Mansoura University 72N Final Exam (5/6/2014)
Faculty of Engineering (5 2\} Full Mark: 50
MTE & BME Programs A Time : 2 Hours

Electrical Power (FCR141)

Please Answer the Followi uestions:

Question #1: (8 Points)
Attempt any four parts of the following: (6x2pts)

a- Discuss briefly how energy is generated, transmitted and distributed.

b- Discuss the advantages of three-phase system.
¢- Which energy sources are produced in the Egyptlan Electricity Grid?

d- Classify the voltage levels in power system.

e- State the reasons of stepping up voltage of transmission system.

Question # 2: (12 Points)
A balanced Y-A, 3-phase system has positive sequence with supply phase

voltage V,,=200£0 V. The load impedance Z, is (54 +j36) /phase and the line
connecting the source and load has an impedance Z, = (2+j3) 0/phase, find:

a- Phase currents of the supply and phase currents of the load. (6 pts)

b- Phase voltages of the load. (2 pts)

¢- Active power delivered by the source and consumed by the load. (4 pts)

Question #3: (12 Points)
A 4 kVA, 200/400 V, single-phase transformer has the following parameters

referred to the low voltage side, R.q1=0.40, X.1=1.2 {}, R,=500 Q, X ;=200 Q1. The
transformer is supplying a 75% of full load at 0.6 power factor lagging, calculate:
a- The no-load current and transformer core loss. (4 pts)

b- Transformer cupper loss and its efficiency. (4 pts)

c- Voltage regulation and the secondary terminal voltage. (4 pts)
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Question #4: (10 Points) |
A 220 V dc series motor Is running at a speed of 800 rpm and draws 100 A from |
the supply. Total resistance of the armature and field (R, + Ry) is 0.1 2. Now, if
the motor is developing half the torque, calculate:

a- Motor current and back emf. (6 pts)

b- Motor speed. (4 pts)

Question #5: (8 Points)

a- Discuss with neat diagrams the principle of operation of 1-phase ON
mode variable reluctance stepper motor indicating its switching circuit
and truth table. (5 pts)

b- A 3-phase variable reluctance stepper motor has a rotor of 4 poles. If the
motor is driven at a pulse rate of 1200 pps, determine: (3 pts)

i) Step angle
ii) Resolution

iii)  Motor speed

With My Best wishes
Prof. Br. Mohammed El-Saied
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Question # 1: (8 Points)

a- Discuss briefly how energy is generated, transmitted and distributed.
Electrical power is generated in power stations by different methods
(Thermal, Hydro, Nuclear, Wind, Solar, ..). It is transported as needed to
a step up transformer substation. It is then transmitted via a
transmission lines to transmission substation. Distribution lines
(overhead or underground) carry it to distribution transformers to
supply the different types of consumers with the required power
(domestic, commercial, industrial).

b- Discuss the advantages of three-phase system.

[@With the same sizes, 3-phase generators and electrical motors have
high output power and better capacity than single phase system.

BThe size of the copper wire required to carry current from the
generator to a load can be reduced when a three-phase rather than a
single-phase system Is used. This results in a smaller cross-section.

BThe power delivered by a single-phase system pulsates and falls to
zero. The three-phase power never falls to zero. The power delivered to

the load in a three-phase system is the same at any instant.

c- Which energy sources are produced in the Egyptian Electricity Grid?
Thermal (steam & gas), hydroelectric, wind and solar.

d- Classify the voltage levels in power system.

Extra High Voltage (EHV): V 2230 kV

High Voltage {(HV): 33 sV<230kV

Medium Voltage (MV): 1<V <33 kV

Low Voltage (LV): V< 1kV

State the reasons of stepping up voltage of transmission system.
When the voltage is stepped up the current is down and this causes
1- Low power loss (I’.R)

2- Low voltage drop (1.Z) and better voltage regulation.

3-Using conductors and equipments of low cross sectional area.
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Question # 2: (12 Points)
Transform A to Y: Zy =Zy/3= 18+j12, Z;=Zy +Z,= 20+j15=25.36.8° Q/phase

a- Phase currents of the supply
la =Van/Zr = 8£-36.8°, l,=8.2-156.8°, I,=8/-276.8° A

Phase currents of the load: I, = _\@‘trp and lags it by30°
lag=4.618.2-6.8°, loc=4.618£-126.8°, lca=4.618£-246.8° A

b- Phase Voltages of the load:
Vag = lap. 25 = 4.6182-6.8x64.9./33.69 = 299.7.726.89° V
Vae= 299.7.£146.89°, Ve=299.7.2266.89° V

c- Active power delivered by the source:
Ps=3V,..l,.c05¢=3x200x8xc0536.8=3.843 kW

Active power consumed by the load:
Piosd = 3Vap. lap.cOsh=3x299.7x4.618xc0533.69=3.454 kW

Question #3: (12 Points)
a- .= 200/500=0.4 A, 1,=200/j200=-j1 A = |,=0.4-j1=1.0772-68.19° A

Core loss =I[,,.V,=0.4x200=80 W
b- At 75% full load: I; =4x0.75x1000/400=7.5 A = |,’ =7.5 x(2)=15 A

Transformer cupper loss= I;°XReq= 15°%0.4= 90 W
Po,t= 3%0.6= 1.8 kW, Losses= 80+90 = 170 W= 0.17kW

% 1 = (Pou/Pin ) x100=1.8/(1.8 + 0.17)x100 = 91.37%
c- Voltage regulation:

Req2= ReqiXd= 160, Xeqz=Xequx4= 4.80

Voltage drop = I;.(Req2.€05 &; + Xeq2.5in &;) = 36 V, load voltage =364 V

% voltage regulation= (36/364)x100 = 9.89%

Secondary terminal voltage:
V,=400-36=364YV
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Question #4: (10 Points)

a- For series mator:

To/Ti= LA

0.5= I;’JIUD‘ <> motor current: 1,=70.7 A

Back emf: Ey;=220-70.7x0.1=212.92V
b- Ep= 220-100x0.1=210V

Eva/Esy = (N2.13)/(Ny.1,)

Motor speed: N,=(212.92x800x100)/(210x70.7) =1147 rpm

Question #5: (8 Points)

a- A simple circuit arrangement for supplying current to the stator coils i|:1
proper sequence is shown. The six stator coils are connected in 2-coil

groups to form three separate circuits called phases.

Switching Circuit
A AS

e FEERY = EBE O,
5,
B 13-
— A l—-—-—f'f.."l-l'.—ﬂ' - I
S
' C c* .
| A fE6E uq' -
| 5'I
' ||Ih
W
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Closing 5; and opening S, energizes phase B causing rotor rotates 30°

When 5; is closed after opening S,, phase C is energized which causes rotor

rotates through an additional angle of 30° in the clockwise (CW) direction.

1-Phase-ON
Maode, ABCA

b- (i) Step angle p= 360/(m.N,)=30°
(ii) Resolution =360/B=12

(iii) Motor speed=f/resolution=100 rps
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