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Electrical Power

Mansoura University

Facuity of Engineering
Dept. of Electrical Engineering Course Code: FCR141
Time Allowed: 2 Hours Total Marks: 50 Mark

Final Exam, 29/5/2018
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2-1) A 150 MW steam station uses coal of calorific value 6400 kcal/kg. Thermal
efficiency of the station is 30% and elecirical efficiency is 92%. Calculate the

coal consumption per day when the station is delivering its half rated output.
[5 Marks]

2-2) A 10 kVA, 50 Hz, 2300/230 V single-phase transformer has R;=3.96%, R;=0.03960Q2,
X;=15.8 0, X,=0.158 Q. The transformer delivers rated kVA at 0.8 power factor

lagging to a load on the low voltage side. Find:
i) The high voltage side voltage necessary to maintain 230 V across the load

terminals.

ii) The transformer efficiency when it delivers 8 kVA. [10 Marks]
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IRD U ON (3+2+4 KS

3-a) Explain with a diagram the construction of a DC machine. _
3-b) Draw speed—torque-current characteristics for separate, shunt and series motors and

compare between them. _ |
3-¢) A de shunt motor takes an armature current of 110 A at 480V. The field resistance is

480 ohm. The armature has 6 poles, 864 conductors and 6 parallel paths. The ﬂHx per
pole is 0.05 Wh. The motor speed is 636 rpm. Calculate (i) back emf Es, (11) the
armature resistance, (iii) developed torque and (iv) efficiency.

FOURTH QUESTION (4+3 MARKS)

4-a) Explain the construction, advantages, disadvantages and applications of Permanent-
Magnet DC Motor

4-b) A stepper motor has a step angle of 2.5%, determine (i) reselution (ii) number of steps
required for the shaft to make 20 revolutions (iii) shaft speed, if the stepping
frequency is 3600 pps.

FIFTH QUESTION (3+2+4 MARKS)

5-a) Explain the principle of operation of the 3 phase juduction motor and showing why
cannol run at the synchronous speed?

5-b) Compare between transformer and induction motor.

5-c) A 480-V, 60 Hz, 50-hp, three phase induction motor is drawing 70A at 0.9 PF
lagging. The stator copper losses are 2 kW, and the rotor copper losses are 600W.
The friction and windage losses are 500 W, the core losses are 1700W, and the stray

losses are negligible. Find the following quantities: (i) The air-gap power (ii) The
power converted (iii) The output power (iv)The efficiency of the motor.
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Assoc. Prof. Eid Abdelbaki
Dr. Abdelfattah Eladl
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2-1) A 15_{] MW steam station uses coal of calorific value 6400 kcal/kg. Thermal
efficiency of the station is 30% and electrical efficiency is 92%. Calculate the

coal consumption per day when the station is delivering its half rated output.
[5 Marks]

Solution:

Toverall = Tihermal * Netear = 0-30 = 0:92 = 0-276
Units generated/24 hour = (75 x 10) x 24 = 18x10° kWh
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Electrical output in heat units
Noverall
18 x 10° x 860
=T 0276

H  56x10°
Caorificvalue 6400

Heat produced/24 hour =

= 5.6 x 10? kcal

=875 ton

Coal consumption =

2-2) A 10 kVA, 50 Hz, 2300/230 V single-phase transformer has R=3.9602, R»=0.0396L),
X=15.8 01, X;=0.158 Q. The transformer dclivers ruted kVA at 0.8 power factor
lagging to a load on the low voltage side. Find:

i) The high voltage side voltage necessary to maintain 230 V across the load
terminals.

i) The transformer efficiency when it delivers 8 kVA. [10 Marks]
Solution:
] 5 Ry Y
W T\ TR
Y b [
N2y 2 N,y 2
R, = R, (N—z) = 0.0396 0, X! =X, (F“) = 0.158 0
1 1
REqE = R; + Rz = 0.0792 01 ; Hqu = X;_ --|-_,.'lﬂ'2 =0316 10N
I_S_IEIH'IUJ_435 .
2= = 23000 S5£—36.87° Amp
V; — Vz -+ Izz
Vi =230 + (43.52 — 36.87°)(0.0792 + j0.316) = 241.1722.12°
N
but V, =V (N—‘) n Vy =241 17 volt
2
Pv:uut rated load = I;_? qu'z = 14986 W
S cosg _ m X KVA cos¢

= Scos¢p+P+P, mxKVA cos¢+ P +m?PE,

yeogs X 10000 % 0.8

4
15995 % 10000 x 0.8+ 0 + (530=) x 149.86

X 100 = 98.5%

o rl =

Pape 2 of 6

Scanned by CamScanner



At o L Saphll BT e ey B -
. AT TRL -

THIRD QUESTION (3+2+4 MARKS)

3-a) Explain with a diagram the construction of a DC machine,

urlen: Anmanue cia e
RIS ' Lead I
1. Body or magnetic frame or yoke: Asmatuze winnling i pole lip

- It supports the pole cores and provides
mechanical prolection to the inner parts of
the machines.

- It provides a low reluctance path for the
magnetic flux.

ield conl

1\ Pole axis
N --- - CEN—
.-r

Simtor

Pule cone

2. Fleld winding or exclting coils
- A dc coil (field winding) is wound around a
magnetic material that forms part of the Pole face
stator .
- Each pole core has one or more field coils
(windings) placed aver it to produce a Construction of DC Motor
magnetic field.

Nraitin a pele np
Field yoke

3. Armature winding
- The insulated conductors are placed in the slots of the armature core. The conductors are wedged,
and bands of steel wire wound around the core and are suitably connected.

4. Commutator
- It connects the rotating armature conductors to the staticnary external circuit through brushes.
- It converts the induced altemnating current in the armanure conductor into DC current

5. Brushes
- The brushes are pressed upon the commutator and form the connecting link between the armature
winding and the external circuit.

6. Shaft

= The shafl is made of mild steel with a maximum breaking strength. The shaft is used to transfer
mechanical power from the machine.

3-b) Draw speed-torque-current characteristics for scparate, shumt and series motors and compare

between them.
Series Motors
; A
= J ' ' N
,’ N N
0 — R — 0T L —

It is seen from the characteristics that the speed decreases as the load (torque) on the motor increases.
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It is seen from the characteristics that the speed slightly decreases as the load (torque) on the motor
increases.

3-¢c) A de shunt motor takes an armature current of 110 A at 480V. The ficld resistance is 480 ohm, The
ammature has 6 poles, 864 conductors and 6 parallel paths. The Nux per pole is 0.05 Wh. The motor

speed is 636 pm. Calculate (i) back emf Ey, (ii) the armature resistance, (iii) developed torque and
(iv) eficiency.

Solution:
V=480V, [I,=1104, R, =480,

2P=6, 2A=6, Z=864conductors, ¢ =0.05Wb

2P N 6 636
i Ind d volt A = — —_—== e . — )
(i} Induced voltage, E, =4 zﬁu Exnnsxﬂﬁa‘rx =5 457.82V
(ii) where E, =V-1,R,=480—110xR, = - R,=0.21
P, Eo I, 457.82x 110
i{ii) devel = =
(itt) developed torque T, = = " Tv % G36/60

v Te =75001 4N m

P
(iv) efficlency N o= ——
Fnln
Fa“t = PE — Prat = .. Pa“t = ﬂ = 45?.’32 x llu = 5“35“-2 w

ho= lot 1y = 110 + = 1114
S A 480

P, =V I =480 x 111 = 532680 W

503 602
= N =WK1 00=9 "5%
Parmanent
EQURTH QUESTION (4+3 MARKS) Magnel

4-a) Explain the construction, advantages, disadvanlages and
applications of Permanent-Magnet DC Motor,

Construction

As shown in Fig, the permanent magnets of the PMDC mator are
supporied by » cyfindrical steel stator which also serves as a return
path for the magnetic flux.
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commutator segments and brushes s in conventional d ¢,

The rotor (l.e. armaturs) has winding slots, e { for such motors. The materials used have reg)y,

There are three types of permanent mag
density.

Advantages

1- lower manuflacturing cost.

2. smaller in slze,

3. the efficiency of these motors is generally high

4- less alr nolse.
5- produced very little radio and TV interference,

Disadvantages

1-, these motors are made totally enclosed to prevent thelr magnets from co
neighbourhood. Henca, their temperature tends to be higher.

2. permanent magnets can be demagnetized by armature reaction. Demagnetization can result from (o)
Improper design (b) excessive armature current caused by a fault or translent or improper connection In the
armature circult (¢} improper brush shift and (d) temperature effects.

llecting magnetic junk from

Applications

() used for driving automobile heater and air conditioner blowers, windshield wipers, windows, fans and radio
antennas etc. They are also used for electric fuel pumps, marine engine starters, wheelchairs and cordless
power tools.

{ii) Toy industry appliances such as the toothbrush, food mixer, ice crusher, portable vacuum cleaner and shoe
polisher and also In portable electric tools such as drills, saber saws and hedge trimmers etc,

4-b) A stepper motor has a step angle of 2.5, determine (1) iesolition (1i) number of steps required for the
shafi 1o make 20 revolutions (iii) shalt speed. of the sicpping frequency is 3600 pps.
Sefution:

i) Resolution =360°/ = 360/2.5= 144 steps/revolution.
i) Steps required for making 20 revolutions = 144 x 20 = 2880 steps
iii) n=pxf/360=2.5 = 3600/360=25ps

FIFTH QUESTION (3+2+4 MARKS)

5-a) Explain the principle of operation of the 3 phase induction motor and showing why cannot run at the
synchronous speed?

- When the machine connected to 3-phase supply, the current path through balanced 3-phase
windings and a rotating magnetic field with constant magnitude is produced.

- This rotating magnetic field cuts the rotor windings and produces an Induced voltage in the rotor
windings

= Due to the fact that the rotor windings are short circuited, for both squirrel cage and wound-roter,
and induced current flows in the rotor windings

- The rotor current produces another magnetic field

- Atorque Is produced as a result of the interaction of those two magnetic fields

Can the IM run at the synchronous speed, why?

- If rotor runs at the synchronous speed, which is the same speed of the rotating magnetic field,
then the rotor will appear statlonary to the rotating magnetic field and the rotating magnetic field
will not cut the rotor. So, no Induced current will flow in the rotor and no rotor magnetic flux will
be produced so no torque is generated and the rotor speed will fall below the synchronous speed

- mﬂtﬂ' speed falls, the rotating magnetic field will cut the rotor windings and a torgue s
u

Scanned by CamScanner




5.b) Compare hetween Iransformer and induction motor.
¥ Both Induction motor and transformer works on the principle of Induced voltage

Transformer: voltage applied to the primary windings produce an induced woltage »

secondary windings
- Induction motor: voltage applied to the sta

tor windings produce an induced voltage in the rator

windings _
. Thedifference Is that, in the case of the induction motor, the secondary windings can move
induced voltage in it does

- Due to the rotation of the rotar {the secondary winding of the IM), the
not have the same frequency of the stator (the primary) voltage

5-c) A 480-V, 60 Hz, 50-hp, three phase induction motor is drawing TOA at 09 PF hgging The stator

copper losses are 2 kW, and (he rotor copper losses are 600W. The friction and wind_agl: Jysecs e
500 W, the core losses are 1700W, and the stray losses are negligible. Find the fullnwln_g quantilies:
(i) The air-gap power (i) The power converted (iii) The outpul power (iv)The efficiency of the
molor.

Solution:
PSI'.'L = z kwl Pﬂﬂj‘_ = n-ﬁ kw, Ffﬁ“" = D. 5 k“"p 'Fl'ﬂrl = 11? kw

P =V3 V.1, cos@ =3 x480x70x 0.9=52.3 77kW

(i) The air — gap power Py = Pin— Peer — Peore
=52377—-2—- 1.7=4B.677T kW

(ii)The power converted Peony = Pag — Prco = 4B.677 — 0.6 = 4B.077 kW
l:ll!)T.ﬁE output power Pout = Peony — 'FFI':“" = 48,077 - 05 =47.577 kW

. Pour _ 47577 ~
(iv) efficiency n = P 52377 x 100 =9 084 %
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Assoc. Prof. Eid Abdelbaki
Dr. Abdelfattah Eladl
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