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Answer the following questions:

;

a) Drive the transfer function and block diagram for PiD control.

b) Discuss briefly the open and closed loop control system and what the

differences between them are, Give example of each type?

i

a) For the circuit shown in Fig {

1) Obtain the transfer function?
2) Draw the equivalent block diagram?
b) For block diagram shown in Fig 2
1) Based on biock diagram reduction, Determine the overall iransfer

function?

3- Let the linear time invarian{ system is described by,

dxlt _ 4. =] ‘1—‘ ‘
~ilzaﬂﬂ+ﬁﬁ}mmhA: B=
o dt 0 - 1]

a) Transfer this state equation into phase-variable canonical form.

b) Find the non-singular matrix P that transforms “A” into diagonal

form.

4- A system described by

, (1 -1 11
ax(y) = Ax{t)+ Blt) with A :‘ ‘.B =[ J
dg._ ’ 0 —1.
y=cx(1) C=[1 0]

a) Test the controllability and the observability for this system?

b) Design a state feedback controlfer that has an un-damped natural
frequency of 10 rad/s and a damping ratio of .57
¢) Design a fuli-order observer that has an un-damped natural

frequency of 5 rad/s and a damping ration of 0.257
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With my best wishes

Dr. Magdy G. El-ghatwary
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Attempt All Questions
Question 1: : Marks: [25]
a-  Ixplain the principle of operation of double cage motor, [6]

b- What are the different methods used to control the speed of three-phase induction motor? [9]
Clarify the principle of each method with equations and graphs.

c- A three phase, 230V, 60Hz, 6 pole, Y connected induction motor has the following  [10]
parameters in ohm per phase referred to the stator side:

Ri=0.50 R=0.250 X=0.750 X050 Xe=1000
The total friction, windage and core losses can be assumed to he constant at 250W. When

the motor is ranning at its rated slip ol 2.5%, determine:

1- motor input current 2- input power factor
3- rotor cupper loss 4- airgap power
5- efficiency

Question 2: Marks: [15]

a- The power transferred across the airgap of a two pole three phase induction is 24kW. If the [5
clectromagnetic power developed is 22kW, find the slip. The rotational loss at this slip is
400W. Calculate the output torque.

b- A 110V, 3-phase, start-connected induction motor takes 25A at a line voltage of 30V with [10]
rotor locked. With this line voltage, power input to motor is 440W and core loss is 40W.
The DC resistance between a pair of stator terminals is (L1€2. If the ratio of AC to DC
resistance is 1.6, construct the equivalent circuit of the motor. Assume stator leakage
reaclance and rotor leakage reactance -referred to stator side- are equal. Find the slip of
maximum torque.

Question 3: ' Marks: [15]

a- Numerate the different methods of three phase synchronous motor starting. Support your [5]
answer with illustrators.

b- Discuss the necessary conditions for parallel operation of synchronous generators, [5]

¢- Show how to utilize start delta switch for three phase induction motor starting. Draw [5]
necessary diagrams. Discuss the effect of this starting technique on starting torque.
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Question 4: Marks: [15]

a- [Explain the relation between the excitation current, phase current and power factor of three  [7]
phase synchronous motor.

¢- Caleulate the pitching and distribution factors of three phase svnchronous generator with 96 8]
stator slots, 6 poles, coil span 1 to 12. There are & conductors per slot connected in two
layers. Caleulate the fundamental induced voltage per phase when the generator runs at 62.5
EPM. Flux in the aireap is 25mWh.

Question 5: Marks: [15]
a- In a 50-KVA, star-connected, 440V, three phase, 50Iz alternator, the effective armature [7]
resistance is 0.25€ per phase. The synchronous reactance is 3.2Q per phase and leakage

- reactance is 0.5€2 per phase. Determine at rated load and unity power factor:
I- mtermal EMF 2- percentage regulation on full load
3- value of synchronous reactance which replaces armature reaction
b-  A75-Kw, three phase, Y-connected, 50Hz, and 440V cylindrical rotor synchronous motor [10]

operates at rated conditions with (0.8 power factor leading. The motor efficiency excluding
field and stator losses is 95% and X,= 2.502. Calculate:

I- mechanical power developed 2- armature current
3- induced voltage 4- power angle

With Best Wishes
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Answer the following questions:

1-a) Explain why the current transformers are designed for loads
with very low resistance,and may never be operated with open
circuit on their secondary side.

b) List the different losses occurring in a current fransformer and
how these losses can be reduced.

c) Discuss the construction and principle of operation of
clampmeter.

2-a) Define what is meant by matched load.

b) What is the difference between power fransformer and

voltage transformer in construction and characteristic of
operation.

c) Discuss the effect of reduction of load resistance on the line
end voltage for each inductive load. Draw the phasor diagram
of the current-voltage for the different values of inductive load
and what happen when the load becomes pure inductance.

3-a) Discuss the advantages and disadvantages of the reactive
power from supply.

b) Discuss the effect of capacitive and induciive shunt
compensation on the load.

c) Draw the phasor diagram to study the effect of the series
capacitor on the voltage regulation,

4-a) Discuss the advantages and the disadvantages of

connecting the capacitors in both series and parallel with the
load.

b) What are the conditions required for Bus-Bar coupling in
power system? |

c) Write the experiment of double Bus-Bar.
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Answer the following gquestions:

[1] | (a) A box contains 2000 components of which 100 are defective, second box contains 500
components of which 200 are defective, two other boxes contains 1000 components each with
100 defective components. We select one box at random and remove from it at random a
single component, 1f it was defective what is the probability that it was drawn from box 1 or37

2
2 | (b) If P(A)=0.4 , P(A UB)=0.7 and P(B)=p find the value of p if
=
-
i) A and B are mutually exclusive
i) A and B are independent
- (¢) The mean and variance of binomial distribution are 4 and 3 respectively, find P(x 2 1).

[2] | () Use the moment generating function to obtain the mean and variance of the random
variable X whose density function 1s given by:

f{x}:%e"lxl, —o0 < X €00

P
£ | (b) If X is a random variable its density function is given by
pe ) ke(l-x), 0<x=1
fix)= ;
o, otherwise
1) Find the value of k.
i) Find the cumulative distribution function>
iii) Find P(x<0.2)

(c) Derive a formula for the mean, variance and moment generating function for the Poisson
distnibution.

(Bl @UEX~-N@ o %), such that P (u-ka <x < prke) = 0.823, find the value of &

(b) Suppose that 5% of all items coming off a production line are defective. If 10 such items
are chosen and inspected, what is the probability that at most 3 defective items are found?

(c) The grads of a class of 9 students on a midterm examination (X) and on the final
examination (¥) are as follows:

20 Marks

Midterm (X) | 77 | 50 71 72 31 94 | 9% | 99 67 |
Final (Y) 82 | 66 78 34 47 | 8 | 99 | 9 68 |

i) Computé the correlation coefficient.

i1) Find the linear prediction equation.

ii) Estimate the final examination grade pf student who received a grade of 85 on the
midterm examination.




20 Marks

14]

(é} A machine is producing metal pieces that are cylindrical in shape | a sample of pieces 1s
taken and the diameters are 1.01,0.97,1.03, 1.04, 0.99, 0.98, 0.99, 1.01, 1.03 centimeters, find
a 95% confidence interval for the mean diameter of pteces from this machine

(b) All boxes of a certain type of coffee indicate that they contams 21 grams of cofTee. a
government agency receives many consumer complaints that the boxes contain less than 21
grams. To check the consumer complaints at the 5% level of significance, the sovernment
agency buys a sample of 100 boxes of this coffee and finds that the sample mean is 20 3
grams with a standard deviation of 2 grams. Should the government agency order the seller to
put more coffee into its boxes? '

(c) If we have a finite population of five observations 3, 5.7, 9, 11; find the sampling
distribution of the mean if we draw a random sample of size 3.
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(1) The diversity factor for a large number of loads may be in the range of:
a) 1.0 by 1.02 £)1:1 d) 1.5 &2

(ii) The capacity faclor can be used to caloulate:

a) average demand b) rated capacity d) maximum demand  ¢) connected load
(111) Reserve power can be obtained from:

a) standby unjts and boilers b) speed governor  ¢) valve position d) boilers
{iv) The ioad. factor of a power station having a maximum power of 23MW, conneceted load of

SOMW and an average demand of 15MW is:

a) 1.667 b) 0.6 c) 0.3 d) 1.33 e)2 0.5 I[

The initial investment value of an equipment with a life time of 25 years is 1 million L.E. and
its salvage value is 0.2 million L.E. After ten years, a firc damaged the equipment, where its |
salvage value was 10000 L.E. The owner purchased a new equipment for 1.1 million L.E. If
the owner uses the diminishing-value method of depreciation, find the total additional money

thal the owner has o pay (o purchase the new equipment. (7 mark) Ir

A company uses the sliding-seale tariff method, where each kilowatt hour costs 0.1 LE. In

addition, the customer has to.pfﬂ.}? a penalty if the power factor is lower than 0.85. The penalty

is defined as 500 LE multiplied by the difference between the critical and the actual power I’
factor. Caleulated the total cost of the consumed energy in the following cases: (a) the total
consumed energy is 1000 kWh at a power factor of 0.72and (b) the total consumed energy is

1200 kWh at a power factor of (.82, (7 mark) I’

What is the difference between soft and hard constraints? Give examples of each type and

mention the importance of the constraints in the operation of the power system. {7 mark) I’

The input fuel in (Btw/h) for a power plant with min. and max. power of 20 and 100 MW
respectively is given by: F=(50+4*P+0.015*PH*10°, where P is the generated power in (MW), I
Plot the input-output curve of the plant. Caleulate the heat rate and plot its curve against the

output power. Assuming a fuel cost of 0.15%10° $/Btu, calculate the incremental fuel cost in

5/MWh and plot its curve against the output power. (7 mark) "

Prove that the optimal allocation of any load between the warking power plants in a certain

network is achieved when the incremental [uel costs of all unifs are equal. (7 mark) If
i b 8




(3-a)

(4-a)

(4-1)

{4-c)
4

The incremental fuel costs in $MWh for a plant consisting ol three units are given by:

4 r_‘-lF y
ah, =001 5Pp+34; = 2 -0 (187 +2 2.6 and el =0.01P5+2.8. Caleulate the saving in § in
dPy dP, dPy
the case of a load demand of 800 MW when the optimal dispatch is used compared to

distributing the load equally between the three units. The minimum and maximum loads on

each unit are respectively 100 and 300 MW, (7 mark)

The incremental fuel costs in $/MWh for 3 generating units are given as: % =D.009P +3.5,

dFp dF3 _ : : i . :

Ty =0.012P; +3 and = = 0.008P; + 3.6 .The minimum and maximum loads on each unit
o

are respectively 100 and 350 MW and the load demand iz 800 MW. The loss lormula is given

as: Pioee = 0.00014 P2 +0.00008 P; - P, +0.00009 PF +0.0001P5 +0.00012 P; -P3, where P is

in MW. Find the optimal load allocation among the generators using only two iterations. Start

with a lagrhnge multiplier value of 6 and penalty factors of unity. (7 mark)

| Classify steam power plants with all possible ways and mention the Josses in each part showing
how can you calculate the efficiency of each part. (7 mark)
| Mention in details the main parls of the hydroelectric power plants and explain the function of
il gach part. (7 mark)

Discuss the advantages and disadvantages ol nuclear power plants. (7 mark)

conventional centralized power stations and compare between fuel cells and wind turbine as

Il Discuss the main reasons of using the renewable energy sources as an alternative lo the
renewable energy sources. (7 mark)

1 Good Luck
{(Dr. Ahmed Refaat Axmy et al)
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{(Mechanical power stations)

Close book exam. All guestions must be answered. Draw schematic whenever
applicable, and clearly state your assumptions. You can usc steam tables and
charts
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Question {1) (20 marks)
The steam entering the turbine in a steam power station is at a pressure of
54 bar and temperature 520 “C, while the condenser pressure is 0.08 bar.
The steam is bled at the pressures 18 bar and 4 bar. The feed water heaters
are of closed type where the feed water is heated to the temperature of bled
steam. The bled steam is condensed to saturated water and returned back
to the feed water line after each heater. There is only one pump in the feed
line. The power of the plant is 80 MW and the expansion through the turbine
is isentropic,
(a)- Sketch the flow diagram of the plant and the corresponding
cycle on T-S diagram
(b)-Calculate the guantity of bled steam to each heater for 1 kg
steam entering the turbine
(c)- Find the rate of bled steam to each heater Ton/hr
(d)- Calculate the cycle thermal efficiency
(e)- Calculate the specific steam consumption
Neglect the pump work

Question (2) (['7 marks)

(A)- Prove that the thermal efficiency of the Diesel cycle is as follow:
.
??D — l M &

e B
P s
VWhere: r = compression ratio
- = cut-off ratio

(B)- An air standard Otto cycle has a compression ratio of 8. The pressure
and temperature at the beginning of compression are 1 barsand 27 26
respectively. The heat transfer to the air per cycle is 1600 kJ/kg of air.

Determine the following:

a)- the pressure and temperature at each corner of the cycle

b)- The thermal efficiency of the cycle

c)- the mean effective pressure of the cycle

A



Question (3) (2omarks)

An open cycle gas turbine plant consists of a compressor, a combustion
chamber, a heat exchanger and a turbine. Air is compressed from 1.01 bar
and 20 °C to 6.5 bar. Heat is added to increase the temperature to 770 °C.
Expansion takes place in the turbine after which the gases pass through the
heat exchanger. Pressure drop in the air-side of the heat exchanger
together with the pressure drop in the combustion chamber is 0.07 bar and
In gas side of the heat exchanger is 0.05 bar. If the effectiveness of the
regenerator is 0.6 and the gases leave it at a pressure of 1.05 bar. Calculate
the specific output and the plant efficiency. The process in the comprassor
and the turbine may be assumed as Isentropic.

Question (4) (/6 marks)

(A)-In a test of a water cooled compressor, it was found that the shaft work
required to drive the compressor is 176.6 kd/kg of air delivered, and that
the enthalpy of the air leaving is 71.2 kd/kg grater than that of entering. If
the increase in the enthalpy of the circulating water is 96.3-kJ/kg air,
compute the amount of heat transferred to the atmosphere from the
compressor per kg of air.

(B)-An insulated rigid vessel contains some fuel and air at 1 pressure of 10
bar and a temperature of 25 °C. The fuel is ignited. cCausing a pressure
and temperature rise of contents of the vessel The final temperature is
540 °C. Taking the vessel and contents to be the system under
consideration:

- Evaluate the increase in the internal energy of the system.

li- If the insulation is removed, and the heat transfer of 50 kJ from the
system causes the temperature to fall to the initial value 25 °C
determine the increase in the internal energy of the system during

this process
Question (5) (12 marks)

(A)-In a reversed heat engine, the work done is 76 kJ. and the transfer to
the engine from a low temperature heat reservoir is 204 kJ. Determine the
amount of heat transferred from the engine to the surroundings, and the
coefficient of performance of this engine when works as a refrigerator

(B)- A person claims to have designed an engine that receives 525 kJ of
heat and produces 13 kJ of useful work, when operating between a
source temperature of 60 °C and a sink temperature of 0 °C. Is this claim

valid?
E” tHe Best

Dr. Y. EL-Samadony
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