| USN
Sixth Semester B.E. Degree Exam

Electrical & Electronics
(Old Scheme) |
- yStém Analysig and Stabil‘ity
Time: 3 hrs.]

nation, July/August 2005
Engineen'ng

Note: Answer any Fye full questions,

All questions carry equal marks,

1. (@ Explain the advantages of per unit system..

®) Figure Q.1(0) shows e one fing diagram of a power system for Which the gg
System Componenis arg gg follows,

G

4

(8 Marks)

tails of

Syn. motor 35 MVA, 62Ky, v, =12%
M, Syn. motor 40 MVA, 6.2KV, 2/, = 10%

- Draw the teactane

e diagram for the System and mark the per unit feactanc
- Components, cho

8s of respective
0sing a base of 100 MVA, 129 KV in

the transmisgion line circyit,
(12 Marks)

¢ T

from this Waveform?

el &z 4 determined
: (10 Marks)
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)' Following data gives the series impedances in per unit ©

EE6T3

n a common base for each

© trangmission fine of a four bus power system. Obtain the Y for the system.

8INo. - Transmission fine Series impedance. -

between buses

1 1-2 0.1+ 70.40
2 - 23 0.15 + j0.75
3 34 0.2+ j0.80
4 41 .08+ 30.40
5 42 0.1+ 70.4

Line charging sgmitiances may be neglected. -

| _3. fa)

{10 Marks)

The HV winding of 2 3¢ wransformer is star conneéted and he LV winding s Delta

connected. 'Establish the relation between positive sequence voltages and currents on

the delta side with corresponding variables on the star side. Voltages refer io line neutral

yoltages and currents refer 10 line currents.
the transformer terminals, dot convention etc.

) Ina3 phase 3 wire systém-, w'tth phase sequence RYB,

IR:].OI—:;L A_,_ IYﬂzoL;G’O— A.

Find the symnfiet___rical co.mponents of the three line currents.

State the convention used regarding tabelling

(12 Marks)

the current in two of the lines aré

(8 Marks)

4. (@) Al the three . sequence impedances are the same for a iransformer but not sO for

synchronous machines and transmission lines in a power system, explain the reasons.

{8 Marks)

n a base of 50 MVA, 13.8KV in the

(b) Draw the negative and zero sequence impedance' network for the power system shown in

Fig.Q.4(b). Mark the values of all reactances in Pu 0
circuit of -generation 1. Letter the networks to corresp
neutrals of generators 1 and 3 are connected to groun

ond to the one line diagram. The
d through current limiting reactors

" having a reactance of 5% each on the pase of the machine fo which it is connected.
Each generator has negative and zero sequence reactances of 20% and 5% respectively
on is own rating, 8s hase. The zero sequence reactance of transmission 1ine is 210 ohm

from B to :G and ;250 ohm from G 1o E.

T

P TR
‘1. :.Q'
ey SR T

.

Tzuj:fd—q
Y

(12 Marks}

R e
- ,;?{' 3 ) 3

T

~ Generator 1-
Generator 2
Generator 3
Transformer Ty
Transformer T3
Transformer T
TL BC

- 30 MVA, 20 KV

. 35 MVA, 220

- 20 MVA, 13.8 KV, X! =02PU

. 30 MVA, 18 KV, x" =0.2PU

X! = 0.2PU

. o5 MVA, 220KV YA3.8KV A, X=10%

+ Single phase units, each rated 10 MVA, 127/8 KV, *¥=10%
Y [ 22Y KV, X=10%

. j80 ohm and TL CE : j100€2 for negative sequence.




5. (@) A double fine to ground fauit 0Ccurs on lines band C of g previously unloaded 3 phase
alternator through a fault impedance - .. Derive necessaty equations ang develop the

interconnection of Sequence networks. (10 Marks)
{b) Obtain the interconnection of Sequence networks for the following types of open conductor

faults on power Systems :

i) One conductor open i) Two conductor open. (10 Marks)

- parts of a power system during the occurrence of an unsymmetrical fauit at 5 specified
location. (6 Marks)

towards the fault are
Iy =-08 ~32.6pu, I,, = —32.0, Iy = —§3.0Py
< From the transformer towards the faylt
=08 - 70.4Py, Lo = ~31.0Pu, I, =,
Assume Xy = X, for both motor and generator,
i} Describe the type of fault ‘
iy Determine the prefault current, if any in the line a
i)} Determine the subtransient fault current tin Py
V) Determine the subtransient current in the phase ¢ of the generator in Py, (14 Marks)

the rated Ioag. Determine the stability of the motor, (12 Marks)

8. Write explanatory notes on :
() Rating and selection of circuit breakers
() Inertia constants s and g
() Difference between steady state stabifity and transient stability

(d) Calculation of forque developed in 3 3 phase induction moior operating on 3 phase,
unbaianced voltages. (45220 Marks)
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6y A baianced star connected load fakes 30 amps from balanced 3¢4 wire éupply.

If the fuses in one and two lines dre removed, find the symmetrical components

~ of the line currents, before and after the fuses removed. (10 Marks)

4'.' (d) Prove that only in power systems having balanced impedances, currents of a given
sequence produce voltage drops of the same seguence. (5 Marks)

() In o three phase four wire system, the sequence components of currents and

voltages are .

Ipo=(01+702)pu Vg = (0.1 + 50.2)pu
I, =(08+3702)pu Vg = (1+70)pu
I =(02-702)pu Va2 = (0.2 +j0:2)pu

_ DeTermine the total three phase compi,ex power in MVA if the base is 100 MVA,
- ‘ - (7 Marks)

() Explain the phdgé shift of symmetrical componenis in star - delta transformer bank
" with respect to voltage relations and current relations. : (8 Marks)

5. () A doublé line-fo ground (DLG) foql’r takes place at the terminais of an unjoaded
) _o_l’rerno’ror. S_how that how the sequence networks are fo be inter connecied o
represent the fault and also obtain for the fault cu_rrer_at. (10 Marks)

(6) Draw the sequence networks for the system shéwh in figure. Determine the faulf
current for a line fo line fautt occurs at F. The p.u. reactances all referred to the

same base are as follows :

Components| Xg| X; | X
Gen. @y |005(030[02| . ,
Gen. Gy {0.03]0.25|0.1§

Line- 1+ | 0.7}0.30{0.3Q
Lne-2 | 0.7]0.30/0.3C
. Ty 0.12{0.12]0:12
T T,  10.10[0.100.1C

- Both fhe_generafroré q_fe-generqfring at 1.0pu.” ' (10 Marks)

Confd.... 3

e T
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6. (a)

3 | EE61
Explain the following terms:

) Steady state stability

i Dynamic stability

i Transient state stability . (6 Marks)

(b)Y Derive the steady state sta bifity fimit (SSSL) of a two ferminal pair network represented

(c)

7. (@

(b)

a)

b).

c)

e)

by ABCD constants. (8 Marks)

A 60 Hz, 4 pole turbogenerator rated S0OMVA, 22 KV has an inertia constant of H

= 7.5 MJ/MVA. Fing :

i} Kinetic energy stored in rotor at synchronous speed

i)  Find the angular acceleration if electrical power developed is 400 MW when
the input minus rotational losses is 740,000 HP. _ ' (6 Marks)

Derive the expression for crificat clearing angle When the fault occurs on one of

‘the double circuit Jines. Explain the importance of critical clearing time. (10 Marks)

under the following conditions.

) system healthy -

i one line shorted 3in ¢ ) in the middle
i) one line open

V) plot dll the three power angle curves - (10 Marks)

}_o.zs—"

(®

K= 0.2s 02

A | ,'L_O-zs-
F°‘?4 - Q@ E
Write short notes on any FOUR of the following : (5x4=20 Marks)

Per unit impedance of three winding transformer

Swf‘ng eguation '

Zero sequence networks for various fransformer connections
Selection of circuit breakers |

Equal area criterion

*% H E#
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6. (o) Explain the following terms:

7.

i} Steady state stability
) Dynamic stability

i) Transient state stability (6 Marks)

(b} Derive the steady state stabllity limit (SSSL) of a two terminal pair network represenfed

(c)

(a)

(b)

by ABCD constants. (8 Marks)

A 60 Hz, 4 pole turbogenerator rated 500MVA, 22 KV has an inerfia constant of H
= 7.5 MJ/MVA. Find :

D Kine’ric energy stored in rotor at synchronous speed
if)  Find the angular acceleration if electrical power developed is 400 MW when
the input minus rotational losses is 740,000 HP. B (] Morks)

Derive the expression for critical clearing angle When the fault occurs on one of
the double circuit lines. Explain the importance of critical clearing time. (10 Marks)

The generator of figure is delivering 1.0pu power to the infinite bus [QV = 1.0pu].

The generator terminal voltage is [V;| = 1.0pu. Caiculate the generator em.f
behind fransient reactance. Find the mcmmum power that can be transmitted
under the following conditions.

D system heaithy
iy one line shorted (3 in ¢ ) in the middle
i) one fine open

iv) plot all the three power angle curves (10 Marks)

}o.2¢

@*»%fﬁ-r - {—_..m_'

}O ZS"

QEH®

- Write short notes on any FOUR of the following : {5x4=20 Marks)

c)
b)
c)
d)

e}

Per unit impedance of three winding frcnsformer

Swmg equation

Zero sequence networks for various transformer connections
Selection of circuit breakers '

Equal area criterion

*H % XX
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o SITTTTITTTIT ]
o ) Slxth SemesterBE. DegreeExammatlon, July 2006
R B &EE et
Power System Analysis and Stability
B oo L [Max. Marks: 100

' Time: 3 hrs.] S

o Note: 1. Answer'any Fr VE full questions.
, U 2o Assume the missing data, if any, suitably.
1 a i) List any three advantages of per unit system’of computations.

. ii) State the criteria for the selection of base quantities, (05 Marks)
b.  Show that the per-unit impedance of a transformer is the same when referred
to either its primary side or the secondary side. . _ (05 Marks)

taking a base of 100 MVA, 11 KV in the generator circuit. The various
component ratings are: Transformer T1: 3 phase unit 90 MVA, 11/110 KV,
X=10%, Transformer T?2: made up of 3 single-phase units each rated
33.33 MVA, 68/6.6 KV, X=10%, Synchronous Generator: 80 MVA, 10 KV,
X=10%, Synchronous Motor: 95 MVA, 63 KV, X=15% and the line
reactance is 20 ohms. = e e ” (10 Marks)

@

Y3 A !

C ‘YgY

Fig.1(c)

2 a A sudden 3-phase short circuit takes place at the terminals of an unloaded
three-phase alternator. Discuss briefly on the different reactances that are met
with assuming that the damper windings are provided at the pole faces of
salient pole synchronous machine. (07 Marks)

b. By stating the generalized algorithmic equations for determining the elements
of the bus admittance matrix by the rule of inspection, obtain the matrix, Yyug
for the resistive network shown in fig.2(b). All the values shown are in Ohms.

: (05 Marks)

Fig.2(b)

Contd... 2
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C.

PERRE

A transmission line of inductance, L = 0.1 Henry and resistance, R =35 Ohms,
is suddenly short circuited at t =0, at the far end of line as shown in fig.2(c). If
the source voltage is: v = 100 sin (100mt+1 5%, obtain the following:

i) Expression for the short circuit current, i(t).

ii) Exact value of the first current maximumn and

iii) Instant of short circuit at which the DC off-set current is zero. (08 Marks)

Fig.2(c)

Derive an expression for the three phase complex power in terms of the
sequence components and hence show that the symmetrical component
transformation is power invariant. (06 Marks)

A balanced delta connected load is connected to a symmetrical three-phase
system and supplied to it is a current of 15 amps. If the fuse in line-C melts,
determine the symmetrical components of the line currents. (08 Marks)

A synchronous generator rated 500 KVA, 440 V, 0.1 pu sub-transient
reactance is supplying a passive load of 400 KW at 0.8 pf (lag). Calculate the
initial symmetrical (rms) current for a three-phase fault at the generator
terminals. _ (06 Marks)

With the help of the relevant phasor diagrams of voltages, show that there
exists a phase shift of positive and negative sequence components in a three-
phase Y - Atransformer bank. Assume the HT sidetobe Y — connected and LT
side, A- connected. ' (08 Marks)

Discuss on the sequence reactance — diagrams of transformers for their

~winding connections as follows: ) Y - A ii) Yj -Y iii) A- iv) A-A

_ = X Eqe {06 Marks)
Obtain the zero sequence diagrams for the system shown in fig.4(c).
(06 Marks)

AN N
Line A
; 3
K i e a

o, . rire

g Line B % ) Ty Y\_\T_

-

Contd...3
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Show that the impedance Z, between the Y-neutral and ground of a three-

phase machine is represented equivalently as 37, in its zero sequence diagram.
(04 Marks)

Derive the expression for the fault current in terms of the sequence
impedances and hence obtain the connection diagram of the sequence
networks for a line-to-line (L) fault through the fault impedance, Z; at the
terminals of a Y—connected alternator. (10 Marks)
A three-phase generator with constant internal voltages gave the fault currents
under two different unsymmetrical faults as follows:

L-L fault : 1400 Amperes and L-G fault : 2200 Amperes.

If Ea1 = 2 KV, and the positive sequence reactance is 2 Ohms, find the
negative-sequence and zero-sequence impedance values. (06 Marks)

Discuss briefly about the open-conductor faults in electric power systems.
(06 Marks)

Three 6600 Volts, 10 MVA, 3-phase alternators are connected to a common
set of bus-bars, Each has a positive-sequence reactance of 15%. The negative-
sequence and zero-sequence reactances are respectively equal to 75% and 30%
of the positive-sequence value. Find the fault current for L-G fault at the bus
terminals if: :

i) Only one of the generator neutrals is solidly grounded.

ii} Only one of the neutrals is earthed through a resistance of 0.3 Ohm.
(14 Marks)

Distinguish between steady state stability and transient stability in power

systems. Also elaborate on the corresponding power limits. (06 Marks)
Develop the swing equation of a synchronous machine working on an infinite
bus. (06 Marks)

A 50 Hz, 4-pole turbo-alternator, rated 20 MVA, 11 KV has an inertia
constant of H = 9 KWs/KVA. Find the acceleration if the input less the
rotational - losses is 26,800 HP and the electrical losses developed amount to

16 MW. {08 Marks)
Bring out the importance of the inertia constants M and H. (04 Marks)
Explain the Equal Area Criterion of stability for a two-machine power system.
State the assumptions made. (08 Marks)
Obtain the power angle characteristic equations for a two-machine loss-less
power system connected by a series impedance. (08 Marks)

EX L Tk
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'NEW SCHEME

Sixth Semester B.E. Degree Examination, Dec. 06 / Jan. 07
Electrical and Electronics Engineering
, Power System Analysis and Stability
Time: 3 hrs.] 7 [Max. Marks:100
Note: 1. Answer any FIVE full questions.

1 a. Explain the importance of impedance and reactance diagram for the analysis of a
* power system. C (05 Marks) -

b. A 90 MVA, 11 kV, 3 phase generator has a reactance of 25%. The generator
supplies two motors through transformers and transmission line as shown in the

fig(b}. The transformer T| is a 3 phase transformer, 100 MVA, 10/132 kV, 6%
reactance. The transformer T, is composed of 3 single phase units each rated at

30 MVA, 66/10 kV, with 5% reactance. Taking the generator rating as base, draw

the reactance diagram and indicate the reactances in per unit. The reactance of line is

160 Ohms. The ratings of the motors are given on the diagram. {08 Marks)
i —{rty
Lepavi Y e
' . g’ LAg 2e70 =
(& r : : =
AN e (1) A
= e p— ' sy 2wt 287,

—
- —~ o

' - Fig.1(b)
¢. - Bring out the advantages of Per Unit System. Show that the Per Unit Impedance of a
- transformer is the same whether computed from primary or secondary side so long
as the voltage bases on the two sides are in the ratio of fransformation. (07 Marks)

2 a  Show that the power in a three phase circuit can be computed from symmetrical
~ components. (08 Marks)

b. Fig.2(b) shows a Delta Connected load. The current flowing through the line ‘A’ is
1000 Amperes while line ‘C’ is open. With the current in line ‘A’ as reference,
calculate the currents in all the fines and then symmetrical components. (08 Marks)

A -

_ B , , /7
B Leady
L/ o
66— (2
. O\Pe""'-— )
Fig.2(b)
¢. Write a note on the importance of short circuit calculations. (04 Marks)

Contd.... 2
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3 a What do you understand by positive, negative and zero sequence impedances?
Discuss them with reference to synchronous generators, transformers and
transmission lines. {10 Marks)

b. A3 phase, 30 MVA, 6.6 kV alternator having 10% reactance is connected through a
30 MVA, 6600 / 33000 Volt delia star connected transformer of 5% reactance to a
33 kV transmission line having a negligible resistance and a reactance of 4 Ohms. At
the receiving end of the line there is a 30 MVA, 33000/6600 Volt delta star
connected transformer of 5% reactance stepping down the voltage to 6.6 kV. Both
the transformers have their neutral solidly grounded.

Draw the one line diagram and the positive, negative and zero sequence
networks of this system and determine the fault current when all the three phases are
short circuited at the receiving station L.V. bus bars,

For generator, assume negafive sequence reactance is 70% that of positive
sequence. (10 Marks)

4 a. Whatis a3 phase unsymmetrical fault? Discuss the different types of unsymmetrical
faults that can occur on a three phase system. (06 Marks)
b.  The currents in a 3-phase unbalanced system are

Ir=(12+J6) Amps, [r=(12-J12) Amps, [3=(-5+J10) Amps.
The phase sequence is RYB. Calculate the zero, positive and negative sequence

components of the currents. (08 Marks)
c. Why do we prefer to analyze unsymmetrical faults by symmetrical componenis
method? ' {04 Marks)

5 a. Derive an expression for fault current for double line to ground fault by symmetrical
components method. ' (08 Marks)
b. A30MVA, 11 kV generator has Z, =2, =J0.2 pu., Zp=J0.05 p.u.

1) A line to ground fault occurs on the generator terminals. Find the fault current
and line to line voltages during fauit cenditions. Assume that the generator
neutral is solidly grounded and that the generator is operating at no load and at
rated voltage at the occurrence of fault.

i) Find also the line current for a 3 phase fault. (68 Marks)

¢.  Write a note on open conductor faults in power system. (04 Marks)

6 a. Define stability of a power system. (02 Marks)
b. Explain clearly the difference between steady state stability and (ransient stability.

(06 Marks)
c. Starting from first principle, derive the swing equation of a synchronous machine.

(08 Marks)

d. Draw a swing curve and a power angle curve with relevant details. (04 Marks)

7 a. Using equal area criterion method, derive an expression for critical clearing angle

for a system having a generator feeding a large system through a double circuit line.
(08 Marks)

Contd.... 3
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b. Fig.7(b) represents the single line diagram of a generator connected to an infinite bus
through a pair of transmission lines. The transient reactance of the generator is
included in the diagram along with other reactances. Assume a 3 phase fault at ‘F’
when the generator is delivering 1.0 p.u. of power. Find the value of critical clearing
angle, assuming the voltage behind the transient reactance to be 1.2 p.u. and the
voltage at the infinite bus as 1.0 p.u. (12 Marks)

Fauis Jo. 18

T 0.2

aals

i z b <4
3 e

BRAVEY
Fig.7(b)
8  Write notes on the following:
a. Selection of circuit breakers,
b.  Methods used to improve transient stability.
¢. Reactances of synchronous machine.
d. Representation of synchronous machine. {20 Marks)

wRkEk &
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NEW SCHEME

Sixth Semester B.E. Degree Examination, July 2007
: Electrical and Electronics Engineering
Power System Analysis and Stability
Time: 3 hrs.] | [Max. Marks:100

Note : 1. Answer any FIVE full questions.
- 2. Assume missing data, if any, suitably.

1 a. What are single line diagrams? Hence explain the procedure of finding reactance
diagrams, by listing all the assumptions involved. (08 Marks)

b. State the rule of inspection for finding bus admittance matrix, giving the expression

for the matrix elements. Also indicate the situations where in this rule is not
applicable. o (04 Marks)

¢. Draw the per unit reactance diagram for the system of fig.1(c). Choose a base of

30 MVA, 13.8 kV in the generator circuit. Assume the line reactance to be 80 Ohms.

A (08 Marks)

: R o DLCE
' 3¢ _Line 3 _
somn Al BT *f%'%ironA
ey ToTl D-phe Teqrs _

3omwa A

s, 25 Wk avaliskv,  fg.g kv
o Xf \o tl"’ Fig.i(c) - " 20 ‘-]1)

2 a. State the advantages of per unit system of compﬁtations‘ | (04 Marks)

b. Explain why with reference to a synchronous machine, X g <Xy <Xy, with usuat

- .. notations. ' (08 Marks)
-¢. For the circuit on fault as shown in tig.2(c), with the -source voltage,

V(t)=+2 (11000)Sin(314t), determine the expression for the short circuit current,
'i(t)’. If now the voltage equation is changed to; V(t)= ﬁ(lIOOQ)Sin(BMt-i-ZOOl
determine the maximum momentary current imm and the instance of its occurrence.

R L' | 5 110 (68 Marks)
i Jo 0,313 S |
¢ ns '
W ) ‘ H Shood-
‘ : T Civewet
Fig.2(c)
3 - a. Write a note on selection of current brakers. (06 Marks)

b. Show that the symmetrical component transformation is power invariant. (06 Marks)
¢. A synchronous generator rated 500 kVA, 440 V, 10% subtransient reactance is
supplying a passive load of 400 kW at 0.8 pi{lag). Calculate the initial symmetrical
rms current for a 3-phase fault at the generator ferminals. (08 Marks) =

' - - Contd.... 2 :

{
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4

a.

Write brief note on: i) The significance of the operator “a”, ii) Establishing the
relation: I, = 31,, with usual notations. (08 Marks)

Given the sequence components of phase voltages: V, = 100, Ve, = j10 anc
Va10 = 10; determine the phase voltages, V, Vypand V. S (06 Marks)

The phase — A of a three-phase circuit is open and the currents are Is =1, Ic = - units/
Find the symmetrical components of all the three-phase currents, I, Iy and I, in
terms of I. (06 Marks)

Define sequence impedances and sequence networks. Hence indicate the zero
sequence diagrams for various primary and secondary winding connection of a three-

. phase transformer. (06 Marks)

Obtain the sequence diagrams for the system of fig.5(b). (X: Midpoint of line).

) @ Yj- (06 Marks)

Tz pgswy

Four generators are connected to a common bus-bar, to run in parallel. Each
generator has: Z; = j0.6 pu, Z, = j0.4 pu; Zy = jO:iS‘_ pu and €, =095t Opu. Ifa
line-to-ground fault occurs at a point on the line just after the bus-bar, determine the:
i) Sequence impedances of fault current ii) Fault current, Iygy iii) Sequence
currents in each machine. (08 Marks)

Derive an expression for the fault current in terms of the sequence impedances and
hence arrive at the connection diagram of sequence networks for a L-L fault at the

terminals of a star connected generator. (08 Marks)
Write a note on the significance of unsymmetrical fault analysis by symmetrical
component transformations. (04 Marks)

- A-3-phase generator with constant internal voltages gave the fault current values of:

1.4 kA for a line-to-line fault and 2.2 kKA for a line-to-ground fault. If e,= 2 kV, -

X1 =2 Ohms, det_ermine the reactances X; and X,. (08 Marks)
Write a note on open conductor faults in power systems. (08 Mzarks)
Distinguish between steady state stability and transient stability and the °
corresponding power limits. ' ' {06 Marks) -

A 60 Hz turbo alternator is rated 500 MVA, 22 kV. It is star connected and solidly -
grounded. It is operating at rated voltage and at no load. Its reactances are as under: .

' Xln =Xy =0.15 pu; Xy = 0.05 pu. Find the ratio of sub transient line current for a

- LG fault to that for a symmetrical 3-phase fault. (06 Marks)
Write briefly on: '
i) Power angle equation i) Equal area criterion of stability. {12 Marks)

An a.c. generator is delivering 50% of maximum power 16 an infinite bus. Due to a
sudden short circuit, the reactance between generator and mnfinite bus increases to
300% -of the value before fault. The maximum power that can be delivered after
clearance of fault is 70% of the original maximum value. Caleulate the critical *
clearing angle to maintain the stability of the system. (08 Marks)

Frkdk
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_ Sixth Semester B.E, Degree Examination, June / July 08
Power System Analysis and Stability

3 hrs. Max. Marks:100

Note : Answer any FIVE full questions.

Define per unit quantity. Mention the advantages of per unit system. =~ (86 Marks)
Show that the per unit reactance is same for both HV and LV side of a transformer.
' : - (66 Marks)

;'-"‘Dfaw the reactance diagram of the power system shown in fig.1{c). Use a base of 100

MVA, 220 kV in line circuit to mark per unit quantities on the reactance diagram,

NLTTETEE |
ALY P :
Fig. f(c)

The ratings are : Generator {G): 40 MVA, 25kV, X" =20% ;
Motor (M) : SGMVA, 11kV, X" = 30% ;
Y - Y transformer : 40 MVA, 33/220kV, X = 15% ;

Y - A transformer : 30 MVA, 11A/220 Y kV, X = 15%, . (08 Marks)

. Define symmetrical components. Resolve an unbalanced 3-phase voltages of a power

system into symmetrical components and also in vice versa. (10 Marks)
Prove that a balanced three phase voltages of a power system will have only positive

sequence components. o _ {04 Marks)
In a 3-phase, 3 wire system with phase sequence abe, the current in two of the lines are

I, = IO] 309 A, Iy = 20{—600 A. Find the symmetrical components of the three line
currents. ‘ (06 Marks)
Derive an expression for 3-phase power in terms of symmetrical components. (10 Marks)

Show that the zero sequence impedance of the neutral impedance (Zy) is equal to thrice the
neutral impedance (3 Z,). (10 Marks)

Following data gives the series impedance and line charging admittance in p.u. on a
common base for each line of a four bus power system. Obtain Ygys for the system.

(12 Marks)
BUS Code | Line impedance (P.U) | Line charging admittance P.U.
1-2 02+j0.8 j 0.02
2-3 03+70.9 j0.03
2-4 025+j1.0° . j0.04
3-4 0.20 +j 0.80 j0.02
1-3 0.10 +j 0.40 j0.01

Draw the single phase zero sequence equivalent circuits of three phase transformer bank
along with connection diagrams and symbols for the following types of corrections.

i) LY Y i Y A iii) =Y Yo iv) Y A (08 Marks)

1of2

LTI ' Eret

S

AR R



5 a
expression for the fault currents. Draw the connection of sequence network. (10 Marksy
b. A salient pole generator without dampers is rated 20MVA, 13.8kV and has a direct — axis
sub transient reactance of 0.25 P.U. The negative and zero sequence reactances are
0.35P.U, and 0.10 P.U respectively. The neutral of the generator is solidly grounded.
Determine the sub transient current in the generator and the line — to — line voltage for sub
transient conditions when a single line to ground fault occurs at the terminals of the
generator when operating under no load at rated voltage. Neglect resistance. (10 Marks)
6 a. Obtain the interconnection of sequence networks for the following types of open conductor
faults on power systems. i) ONE conductor open i) TWO conductors open. (08 Marks)
b. A synchronous motor is receiving 60MW at 0.8p.f . lag at 6kV. A line to ground fault
occurs at the mid point “F” of the transmission line through a fault impedance of 0.05Q2 as
shown in fig.6(b). Determine the fault current. Choose base values of 100MVA and 11kV
on generator circuit. (12 Marks)
= ix .
o . / i
: . Fig.6(b}
Gi, Gy : I0OMVA, 11kV, X;=02PU ; X;=01P.U; X;=0.1P.U.
M: 160 MVA, 6.3kV, X =X, =03P.U; X, =0.1 P.U.
T, : 180 MVA, 11.5Y] 115Y, X=0.1 P.U
Ty : 170 MVA, 110Y] 6.6A, X = 0.1 P.U.
Transmission line : Xj = X3 =30 Q ; X, =602
7 j a. Explain the following terms as applicable to a power system. (08 Marks)
s i) Stability ii) Steady state stability 1iii) Dynamic stability iv) Transient stability.
b. Derive the swing equation of a synchronous machine with usual notation. Mention the uses
/ of swing equation. (12 Marks)
\ﬁg " Write short notes on any four of the following
a. Selection of circuit breakers.
b. Methods of improving transient stability.
c. Equal area criterion of transient stability.
d. Formation of Ygys by inspection method.
e. Inertiaconstants Mand H. (20 Marks)
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Sixth Semester B.E. Degree Exa:jmi_naﬁon, June-J uly 2009
Power System Analysis and Stability

me: 3 hrs, ' o | ‘ 'Max.Marks:,l,O':O

a.

Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.

PART - A
Define per unit quantity. Mention the advantage ef p.u. system. = (04 Marks)
Show that per unit impedance of a transformer remams same whether it is referred to H. V.
or L. V. side. : ' (04 Marks)
A 15 MVA, 5 kV, 3 - ¢ generator has a sub transwnt reactance of 20%. It is connected
through a A — Y transformer to a high voltage transmission line having a total series
reactance of 70Q. The load end of the line has Y — Y step down transformer. Both
transformer banks are composed of single phase transformers connected for 3 — phase
operation. Each of three transformers composing 3 - ¢ bank is rated 6667 kV, 10/100 kv,
with a reactance of 10%. The load represented as impedance, is drawing 10 MVA at 12.5 kV
and 0.8 p.f. lagging. Draw the single line diagram of the power network. Choose a base of
10 MVA, 12.5 kV in the load circuit and determine the reactance diagram. Determine also
the voltage at the terminals of the generator. ; (12 Marks)

For the network shown in Fig. Q2(a), form the admittance matrix. The values are marked in
p-u. ' (08 Marks)

Wa  Nodmas, one 'ma,\sg&_g\ Ty X Wo
~ 406

Fig. Q2(a)
A 25 MVA, 13.2 kV synchronous generator is connected to a synchronous motor of same
rating. Both have a sub-transient reactance of 15%. The line connecting them has reactance
of 10% on the machine base. The motor is drawing a power of 18 MW at 0.8 pflead, at 12.9
kV, when a short circuit occurs at its terminals. Find the sub-transient currents in the motor,
generator and at fault points. _ N (12 Marks)

Determine the symmetrical components of the asymmetrical phasors below :
0 pso
V3e =30 [_1550- ' (06 Marks)
40 100 | |

Show that the symmetrical component tr. sformation is power invariant. (06 Marks)
Discuss on the phase shift of currents or voltages in Y — A transformers, (08 Marks)
lof2
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7T a
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06EE61
Obtain an expression for the fault current for a LG fault at the terminals of an unfoaded
generator, through a fault impedance 7. (08 Marks)
The single line diagram is shown in Fig. Q4(b). Draw the sequence networks. Mark all
reactances in p.u. on a base of 50 MVA, 13.8 kV in circuit of generator 1. The neutrals of
generators 1 and 3 are connected to ground through reactors having a reactance of 6% on the
machine base. Each generator has a negative sequence reactance of 20% and ZEro sequence
reactance of 5% on its own rating. The zero Sequence reactance of the transmission lines are
2.5 times the positive sequence reactance. The other ratings are given below.
Gt : 20 MVA, 13.8 kv, X3 =02pu. Gy, =30 MVA, 20 kV, X7 =02 puG; =30 MVA,
20kV, Xi=02pu, T, :25 MVA, 220 Y /13.8 A kV, T,=1- ¢ units, each rated 10 MVA,

132/22 kV, X = 10%, Ty = 3§ MVA, 220 Y22 Y kV. X = 10%. (12 Marks)

o _— L Jman—T;'
%% Tl = 3804 T, e %%;"‘@l(
4 YL & h

Fig. Q4(b)
A30MVA, 13.8kV, 3 - ¢ alternator has, a sub transient reactance of 15% and negative and

line diagram. The motors have rated in puts of 20 MVA, and 10 MVA. Both 12.5 kV with
20% sub-transient reactance and negative and zero sequence reactions are 20% and 5%
respectively. Current limiting reactors of 2.0 Q each are in the neutral, of the alternator and
the larger motor. The 3 - ¢ transformers are both rated 35 MVA, 132 A~ 115 Y kV, with
leakage reactance of 10%. Series reactance of the line is 80 Q. The zero sequence reactance
of the line is 200 Q. Determine the fault current when ) L~ G fault i) L - L fault and
1ii) L-L-G fault takes place at point P. assume V¢ =kV. (20 Marks)

?Mk“ ol glatg, ok Yo e \L"

20 M %% +
I ALy

Fig. Q5 _
A Double line to ground fauit occurs at the terminals of an loaded generator. Derive an
expression for the fault currents, draw the connection of sequence networks. (10 Marks)

Derive expression for fault current if [, L fault occurs through a fault impedance Z¢ in a
power system. Show the connections of sequence networks to represent the fault, (10 Marks)

Derive the power angle equation of a salient pole synchronous machine connecied to an
infinite bus. Draw the power angle curve., ' (10 Marks)
A turbo generator, 6 pole 50 Hz of capacity 80 MW'working at 0.8 pf has an inertia of 10
MJ/ MVA. D) Calculate the energy stored in the later at synchronous speed

ii)Find rotor acceleration if the mechanical input is suddenly raised to 75 MW for an
electrical load of 60 MW. '

iii}Supposing the above acceleration is maintained for a duration of 6 cycles, calculate the

change in torque angie and the rotor speed at the end of 6 cycles. (10 Marks)

Write short notes on : a. Methods of improving transient stability b. Selection of circuit

breakers c. Solution of swing equation  d. Series type of faults. (20 Marks)
k¥ ok ok %k
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‘SN 06EE61
Sixth Semester B.E. Degree Examination, Dec.09/Jan.10
Power System Analysis and Stability
[ime: 3 hrs. | ‘Max. Marks:100
Note: Answer any FIVE full questions, selecting ‘
at least TWO questions from each part.
. | | Part—A
1 ~Show that the per unit impedance of a transformer is the same, whether computed from

primary or secondary side, so long as the voltage bases on the two sides are in the ratio of
transformation. o (08 Marks)
The one line diagram of an unloaded power system is shown in figure Q1 (b). Choose a base
of 30 MVA, 6.9 KV in GI circuit. Draw the reactance diagram. If a fault involving ground
occurs at point ‘E’, determine the Thevenin’s reactance of the network viewed from E.

. T
. o vo Ll - n. »_ =
A ey
=+ By TL% . \{\1.% ‘

E .
| L Fig. Q1 (b)
G1:20MVA, 69KV, x"=0.15 pu . :
Gy: I0MVA, 69KV, x"=0.15pu - _
G3:30MVA, 138KV, x"=0.15 pu
Ti:25MVA, 6.9 A/I15 YKV, x=0.1 pu
T2:125 MVA, 6.9 A/115 YKV, x=0.1 pu 7 :
T; : single phase units each rated 10 MVA, 7.5/75KV, x=0.1 pu - (12 Marks)

With the help of oscillograms of short circuit current, of a synchronous generator, operating
on no load, distinguish betwéen sub-transient, transient and steady state periods. Also write
the corresponding equivalent circuits, which are used in computing Xy , Xy and x,.

' - ' (08 Marks)

A synchroneﬁs generato-rrand triotdr are rated 30 MVA, 13.2 KV and both have >_(§ = 20%.

The line connecting them has a reactance of 10% on the base of ‘the machine ratings. The
motor is drawing 20 MW at 0.8 PF leading at a T.V. of 12.8 KV, when a symmetrical 3
phase fault occurs at the motor terminals. Find the sub-transient current in the generator
motor and fault using the internal voltages of the machines. Verify the value of sub-transient
current in the fault. . | (12 Marks)

Show that the symmetrical component transformation is power invariant. (08 Marks)

. The current flowing to the. A connected load through line ‘a’ is 10 A. Line ‘¢’ is open. Find

the symmetrical components of the line currents, (04 Marks)
Three identical resistors are star connected. The magnitude of the voltages at the terminals
are Vg = 2000 V, V= 2900 V and V, = 2500 V. Determine the sequence components of
the line to neutral voltages of phase ‘a’. - ' _ _ (08 Marks)
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The sequence components of the line to neutral voltages of a 3 phase system are,
Va, =100 lgv , Vb, =(10=~J15)V, Ve, =J15V

Determine line to neutral voltages. (08 Marks)
Show that +ve and —ve sequence voltages and currents undergo a phase shift, in passmg

through Y-A transformer and the phases shift is dependent on labeling of terminals.
(12 Marks)

Part-B
A single L-G fault occurs on phase ‘a’ of an unloaded synchronous generator. Derive an
expression for the fault current and for the post fault line to line voltages. Also prove that the
equlvalent circuit under fault conditions comprises of +ve, -ve and zero sequence networks
in series. : (10 Marks)
Two 11 KV, 30 MVA, 3 phase star connected synchronous generators operate in parallel,
X, X, and x, of each being 0.2, 0.18 and 0.12 pu respectively. The star point of one of the

generators is isolated and that of the other is earthed through a 3 Q resistor. A single LG
fault occurs at the terminals of one of the generators. Calculate the fault current, current in
grounding resistor and voltage across the grounding resistor. (10 Marks)

A synchronous generator has its neutral grounded through a reactance x_. Zero sequence

reactance of the generator is larger than the +ve and --ve sequence reactances.

i)  Show that if the neutral is grounded solidly, single LG fault current would be more
than the 3 phase fault current.

it}  Obtain expression for x, such that single LG fault current is less than the 3 phase
fault current. (10 Marks).

A synchronous generator has an O.C. voltage of 1.1 pu behind its transient reactance. The!

magnitude of fault currents for different types of faults at its terminals are 3 phase fault 5 pu,

LL fault 4.55 pu and LG fault 3.3 pu. Calculate per unit values of the sequence reactances of

the generator. (10 Marks):

Define inertia constants M and H for a synchronous machine. How are they related to each
other? (04 Marks)
What are the assumptions made in stability studies? How do you justify them? (06 Marks)
A synchronous motor is receiving 25% of the power, it is capable of receiving from an
infinite bus. If the load on the motor is doubled, calculate the maximum value of § during

the swing of the motor around the new equilibrium position. (10 Marks)’
Distinguish between steady state stability limit and transient stability limit. (04 Marks)iri
Explain point-by-point solution of the swing equation. (06 Marks)

An ac generator is delivering 50% of the maximum power which it can deliver to an infinite
bus. Due to a sudden short circuit, the reactance between the generator and infinite bus
increases to 325% of the value before the fault. The maximum power that can be delivered
after clearance of the fault is 75% of the original maximum value. Determine the criticai
clearing angle, to maintain the stability of the system, - {18 Marks'
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