 

𝑉𝑎𝐷𝐶 = 𝐾𝛷𝜔𝑟 + 𝐼𝑎𝑅𝑎 ,    𝐾𝛷 =
 250 − 0.8 ∗ 30 ∗ 60

2𝑝𝑖 ∗ 2000
= 1.1𝑁𝑚

𝐴      

For AC supply 

𝑉𝑎𝑎𝑐 = 𝐾𝛷 𝜔𝑟 + 𝐼𝑎𝑅𝑎 + 𝑗2𝐼𝑎𝑝𝑖𝑓𝐿, 

  𝜔𝑟 =
 ((250)2 − (2 ∗ 0.8 ∗ 50𝑝𝑖 ∗ 0.5)2) − 0.8 ∗ 30

1.1
= 174.65 𝑟𝑎𝑑 𝑆 = 1667.8𝑟𝑝𝑚   

𝑉𝑎𝑎𝑐 = 𝐾𝛷 𝜔𝑟 + 𝐼𝑎𝑅𝑎 + 𝑗2𝐼𝑎𝑝𝑖𝑓𝐿 = 1.1 ∗ 174.65 + 0.8 ∗ 30 + 𝑗40𝑝𝑖 = 216.12 + 𝑗125.7

= 249.998∟ 30.2V, 𝑝𝑓 = 𝑐𝑜𝑠30.2 = 0.8644 

   


