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TANTA UNIVERSITY

Faculty of Engineering
Power Engineenng and Electrical Machines Department

Course : Electromagnetic fields Exam : Final

Code : EPM2104 Time + 3 Hours

Year 2™ Department. : Power Engincering
Date :15/1/2007 & Electrical Machines

Answer All Questions:

Question(1)

a) Using Gauss's law. Derive the electric flux density due 1o a uniform line charge distribution
p, Cim lying along the z axis and extending from - @ to + =

b) Determine the elecinc field intensity E at point P(2,0,0) due to three standard charge
distribution
i) A umform surface charge at x = - 2mwith p, = - 0.2 nC/m’ .
1) A umsform surface charge atx =S mwith ps=+02 nCm®
ii1) A unitorm line charge at x = 8 m with pi = 4 nC/m.

Question(2)

a) Derive the two charactenstics of the relationship between potential difference V and clectric
field mtensity E at any point Also write down the voltage gradient equation in spherical
coordinates

b) For the potential ficld V - 2%° y - 5z in free space, evaluate at paint P(-4,3.6)

t) The potential

1) The magnitude and direction of the electric field intensity
ii1) The electne flux density

iv) The volume charge density

Question(3)

a) Aided with sketches derive the boundary conditions at surface separating two dielectrics
having permittivities €; , & Derive the relation between electric field intensities E, and E:
and electric flux densitics Dy and Dy interms of 0y . €, £;, and 6,

b) Find the relative permittivity of the dielectric material used in a parallel plates capacitor if.
i) The capacitance. C = 40 nF, separation distance, d = 0.1 mm, and surface area. §=015m’
it) Electric field intensity, E = 500 k\’:m and p, =10 pCrm’
i) Etectric flux density, D = 50 uC/m’ and the energy density is 20 T’

Question(4)

a) Using Ampere's circuital law derive a mathematical expressions for the magnetic field
intensity H from p = 0 to p'= x of an infinitely long coaxial transmission line carrying a
uniformly distributed total current 1 in the inner solid conductor and — I in the outer hollow
conductor, given that the inner solid conductor radius is h and the hollow outside conductor
inner radiusis b and its outer radius is ¢ , where h { b { ¢ Sketch H versus p from 0 to @

b

-

A filamentary conductor carries current of 10 A is directed from infinity to the origin along
the positive x axis and then back out to infinity along the positive y axis Use Biot-Savart law
to find the magnetic field intensity H at P(0.0.1).
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Attempt all questions

AL ALYy S RaY Lo o
estion

a For the machine shown in Fig, 1. derive an expression for the mutyal Inducrance
between the two windings taking the fundamental Component of stator flyy density,
(0 points)
b For a slotted Armature: i) sketch the Nlux lines it 2 slot. Show thar there is little
force on conductors in slots. i) show thar there is a Strong force exerted on the iron
feeth by deriving ap eXpression for the mechanical farque applying the principle of
conservation of ehergy. For this purpase, Assume no change in stored energy and no
electrical or mechanical losses, (5 points)
Questions 2
Fig. 2 shows a section a section of a machine having two identical stator windings aa’,
bb", in quadrature, I'he self inductance of the each stator winding is 1.,, and (he rotar
wing is Ly and they are canstants independent of B, . The mutual inductance between
@ stator winding and the fotor winding is a function of the angular position of the
rotor as follows: M, =M cos BiM, =M sin By, where M is the maximum value of
the mutval inductance, The rator winding is excited with de Iy The rotor is revolving

given data, (10 points)
Question 3
a Draw a developed sketch of winding that produce 2 pulsating mmf in rotating
machine. Show by €quations that such mmf can be decomposed into fwo rotating
mmfs (5 points)
b Derive an expression for the torque developed by a cylindrical syachronous motor
having two poles similar to that shown in Fig. 2 but without the winding bb. The rotor
windings are excited with de current I, while the stator winding is connected to “n ac
source with current = V2 Icos wt, L., and M, may be assumed as in question 2.,
(i) Write an expression for the energy stored in terms of o and @angular position 8,
(i) What is the rotor speed @, at which an average torque will be produced?
(iii} Find the average torque. {15
points)

Question 4




a2 For a singly -excited franslational system, derive expressions for
linkage, force in the form of storeq energy or coenergy,

points)

b Show that the energy stored in a rotating magnetic system given by W, A8, ) =
L™ 2.8, )d5. regardless of how A varies with B.__Hint: Integrate 43, OVer a two.
section path: one with ) = 0 and the other with 8 = constany. (5 points)

carrying
conductor of differential length du placed in a2 magnetic field of density B testa,

(5 points)
Question 5

4 State with Hlustrations three different Iypes of the collectors used with a
of solar electric energy

b Draw a sketch of a domestic application that uses solar heat energy,

a (10 poines)
l. bl

current, flys
s

(10 poines)
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Answer the following six questions:

Q(1): For the circuit in Fig. Q1

a) Prove that V, = R, (V, -V,) when Ra R,
Rl b °
mFor B_Re 1 v Cqovanav. =10V, g
R, R, 5 &
what range of values for V, will result in linear Yo

operation?

Fig. Q1

Q(2): The voltage pulse described by the following equations is impressed across the terminals
of 0.5 uF capacitor:
Vi) -0 1<0
Vi)=4t 0=t <1
Vi)=4c¢™" 1stcx
a} Derive the expressions for the capacitor current, power. and energy.
b} Specify the interval of time when energy is being delivered by the capacitor,

Q(3): a) Deduce the current response for an RL circuit with step voltage source.
b) The current source in the circuit generates the current pulse shown in Fig. Q3.

There is no energy stored at t=0.

isllllr\'!
1- Derive the numerical expressions for v(t) for the
time intervals t <0, 0 <t <40 ps.and 40 ps<1<» s
2- Calculate v(60° pus) and V(60" ps) ey _:;. g

Fig Q3

Q(4): The switch in the circuit shown in Fig. Q4 has been in position a for a long time,
At t=0 the switch is thrown to position b. Find
a) Vofort=>0

b) i) fortz0" 8Kl 40KD

< 200
“ mH



Q(35): The uncharged capacitor in the circuit shown in Fig. Q5 is initially switched to terminal
a of the three position switch. At t = 0 the switch is moved

to position b, where it remains for 20 ms. After the 20 ms WoKa . 8

delay, the switch is moved to position ¢, where it remains e 5

indefinitely. . l §i

a) Derive the numerical expression for the voltage across 40V 12?) - ]’ Ve
the capacitor. ik '

b) Plot the capacitor voltage versus time. Fig Q5

¢) When will the voltage on the capacitor equal 200 V ?

Q(6): The initial energy stored in the circuit in Fig. Q6 15 zero. At t =0, a dc current source of 24 mA
is applied to the circuit.
a) What is the initial value of 1 and dl; «dt ?
b) What is the numerical expression for 1;{t) when t 2 07

[ =) Lo :sH 3-‘1 '

24 0 mH- nF— V
mA l

JAL

Fig. Q6
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Answer the following questions -
I-a) Consider the one — dimensional heat equation ¥, =u_ , 0<x<], >0

with the boundary conditions  #(0,7) =0 , u (1,0 )=1

|
Compute the first two rows of the solution if 4= = ki=—
and the initial condition #(x,0)=x .

1-b) Use Euler’s method to find ¥  at x=0.2,0.4, if Yi=4yy'+xy, y=2
and y' =1 at x=0.],

L )

2-a) Evaluate Il“ Xd X correet 106 decimal by using Simpson’s rule .
ki

2-b)Find f(0.7) from the following readings

x | 0.4 06 [ 0.8 [ 1 _44
y | 0.3799) 0.537] 0.664 | 0.7616 |

3 —a) Fit the curve ¥ =({_+bx to the readin_g;
X 0.5 1.0 1.5 20 25

o ) 3
y 0.31 0:82 1.29 1.8 | 2.5 3
and find the root mean square of the errors .

=@
|38

3- b) Use the simple iteration method to obtain the smallest positive root
of the equation x'-8x+5=0 correct to five decimal places .

3-c ) By the use of Gauss - Seidel method solve the system of linear equations
Sk =X +3x,=-2 , x +5x, -2%, =10 , 2x,-4x, +10x;,=6

4-a) To what degree of accuracy can we calculate 115 by means

of Lagrange’s interpolation formula for the function y=4 x if we choose
the interpolation x, =100, x, =121, x, =144 ?

_ Marks  [30- 40 40 -50  150-60 60-70  [70-80 j
No.of St 3] 42 I51 35 31

4-b) From the following table, find the number of students who obtained less than 45 marks
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Question 1
) Explain how is eddy-current loss in transformers affected by

magnitude and frequency of the applied voltage. How can it
minimized?

b) By giving reason(s)isy se e 15 oo mention what will happer
the machine laboratory when the mechanical load is remo'
completely while a dc series motor is running.

c) Aided with ONE equation ONLY, suggest three methods for sp
control of de motors. State the effect(s) of varying each parameter
the speed. oy, ' s £

d) Using a variable frequency source to control the speed of a thi
phase induction motor, if the voltage is kept constant, what will be
effect on the machine flux? What is (are) the limitations of freque
reduction? Verify your answer with equation(s).

¢) Draw ONLY diagram(s) to show how the direction of rotation |
squirrel-cage induction motor can be reversed.

f) Draw coil connection diagram(s) of a phase of three phase induc
motors to show how the number of poles can be changed. What ef
does this have on the operating speed.

g) Suppose that, for a given excitation and load, a synchronous m
draws a unity pf current. The load is then Kept constant while
excitation is increased. Aided with a phasor diagram, discuss
change in the power factor and armature current.

h) Aided with illustration(s), explain the basic construction w7 and
principle of operation of a selsyn.

i) Aided with illustration(s), explain three applications of Iy
motors.

Question 2

The parameters of the equivalent circuit of a 150 kKVA, 2400 -V/2:
transformer, are r; = 0.2 Ohm_r; = 2 Ohms, x; = 0.45 Ohm_x; =
Ohms, R. = 10 k. Ohms, X, = 1.55 k. Ohms. Using the approxii
equivalent circuit referred to the primary, determine the (a) vol




regulation and the efficiency of the transformer operating at rated loac
with 0.8 lagging power factor.

Question 3

In a long-shunt compound generator, the terminal voltage is 230V
when generator delivers 150A. Determine i) the induced e.m.f. ii) tota
power generated iii) distribution of this power, given that: shunt field
series field, diverter and armature resistances are 92, 0.015, 0.03 and
0.032 Ohms respectively.

b) A 250- V, dc shunt motor draws d full-load line current of 100 A al
the rated speed of 1200 r/min. The armature circuit resistance R, is 0.]
ohm and the field winding resistance is 250 ohm;. Determine (a) the
gross full-load mechan3ical power output, (b) the electromagnetic
torque developed at full load, and (c) the speed regulation, if the no
load armature-winding current is 10 A,

Question 4

A 2300-V, 3-phase, wye-connected, round-rotor synchronous moto
has x; = 2 Ohm per phase and R, = 0.1 Ohm per phase. The moto
operates at 0.866 leading power factor while taking a line current o
350 A. Find the rms value of the induced phase voltage, the powe)
angle, and the developed and maximum torque.

Question 5

A 3-phase slip-ring motor has negligible stator-winding resistance, th¢
total leakage reactance referred to the rotor being 5 Ohms per phas
and the rotor-winding resistance 0.45 Ohm per phase. When running
with slip rings short-circuited and exerting full load torque the slip i
3%. Determine (i) the external rotor resistance per phase to give ful
load torque at starting, and (ii) the external rotor resistance per phas
to give a stable speed of 50% of synchronous speed with a torque o
50% of full load torque.
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Second Elec. Enginccring Mathematics Time : 3 hours
Answer the following questions :
'Et—(i L0
I- a) Discuss the continuity of the function (z)-{1+2 atz=10.

|1) =0

b) State the polar form of Cauchy Riemann equations and then prove that ld_u' ) =™

[
¢) Show that u(x,y)=¢'cosy is a harmonic function in the whole plane , find a harmonic

conjugate v{x.y)of uix.y) such that w =i +ivis analytic.
2- a) State without prove Cauchy integral theorem. Give an example to show that
Jf(:'ul: =0 while f(z) is not analytic inside ¢'.

32242

(=~ 1)z" -9)

vir 28

Itz=2)z +4)

b) Evaluate { *" . { de Crz==3,and { =

¢) Evaluate (1+i)° is the sum of the result roots equal zero?.

3-a)Find z series solution for the differential equation 4xy" + 23"+ v =0,

: 2
b) Prove that I‘(é)— N d (%)= 1< ginx

Vs

3

¢) kvaluate Ix'llnxl'(lr k Ism'(U().

4)a) Prove that Laplacian operator in the spherical polar co-ordinates take the form

1 & 5% l s 4l Tt B
L4 @Sy

Vo= - _‘ s o
v o or risin@ oo cf rosinT 8 d¢

b) Reduce the Laplace equation in spherical polar co-ordinates into three ordinary

differential equations.

dliwlll el

o3l 1] o s s301 .5
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‘- 1.) Write the methods which used for measuring the active
power in three phase circuit.
2.) Explain the suitable one of them for measuring the input’
power for unsymmetrical, three phase. star connected,
inductive load.
3.) Explain how one can be measure the total reactive power of
a three phase, symmetrical , delta connected. capacitive load.

T~ 1.) The transmission lines can be classified into; short, medium
and long lines. Explain how can be calculated the performance
of I1- model line, in the laboratory.

2.) If the results of the following table represents an actual

measurement for medium line at full load. Calculate the line

parameters (Z, R, X), efficiency and regulation. Use the I1-

model and assume AV =Vs—Vr Il =1Ir from the table.
Is(A) | Vs(v)  Ps(w) Ir (A) Vr(y)  Pr(w)
10.5 T227 2220 10 220 1905

Y- 1.)A d.c. ring distribution network has three loads. It is
simulated in the laboratory by its equivalent circuit. Describe
how determination the performance of this network at full load
(i.e all loads are on the full ratings).

2.) For a 2-wire ring line, shown in Fig.1, the measuring of
sending current and voltage are 30 A. & 200 v., the load
currents at points 1, 2, 3 are 5 A., 15 A., 10A. respectively. The
resistance of line sections are equal (i.e Rs1= R12= R23 =R3s)
and each section( go and return) has 0.1 Q
Find: (a) the current and power loss in its section.
(b) the voltage of the nodes 1, 2, 3.

¢~ Explain how can study the potential distribution over a string
of suspension insulator has four units in the laboratory, don't
use a guard ring. If Eph= 220 Kv, m=0.1, =50 Hz, C=0.01 pF.
Calculate the potential across the four insulation units and the
maximum leakage current.

(Cmaladl ) a dandig il 2any 5)
30 A.
2e0¥-
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ANSWER THE FOLOWING QUESTIONS:

l-a) Sketch the power-flow diagram for a DC motor and for a DC generator ( label
all losses ) . Also, discuss with a suitable drawing the manual starter for a DC
shunt motor.

b) A 1S hp, 240 V, 1840 r.p.m shunt motor draws 52 A when operating at rated
conditions. The resistance of the shunt field windings is 120 Q,and the resistance of
the armature is 0.4, Determine the no-load speed, assuming the total losses at
ne-load is 960W

2-a) Show with the aid of suitable drawing the steady state speed and torque
characteristics for shunt, series and compound motors.

b) A 100 hp, 650 r.p.m, 240 V series motor has an efficiency of 89.6 %when
operating at rated conditions. The series field has 15 turns / pole and the
equivalent demagnetizing mmf due to armature reaction is approximately 4 %
o7 the series mmf. The motor parameter are:

Armature Interpole Series
Resistance, (£2)  0.0202 0.00588 0.00272
The magnetization curve for the motor has the following characteristics

| MME (AT / pole ) 71000 | 2000|3000 [ 4000 | 5000 [ 6000 [ 7000 |
Flux density (T) [0.24 [0.50 [0.69 [0.83 1090 [0.96 [1.00 |

Determine the new speed if the load is reduced to a value that causes the
armature current to be 40 % of rated current.

3-a) State in detail the procedure for paralleling one DC generator with another that
is already on the bus. Include in your statement the instruments observed and
the equipment operated.

b) Three 240 V DC generator are operating in parallel and taking equal shares of
2 3000 A. 240 V bus load. The regulations as well as the ratings of the

generators are: )
[ Generator A B | e 1
. Regulation % 3 4 ' 5
[ Rated power (Kw) 400 300 | 200
If the total load drops to 2000 A Determine:
(1) New bus voltage, (ii) Current supplied by each machine.

P.T.O



4-a) Prove that for small DC motors having an output power = P, an efficiency =
nand stray losses = 1/3 total losses, the armature power is given by

P,=P (‘L;i .

b) Find the diameter and length of armature for a DC motor having the following
data; armature power, P, = 100Kw, speed = 900 rpm, Number of poles = 4.
The product of specific magnetic and electric loading is related to diameter as
follows:

5y | 01 [ 02 | 03 [ 04 | 05 | 06 |
Bavac | 5200 | 9300 | 12700 715500 | 18000 | 20000 |

Take ratio of pole are to pole pitch = 0.86, and select the design which gives a
square pole face.

5-a) Prove that, for a cylindrical body, the moment of inertia is given by J = 332 pD*' L
where p is the mass density.

b) A control motor 15 required to operate form a 36 V DC supply and to provide a
torque of 0.8 N.m at 150r.p.s. The armature length is to be twice of armature
diameter,

(i) Estimate the main dimensions of the armature. The average air-gap
density = 0.35 Web./m® and amper- conductors per meter = 8000.

(ii) Assuming that the average density of rotor material is about 6000 Kg:’m“ %
estimate the moment of inertia of the armature. It may be assumed that the
moment of inertia of commutator, shaft and overhang is approximately equal
to that of cylinder of magnetic material.

GOOD LUCK




Tanta University Final Term Exam (June, 2007)
Faculty of Engineering Second Year, Power Plants
Electerical Power Enllnnring Department Time allowed i hoar
Notes: The exam paper consists of three pages (ten questions). Answer all questions
For the exam committee, Please allow steam tables inside the exam theater.
E—
Question No. 1 (Mark is 5% of the total mark):

Define using appropriate sketches: thermodynamic state, thermodynamic process, thermodynamic cycle, closed
thermodynamic system and open thermodynamic systems.

Question No. 2 (Mark is 3% of the total mark): (Choose the correct answer, giving appropriate explanations)
Electric heaters are commonly used for heating purposes. The energy transformed during this heating
process is .. 77...

i) Heat energy, 11) Work energy

iii) Internal energy iv) Both of i and ii,
Question No. 3 (Mark is 3% of the total mark): (Choose the correct answer, giving appropriate explanations)
Thermal efficiency of a vapor power plant in the winter is ..22.. that in the summer.

i) equal 10, 11) less than

i) greater than 1v) greater than by unity

Question No. 4 (Mark is 6% of the total mark):
Consider a refrigerator and a heat pump, both of them taking and rejecting same amounts of heat (Q,, and Qo )
choose the correct answer and give appropriate explanations

a) the coefTicients of performance of the refrigerator:

i) may be greater than unity, i1) must be greater than unity
iii) never be greater than unity iv) non of the above
b} the coefficients of performance of the heat pump:
i) may be greater than unity, ii) must be greater than unity
1ii} never be greater than unity iv) non of the above
¢} the coefficients of performance of the refrigerator is ...72... the coeiTicients of performance of the heat
pump:
1) equal 10, ii) Jess than
11) greater than iv) less than by unity

k is 8% of the totul mark):

A simple ideal Brayton cycle is modified to incorporate multistage compression with intercoaling, multistage
expansion with reheating, and regeneration without changing the pressure limits of the cycle. Asa result of these
modifications, deduce with appropriate explanations:

a)  Does the net work output increase, decrease, or remain the same?

b) Does the back work ratio increase. decrease, or remain the same?

¢} Does the thermal efficiency increase, decrease, or remain the same?

d) Does the heat rejected increase, decrease. or remain the same?

Question No. 6 (Mark is 5% of the total mark):
Mention five differences between vapor power plants and gas power plants,

Page1of3




ion N rk is 10% of the total

One kg of air undergoes a thermadynamic cycle consisting of three processes,

*  Process 1-2: compression at constant specific volume

*  Procesy 2-3; constant-temperature expansion

*  Process 3-1: constant-pressure compression
At state [, the temperature is 300 K. and the pressure is | bar. At state 2, the pressure is 2 bars. Applying the
ideal gas equation of state,

a) sketch the cycle on p-v coordinates.

b) determine the temperature at state 2,

¢) determine the specific volume at state 3.in m"/kg.

ui N is 10% of rk):
Al steady state, a refrigerator whose coefTicient of performance is 3 removes energy by heat transter from a
freczer compartment at 0 °C at the rate of 6000 kJ/h and discharges encrgy by heat transfer to the surroundings,
which are at 20 °C. Determine the Power input to the refrigerator and compare with the power input required by
& reversible refrigeration cycle operating between reservoirs at these two temperatures.

uesti Mark is 25% of the to

A steam power plant operates on the reheat regenerative Rankine cycle with a closed feed water heater. as shown
in the figure. Steam cnters the turbine at 12.5 MPa and S50°C a1 a rate of 24 kg's and is condensed in the
condenser at a pressure of 20 kPa. Steam is reheated at 5 MPa to $50°C . Some steam is extracted from the
turbine at 1.0 Mpa and is completely condensed in the closed feed water heater, and then itis pumped o 12,5
MPa before it mixes with the feed water at the same pressure, Assuming an isentropic expansion and
compression in both the turbine and the pumps, draw the cycle ona T-S diagram then, determine:

) the temperature of the steam at the inlet of the closed feed water heater,

b} the mass flow rate of the steam extracted from the turbing for the closed fied water heater,

¢} the net power output, and

di the thermal efficiency, @

®
- Boi -
Turne =

- Condenser

:Pump 1 B

Pump 1 @
- Feed Water Heater ]
 Mixing Chamber @

-l P =
§g=_ﬂﬂ

MC 4

 Page2of3




Question No. 10 (Mark is 25% of the total mark):

A gas power plant operates on the regenerative Brayton cycle between the pressure limits of 100 and 1200 kPa
The cycle contains two stages of expansion with inter-reheating and two-stages of compression with
intercooling. The working fluid is air. The air enters the first and the second stuges of compressions at 300 K and
350 K, respectively, and the first and the second stages of expansions at 1400 K and 1300 K, respectively.
Assuming both the compressor and the turbine have an isentropic efficiency of 85 percent and the regeneratar
has an effectiveness of 80 percent and using constant air specific heat of 1.005 kl/kg K, draw the schematic
diagram for the plant and represent the cycle on a T-S diagram then, determine

al  the back work ratio and the net work output,

b) the thermal efficiency,

With best wishes Dr. Kh. Khodary




Tanta University — Faculty of Eng. Mathematics Date: 7/ 6/2007
Phys. & Math, Dep. Second Year | Elec. | Time : 3 hour
Answer the following questions

1-a) Prove that , the necessary and sufficient condition for ( z)to be analytic ina
simply connected domain D) is fj‘ f(2)dz=0 wherecisaclosed contourinD .

1-b) Solve the equation COSz=35

. 4-sin7rzz+cos ztz’dz
I'C) Evaluate iy (:_])(2_2)

1
1-d) Find the Maclaurine series of ./ (2 )=1 + -2 andhence find Maclaurine

-

seriesof lan = z

<

f5lw
¥ 2

zt-2:
1- ¢) Evaluate ‘f‘(,ﬂ)z'(zz +4) dz

2- a ) Find the series solution of the D. E. y'+ 4xy' —8y=0  Find
the particular solution that passes through the point (0,2 ) and having
¥'=0.2 at this point.

2-b ) Find the series solution of the D.E. 4Xy"+2 ' + y =0

3-a ) Evaluate the following integrals
1 « -3

() [V =inza:z (i) [r7 (1-e"ydr
0 o

(m)jy’ Ja-y dy (iv) [ x* J(x)dx
0

3-b) Express Jy (%) and J 3 (X) in terms of sin x and cosx .
2 2

s 1

3- ¢ ) Prove that , Jo=<

2(‘]1-1 _Jhl)
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Answer the following questions:

i-A) Derive the A,B,C and D constaats for the network consisting of two network in

parallel.
B) A three phase ,50Hz transmission line consists of two circuits connected in
parallel with the following constants

A=D=09 £1.5° A=D;=095 £12°
B;=850282° Q B=800 .84 Q
C=0.0005 £ 90° mho C;= 00008 £ 90° mho

Find the A, B, C and D constants of the system_If the line delivers a load of

110.0 MW at 0.9 lagging power factor and 132.0 kV, draw the combined

sending and receiving end power circle diagram and find. -

1) The characteristics at the sending end, the efliciency and voltage regulation

i1) The maximum power transferred, the efficiency and corresponding power
factor.

iii) The required reactive power at the receiving end in order 1o maintain both the
sending and receiving end voltages equal to 132.0 kV for load of 110.0 MW
and 0.9 lagginy power factor

2-A) Explain, Disadvantages of low power factor
B) A generating station supplies power {o the following -
lighting load 100kW,
an induction motor 400h.p., power factor 0.9 lagging and efficiency 0.95,
a rotary converter giving 100A at S00V at an efficiency of 095 What must be
the power factor of the rotary converter in order that the power factor o the
supply station may be unity ?

3-A) Mention methods of voltage control
B) Describe, ways of improving the line voltage regulation and comparison between
series and shunt capacitors

4-A) Find the relation between the generalized circuit constants (A,B,C and D)
B) Figure 1 shows a one line diagram of a simple three -phase transmission
network . The values of the per-unit impedance’s are shown in the Figure
1) Find the bus admittance matrix, (Y).
ii) Eliminate nodes 4 , 5 and 6 of the circunt of Figure 1 by matrix algcbra,
and draw the circuit described by the resulting matrix




5) A 15000 KVA | 85KV three - phase generator has a subr
12 %. Itis connected through a 8-Y transformier 10 a high
line having a total scries reactance of 80 Q)
step —down tranformer. Both transformer by
transformers connected for three- phase operation  Each of the three transformers
composing each bank is rated 6667 KVA 10100 K\’ . with a reactance of 12 %

The load, represented as impedance is drawing |0000 KVA at 12 5 KV and 85 %
power factor lagging Draw the cne-line diagram and mark base KV in the three
parts of the system . Then draw the impedance digram showing all impedances in
per unite . Choose a base of 10090 KVA .12 SKV in the load circuit

Determine the voltage at the terminals of the generator

ansien! reactance of
-voltage transmission
At the load end of the lincisa Y- Y
ks are composed of single —phase

Xe =J L0

Xu =.’ 1.0

JO08

GOOD LUCK
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Answer the following questions:

QI: Figure shows a mechanical vibratory system. When 8.9 N of force is
applied to the system, the mass oscillates, as shown in Figure. Determine

M, B and K of the system from-this response curve,

KE fly W 0.0029

0.03

Q2: Determines the overall transfer function C/R using

a) Block diagram reduction. b) Signal flow graph.

o
=I G
|

Q3: a) For each of the following characteristic equations, find the root
distribution and determine whether the system is stable, marginally
stable, or unstable:

i) S +88+19S8+12=0

i) S*+28° +382+6S+1 =0

i) $*+28% +4S +8 =0

4 ) K{S+3)
b) For the open loop gain G(S)H(S) = SE R

Find the range of K that the system is stable.



(Q4: Draw the root locus of the following system
kis+1)
kG(s)H(s)=————.
()HE) s(s=1)(s+6)
Then determine poles and gain if settling time 4sec, for 2% error to
step response.

Q35: Obtain the state space representation for the system shown, if the
voltages in the capacitors are taken as state variables. Then find the state

transition matrix.

4R
W

\L_—‘—[cv lch _’%m

==
1)

Q6: a) Transform the following system to diagonal form.
Then draw the obtained state diagram.

o

y=[ 2jx

Then, determine whether the given system in (a) is completely state
controllable and observable or not.

b) For the system that have the following transfer function

ﬁ_s_)_ s* + 155+ 30
U(s) (s+1)(s* +6s+8)

Give the state space in pole-zero form.

plaily 5l il kel ae



TANTA UNIVERSITY
Faculity Of Engineering
Electrical Power and Machines Enginecring Department
Course : Power Electronies(1) Time : 3 hours
Year : 2nd year(Power&Machines). Date : 4/6/2007

#Clarify your answer with the suitable sketches as you can

The first guestion

a) Derive an expression for the average voltage drop due to commutation

in 3-¢ controlled rectifier.
b) Explain the function of the Freewheeling diode.
¢) Explain using the 1--¢ full converter to reverse the direction of rotation
of DC motor .
d) Compare between the power transistor and the thyristor.
The second question,
1--¢ controlled bridge is operated from 220 v 50 Hz supply&the load
resistive load R=10Q.if the average output voltage is 40%of the maximum
possible average output voltage, Calculate:
(a) the delay angle,
(b) the rms and average output current,
(¢)  the rating of each thyristor.
(d) the input power factor.

A 3- ¢ half controlled bridge without free wheeling diode supplied from 3- ¢ Y
connected 220 v 50 Hz is used to charge a battery of 163 v emf &has
internal resistance of 2Q .A dec filter is included in the output circuit to
maintain the de current virtually smooth .Find the firing angle(a)

required to supply 12A to the battery ,then calculate:

(t)



a) the energy stored in the battery in one hour.
b) the rms and average SCR currents .
¢) input power factor (pf)
d) the transformer utilization factor (TUF ).
¢) Sketch considering commutation the waveforms of v, | i, Dy y¥py
The fourth question
A 1-¢ full converter is operated from 220 v 50 Hz supply and uses
symmetrical angle control -The load current with an average value of Ia is
continous and has negligible ripplecontent. If thé conduction angle is B=277/3
walculate: '
(a) the outputs vy, & )
(b) the harmonic faclor(HF)ofinput current,
(¢) the displacdement factor.
(d) the input power factor.
Power transistor (BJT)has beta(p)=12, vcg(g,,)=l.2\': VBE(sary =L.6V. The
load resistance R~=1.5Q. the de supply vol;age 18 ‘Y =40v&the input
voltage to the base cireuit is vg =6v.If Ryp=0.70Q. Determine:
(a) the overdrive factor ODF,

(b) The forced B. (¢) The power loss in the transistor pPr.

(2)
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1-A) Den;"c Ilhc A,B,C and D constants for the network consisting of two network in
paralle

B) A three phase ,50Hz transmission line consists of two circuits connected in
parallel with the following constants:

A=D;=09 £1.5° A=D=095 £1.2°
B;= 850 £82° Q B~ 80.0 £ 84° Q
C;=0.0005 £ 90° mho C;=10.0008 £ 90° mho

Find the A, B, C and D constants of the system. If the line delivers a load of

110.0 MW at 0.9 lagging power factor and 132,0 kV, draw the combined

sending and receiving end power circle diagram and find: -

i) The characteristics at the sending end, the efficiency and voltage regulation .

it) The maximum power transferred, the efficiency and corresponding power
factor.

iii) The required reactive power at the receiving end in order to maintain both the
sending and receiving end voltages equal to 132 0 kV for load of 110.0 MW
and 0.9 lagging power factor.

2-A) Explain, Disadvantages of low power factor
B) A generating station supplies power to the following - -
lighting load 100kW,
an induction motor 400h.p., power factor 0.9 lagging and efficiency 0.95,
a rotary converter giving 100A at 500V at an efficiency of 0.95 What must be
the power factor of the rotary converter in order that the power factor of the
supply station may be unity ?

3-A) Mention methods of voltage control
B) Describe, ways of improving the line voltage regulation and comparison between
series and shunt capacitors

4-A) Find the relation between the generalized circuit constants (A,B,C and D) .
B) Figure 1 shows a one line diagram of a simple three -phase transmission
network . The values of the per-unit impedance's are shown in the Figure
i) Find the bus admittance matrix, (Y).
if) Eliminate nodes 4 , 5 and 6 of the circuit of Figure 1 by matrix algebra,
and draw the circuit described by the resulting matrix







5) A 15000 KVA , 8. 5KV three - phase generator has a subtransient reactance of
12 %, It is connected through a A-Y transformer to a high —voltage transmission
line having a total series reactance of 80 £ At the load end of the lineisaY-Y
step —down tranformer. Both transformer banks are composed of single —phase
transformers connected for three- phase operation . Each of the three transformers
composing each bank is rated 6667 KVA ,10-100 KV, with a reactance of 12 %.
The load, represented as impedance is drawing 10000 KVA at 12.5 KV and 85 %

power factor lagging Draw the one-line diagram and mark base KV in the three
parts of the system . Then draw the impedance digram showing all impedances in
per unite . Choose a base of 10000 KVA ,12.5KV in the load circuit

Determine the voltage at the terminals of the generator.

Figure 1 Xa=J L0

GOOD LUCK
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Answer the following questions:

I-a)Define -
i)Ferranti Effect
ii)Skin Effect
iii)The transposition cycle of the conductors

b) A thiee- phase transmission line 8 Km long 15 to deliver 6 Mw at 33 Kv (lince)
at the receiving end The per - phase reactance of the line is 1 per Km, and the
power factor at the receiving end is 0.9 lagging. If the line voltage at the sending

end is maintained at 34.7 Kv The resistivity of copperis [ 7 p Q2 Cm. Caleulate -
1) The size of the conductors,

I1) The efficiency of transmission line, and
I11) The power factor at the sending end

2)  Asingle —circuit 3-phase S0 Hz transmission line, [00 miles long, has its conductors

arranged at the corners of a triangle whose sides are 25, 20 and 15 it in length, and
the conductors are regularly transposed The conductors are of diameter 0 5 inch
and resistance 0.15 Q per mile per conductor 1f the line is delivering a full load
of 100 MVA at a power factor of 0 85 lagging and at 132 Kv Calculate -

i) The voltage, the current, and the power factor at the sending end

it) The efficiency of transmission line, and

i) The percentage regulation
Use the nominal IT- method

3-a)Explain the main types of insulators

b) ) A string of suspension insulators consists of four units The capacitance
between each link pin and carth is onc - tenth of the self - capacitance
of a unit. The voltage between the line conductor and earth is 66 Kv Find -
1)The voltage distribution across each unit, and
1) The string efficiency.
Derive any relation used




4 ) An overhead line has a span of 250 m and 1s supported at level ground The
conductor has a cross- section of 1 29 Cm”and weighs | 13 Kg/m. The breaking
strength of the conductor is 4220 Kg/ Cm’ and factor of safety 2. Calculate the
height of the conductor above the ground level at which it should be supported
if a minimum clearance of 6 71 m is to be kept between the ground and the
conductor Assume wind pressure of the projected area is to be 40 Kg/m’

Derive any relation used

5-a) Compare the weights of copper used in case of single- phase, two- wire system ,
three- phase, three —wire system, and three —wire dircct current system. Assume
the same transmitted power , same maximum voltage between the conductors |
same losses over a same distance , and the cross -sectional area of the neutral
wire is same that of the outers

b) A three ~wire D.C_ distributor PQ) , 250 metres long , is supplied at end P at
400/200 V and is loaded as under
Positive side - 20 A 150 metres from P, 30 A 250 metres from P
Negative side - 24 A 100 metres from P, 36 A 220 metres from P
The resistance of each outer wirc is 0.02 2 per 100 metres and the
cross — section of the middle wire is one — half that of the outer
Find the voltage across each load point

6-a) Make a comparison between DC and AC distribution systems

b) A three — phase , four — wire system with 400 / 230 V is loaded as follows -

1)25 H.P. three - phase induction motor having on efficiency of 90 % and lagging
power factor 0.85,

i) 20KW, three - phase load having a lagging power factor of 0 9,

iii) a single — phase load of 10 KW at unity power factor between R and N,

iv) a single — phase load of 5 KW at 0 8 power factor lagging between B and N
Calculate the currents in all the four — wires of this three — phase |,
four — vire system .

GOOD LUCK
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Answer the following questions:
)-a)Define -
i)Ferranti Effect
11)Skin Effect .

iii) The transposition cycle of the conductors

b) A short three- phase transmission line delivers 2 balanced load of 250 A
at a power factor of 0.9 lagging The impedance per conductor 15 (0 25+1.0)
ohm Calculate the sending-end line voltage necessary to maintain the efficiency
of transmission at G5 per cent ,

2) A single <ircuit 3-phase 50 Hz transnussion line, 100 miles long, has its conductors
arranged at the corners of a tnangle whose sides are 24, 20 and 10 ft in length, and
the conductors are regularly transposed. The conductors are of diameter 0.55 inch
and resistance 0.15 Q per mile per conductor, If the line is deliveringa full load
of 90 MVA at a power factor of 0. 8 lagging and at 132 Kv Calculate -
i) The voltage, the current, and the power factor at the sending end
ii) The efficiency of transmission line, and
iii) The percentage regulation.

Use the nominal T— method

3-a)Explain the main types of insulators

b) The bus - bar conductor of 2 sub — station ace supported by post insulators consisting
each of three pin insulators fixed one on the top of the other ~ The voltage across
the lowest insulator 1s 14.82 KV and that across the next is 12.26 KV Assume the
system as three phase three - wire Find the voitage beiween the bus - bars
Calculate the string efficiency, derive any formula nsed




4 ) The conductor of 132 KV line has a diameter 2.1 cm and weight 0.8 kg/ meter
The ultimate strength being 10000 kg Calculate the height above ground at which
the conductors with a span of 300 meters should be supported , the factor of safety
being 2 Wind pressure is 100 kg/m’  Ground clearance required is 6.1 meters
Find out the change in the height of conductor if there is an ice coating of 1.0 cm .
Derive any formula used

5-a) Compare the weights of copper used in case of single- phase, two- wire system ,
three- phase, four —wire system, and three —wire direct current system Assume
the same transmitted power , same maximum voltage between the conductors

same losses over a same distance , and the cross —sectional area of the neutral
wire is same that of the outers

b) The load ona D C three —wire system with 400V between outers consists of
lighting current of 2000 A on the positive side and 1500 A on the negative side
while motors connected across of the outers absorb 500 KW If at this loading,
the balancer machines have each a loss of 7.5 KW Calculate the current in the
neutral, the current in each armature of the balancer set, the total current supplicd
by the generator and the KW loading of each balancer set.

6-a) Make a comparison between DC and AC distribution systems

b) A three — phase , four — wire system with 400 / 230 V is loaded as follows :-

)20 HP three - phase induction motor having on efficiency of 90 % and lagging
power factor 0.8,

ii) 25KW, three - phase load having a lagging power factor of 0.9 ,

iii) a single — phase load of 8 KW at 0 85 power factor lagging between R and N,

) a single — phase load of 5 KW at unity power factor between Y and N,

v) a single - phase load of 3 KW at unity power factor between B and N .
Calculate the currents in all the four — wires of this three - phase ,
four — wire system ,

GOOD LUCK
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4 Sketch peatlv two-pole doubly excited rotary electromechanical em
conversion systems with salient rotor and non-salient stator and coil axes
displaced by an angle 6. Neglecting the leakage flux, sketch the flux pathy
different rotor position and appropriate excitation to deters
expressions for self and | ind with reasoning pasd £ s

b Derive an expression for the encrgy stored in a stationary coll with nonlit
mugnetic circuit In terms of flux density and magnetic field intensity. He
show that the area of the first quadrant of the hysteresis loop is proportions
the hysteresis energy loss during the period of that first quadrant; fiad
constant of proportionality.

¢ Derive an expression for the energy stored in a coil with linear magn
circuit in terms of

d  Derive an expression for the clectromagnetic force in a doably- exc
magnetically- linear transtational system in terms of inductances, currents |
the position x.

¢ Give s logical or 2 mathematical explunation for the negative sign in Lenz'l

[ Derive an expression for the mmf that results from a balanced two-ph

inding excited by bal d two-phase currents In terms of position and t
Draw the expression for two i nnd hence ded i the speed of
mmf.
Draw mass and energy flow diagram for fossil fuel combustion..,
Aided with illustration the prineiple of hydroelectric power generating pla
using tidal basins.
| Sketch expanded view of a fMat-plate solar collector,
Questions 2

=

A 2-pole motor hay a single winding in the each of the stator and rotor. O
anglc between the magnetic axis of the stator winding (named a) and the rotor v
(named ). The self and 1 ind of the two windings are: L,=Lo—L, ¢
Ly = L, (ic. constant); M, = M cos 8,, where L, Li Ly L, and M are g
constants. The rotor is revolving at a speed © so that its instantancous angular p
Is given by 6 = ot - 3 where & is a small phase angle describing the position of the r
t=0
4) I the rotor winding is excited by » comstant d-c I, and the stator winding ca
current i,(t) = v2 1, cos wt, derive un expression for the average electromagnetic
b) If the rotor and stator windings are excited by a constunt d-c I, and |
respectively, derive an expression for the average electromagnetic torque.

Question 3

Fig. P3 shows u section of 8 machine having two identical stator windings

bb' in quadrature. The self inductances L. Ly and Ly are constants, The 1




Inductances between the rotor and the stator windings are function of the angular
position a!lhroloru!olhm:_M.,-Mcuﬂ.; My =M sin 6, + band M,, = 0,
where M and b are positive constants. The rotor is revolving at a speed © so that its
Instantaneous angular position is given by 0 = wt - & where 5 is a small phase angle
describing the position of the rotor at t = 0, If the rotor winding is cxcited by a
constant d-c I, and the stator windings carried balanced two-phase currents i,(t) =
V2 I, cos ot and h(t) = V2 I, cos ot, derfve an expression for the instantaneous
voltages of the stator phases » and b

A composite magnetic circuit of varying cross section is shown in Fig. P4 (a); the
iron portion has the B-H characteristic of accompanied Figure (b). Given:; |, <21,
=yem; A =24, = em’ ;1, =0.005 1, ; leaknge flux is negligible. Calculate the
eoergy stored and the coenergy in the mir-gap and in iron for an air- gap flux
density of 0.3 T (employpiie u straight line approximation).

The rails shown in Fig. PS are separated &£ Cm and extended 2.4 m from the gap ab.
If B = 0.4x u, T and the position of the sliding bar is given by : x= 3.4t - 3¢’ m (a)
Find the magnitude of V,, when 1 = Im. (b) If ab is shorted and the circult
resistance is 1 Ohm, derive an expression for the instantaneous mechanical power,
Neglect any change in the magnetic field d by the flow of electric current,

Fig. P3 Fig. P4 Fig. P$

#id, qp
RS M L3
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