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Question (1)                                 [10] Points 

a- Explain in details: Electrical drives- Speed control of a DC motor? 

b-  A three phase- Y- induction motor [380V, 60Hz, 1700rpm, pf=0.8, ηm=0.85, 

 4 poles]. Find ωsyn, S,  Is, Pm, Tdev  when used to: 

i-Drive a load of 80Nm, 1440 rpm across gear box of ηgear= 0.9. 

ii-Drive an elevator of ηelev=0.75 and loaded by 8000Kg to 100m in one minute 

(design to half load). 

iii-Drive a water pump of 20m3/hour, height =25m across gear box of ηgear=0.8. 

Question (2)                                 [15] Points 

a- The closed loop control system is used for speed control of a separately excited DC motor. 

Draw the steady state block diagram and prove that 

𝜔𝑟

𝑉𝑟
=

𝐾1𝐾𝜙

В𝑅𝑎+𝐾𝜙(𝐾1𝐾2+𝐾𝜙) 
               

𝜔𝑟

−Ƭ𝑤
=

𝑅𝑎

В𝑅𝑎+𝐾𝜙(𝐾1𝐾2+𝐾𝜙)
 

b- A [80Hp, 200V, 1200 rpm] separately excited DC motor is used in a speed 

control system. The field current is held constant at a value for which   𝑅𝑎 =

0.1Ω, В = 0.03 𝑁. 𝑚. 𝑠 𝑟𝑎𝑑, KΦ = 1.3 𝑉. 𝑆 𝑟𝑎𝑑⁄ , 𝐾1 = 200,⁄  𝐾2 = 0.1V 𝑠 𝑟𝑎𝑑⁄ .  

i- Find 𝑉𝑟 required to drive the motor at rated speed with no load? 

ii- Find the motor speed if  𝑉𝑟  is not changed and the motor supplied rated torque? 

iii- Find the motor speed if  𝑉𝑟  is decreased by 15%? 



Question (3)                                 [30] Points 

 A separately excited DC motor has 

11ℎ𝑝, 240𝑉, 1500𝑟𝑝𝑚, 𝑅𝑎 = 0.125Ω,  𝑅𝑓 = 120Ω,   𝐾Φ = 1.5𝑁𝑚 𝐴⁄ ,      𝑇𝑙𝑜𝑠𝑠𝑒𝑠 =

𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 2.24𝑁𝑚, 𝑙𝑜𝑎𝑑 𝑡𝑜𝑟𝑞𝑢𝑒 𝑖𝑠 50𝑁𝑚.   

a- Find the motor speed if the armature voltage is 190 V?  

b- Find the motor speed and (pf) if its armature is supplied by fully controlled 

single phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply] 

and assume constant armature current and field current? 

c- Find the motor speed and (pf) if its armature is supplied by a semi-controlled 

single phase rectifier [firing angle = 20 degrees, 240 V, 60Hz AC supply]   

and assume constant armature current and field current? 

d- Find the motor speed if its armature is supplied by fully controlled single 

phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]. Assume 

constant field current but the armature current discontinuous for 10 degrees 

every half cycle? 

e- Draw the wave forms of voltages and currents and the power circuit for b, c, 

and d? 

Question (4)                                            [10] Points 

A separately excited DC motor has[ 𝑲𝚽 = 𝟎. 𝟓
𝑵𝒎

𝑨
, 𝑹

𝒂
= 𝟎. 𝟑Ω,  𝑳𝒂 = 𝟎. 𝟎𝟔𝑯 ] 

a- If the load is [5Nm at 859 rpm] and the motor armature supplied from class A chopper and 

72V dc source. The chopping frequency is 1 KHz. The field current is held constant.  

i-Find the minimum duty cycle? 

ii-Find the armature current equations during the on and off periods? 

iii- Draw the power circuit and current and voltage waveforms? 

Question (5)                                            [25] Points 

a- Explain how to control the speed of the 3-phase induction motor?  

b- A three phase 460V, 60Hz,  4 poles, 1750 rpm, wye-connected induction motor has the 

following equivalent circuit parameters referred to the stator side: 

  𝑹𝒔 = 𝟏. 𝟎𝟏Ω,  𝑹𝒓 = 𝟎. 𝟔𝟗Ω,    𝑿𝒎 = 𝟒𝟑. 𝟓Ω,  𝑿𝟏 = 𝟏. 𝟑Ω,  𝑿𝟐 = 𝟏. 𝟗𝟒Ω, 𝑻𝑳 = 𝑲𝜔𝑟
𝟐

=

𝟒𝟏𝑵𝒎 𝒂𝒕𝟏𝟕𝟒𝟎𝒓𝒑𝒎 



i-Draw the equivalent circuit and find ωsyn, ωr, S,  Is, Ir , Pgap, Pcopper , Tdev? 

ii- If the motor is connected to a 3-phase full wave AC/AC converter. Find the firing angle 

required to run the motor with speed range of 1000 rpm to 1750 rpm. 

iii- If the motor is connected to a 3-phase six step inverter. Find the required DC supply to run 

the motor with speed of 1000 rpm? 

iv- Draw the power circuit and current and voltage waveforms for case ii and case iii? 

 

 

 

Answer 

Question (1)                                 [20] Points 

a- Explain in details: Electrical drives- Speed control of a DC motor? 

 

The electrical Drive is a system converts the electrical Energy to the mechanical energy with 

electrical control. 

Drive types are: 1-line shaft drive 2-single motor single load drive 3-multimotor drives. 

 

 



 

Speed control of DC drive: Common dc drives are 1-rectifier drives 2-dc chopper drives 3-dual 

converter drives 

        

 

 

   



   ,          

 

  

b-Athree phase- Y- induction motor [380V, 60Hz, 1700rpm, pf=0.8, ηm=0.85, 

 4 poles]. Find ωsyn, S,  Is, Pm, Tdev  when used to: 

i-Drive a load of 80Nm, 1440 rpm across gear box of ηgear= 0.9. 

ii-Drive an elevator of ηelev=0.75 and loaded by 8000Kg to 100m in one minute 

(design to half load). 

iii-Drive a water pump of 20m3/hour, height =25m across gear box of ηgear=0.8. 

i----ns=120*60/4=1800rpm, ωs=1800*pi/30=188.5rad/s, S=(ns-nr)/ ns =(1800-1700)/1800=0.056  

PL=TL* ωL=80*1440*pi/30=12.06KW, Pinp gear= PL/ ηgear=12.06/0.9=13.4KW 

Pinp m= Poutm/ ηm=13.4/0.85=15.8KW=√3 VLILcosФ, IL=15800/(√3*380*0.8)=29.95A 

ii-----PL=F*V=m*g*V=8000*9.81*100/60=130.8KW, Pinp ele= PL/ ηele=130.8/0.75=174.4KW 

Pinp m= Poutm/ ηm=174.4*0.5/0.85=102.6KW=√3 VLILcosФ, IL=102600/(√3*380*0.8)=124.7A 

iii----PL=F*V=Q*g*h*ρ/t=20*9.81*25*1000/3600=1.3625KW, Pinp pump= PL/ 
ηgear=1.3625/0.8=1.703KW, Pinp m= Poutm/ ηm=1.703/0.85=2.004KW=√3 VLILcosФ, 

IL=2004/(√3*380*0.8)=3.81A 

Question (2)                                 [15] Points 



a- The closed loop control system is used for speed control of a separately excited DC motor. 

Draw the steady state block diagram and prove that 

𝜔𝑟

𝑉𝑟
=

𝐾1𝐾𝜙

В𝑅𝑎+𝐾𝜙(𝐾1𝐾2+𝐾𝜙) 
               

𝜔𝑟

−Ƭ𝑤
=

𝑅𝑎

В𝑅𝑎+𝐾𝜙(𝐾1𝐾2+𝐾𝜙)
 

    

 

  

 



  

   

 

   



   

b- A [80Hp, 200V, 1200 rpm] separately excited DC motor is used in a speed 

control system. The field current is held constant at a value for which   𝑅𝑎 =

0.1Ω, В = 0.03 𝑁. 𝑚. 𝑠 𝑟𝑎𝑑, KΦ = 1.3 𝑉. 𝑆 𝑟𝑎𝑑⁄ , 𝐾1 = 200,⁄  𝐾2 = 0.1V 𝑠 𝑟𝑎𝑑⁄ .  

i- Find 𝑉𝑟 required to drive the motor at rated speed with no load? 

ii- Find the motor speed if  𝑉𝑟  is not changed and the motor supplied rated torque? 

iii- Find the motor speed if  𝑉𝑟  is decreased by 15%? 

i- P=Tꟺ=(2pi/60)(1200*T)=80*746, T=474.8Nm, or T=(200-40pi*1.3)*1.3/0.1=476.2Nm  

rated speed=1200rpm=125.7rad/s. 

𝜔𝑟

𝑉𝑟
=

𝐾1𝐾𝜙

В𝑅𝑎 + 𝐾𝜙(𝐾1𝐾2 + 𝐾𝜙) 
=

200 ∗ 1.3

27.7
= 9.39 



Vr=125.7/9.39=13.39V 

⧍𝜔𝑟

−⧍Ƭ𝑤
=

𝑅𝑎

В𝑅𝑎 + 𝐾𝜙(𝐾1𝐾2 + 𝐾𝜙)
=

0.1

27.7 
=

0.089

41.9
= 0.00361,  

⧍𝜔𝑟 = −0.00361 ∗ 474.8 = −
1.714rad

s
, ⧍𝜔𝑟 = −0.00361 ∗ 476.2 = −

1.72rad

s
  

𝜔𝑟 = 125.7 − 1.72 =
124. 𝑟𝑎𝑑

𝑠
= 1184𝑟𝑝𝑚 

iii-As Vr decreased to =0.85*13.39=11.38V, wr=11.38*9.39=106.87rad/s 

As motor loaded then wr=106.87-1.74=105.rad/s=1004rpm 

Question (3)                                 [30] Points 

 A separately excited DC motor has 

11ℎ𝑝, 240𝑉, 1500𝑟𝑝𝑚, 𝑅𝑎 = 0.125Ω,  𝑅𝑓 = 120Ω,   𝐾Φ = 1.5𝑁𝑚 𝐴⁄ ,      𝑇𝑙𝑜𝑠𝑠𝑒𝑠 =

𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 2.24𝑁𝑚, 𝑙𝑜𝑎𝑑 𝑡𝑜𝑟𝑞𝑢𝑒 𝑖𝑠 50𝑁𝑚.   

a- Find the motor speed if the armature voltage is 190 V?  

b- Find the motor speed and (pf) if its armature is supplied by fully controlled 

single phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply] 

and assume constant armature current and field current? 

c- Find the motor speed and (pf) if its armature is supplied by a semi-controlled 

single phase rectifier [firing angle = 20 degrees, 240 V, 60Hz AC supply]   

and assume constant armature current and field current? 

d- Find the motor speed if its armature is supplied by fully controlled single 

phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]. Assume 

constant field current but the armature current discontinuous for 10 degrees 

every half cycle? 

e- Draw the wave forms of voltages and currents and the power circuit for b, c, 

and d? 

a-Ia=[50+2.24]/1.5=34.83A, Ea==190-34.83*0.125=185.65V, w=185.65/1.5=123.76rad/s, 

n=1182rpm ,Va=Ea+IaRa  

b-For a single phase rectifier with continuous armature current Va˃Ea 



α=25 degrees , Va=[2Vmaxcosα]/pi=(2*240*1.414cos25)/pi=195.83V, w=[195.83-

34.83*0.125]/1.5=127.65rad/s, n=1219rpm ,Va=Ea+IaRa,  

pf= cosα=0.9cos25=0.82, pf1(fundamental)= cosα=cos25=0.91   

c-For a single phase semi-cont. rectifier with continuous armature current  

α=20 degrees , Va=[Vmax(1+cosα)]/pi=[240*1.414(1+cos20)/pi]=209.56V, w=[209.56-

34.83*0.125]/1.5=136.8rad/s, n=1306.4rpm  

pf1(fundamental)= cosα/2=cos10=0.985, pf=(√2/(pi(pi-α)))(1+cosα)=0.99  

d-For a single phase fully-cont. rectifier with discontinuous (10deg.) armature current  

α=25 degrees , Va=[Vmax(cosα -cos195)]/pi=[240*1.414(0.966+cos25)/pi]=202.3V,  

w=[202.3-34.83*0.125]/1.5=131.95rad/s, n=1260rpm  

 

    



Question (4)                                            [10] Points 

A separately excited DC motor has[ 𝑲𝚽 = 𝟎. 𝟓
𝑵𝒎

𝑨
, 𝑹

𝒂
= 𝟎. 𝟑Ω,  𝑳𝒂 = 𝟎. 𝟎𝟔𝑯 ] 

a- If the load is [5Nm at 859 rpm] and the motor armature is supplied from class A chopper and 

72V dc source. The chopping frequency is 1 KHz. The field current is held constant.  

i-Find the minimum duty cycle? 

ii-Find the armature current equations during the on and off periods? 

iii- Draw the power circuit and current and voltage waveforms? 

Ia=5/0.5=10A, E=(2pi/60)*859*0.5=45V,E/Vdc=45/72=0.625, 

Ta=La/Ra=0.06/0.3=0.2S,Tp=1/1000=1mS, Tp/Ta=0.005,  

𝑡𝑜𝑛 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 𝜏 ln [1 +
𝐸

𝑉𝑑𝑐
(𝑒

𝑇𝑝
𝜏⁄ − 1 )] =  0.626msec. 

 𝐾 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 =
𝜏

𝑇𝑝
ln [1 +

𝐸

𝑉𝑑𝑐
(𝑒

𝑇𝑝
𝜏⁄ − 1 )]=0.626, Va=Ea+IaRa = 45+10*0.3= 48V, 

K=ton/Tp=Vav/Vdc=48/72=0.67> Kc  then continuous current mode  

𝐼𝑚𝑎𝑥 =
𝑉𝑑𝑐(1−𝑒−

𝑡𝑜𝑛
𝜏⁄ )

𝑅𝑎(1−𝑒−
𝑇𝑝

𝜏⁄ )
−

𝐸

𝑅𝑎
 =10.2A,             𝐼𝑚𝑖𝑛 =

𝑉𝑑𝑐(𝑒
𝑡𝑜𝑛

𝜏⁄  −1 )

𝑅𝑎(𝑒
𝑇𝑝

𝜏⁄  −1 )
−

𝐸

𝑅𝑎
= 9.9𝐴      



𝑖𝑜𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 =
𝑉𝑑𝑐−𝐸

𝑅𝑎
− (

𝑉𝑑𝑐−𝐸

𝑅𝑎
− 𝐼𝑚𝑖𝑛)𝑒−𝑡

𝜏⁄ )  =90-80exp(-5t) 

𝑖𝑜𝑓𝑓 𝑝𝑒𝑟𝑖𝑜𝑑 =
−𝐸

𝑅𝑎
+ (

𝐸

𝑅𝑎
+ 𝐼𝑚𝑎𝑥)𝑒−𝑡

𝜏⁄ )  =-150+160exp(-5t) 

                  

    

    

Question (5)                                            [25] Points 

a- Explain how to control the speed of the 3-phase induction motor?  

 



Using three tools are 1-inverter 2-AC/AC converter 3-cycloconverter  

            

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

Equivalent circuits with the core-loss and iron losses are neglected  

b-A three phase 460V, 60Hz,  4 poles, 1750 rpm, wye-connected induction motor has the 

following equivalent circuit parameters referred to the stator side: 

  𝑹𝒔 = 𝟏. 𝟎𝟏Ω,  𝑹𝒓 = 𝟎. 𝟔𝟗Ω,    𝑿𝒎 = 𝟒𝟑. 𝟓Ω,  𝑿𝟏 = 𝟏. 𝟑Ω,  𝑿𝟐 = 𝟏. 𝟗𝟒Ω, 𝑻𝑳 = 𝑲𝜔𝑟
𝟐

=

𝟒𝟏𝑵𝒎 𝒂𝒕𝟏𝟕𝟒𝟎𝒓𝒑𝒎 

i-Draw the equivalent circuit and find ωsyn, ωr, S,  Is, Ir , Pgap, Pcopper , Tdev? 

ii- If the motor is connected to a 3-phase full wave AC/AC converter. Find the firing angle 

required to run the motor with speed range of 1000 rpm to 1750 rpm. 

iii- If the motor is connected to a 3-phase six step inverter. Find the required DC supply to run 

the motor with speed of 1000 rpm? 

iv- Draw the power circuit and current and voltage waveforms for case ii and case iii? 

  

ns=120*60/4=1800rpm, ωs=1800*pi/30=188.5rad/sec., ωr=1740*pi/30=182.2rad/sec. 



S1=(ns-nr)/ ns = (1800-1750)/ 1800= 0.028, ωr1=1750*pi/30=183.3rad/sec.  

S2=(ns-nr)/ ns = (1800-1000)/ 1800= 0.444, ωr2=1000*pi/30=104.72rad/sec. 

𝒎𝒐𝒕𝒐𝒓 𝒕𝒐𝒓𝒒𝒖𝒆 =
𝟑𝑰𝟐

,𝟐𝑹𝟐

𝑺𝜔𝑠
= 𝒍𝒐𝒂𝒅 𝒕𝒐𝒓𝒒𝒖𝒆 = 𝑲𝜔𝑟

𝟐
=  𝒌(182.2)

𝟐

= 𝟒𝟏𝑵𝒎, 𝑲 = 𝟎. 𝟎𝟎𝟏𝟐𝟑𝟓 

𝒍𝒐𝒂𝒅 𝒕𝒐𝒓𝒒𝒖𝒆𝟏 = 𝑲𝜔𝑟1
𝟐

𝑵𝒎 = 𝟎. 𝟎𝟎𝟏𝟐𝟑𝟓 (183.3)
𝟐

= 𝟒𝟏. 𝟓𝑵𝒎 =
𝟑 ∗ 𝟎. 𝟔𝟗 ∗ 𝑰𝟐

,𝟐

𝟎. 𝟎𝟐𝟖 ∗ 𝟏𝟖𝟖. 𝟓
=  𝑰𝟐

, = 𝟏𝟎. 𝟑𝑨, 

   𝑽𝒑𝒉 =   𝑰𝟐
, ∗ 𝒁 =  𝑰𝟐

, ∗ √[(𝑹𝟏 +
 𝑹𝟐

,

𝑺
)

𝟐

+ (𝑿𝟏 + 𝑿𝟐
, )

𝟐
] 

𝑽𝒑𝒉 = 𝟏𝟎. 𝟑 ∗ √[(𝟏. 𝟎𝟏 +
𝟎.𝟔𝟗

𝟎.𝟎𝟐𝟖
)

𝟐

+ (𝟏. 𝟑 + 𝟏. 𝟗𝟒 )
𝟐

] = 𝟐𝟔𝟔. 𝟑𝟐𝑽   

𝒍𝒐𝒂𝒅 𝒕𝒐𝒓𝒒𝒖𝒆𝟐 = 𝑲𝜔𝑟2
𝟐

𝑵𝒎 =  𝟎. 𝟎𝟎𝟏𝟐𝟑𝟓(104.72)
𝟐

= 𝟏𝟑. 𝟓𝟒𝑵𝒎 =
𝟑𝑰𝟐

,𝟐𝑹𝟐

𝑺𝜔𝑠
 

 𝑰𝟐
, = (𝟎. 𝟒𝟒𝟒 ∗ 𝟏𝟖𝟖. 𝟓 ∗ 𝟏𝟑. 𝟓𝟒)/(𝟑 ∗ 𝟎. 𝟔𝟗) = 𝟐𝟑. 𝟒𝑨, 

𝑽𝒑𝒉 = 𝟐𝟑. 𝟒 ∗ √[(𝟏. 𝟎𝟏 +
𝟎.𝟔𝟗

𝟎.𝟒𝟒𝟒
)

𝟐

+ (𝟏. 𝟑 + 𝟏. 𝟗𝟒 )
𝟐

] = 𝟗𝟔. 𝟕𝑽   

As 1750rpm,  

𝑅2
′

𝑆
=

0.69

0.028
= 24.64,     Z′2 = 1.01 + 24.64 + 𝑗(1.3 + 1.94) = 25.86∟7.2 Ω 

𝑉𝑝ℎ =
460∟0

√3
= 265.6∟0V, 𝐼2

′ =
265.6∟0

25.86∟7.2
= 10.3∟ − 7.2A then α = 7𝑑𝑒𝑔. 

As 1000rpm 

𝑅2
′

𝑆
=

0.69

0.444
= 1.55,     Z′2 = 1.01 + 1.55 + 𝑗(1.3 + 1.94) = 4.13∟51.7 Ω 

𝑉𝑝ℎ =
460∟0

√3
= 265.6∟0V, 𝐼2

′ =
265.6∟0

4.13∟51.7
= 64.3∟ − 51.7A  

𝑇𝑐𝑜𝑛𝑡.

𝑇𝑟𝑎𝑡𝑒
= [

(1 − 𝑆𝑐𝑜𝑛𝑡.)

1 − 𝑆𝑟𝑎𝑡𝑒)
]

2

=
𝑆𝑟𝑎𝑡𝑒

𝑆𝑐𝑜𝑛𝑡.
(

𝐼𝑐𝑜𝑛𝑡.

𝐼𝑟𝑎𝑡𝑒
)

2

 

𝐼𝑐𝑜𝑛𝑡. = 10.3
0.444

0.028
∗ [

1 − 0.444

1 − 0.028
]2 = 53.44𝐴 

then α, β from table or curves as 𝐼𝑎𝑁 =
53.44

64.3
= 0.83𝐴, 𝑎𝑛𝑔𝑙𝑒 = 51.7𝑑𝑒𝑔.  

The AC/AC converter used to control the speed of the 3-phase induction motor 



for six-step inverter 𝑉𝑝ℎ = ∑
2∗𝑉𝑑𝑐

𝑛∗𝑝𝑖
𝑠𝑖𝑛𝑛𝜔𝑡  ∞

𝑛=6𝑘±1 ,  

𝑉1−𝑝ℎ−𝑟𝑚𝑠 =
√2 ∗ 𝑉𝑑𝑐

𝑝𝑖
= 96.7, 𝑉𝑑𝑐 = 215𝑉 = 600𝐾, 𝐾 = 0.36 

𝑉1−𝑝ℎ−𝑟𝑚𝑠 =
√2 ∗ 𝑉𝑑𝑐

𝑝𝑖
= 266.3, 𝑉𝑑𝑐 = 266.3𝑉 = 600𝐾, 𝐾 = 0.99 

 

 

 

 



  



 

 



 

 





 





 

 



 

 


