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Answer ALL the following FIVE questions and problems:

The first question

Choose the correct answer/answers for the following statements. ONLY write down the
question number followed by your choice/choices in your answer sheet:

1. | In a four-pole machine, pole pitch in mechanical angle measurement is:

a) 180 degrees b) 90 degrees c) 60 degrees d) 45 degrees
2. | The induced emf in synchronoué machines depends on
a) rotor speed b) load angle c¢) field current d) load
3. | Machine winding is distributed in order to:
a) eliminate a certain space harmonic b) save copper
c) get sinusoidal mmf distribution d) facilitate handling

4. | For a salient pole synchronous machine, load angle & at maximum power is:
a) always less than 45 clectrical degrees  b) between 45 and 90 electrical degrees

c) slightly less than 90 electrical degrees d) more than 90 electrical degrees

5. | Cylindrical-rotor type is generally used in
a) low voltage alternators ~ b) high speed alternators

¢) low speed alternators d) steam-turbine driven alternators

6. | Synchronous condenser is an:

a) under-excited synchronous generator  b) over-excited synchronous generator

¢) under-excited synchronous motor d) over-excited synchronous motor
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If an alternator connected to a network is operating at a leading power factor, it means that

a) the alternator is over-excited b) the alternator is under-excited.

~—-¢) the torque angle is negative. -~ ——-d) -the load TR eE )y e at— s

Infinite bus bar system is characterized by
a) constant frequency b) constant voltage

c) high internal impedance d) all a), b) and c) choices

The active power of a grid-connected synchronous generator is influenced by:
a) prime mover speed b) prime mover power
c) excitation level d) type of load

10.

Increasing field current of a stand-alone alternator results in an increase in
a) terminal voltage b) frequency
¢) load power factor d) load reactive power

11.

In which case the terminal voltage rise of a loaded alternator is more:
a) When unity power factor load is switched off
b) When leading power factor is switched off

c) When lagging power factor is switched off
d) None of a) , b) and c) choices

12.

Percentage speed regulation of synchronous motors is always
a) positive b) zero
c) negative d) between -10% and 10%

13.

The main function of governor is to keep prime mover operating
a) at constant power b) at constant speed _
c) at constant torque ’ d)' in synchronism with the network

14.

Synchronous motor can develop synchronous torque only when it is
a) loaded ' b) over-excited
c) running at synchronous speed d) running at no-load

15.

The operating speed of a synchronous motor can be changed to another value by changing
a) load b) supply frequency
c) supply voltage d) excitation

16.

When the excitation of an unloaded salient pole synchronous motor is switched off, the
motor will: -

a) stop b) continue running at the same speed.
c) continue running at a lower speed. d) none of the above

17.

Two alternators G1 and G2 are running in parallel to supply a fixed load. What will happen
when the excitation of G1 is increased?:

a) frequency will increase b) Total reactive power will increase

c) Reactive power sharing will change d) Active power sharing will change
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The Second Question
L. Explain the motivations of distributing and chording stator windings of synchronous
machines. Then, with aid of mathematical relations (without derivation) show how do they
affect induced emf..
2. | Clarify with suitable mathematical relations the effect of space harmonics on the induced
emf in synchronous machines.
3. | For a salient-pole synchronous machine:
a) Derive and draw the equivalent circuit
b) Sketch with all data the power-angle characteristics neglecting armature resistance
c) Draw the phasor diagram for MOTORING mode operating at unity power factor
4. | A Y-connected six-pole synchronous generator is of 50-kVA, 380-V, 50 Hz,. It has a per
phase synchronous impedance of 0.4 + j 1.2 ohm. The generator has friction and windage
losses of 1.5 kW and core losses of 1.0 kW. The field winding has been adjusted so that
terminal voltage is 400-V at no-load .At fiull load current and unity power factor, calculate:
a) Terminal voltage. b) Generator efficiency ¢) Prime mover torque
~The Third Question- =
1. | Sketch electrical load diagram of a cylindrical rotor synchronous machine. Show the
following: -
a) on the graph points that satisfy the following conditions
Point 1: at a specific generator active power at a certain excitation level.
Point 2: at a specific motoring active power at.a certain leading power factor.
Point 3: at a specific generator load angle at a certain leading power factor.
Point 4: at a specific motor load angle at a unity power factor
b) how to obtain torque against angle characteristics for generator mode.
2. | Explain importance of operating generators in parallel. Then show
e Necessary requirements
*  One method employed to ensure successful synchronization.
3. | Define voltage regulation. Explain why it is important to be determined accurately rather
than measured experimentally. _
4. | A 1000-kVA, 2000-V, 50-Hz three-phase alternator has an armature resistance of 0.2
ohm/phase. The following table shows the laboratory results of open-circuit (OC) test.
Field current, A 10 20 25 30 40 50
OC line voltage, V | 800 1500 | 1760 {2000 2350 2600
At short-circuit, rated armature current is obtained when field current is 28.9-A.
The field current is adjusted such that no-load phase voltage is 1080-V. Using ampere-
turn (mmf) method estimate the full load percentage regulation at 0.75 lagging power
factor.
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The Fourth Question

1. | Sketch the complete (total) mechanical load .diﬁgfaﬁl for synchronots motor. Explain
how it can be used to plot V-curve for different loads (show all details and how to obtain
the stability limits)

2. | Show how can synchronizing torque be developed to regain the synchronous operation of
two generators connected in parallel when

a) one generator has an increase in prime mover fuel.
b) one generator has a decrease in excitation
3. | Explain how can two generators operating in parallel be adjusted in order to:
a) change system frequency without affecting active power sharing.
b) change reactive power sharing without affecting system voltage.

4. | A 250 MVA alternator is connected to a grid of 50 Hz. The governor characteristics result
in a uniform frequency drop of one Hz per 100 MW load. How much the generator
active power sharing for the following setting of no-load frequency?:

a) 50 Hz b) 49 Hz c) 52 Hz
Clarify your answer with house diagrams L |
The Fifth Question

1. | Explain the effect of damper windings on load angle time response of a synchronous

machine when subjected to
a) a medium load increase
b) aheavy load increase
¢) amedium load decrease .

2. | Investigate the reasons of the following practical situations:

a) When starting a synchronous motor SM using a pilot starter, is shaft is broken once
SM stator is switched on to the supply.

b) When increasing the fuel supply to a synchronous generator system, it stepped out
of synchronism.

¢) Protection system switched off a synchronous generator when it is connected in
parallel with a grid

3. | The excitation of a synchronous generator is increased. What will happen if the
generator was: .

a) stand-alone.
b) connected to an infinite grid

Good Luck and best wishes

Prof. Essam M. Rashad and Exam committee
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Answer the following questions: [Assume any needed information]
Question (1) (2S5 Marks)

a) Define the following:

1. Load flow program 3. SCADA system (6 Marks)
2. Micro-grid 4. Optimization technique

b) Mention the stopping techniques used with load flow program, and determine the
suitable technique for Newton Raphson and Gauss-Seidel methods. (6 Marks)

¢) Explain how Al could be used in power system (4 Marks)
d) Compare between offline and online load flow programs. (4 Marks)

e) Compare between SCADA and WAMC system (5 Marks)

Question (2) (30 Marks)

a) Write the procedures to determine net Q of PV bus using Gauss-Seidel. (5 Marks)

b) Clarify the function of each BUS and LINE input data used in load flow program
(10 Marks)

c) Write the procedures to determine the mismatch matrix used in NR. (5 Marks)

d) When the FD method is used in load flow analysis? Write the procedures needed to
determine (J1) using FD and NR methods. ‘ (10 Marks)

Question (3) (20 Marks) ‘
a) Compare between NR and Gauss-Seidal methods. (5Marks)

b) The single-line diagram of a simple power system is shown in Figure 1. All
impedances are expressed in per unit on a common MVA base. All resistances and
shunt capacitances are neglected. (15 Marks)

1. Build the impedance matrix of this system.
2. Calculate the three phase fault current and voltage during fault at bus 3 in pu.

: 2' 3| | 1
= 0.2 l 500
MW

X,=0.1 X,=0.1 X.=
Figure 1

Best wishes
Dr. Doaa Mokhtar
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Remarks: (answer the following questions... assume any missing data... answers should be supported by
sketches if possible)

Question number (1) (22 Marks)

a)

()

b)

(i)
(ii)

Consider a separately excited de generator operating under a constant speed and supplying a
resistive load of Ri. Answer the following: (6Marks)

Write down a mathematical model by which the dynamic behaviour of this generator can be
predicted under a constant speed operation. Setup the differential equations in the

appropriate matrix form

L(s) g Val®

(ii) Derive the expressions of the generator transfer functions - a
Vi(s) Vi(s)

Write down a mathematical model by which the dynamic behaviour of a separately excited

dc motor can be predicted. Setup the model in the matrix form: [Uiapue | = [ANHX e ] -
(6 Marks)

A separately-excited de motor has the following parameters: Ra=0.5 €, La=0, B=0. The
motor generates an open circuit armature voltage of 240 V at 1500 rpm with a field current of
1.2 A. the motor drives a linear load of T; =0.06 @, Nm. The combined inertia of the motor
and the load is J=2.6 Kg-m?2. With the same field current, the machine terminals are suddenly
connected to a 240 V dc voltage source. (10 Marks)

Draw the block diagram of this system. Mention the order, type and state variables.

Derive expressions of the speed and the armature current as a function of time.

(iii) Determine the steady-state yalues of the speed and the armature current.

Question number (2) (26 Marks)

Related to a three-phase induction motor dyndmic modelling, answer the following:

a)

Write down a mathematical model by which the dynamic behaviour of a three-phase

induction motor can be predicted in its natural variables. Mention the order, type and state
(5 Marks)

variables of this system.

Summarize, referring to appropriate equations, the advantages and disadvantages of the

abc-axis model. What is the necessary condition required to obtain the corresponding qdo-

axis model? . (3 Marks)

Write down, aiding with appropriate sketches, the transformation matrices required to
transform the abc-axis model to an arbitrary refererice frame qdo-axis model. (2 Marks)

P.T.O. Page: 1/2




Continue Question number (2

Write down a complete qdo-axis dynamic model valid to predict the dynamic performance of
the three-phase induction motor in a stationary reference frame. Draw the dynamic qd-axis
equivalent circuit. Write down the appropriate expressions of the corresponding qd-axis
supply voltages as a function of time. (8 Marks)

Derive an expression of the per-unit inertia torque. Show the relation between the inertia
constant and the rotor stored energy. Write down an expression of the per-unit
electromechanical developed torque. (5 Marks)

Show how the steady-state voltage equations can be obtained from qdo-axis voltage
equations expressed in arbitrary reference frame. Derive the steady-state rotor voltage
equation in space-vector form. (3 Marks)

Question number (3) (22 Marks)

Related to a three-phase salient-pole synchronous machine, having one damper winding on the
direct axis and one damper winding on the quadrature axis, Answer the following:

a)

(i)

Write down the detailed expressions of the abe-axis flux linkage relations of this machine
type. Summarize the main problems of the abe-axis dynamic model of this type of machine.
(4 Marks)
Write down, aiding with appropriate sketches, the transformation matrices required to obtain
the appropriate qdo-axis dynamic model (Explain the reasons). Summarize, the advantages
and disadvantages of this model. (3 Marks)

Write down a complete qdo-axis dynamic model valid to describe the dynamic behaviour of
this machine in the appropriate reference frame when it operates as a generator. Draw the
dynamic qd-axis equivalent circuit. ; (6 Marks)

Derive the detailed expressions of the dynamic and the steady-state electromagnetic
developed-torque. Illustrate the type of the different torque components. (4 Marks)

Show the necessary modifications that should be applied to the model obtained in (¢) and the
expressions derived in (d) for the following machine type: (5 Marks)

synchronous reluctance motor

(ii) cylindrical type permanent magnet synchronous generator

WISH YOU ALL THE BEST

Assoc. Prof., Said M. Allam
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Answer the following questions '
Problem number ( 1) (20 Marks

a) Compare the redundancy and backup concepts using in the protection system? Explain the definition of protection

System reliability, dependability and security? What is the criteria by which fuses on radial feeders are Jjudged to
have good coordination?

¢) For the power System arrangement shown in Fig, 1, complete Table 1, taking into account the operation of the
circuit breakers as shown for each fay]t case. Please note that some of the circuit breakers that operated may haye

done so unnecessarily.
Case CB that operate CB that mal-operated Tripped by primary
protection

R

Problem numper (2) ! (25 Marks)
1)  Put (v :

Protection system is designated a stable if it was sensitive for any fault within its zone,
Buchholz relay is one of electrical relays.

Attraction type relays can be used for AC and DC systems,

Hysterisis region is wide when the ratio between drop-out and setting values is small,
Coordination study is needed for unit-protection,

Overcurrent relays represents an example for ynit protection,

Open-circuit condition can be detected using phase current level,

Earth fault in isolated grounding system can be detected using current level.

- Primary and loca] backup protections are recommended to be different in relaying function,
urrent relays are graded using time,
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b) Simple time graded overcurrent relays are applied to a 5 bus ring main (single feed point). Circuit breakers are
connected at each side of each bus. Choose time delays for each overcurrent relay and indicate which relays need to
be directional. Specify the primary protection relays operating time for faults occurred in each section.

¢) For the radial system shown in Fig. 2, calculate the instantaneous and IDMT relay settings at each bus. Assume the

transformer is vital load and must not be de-energized if at all possible and that the relays at bus B are “looking

into” a transformer differential and therefore do not coordinate with it. The characteristic of the IDMT relay is
normal inverse type. The coordination margin should be selected as 0.35 s and TS or Rg is 0.1. The current in
both instantaneous relays exceeds 100 A. Revise the CT ratios and recalculate both time-delay and
instantaneous relay settings at bus A and B.

A B

: ‘ | 100 A ZZ
Ra 50 Aﬁ Rs Fig.2
Min, Fault 3000 A 2000 A 1000 A
Max. Fault 9000 A 5000 A 3000 A
Problem number (3) (20 Marks)

a) Describe briefly three methods used for grading the overcurrent relays in radial feeders.

b) State the relay different types according to the construction? Explain with the help of neat sketch, the construction
and working of plunger type overcurrent relay.

¢) Fig. 3 shows a percentage differential relay applied for the protection of a
generator winding. The relay has a 0.1 A minimum pickup and a 5% slope.
A high-resistance ground fault has occurred as shown near the grounded-
neutral end of the generator winding while it is carrying load with the
currents flowing at each end of the generator as shown. Assume that the CT
ratios are as shown in the figure and they have no error. Will the relay
operate to trip the generator under this condition? Would the relay operate if
the generator were carrying no load with its breaker open? Draw the relay
operating characteristic and the points that represent the operating and
restraining currents in the relay for the two conditions.

280 amperes 300 amperes

Fig. 3

Problem number (4) (20 Marks)

a) If a mho relay of characteristic angle 70° is set to an impedance of 8.5 Q to protect a transmission line of 110 kV
with 0.8 Q per km and line angle of 80°, find the protected length of the line. If the maximum load on this line is
3000 A at 30° lagging, is there any possibility of relay operation on load. CT ratio is 200 and VT ratio is 1000.

: - (10 marks)

b) Consider the multi-terminal line in the system shown in Fig. 4. Each of the buses C, D, G, H and J has a source of
power behind it. For a three-phase fault on bus B, the contributions from each of the sources are as follows:

Source Current
J 600
C 200 J 6460 A {+j10 2+j15 6+j60
D 300 |-'r + ’
G 800 ]
H 400 ""—'I: i
' 3 +j20
D
Fig. 4 = e

You may assume that the fault current contributions from each of these sources remain unchanged as the
fault is moved throughout the system shown, Determine the zones 1, 2 and 3 settings for the distance
relays at bus C. (10 marks)

, Good Luck
Course Examination Committee: Dr. Diaa-Eldin Mansour, Dr. Hossam A. Saleh



