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The figures in the. margin indicate {_alt fufurks.
A,ssume suitable rtota iJ'rzer,r,r.rrrr-i, 
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;jil[]:ttrXff*:i"real 
power with rreque*cv a,rt reacrive pc,r.ver with vortage i.

[61b) with a suitable example of a poi,ver system, show thal the diagonal e*tries of a busadr:ritiiince tnatrix are the suni of all ;dmi;a;"", ,roJr*"reri 
'o 

rhe respective buses
il*H* 

the ofl'diagonai's are nep;ative 
"f i-dr"il;'i.*r.r, adminances berween

[4]

' I:rtf." 
the key advaatages of an interco*ected power systern c,mpared to isolated

I6l2' U 
i-TilY^:,i;iil'p,wer 

svsrem nerwork as shown in figure. Aris*rne bqse MvA as

[6f6]

(i) vortage at txrs-2 and bus-3 using Li-s merhod {up to first iteratio*)
(ii) ci:neratior: re*ctive powsr at bus 2 using ()-s uethod (up tu tirsr iterati'n)t' 
ff#ffir'ifi" o"*""a,,ce of G-s nrethod arrcl N-R nrerrrori {br power syste* Ioad

i4ll' a) Provc tliat il:e sYmmerrical compo,ent translormati*n is priwer inval.irint. 
t6Jb) Fielue berow:f:. yo 1r kV se,nerarors-{becring a 13? kv doubre circuit linetluough gene'ntlor.kansfrrrnrers' r.{ rry kv line i-"io i* rong and wirh a* in*i-rcrivereactance of 0.4 ohm/km. carcurate tr,* ruulr r"r,"i ilr'; ril;*rrrrase fardt ar: r{r <.r(i) point A on the busbar clase to generator L 

LJ'rl

(ii) point B at &e rnicl*point of one of the line.

,?:--l13lX;1;:rlff*:the.calculation, express vour answer in uurrperes and ignore
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s"ffi
ffll33lrY
1?5 ri{vA
X c 1*$t

lransformerl

Generator
Y,:

5' a) Ilerive tire rotor angle swing equation and hence justity that the swing equation is a

b) A 50 !Iz, 500 MVA, 4-pole. 33 kV altemator has an inertia constant of 7.5 M"L1\4VA.
Conrpute:

[2+3+3](t) $tored eflergy at synchronous speed.

{ii) The rotor acceleration in mech riegree/secz if the input to thc generator is
suddenly raised to 400 MW for an eiectricar loacr of 350 MW.

(iii) The speed of rotor in rpm if the rotor accelemtior is constant for 10 cycies,

[4+4]

Gen.1
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X= 111{

c, '"') Cousider a synchronous generator whose neutral is grourrded tluough a reac1unce'xn"' The generator has balanced enif and sequenc. iuoon** xr, xz, and xa suchthat X1 - Xzr>Xo. ''-'- '--

(i) show that i{ the neutral is soliclly groundcd, thc LC feult cirrrent w.uld be more
than 3-phase fault cuuent.

(ii) Write dawn expression for neutral grounding reactance snch that {,G fault current
is less than the 3-phase fault cunent.

A syn*hrunous generator is oonnecied to a synchronous riolor through a tralsmission
lirie and two transformers as sircrwn in the figurc bdorv. 1he sequence reactance of lheconrponents are as follows:
(ienerator: X1* 0.3, Xr * {).2 an<1 X6* 0.2.
'lransformers I and 2: X,=. 0. i, X2 : 0.1 and X6: 0.1

Transmission line: X1* 0.1, Xr:0.I zurrl Xn== g-2

Synchronous motor: X1= 0.1, Xr* 0.1 and Xs:0.1
A iile to graund (r--C) fault o(rclrs in tlie middle of the transm.ission line" Deterniine
the fa*lt current assuriring the pre fiiult voltagc ar rhe fault points ,-..; p.;.-
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l. a)

b)

2,A

b)

3. a)

tpe aprl the assumprions to be made for decoupled load flow meths4 snddown brief steps for the powff s,stem ,orulioo, using this method.

ii:jT-"^T::::9r}10"sht!ryl,transforrnersandtwotransmission
ffi .':?H'1"*:"*:':H:: Jr :s:i tv&;iw,& ,;; Hffi;::lI: g:.,:tors and transformers ri-J.pi."Jiffi" ffii.HJffil#::

*.:r'r::xgr,:1"*,T.9:,r,q-:#;-";"#'#,'";';:';Hffi:as I p.u, compute the faurt cunent, i?" i-pr,-* uol,#'iffiJf"T#rT
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t8I

Sybject: * Power System Analysis Il {.EE 605)

ty1 are required to give their answers in theiy awn words as.far
4.!"Iquestions.

fr$res in lhe lnargin indicate Futtlttarhs.
ume suitable data if neeessary.

what are the effects of real pow.r and reactive powff in interconneeted porvcrsystem? Poir* otrt your opinion to minimize thEse effects
Develop a bus admittance makix for a typical * bus system starting from nodeequations" Bus I and 3 ye generator buseJ afld ort un 

'toud 
buses. what are thecharacteristies of diagonal and otrdiagonal eleme$ts?

:f g1l:":y_1,:T..lTj,f_1y:"{y given in rabte*t and bus dara as depicted in
:::pxjllTu.,l:,**.* at the end of the first t;;;;;;?; #*ffid;

::f*L::Ty:r.,n* generator reactive power timit as 4.t f a;,.{TT,ion ftctor u -1.6.
'ake

I&lql: Linedata
Branch Line reactanie-X- Line hatf shqnr admiGnceYDta j0.t j0.01

l-3 jo.l j0.01
2..3 J0.t j0.01

ts{31

15f3I

ll2l

Tq!!9-2: Bus data
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4. a)

b)

5. a)

b)

{}1
S0l"lVA
11 kV
lOVo

the positive, negative 
1nd zero sequense network for the

re the system is unloaded and operatinguino*irJ;il;;* following system.

terninal

t8I

X

the sequence network for doubre line to ground faurt at artematorrg a solid fault. Discuss the signific**" of i** s€quence circuit.
he sequenoe reactance of agenerator in p.u. are xr = x2 = 0.I5 and xo = 0.05. The:utral of generator is gr.ounded by impedance._cgmpute ihe n*o*r'i*praance in p.uthe suffent for LG fault is *am* i, ttrat of iit faut.
iefly describe about the srab,ity enhancement teehniques. what is the importancesynchmnizing power coefiicieni. s' I'rqr

| 
- ar-''

consider a system where an equivarent generator is supprying power to an infinite busthrough rwo pararer rines. Exprain 
'oi 

equa *., #toioi is appriea to study the

i#lln, 
of this svstem when ihere is a tr*ee-ph*; Ih;il;*iip"irn of one af the

T,

&(p.u.) Xz(p.u.) & (p. u.)
Ga 0.5 4"2 0.18
G2 0.33 0.15 0.15
G3 0-275 0.1 a.D
T1 4,2 0.2 4.2
T2 0.167 0.167 0.167
T3 0.r43 0.143 0.143
LL 0.083 0.083 4.4
L2 0.103 0.103 0.6

t8l

t8l

t8l

,i** t8l

100MVA
111132 kv
5%

50,MVA
132/6.Bkv
4%
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Subject: - Fower System Analysis II (EE 605)

Candidates are required to give their ansners in their or.vn words as far as practicable.
Anempt All-questions"
7-lte figures in the margin indicate {wt!_Marlgs
As,cume suitable dalu d ne ce.;sury.

a) What are the advantages aud disadvantages oi'intercomected power system? With the
schematic diagrarn. explain ho.,v 1oa#flrequenc), and reactive pcwerlvoltage are
controlled in the power systern. [2 r-4]

b) What are bus admittance rnatrix and bus irrpedance matrix? Formuiate the bps
ar{mittance matdx for 4 bus system and state the properties of the matrix inclurJing
general equations of thrir eiements"

c) S/irat is the significance of -"lack bu^.; in load florv aiial-ysis? i2l
2. a) A three-t'us po*'er system has ali the three iliagonal eiemerits of Y5,,, matrix eq:,ni

to -j12 pri and a1i the off-diagmal elemcr:ls equai te'' iS pu""I'he power and bus
voltagcs are as foiiows:

Bus
1-vpe

Sl""k

Fa
PQ

carry out the load flow analysis (up ta 2nd iteration) tc compute the unknown
variables in the above table starting ftom assumptions of unknown voltage magnitude
as i pu and phase voltage angie zero degree using G-S method" Aiso compute the
netwark real and reactive power losses. [g+2]
\Yrite down the specified and unspecified quantities of clifferent types of buses use6 in
load flow analysis. State the assumptious timt are made in decoupled load flow
analysis and also write down in brief steps for this analysis. l2++1
With proper mathernatieal interpretations, justify that for a symrnetrical static circuit,
positive and negative sequence impedances are equal. Also discuss why the sequence
impedances for a generator are not equal. {6+21
Figure trelow-shows a power systern network. Each altemator G1 and G2are rated at
100MVA,11 kV and has a sub-transient reactance of 2A%. Each of the transformer is
rated a1100MYA, 11 1132 kV and has a leakage reactance of Syo" The line L1 of
1.2rnll/phase,/krn and a length of l00krn.Lines Lz and L: have inductance of 1.0
ml#phaselkm and has a length of 50km each. Find the fault MVA and f'arilt current
for the fault at the bus 5. Igl

{2+4+2)

2.0

Exam. Regular
Level Full Marks

Pass *{arks

80

Prograrnme
Year / Part
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No

Pt"o.t Qto"a
Dr g"n Q*",

1 0.6 ? 1 1.05<0

2 fi1 0.5 0 Li 2

) 0.6 0.3 fl 0
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4- a)

b)

Starting frorn a suitabie point, show that the three-sequence network are connected
in series during Single L-G fault in a 3-phase power system.

For the po\ /er system netw-ork shown trelow, compute the fauit cument if a L-L fault
oacurs at point B. Assume pre-fault voltage at the point of fault is i p"u"

$0 MuA, $/6SftU Atri 4S e4VA,$6k\//3.3 Y/A

,g*sa, $*lt 
Y:olid{ygrourtdud Y is*lsbd

r,:rffiQ:gffin** {;-t+-{sd- m**ffi i.i,H;,ii*1'..,-Z""itCl -'O OOt* e *

state and explain in brief: povrer system stability, steady state stability, dynamic
stability, transient stability and voltage stability. Also, explain in detail how you can
use equal area criterion for stability studies in the parailel transmission lines. [3+5]
A 50 I{2, 4 pole turbo generator 100 MvA, 11 kv has an inefiia constant I MJIMVA.
(i) find the stored energy in the rotor at synchronous speed. (i0 If the mechanical
input is suddeniy raised to 80 MW for an electrical load of 50 Mw, find rc,tor
aeceleration, neglecting mechanical and eiectrical iosses.(iii) ifacceleration calculated
in parl (ii) is maintained for 10 cycles, find the change in torque and rotor speed in
revuluticns/minute at end of this period" [2+313]

***

t8l

i8l

5- a)

b)
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Sttbject: - Power Systern Analysis II ( EE 505)

Candiciales are required to give their ansners in their ow-n

Attempt All questions
I.he figures in the margin inciicate fuil fu{qrts
AssLune suilable data if necessary.

1. a) What is interconnected power system? Write its advantages.

b) For the netrvork shown belolv obtain a bus admiitancc matrix.

2" a)

E,r 0.02'+j0.0 5
E2

x: j0"02 j0 0s
ja.r2 x: j0.i3

0"02+j0.06 0.01+j0.03

j0"1

x : j0.1

Ii:

An l1 kV 100 M\IA altemaior harinc r.:iiir-t:ailriuiii te3erince r.l 0.25 pu is
supplying a 50 Ii,{VA motor har,ing a sr.rt, rr;.nsi:nt ic'3Citi,,-c of 0 2 pu throue}l a

transmission linc. fhe line reac'rance is 0.05 pu on a base oi 10t) \1\'A. The rnotcrr is
drau,ing 40 N4W at 0.8 p.f. leading u,iiir a tennina] r,oltage of 10.9,5 kV u,-hen til'ee
phase fault occurs at the generator terminals. Calculate the total cur-1cltt in -gencrator
and notor under fault conditions. f8 j

Perform the trvo iteration of Gauss-Seidal load flou, analysis for the daia table gir,en
belou, to find the unknou.n r.ariables ol the buses. Line impedance of each line is
(0.02]j0 All datau. All data are in Dcr unit and hate usual

Ilus no. Pc Qc Pr Qr Bus voltage Configuration

I ? 1.0 0.5 1.03 < 0 t-2

2 1.5 ? 0.5 0 1.03 2-3

3 0.0 0 1.2 0.5 ? 3-1

\Vhen and u4ry porver system engineer needs load flow study? Write the load flor,v
equations fbr NR method and make suitablc assumptions to write load florv equations
for decoupled load flou'highlighting its computational advantages over N-R mcthod. [2+21

What do you understand by symmetrical cornponents? Derive an expression of 3-
phase c.omplex porver in terms of symmetrical components of voltages and currents. [2+6 j

Define sequence impedances. For the star connected load, verify that impedance
matrix has non-zero elements on its diagonal matrix. Comment on zero sequence

LIBRARY

impedance. t8l

xctulrr
Dtr

BEI-

iiiri

Full IIarks , 80

Pass NIarks I 32

Time i 3 hts.



+. a)

-5. a)

b)

b)

I)raw positive sequerlce, negative ,aquan"" and z,ero sequence network of
synchronous generator. Show that all three sequence currents offaulty phase are equal
in ca-se of single line to ground fault of unloadecl svnchronous genelator. Also find the
expi'ession of fault currenl. 

tBI
A 25 MVA, 13"2 kv altemator with solidiy grounded neutral hari a subtransienl
reactallce of t).25 pu" The negative and zero sequence reactances are 0.35 and 0.1 pu
respectivcil'" A iine to line fault occurs a1 thc terurinals of an alternator. Determine the
line to iine voltages under fault conditicns" Neglect resistance. t8l
What do you mean by steady statc and transient state stability? Explain. Also discuss
the transientstability enhancemerit techniqucs in power systems. [4] 4l
A tluee phase fault is applied at the point P as shown in figure belou,. Find the critical
clearing angle for clearing the fault rvith simultaneous opening of'the breakers 1 and
2. The reactance vaiues of'various componcrrts are indicated in rhe diagram. Ttrre
generator is delivering 1.0 pu polver at the instant preceding thc fault. tg]

ia.?5
t "\

Lc i-

I E [= t.zpa

i0.5
i - frlrrElr_-- i r_''_-_.,''
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--____,J i iaat1I ., rri{'Trlr---1.'' - " '
I

.."...-r'.---l lntinite bus

" I joos 
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l_. _ i!r}-ftL.___ | rrt=,.,
"t ir-i I
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Candidates are required to give their ansrvers in their
Attempt 4l questions.
The Jigures in the margin indicate fult Mqf ks.
Assume suitable data if necessary

orvn rvords as lar as practicable.
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i

i. a)

b)

c)

2. a)

b)

3. a)

b)

{ -_- r-"

&'jqffiffi
TIBRARY

List out the advantage of intctconnectcd powci' svstem ovcr isolated system. l{ow the
changes in active po\l,e r affect the sl slern fic,qr,rcnci in polr,er sysrem? 16]
What are diffbrence betrveen bus impedance matrir (Zir,,,) and bus admittance matr1x
(Yt,.)? Develop Y5r, ftrr regulating transformers rvhose off-nominal tum ratio is 1 :t
and drarv the equivalcnt ;r-inodel fo. this transformer. 

12+41
A s}'nchronous generaror is ratcd 500 \,IV.\. 20 k\r, 6a Hz rvith haying subtransit-1t
r'oactance (xd") - 0.20 per unit. It suppries a purely load of 400 lvfw at 20 kv. T-he
load is connected direcllv across thc tcrminals of gene rator. il ali the three phase of
load are shorl circuitcd simultaneously, lincl tite initial symmetrical ms curreirt in the
generator in per unit on a base of 500 MVA, 20 kV by using inrernal voltages of t5entaclrirrc" ll I

Describe abottt thc assumpticns to br muile toi deccupled loati floq. metlioci. ald
u,rite ilorvr: its algorithm 

12+11
For a network given below, series impedance of each line is 0 + j0.i2 p.u. shunt
admittance of the line is negligible. Calciilate:
(i) voltage at bus - 2 and bus * 3 by using G-s method (upto 2 iteration).
(ii) Siack bus real and reactive power.
(iii) Network real and reactive power losses.

iZ+i0.5pu
What is significance of scquencc conllronents? I)cduce the sequence netrvork for a
loaded synchronous geirerator grounded tlu'ough impeclance Zn. [2+6 1

Draw the positive, negative and zero se(luence iinpcdance netrvorks fur the powcr
svstem shown in figure belot,. choosc a basc of 50 MVA. 220 kv in 50 e
transmissioi't lines and mark ail reactances in pu. The ratings of the generators and
transformers are :

Generalor 1: 25 MVA, 1 1 kV. X = 20yo
Generaror 2:25 MyA,l I kV, X'. - 209lo
Three-phase transformer (each): 20IvfVA. l1yD2A kV. x: 15%

[101

p.u

Vt= i.0 l0'



Thc nesative sequence reactance of eacir sl,nchronous machine is equal to its
substransient reactance. The zero sequence reactance of each macirine is S%.,Assurne
that thc zero sequence reactances of lines are 2594 of their positive sequencereactances" tgl

t-Y Y,r: , <> r =

f-+:*{f-t-i
^lQ)--t]-lI si

\/ t-.-t"F-"'3 f{},l E)/ Y-+

,\/ V
L:g.3 --"-. t-,, t=

-------- --. r:i--- I l--" *--1

F*,=-.O
.-."1 sof)___--._ {} - I----------.-"-*i} - 1I-*-fll \./\./-'\,,__ f't{-I T*r t

\=5%
X=5%
st machine I ratirg

4 a) A l0 MVA, 11 kV solidly
scquence impedance of i0.2
condition.

__Line Ll 
_

a! machinc 2 atiog

grounded gcnerator has positive. negatir.,e and zero
pu, it).2 pu and j0.05 pu Generator is under unloaded

f6+ 2l
i) Calculate fanlt current and line to line voltagcs di.iriug fault condition if i--G fault

occurs at thc generatcir terminals"
ii) Find the line cun'ent for -1-phase fault.

b) Figure shows a power system netu'ork. l)rau, positir,e. negative and zero scquence
nelrl'ork. If LG fault occr-trs at bus 1. {ind fault cLrrrent. Assume far-rit irnpedance
21: 0.05 p.r.r. 

tg.l

Voltage ratin iLt x0x2
11 KV

- 
r t-rv--

11/i32 KV
1i/i32 K\-

132 KV

laq_
0.25

--01 -
a"?_5

l1-
0.09

0r

- 
o.oq
0.1

1J2 KV 0.25

What is stability of po-"ver system? Slate and explain the steady state stabiiitv and also
signif_i, the importance c1' synchronizing po\\,er coefficient. i21 4 1?7

For the syslem shown in figure, the per unit values of ciifferent quantities are E: 1.1,
V: i, Xa':0.15. Xr : X2:0 4.

The s,vslr:nr is operating in eqLrilibriurt t'ith Pm : 1.2 pu. Irincl the criticai clearing
angle if a 3-phase teult occurs on line-2 clo:;e to the generator. igl

--01*

rG;)-E\ -/ c-1

Yrat-!

k)/-\
E?------( G2 )

\/ \/
TEioo-t 1.-;*
t--

5" a)

b)

N4VA rati

Transformer T1
l'lansfonner'1 l

Eauirment X1 (p.u.)
G1 50 0"20 0.08
lr1 30 0.1

50 0.1
l0 0.09

Line I-1 4) 4.25
45 0.1

F
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Subject: - Power System Analysis lI (EE:60!)

Candidates are requii-rd to give tlreir snswers in their oun rvords as far as practicabie.

A ttc mpt 4!! que s tio t ts.

The figures in the margln indicate Full.lVw[;.
Assutne suitable ditta if necessary.

i. a) Starting fro* tt * equivalent circuit of a synchronous generator, explain tiie Prineipie

liovr AVR (Automatic voltage reguiator) ccntroi the bus voitage magnitude in a power

sl,stem.

b) For a three phase system as shown in {ig.ire belorv, cornpute the Ysu, Matrix.

Yt:7.A5lA Ztz:*"02 + j 0.04 ?
P: : -4.0 pu
A:- 2.5 pu

I

Zrr:0-01 + j 0-03 Zzt:O.0125 +j 0.025

P: :2.0 pu
1'r : 1-04 Pu

(1.0 -.< Q < 1.5) pu

t81

t8l

Starting liom Bus injected real and
N

Pt = IlVr.%\rlcos(Op, +8, *61) and
n=1

reactive Porver expressions as;
N

et =-IIV*V,Y*"lsin(06, +An -6k)
n=l

where all notations have usual meanings, obtain the general expression for computing bus

voltage angle and magnitude corrections to be adderl to the initial guesses by N-R
meihod. Alsa der.,elop an algoritlm to solve load flow using N-R inethod. ii r;l

3. a) For the syslem shown in figure below, detemrine the tauit currert, fault level if three
phase balanced short circuit fault occrus at the far end F. i8i

11 kV
20 ra/A 15%

li kv
10I\{VA 109/o

b) Statting fi-c:'.i suitahle point, for a 3-phase star coimectei-l ro:r,j lvitl: groundri;:,::-:'i,.l.1
shov,' tlrat i.!rt sequcncc impeda-nces are Zp = Zs *32n, Zr : Z, and ii.l ... Zr.

+ js)fi

I8l

l

Exam. .,':1., 1:..'- : ,.,;:[fgg11lA1":.i]..: :r ,:,. ,,;_-r

Level' BE Full IWarks 80

Programme BEt Pass $'larks 32

Year / Part IIII Time 3 hrs.
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Determine the Fault current when a llne to grlrund fault occurs ai Bus 3 as shown in
[16]fi3ure below

Cr, Gz; i00 l,{VA, 1tr kV, Xr : Xz = lSo/a, Xs ='5ol0, X":6Yo
Tr, T:: l0(i l,{\/A, 11 kv 1220 kv. X1.u1, = i,Ji,:

Lt,Lz :::" X? : 10%,){o: 10% oD a l:.rr; of 100 IrfYA

o rr@ O rz @
p+e--lJ t-+-@@

#Y Ys
a) in t1-re polyer system nelu'ork shor,;ri bilow, ii'ihe generator delivers 1 pu real po\Yer

at iitlinitc tus 2. A 3-phase bolted fault *ccurs at the end of the ltl transmission line. The

fa-Lrii is isolated by simultaaeoiis opening rl circuit breakers on the both end oNthe line.

Finil the eritical fault clearing timc .sr: th;ri tr:ursient stability of the machine is maintained.

Ireilia constant of the generator is 8l'4-il\ji"IA.

Bhat are tire techniques to improve transient stsbiiiq' in power systerrr? Describe

briefly. t4l
***

t12l

b)

X'd = 0.3
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/ Candidates are required to give their answers in their own{ Attempt All questions.

'/ TheJigures in the margin indicate f-uil Marks.y' Assume suitable data if necessary.

1. a)

b)

2. a)

i --\

b)

4. a)

b)

5. a)

b)

What are the advantages of interconnected power s3'slem? Expi::in th.e mechanisrn for
reai por.ver &equency balance in an intc,r,:cnr:-*e,t*tl power s,vstem. t8l
-ltriitli an cxar:rpl': of a 3-Bi;.r svstem and n-model of inter-cc'nnecting transmission
lines deri';e tire birs adliti'l.ence m;itrix. Also define the ciiagrnal and off-diagonai
eiements r-if the rnatrix. l.Sl
'!-;.rking a suitable power system network, deveiop the ai-q,rrithm tbr Gauss-Siedel
technique for load analysis considerirrg all tlree types of buses anel generator reacrtive
power liinitation into account. t10l
For the system shov,.n in figure, deler;:iir:e tl-re l,oltage at ihe end of the first iteration
by G-S method. Neglect limits on reactiv'e power generatiiln.

IJirs 1: Slack bus, V : I I A"
Bus 2: P-V bus, V : 1.05 pu, F6 : 3 pu
Bus 3: F-Q bus" Pi:4 pu, Qi:2 pu

[1c]

b)

fuferiticn the advantages and disadvantages of N-R method cver G-S method in lu-atl
flow system 

L4j

Derive an expression to deternine 3-phase power in terms of symmetricatr
components of voltages airci ourclnts. tg]
Fc'r a single line to ground fault in an unloaded generator, show that ali the sequence
netw-orlcs are connected series with the source voltage. igl
A 4CI h'{vA, 11 kv generator has 74 : 22: j0"3 pu. 7-,, -: ja.4 pu. A line to line fauit
occurs on the generator tenninals. Irind the fault current. tgj
A 50 Hz generatar rvith inertia constant 5 V{J/MVA is delivering I pu power to an
infirrite bus. When a fault occurs, the rnaxirmJfi] power transferable recluces to 0.5 pu.'fire ma.xirnurn power transfbrabie befrire the occurrence of fault w,as 2 pu. The
maximurn potvel after clearaflce r:f tbuit is 1.5 pu. Compute the critical fhult ciearing
angle, lt0l
Starting fi'om the slvittg equation of the rotor of a synchronous machine connected to
an infinite bus, obtain the mathernaticatr expression representing the rotor dynarnics
for an incremental change in rotor angle of a synchronous machiue. i6]

* 11*
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,/ Candidates are requirerl to give tireir answers in tlieir ou'n words as far as practicable'

/ AttemptA$questions-
./ The fguws in the margin indicate {ilil htarks'

"' Assurne suitable data if necessary'

1. a) S4rat are the consequences of mismatch betrveen real and reactive power generaticn

and demanti in a Por'ver sYstem? i4]

b) Form ihe Yuu* matrix for the follorving netr4'ork' A11 impedance values are in per ruit
i4lsystem. ._fuO+G- r' *il c, :. r.. g,rFr

i,F=

c) A 3-phase unbalanced source with voltage given by Y*:: [200 < 25" 10C < - i]--io
-t 

so. too'1'' v is l'eeding a 3-phase star connected ioad wilh series impedance p:r

piraseof zr:g +j24Otrisarratoadneutralirnpedance of z,: jl.5 oirrLs. Deie:nine

the: tsl

2. a)

b)

(i) Symtretrical components of voitagc

(ii) Syrnrnetrical components of cunents
i.

H6lv do the symmetncal components help us in analyzing unbalance electric rl1o\\''er

system? Explain br:ie'fl Y'

In the nctwork given beir:w, compute the short circuit futVA for a fault at bus 2.

j0.08
Su.," -' 100 NIVA

i4l

l6l

i6l

l5l

t10l

c)

b)

\Viral is svtrchronizing power coefiicient? Vhere it irnds applicatiorr?

Derivc the svling equation of rotor of a syrchronous mtichine'

In lhe powcr sysiem neiwoik sltorvn beior,v, iind thc iolcr angle beir;ie occurrencc of

fault at b,us 3 u,hen the rcttrr r,','as running al syiicironr:ljs s;peed 
"l'htrr 

tire mechanicai

input to thi: generator is 1 p.ri. Aiso cotnpntc tLe criiicz,l i;llrLring angle'

ril \J"'"
)L ivil : 1"08 p'r

.Yt,i''*- C.2 pu

j 0,4

Component

Vt j 0.1 1<il"pn



4. a) For the network given below, compute the bus voltage magnitude and phase angles

for I iterations by Gauss-Seidal method taking initial voltage magnitude estimates of
1.0 pu and phase angle estimates of for the required buses. t8l

Vr : 1.05 < 0" pu

lv3l :1.03 pu
Pg3:2 pu
SLz:3 +j 1.5pu

b) For the system given belorv, find the initiai por'ver mismatch matrix and initial

Jacobian matrix. iake a flat start of V2(0) : I '0 pu and 6r(0) = 60' i8]

c1 j9t ? ,1+jo5
1.0 < 0"

5. a) For a Double Line to Ground fault in an unloaded generator. show that the positive

sequence netnork is connected series with the parallel connection of negative s:quence

l6land zero sequence networks.

b) Comprile the sequence currents for a LLG fault at bus 3 of the follo'wing netlvork. The

fault impedance is j C.i pu. A1l the parameters are in pu. t10]

w
Ya
'1

L2

A
Y,

Item Base MVA Xl Xz Xo

Gr 100 0.1s 0.15 0.05

G, 0.15 0.1s 0.05

Tr ,7 0.1 0.1 0.1

T2 0.1 0.1 0.1

Lr ,t 0.12 a)2 0.3
tuz ,, 0.15 0.15 0.35

L3 0.25 0.25 0.71

+{,*
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t8l
1.

2.

Candidates are required to give their answen in their own words as far as practicable.
AttemptA4 questions-

Thel'igures in the margin indicate Fnll Marb,
Assume suitable dota ifnecessary

Exptrain bus classification in power flow analysis with theif known and rmknown
quantities and hence formulatethe bus admittance matrix for four bus system.

A synchronous generator and motor are rated 30MV.A" t3.2kv antl both have subtansient
reactances of 20%. The line connecting them has reactance of 8% on the base of the
machine ratings. The motor is drawing 20MW at 0.8 pf leading and terminal voltage of
l2.S kV when a symmehical three phase fault occurs at the motor temrinals. Find the

subtrinsient eurrents in the fault occurs at the motor terminals. Find the subransient
currents in the generator, the motor and fault by using the intemd voltages of machines.

.For the system in figure below; perfonn the load flow analysis for &e first iteration by G-
S method.

Bus No. Voltage Generator Load
P a P 0

I 1.03 < 0o pu

2 tr.01 pu 0.3 pu

J 0.4 pu 0.2 pu

4. Consider a ttree bus system of figure, each of the tluee lines has a series impedance of
(0+j0.08) pu. Thg specified quantities at the buses are tabulated below. Perforrn single

methiteration of load florv using N-R method. Reactive power limit is 0<QczSl,5
Bus Dernand Generator Voltage

Real Power Reactive Pcwer Real Power Reactive Power

I 1<0o pu
.,

0 0 0.5 pu 1.02 pu

J 1.5 pt: 0.6 pu

18l

t8l
3.

t8l

*a*\ffi

Exam. ',r i;;ri;:'rr"-' .',: t.f,fllf , :i.": ii,i.::*F:ii;i..

Lcvel BE Full Marla 80

Programme BEL Psss Marlc 32
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5.AthreephasebalancedY.connectedloadwithselflrd,mutuatelernents.isshownin
figrre below. The load neuual it';o,i,,i;d-'uitL A=0'0; Detennine the sequeoce 

t6I

nnpedanse. 
Io zR

ILi

6.Startingfromasuitablep:qtSo-yllu'u3-phaseunbalancedsystemofvoltagescanbeu' 
;il;Aby a symmetical componeuts 

nmetical

T.Howdoyourepresent3-phasePoy:rofanunbalancedsystemintermsofsyu---
components o"otogtt and cunenb? "Z0I\{VA, 

13.8 KV anil having

-.}$:[H'Hfi:*J::']ffit} 
"ryffi'Tfl:lffi 

i'"; ; r; voftage under rautt

tonditioo' ' r --- rL'* r"'in- o double line fault in a transmission line'

9. Starting form suitable poTL :ho1 F't duing a double line fault ltr n rrrut'suu

zero sequetrct ""ilpt"J"tis 
abse* in the fault current' 

-L+nnntt( tnachine- f

l0.Derive * "*t""ton 
for the-swing equation of 'a sylchronous machine:'signify'the

importance * J;t- ;;*t io tnt Luthint'

riticalclearingtimeandcritical-tlalandctiticalangleifthefaultisat11. Calculate the cntlcat "'"'-til:-j:"-*t::lt"- i r.,fJ/\dVA shoum below' 
-lhe

ooint p to. tn 
"oJrurorr 

having #il; MJiIvryA. ;iJrub; The machine is

ielivering 1'0 ;; and both the "*iffiTl";ffi 
th; iofi'itt b*'oltage are 1'0 pu

v2

I6l

t4l

t8l

18l

t6+21

t8l

I

:

i
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1.

t8l

t8l

J.

n

Subiect: - Poq= t Analysis 11(EE 6os)

cand"idates are required to give their answers in their ourn words as far as practicable'

Attempt,44 questions.

fhe figures in the margin indicate FuV Wr(ts'
Assume suitable data if necessary.

Ciarify the concePt of real Power
power system network.

with frequency and reactive power with voltage in
t8I

2. What are the approxirnations in fast decoupled method? How does -.his method imporve

the computational efficieney than the NIi method in powerfflly Problem? write \n-n-n
algorithm for this method. LL' ' {a ' 1)

Define sequence impedances. For the star connected load show that impedance matrix

has non-zeio elements on its diagonal matrix'

The bus I is assumed as slack bus for the 3-bus system shown below. Find lV3l, 0:, ancl

qor. rrrc transrnission line is represented as norninal n equivalent network with series

il;;U*r, of 4=(0.0 + j0.10) and half line charging admittance 
1"=j0,02.

show that the sequence component are decoupled for cornplex poYrer flow lq a po\ /er

18l
system.

Prove that the syrnmehical component transforrnation is power invariant' Discuss also the

;sd;;;;i;;;, *.q"."." 'ii"it' , I 
[6+21

Two altei'nators are operating in parallel and supplying a synchronous rnotor which.is -

receiving 60MW po**, at 0.8 p(Lg) at 6kv. single line diagram for the system and its

aot* *"'giuen below. Compute^the iault curent rvlren a single line to ground fault occurs

at the micldle of the line through a fault resistance of 4'033 ohrn' t10l

Datat
C, A C, : 11 kV, i00I!f'/A, xgt=0.20 pu, Xg2:Xg0:0'10 pu

Tr: 180MVA, 11.5/115KV, x11=0'10 Pu

Tz: 170 MVA,6'6/115 KV, xrz=0'10 Pu

fvi, 6.1 KV, 160 MVA, xN{l = xMz = 0'30 pu' xvn:0'10 pu 
'!

Line:
):1ilr1s1= x;61s2:30.25 ohm, xlrppo=60'5 ohm

5.

1

##H-ffi
S$_ni}''i,_' 4i*,g,V $u .- '--.

i#*gg ',

ts+**ffi..*+*tr*+--q

f.fJidclt.;, :i,;" j n,...i .

6.



g. Obtain the sequence network for double line to fault at alternator terminal with zero fault 
t6]

impedance' 
- ^o^ohitifv nf a svstem consisting of a generator

g. Find the rnaximum steady state poter capability of a syr

equivaieut reactance of 0.4 pu 
"91t'"Ji*a 

'il* iltnnite trus itrrough a s*iigs reacta$ce of

1.0 pu. rrr* t"rriinJ;"hd. "r 
trr*"e.i"r;; it rrtro at 1'l pu and the'votrtage of the 

t81

inJinite bus is 1'0 pu' 
g equation for the rotor angle of

l0.Howpowefsystenrstabilityisciassified?Derivetheswingequattonlolmeft)L,-.---gts]- 
the sYnchrono':s rnachine'

++*
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Programnre

'/ AttemPt All guestions'

{ ';;;;;;r* in the margin indicote Futt Marks'

I essiie suitable data if necessory'

1- a)

;rb)

2- a)

Describetherneritsof.interconnectedpowersystemoveranisolatedsystem.t4l
^r \ ..;+L o- "*rmnle of a 3-buS

;.d;; "*, "r."rming 
Bus Admittance (ysus) with an example of

i8l
po*"t system network'po\Irer s)r>ruur'"-.'---.. 

-c _^..^^ --iAor ]nar{ flow analysis for the data table given

Perform the tq'o tte:- -".* i,,""-o after first iteration. Line imptdance
*i::ffi 

,HjT"'ffiffi X'jilil;;i,h" il;, after nist iteration Line imprdance
[12]

l:-- 0?6 + l1
6nfieuration

1-2Etr PG QG PL QL Bus roltage Ttpe

? ? 1.0 0.5 1.03 < 0 Slact<
t PV z-3
2 I-5 ? 0.5 0 I.UJ

? PQ
a1
J-l

3 0-0 0 l2 0.5

of each

**i andN-R method of load flow analysis'

r -r- ^^^ f^.'I+ nn

Calculafe short circuitMvt a1d sf3rt circuit current when three phase fault occur at

u0l
i# ri-"f ,ue following single line diary1-'- 

-

t4l
b)

3. a)

20 rtv^ ErBt
X-4355 ohtr

,0 l{vll. aJ ,fif
X: t lt alrm

:I]/iVA'r.lfS fr
'. )ellJtohm(n{b nnn w ddc)

3C !vn" J.!t xv
X'{.{151 ofia

30 w4 55/3.E1 lil
X.t1-5f oir, (rEfrltd !oHY

lfidE

38[1f,19{ xv

CI=0.rl,4
' l"n'A' r'f 

'(yd'o,hg 
i r

b)A25MvA,i3.2kvalternaiorwitlrsolidlygrorrndedneutrallradasub-transient
Ieactanceof0.25pu.ThenegativeandzerosequsEcereactarrcesare0.35arrc0.lpu
respectively. $. iine to line fuolt o"".,,,-u,.r." ..'*inals of an alternator. Deternritre the

ffi5;i ;;'r"f'"*tt *ott fault conditions' Ne glect resistance' 18l

Transmlcdoi rhr

r €l7l olrrrl



4' i)

b)

5. a)

Derive the relationship to determine the fault cuT ent for a line-to-line fault ou a

por^.er system. Drarv a diagram ,rro*,ir,gi-nt"rconnection of sequence networks for this

typeof fault' 
rators are connected to a cornmon bus- Each

Three 6-6 kV, 3-Phase, l0 MVA alten

altematorhasapositivesequence,"u.t*."of0.l5pu.Thenegativeandzero
sequence ,"o.,-".r1 re 75%and 30% of positive sequence reactance' A single line-

to-ground fault occurs onthe bus. Find the iault current for the following cases:

(i) All the alternator ueutrals are solidly grounded'

(ii) One aitcrnator neutmi is grounded through 0'3

neutrals are isolated'

t6l

Discuss the Cifi:rence between the

dynarnic stability in polver systern'

stability of the systeri'

transient stabilitY,
Also, exPlai:i the

ohm resistance and the other trvo

steady state stabilitY and

factors affecting transient

[12]

t6l
! a 

-anoangle o -LU
[10]b) The po*'er systenl shor'vn beio'x is operating initially at power

calculate tne porver aelivered to tire infinite bus ai norrnal operaiicn'

(1) j 0.5pu
(2) V: 1 Puz0"

j 0.25 Pu

infinite bus
E:1.2puza j 0.5pu

Ifa3-phasetogloundfaultoccursatbus(1)andfaultis-c]earedr,r,hentlrepower
angle6reaclres45o.Determjne,whe]hersystelqcgrne'backtostableolnot?-}t1ps"
cal*culate the rnaximrun 5-swing angie'

* *,1

t
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iriiinrt - Power S)'stem Anal,vsis 11 rcr'90s1

Caudidates are required to give their anst'r'ers in their orn'n words as far as practicable'

Attempt 4!!questions'
it"" ic"ro in the margin indicate Full Marks ' i-- - - 'i t '"'
itt"ri" suitable dara if necessary' -r' > I ,.,.

\
1. a) Describe about the importance of interconnection in powff system'-Explain briefly

about the real power - frequency balance and reactive power - voltage balance in

)

P -'wer SYS 3 I':'

b) F' fi g,1rr" t-relou', obtain node equations and then lorm bus

- ,,rtpodtrlces are marked in Pu'

ra,
| -.)

i8l

.0jZS+io 025

tr

X=10.13

I

-/
i'-

E.

X=j0.1

2. a) Figure below
Determine the

iteration.

sho*s the srngleline alagram of powef s)/stem neturork'

N-R method uP to one

t8l
jacobian matrix, and Perforrn load

3 bus
flow by

lZ0opu

Slack Bus

y,, = _j20pu

y,, = _j40pu 1

Pz = 0'4Pu

Generator Bus

lv,l:1'o5Pu

Load Bus

b) Suppose You
load bus and

(5 + ja)pu

ale given a 3-bus po\rer s1'stem network u'ith one reierence bus' one

one generator bus witii reacrive po\\,er limiis and. as!:ed io per-fonn tile

^^ ^,.,1 iniol lrrtcea in tlre netu,tlrll

yr, = _j20pu

Er io-o8

x+.12

/
:j



3. a) Figure belolv shows a generating stationf-eeding a220 kV s,vsten-r. Detennine the totai
fauit current. fault level and fauit current supplieci by each generator lor a ihree phase

fault at the receiving end of the line. [ 1 0]

Gr: 1l kV, 100 MVA, *til =jO.15
Gz: 1l kV, 75 MVA, Xtez= j0-125

YJ ;-', H 3'##,t : $:63 ffi$'- ['
f 'il r' ' "; --qJ 

-.:" 
i*J 6--,

1.1 KV/^-\ )\37----)
T

'''&'* b) The phase voltages across a ce?tain ioa<i are given as:

V, =(176-jl32)Volts
' , = (- 2l -1u511 1,'

V. = (-160 + jl 00)Voits

Compute positive, negative and zero sequence component voltages.

4. a) Explain with necessary mathematical expressions and diagrams how fault current and

bus voltages are calculated u'hen a line-to-line fault occurs in a 3-phase power system

nelwork.
':ir_"b) Ary VA, 13.2 kV synclrronous generator has a solidly grounded neutral. its

:, negative and zero sequence impedances are 0.30, 0.40 and 0.05 pu
veiy. Determine the following: t8]

e value of reactance that rnust be placeci in the generator neutral so that the fault
c,.rrrent for a line-to-ground fauit of zerr; talrlt impedance shall not exceed the

rateci iine current.

ii) The value of resistance to be placed in the neutral that will serve the same

purpose.

&t,
#*
B'r.

[61

i8l

5. a) Derive swing equation of a syncluonous maclrine to
power system stability. What is meaitt by swing curve?
by the swing curve?

be applicable in the study of
What information is supplied

I8l

b) A generator is deiivering 0-9 pu-to-an-infinite bus-through a purely reactive
transmission iine. Maximum power that could be delivered is 1.5 pr.A fault occurs

such that maximum eiectrical power output reduces to 0.5 pu. When the iarrlt is

cleared, the maximurn power that can be delivered is 1.2 p,r. Deierrnine the critical
clearing angle using equal area criterion. 18] -

*:rri
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/ candidatesarc required to glve theil answers in their own words as far as practicabie'

J AttemPt&quesions'
t Th" ig.r"r in rhe margin indicate Full Markg

{ Assime witsble data if necessary'

1 e) comoide y-bus matrix for ihe following power system network shown in figure
r ' qt 

u"r"$ *a u" oul the t},pe of buses used in the network. t8l

t <0

b)

2. a)

List ord tlre advantages of interconnected power system over isolated power system' t4]

A three bus porner system Detwork is shown in frgure bel9w. The series reactance of

each lirie is 0.I pei unit- Liire-resistarices aoo shint adrnittances are legligible' The

L*.p*m*tion and power input, etc, at the buses is as under:

(i) Form [Y6,;]
ii;f fioA the misrnatch matrix [M"l and Jacobian Matrix p"]

ii;b;,;; I't iteration of toad flow Analysis by Newton-Raphson

calculate the above u::known quantities'

1.2 + i0-5

method and

t12l



3. a) Figure beiow shows a three-phase power system.

(i) Calculate the short circuit MVA and the fault current when a 3-phase balanced

short-circuit fault occurs at the High Voltage (FIV) bus-

(ii) Calculate the ohmic value of reactor 'X' to be placed on the secondary side of
transforrner 'T2' to lirnit the Fault Level to by 25Yo.

Assurne the system data as u qder:

Gdherators:

Ii4]
Transforgrers:

Gr: 20 MVA, 11 kV, Xct : 50% ' T;20 MVA Lll132 kV, Xtr : 5o/o

Gz: 30 MVA, 1 1 kV, Xoz: 50o/o Tz: 30 MV A, 11ll32kV, Xtz : s?o

b) Describe the effects of short circuit faults on power system. AIso, elplain'the
importance of fault calculations.

4"- a) A double line to ground fault occur at generator terminal of 30 Mv4 11 Kv and
havingz-: 22 = jO.2 pu and 79 = j0.05-pu. Flnd tlie liie curents, fault current and
line to neutral voltages under fault condition-

t4l

b) Explain with necessary mathematical expressions and diagram how fault current is
calculated wtren a line to line fault occurs_-.qq thrce_plglq pgwer systeln network t9] --

5. a) A three phase fault is applied at the point P as shoqq in belo''.r' figwe. Find tha critical' clearing angle for clearing the fault with simultaneous opening of the breakers I and
2. The reactance values of various components are indicated in the diagram. The
generator is delivering 1.0 pu power at the instant preceding the fault. t10]

hfinfu bus

lVl=1q

b) Describe the various rnethod for improvi:rg transient stability of a power systern"

tel

lEl=12Pu

,1. +*
t6l

iol ,



:t6 ii\13!i:-jYAN ijl{lli llR:ilf1'

i,ii :i I I ]1:i: 8ir Lr' l'l Gi l'i 1r'1 lii'l i"r

;'-- J-"r;f rtll I]il l';t+n
;". .; ;i i.i;' ; iTiit'J.'g! 1"r'

;1*T1 bttii':r-itau

_ .- _ 
-:,i;_r;.:,-ys!rrr;,ri+:i_, 

,;;, *r*,,.,.,, , : 
-

, a.u-,,"..,-,;;-;";;""i;;; ;;;-'= i' "'*i'c"it "'n:''= 
ris r; as p;rir'rcrri i"

,'',4.rritl.;t .A.Ji qr,ir"stictri'
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,'r,r,r ,.tii,t s Y.it ahl e daLa if ne c e s s sr1''

.,;rr a sJ:ici:::cinous senerator connectedi:T::T,T:'r:f;;:l;:;TYJXfIator::i:i. ,-.:l .,;rl a sJ:ici:::'c;nous genelalor connected to lnlturru uelr' ---- 'sa'L'"'illrl';e fli:ii:;'t'1t'

:uppiy or.*ru*"#iJ"ui","^"*ivepower 
*-.:r::*j::'-.1,]1,, 

i;.*.,.: r_ii.irii1 i1s:uppiy or' c,orsrrme variable reactlve powcr *'."t,.." - 

- ^ _..,.,,._.,_u i.r.:.o-...,: .'i -il.ri.; :tilit,.-.:l'.
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;11;;;?h;ril1;,"'tr.T1."':ilffi ;;;;;;;.'aren'r:;{::iiLi':i

l{tj

lc, j
i.\,

i ;1t,ii5 ? l'""-.'i-L.\ i t.-r'

^[.}if

[-sn'J

Lin**?
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Ii*r the ?-bus Por'l'er s, - 

: i::::p*cr:ce
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q- 
"i A 3-phase generator rated 1-< :\,lv-A, 13.2 kY has a solidly giounded neutral. Its

positive, negarivs and zero sequence reacrance xe 4}yo,30% and 5% respectively.

i) Find the value of reacterce to be conrrscted in neutral circuit so that fauit current
Ior a single line tc, ground &r:it (of negligibie fault impedance) at No-load does
not exceeci line crirreat.

b) Figure beicu,-sir{-rws the pora,er s}stem net-wcrr:k.

i) Drau positive, negative and zero sequence neiworks
ii) Deterrrine fauit crurent in lc4. if iine ta rine faurt occrr:s at Bus 3.

MVA rating Voltage rating Xl pr: Xz pu Xo pu

Genqral.or,.G1 50 1 ) 1.1/I,,I Il'I 0.2 0.2 0.05 :-.

Cp4grator, G, 54j ii Lv 0^i5 .0.0] .

Trgnsformer, T1 s0 LLfrzOKV U, I n1 0.1
'lraniformei, T2 s0, 1tf220 kY A ri?( n n.:c 0.075.

kiae-l 50 22AkV 0.12 0.i2 a.q2

LtI iL': in 220 kv s.12 u.i/, nn\

'i he pre-fauli r.cliage at Eus -l is 0.95 p.u ai cornmon base of Gr.

i.i::* i

^ l- -JY YI.)'--

5" a.i $,'tat r:o ,yon ure:x bi, rcto; angle? Dsdve the s',idng eq*ation fbr a si:gie
sl,nchrom,us u*neraiol cor:.r*cted to inflqite bus. laij

li:'-piel:x t"he Equai. arr:a criterion ta srurly tl:e tansieni siahiilt), of single :nachiri:
s3'stnn ceanelte<i to infrnite bus with proper mathem.aticai aiis a'1d diagam.

ir*r a slmchronous gcneraicr sonnected to infinite bus as *hora,:r in figu:"c b:ior.;.
cci:rput; the Yaiue cf's;:';::: capacitor so that tle power aagle al sieady'slafe c*niil bt:
li;-'1i1,-; in ?l'rr ir,-,-,n"..,_ :.,,!v._:i/ -i :_. . _, _1,_.-: :,;ppi;.i:rc per,,vci of 1 p.u

l_j2 liv
lr:f ::ile tsi:.s

t''J

rr n'i
L"V]

ill r',;.*'

i6j

!uj

b)

,_,)

I

S-6 trrv, 5G MYA
flinrr-'- r'*

a

aj.6ll32 f'-,V

stj M\i&
0.1 p.u
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INSTTIUTE OF ENGNEEI{INC

Exa-rninaticn Control Division
2073 Chaitra

-. 

t-:v!ts* ---lsv-qrlv-'i9s srylvl* !1 Jwg- -
/ Candidates are required to give their answers in tLeir orn'n words as far as practicabie'

{ AttemPt &.questions'
/ The figures in the rnargin indicate Futl il{alks'
I Assume suitable.data if necessaty'

1. a) compute Y-bus matrix for the following power system network shown in figure

below"

b)Explainhorritherriisrnatchinactiveporvera|fec,.sthesystenti.equencyand.rnismatclr
in reactive power aflects tliil ',;oltage magnitude in an-irlterco'lnected polver systenl' [8]

2.a)tntheporvers-Ystemnetlvorkshou'ninfigwelglow'irusli.-sslack'uuswilh-'-';,*'r.a;':oopuarrdbus2isaloadbuswithS:=i50lv1W+j50N{vAR'Iheline

admittance is y,z = lli -73.i4tpil on a base of 100 N4VA. Perfbrm two iteratians of

}ieu,tanR.aphsonlca<lfltrrn.rnethor]toobtainthefollc.+.,iilg:i10]
i) Voltal-le magnitudr-: anC phase algle of bus 2

ii Reai and rJctive p"'u-i suppiied by slack bus and networi\i losses

s0 Mw
IvfVAR

[8]

b)

3. a)

Describe about the assumptions to be

hence derive the required equaticns'

made for decoupled load flow methcd, and

l6l

Figure trelow sirows a tluee-phase :yqi*n, Calculate the short cir.cuit MVr\ arrd he

fault current rvhen :-ptrase balanced"short-circuit fault occurs at the ioad end of the

transmission line. Alsa, deiermirue the fault current supplied b.v each geneftrtof' tio]

1OMVA,11KV
\'= 10o/o

Gz

5 MVA, 11 KV

ry:75%

Xlr = 20Q

i5 MVA
11133 KV
Xl= 6Ya

Yi::2.8-j9.6

r : 1.0 < 0o

Overhead line

Exam, ft f l';,,: ::.it-lR**ufufr,'.11: i;, 1, 
-..,i 

t. ::.

tr-eve!
nr i,'ull lvlnrkg 80

PrngratRrne BEL P:rss Marks '1)

Year ri Part ni/I Time 3 hrs.



t6l

[8]

18i

18l

i81

AL

5.

h',, Derive an expression or 3-phase complex porver in terms of symmetrical components

-' 
ofuoltug"s an<i currents'

a) starting ,r"* =:,,31::,ir*;:*:;H}f;'y-'r-,'.:iT*:: ff#*:'3:tonnected 

in

*' "..ri., 
iuring a single iine to gr"rurtu r*s'r "' 

. ^ ^ .z - icto5 nu. A line to line fault

b) A 30 MvA: "-ff:xT:;H ,?';,1;;ii,:::'JJ;,::'-ff';'-ents 
aRd rine to

occurs on the gent

neutralvoltageunderfaultconditions' .ning the stabiiity of

a) Describe 
"*t Y;::*ept 

of Equal Area Criterion in determr:

, .-^*-{or is

, $;;"6;**t*$:.tt5,'oi* 
olinlz 

-l* 
power transrer is

1 .5 pu in the systerr 
._ ,.--.+.j:.j.::."a:,i:ii' r.,:,;.:;re*ii,,.+:,ji;S'',,..?,ii,

;"#;,ilJJl= t':" lH i::,i:'$*,:l'ff;$'il':;i) rrererrni:rr *1,:,',"1.11-,?'j"[I;$J,:',;r'*:l':i;;;';;''. nn,i the rnaxitnum rof.oi

li rfr" faulr i-* clezu'ecl

swmg

iiil nUA ttt*?ritical clearing angle'
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.r,rq.-----
Fq_----ffiu;".'i!9 i

Eogramme I eel 

- 

i-I-tY"tE ',32 ---)',ffit"*-niiri

Sa, ',' - Po'*/er Sy:stem Anal sIl (EE60s)

,/ Canciidates are requked to give rheir a.'rssrers rn their own words as far as practicable'

r' 
"4.ttempt 4\questions.

{ The figure.r in the mtrgtn indicate Falt &{s-'ls'
{ Assume suitable dam l{nece,tsary..

1. a) Explain how reactire power and voltage 
'balance is maintained in a powel system' L) j

, -:.:
L.-lb) What is a brrs adrnittance rnatrix? Defi*e irs elements.

2. a) What da yor.: ffie?n b,v decoupled load flow equations? List the asstrrnptic*s tc be

made in Fast Deccuplea toad fiovr mctiro<i l$l

b)Ina3.bruroweri,ysteiTltrieseriesimpred.anceanrlshuntarl.mittarrceofeachlineare

maqnii::rle arr,:l nhaq* fl,.sies c,f r*itase at bus 2 zud 3 after 2nd iteraiion using G-Sp 
iiclmethod, The datg gir':.n heirtv:i ":re 

ir t-u"

Tf,r, c nI'C Qc
p.,

Qu Bus vcttagq
1 1.0310"
? 0 0 1.C3

.) 0 t.2 0.5

l,/rul
t\/

\/\i-T

\Yhat is tire prirrr*se of f:rult anaiy*ris in electric ilo"\er s1'ste n? '*r'i,-'r i')pes r'i fil;ll
occu:" in i, prJ\\'sr -i)'stern nenl'orli? 

l-A 3-pha:':t s:v-rnixtiri,-ra] iault occiiri at bus 3 in tne gi'"en pJwer s]'sieffi fle'li;'roi

Ileiexnkr,; tire iauii ciii'irni. l'e: unit vaiues of rcactanc< a:e base'C on illl'{VA b:;s*"

t\
?

ai
\.4

3. a)

b)

[;il
li



4. a) Derive the expression to catrculaie symrnetrical components of 3-phase
CTlIT3AIS.

bi A 3 phase systen-i iras following r..rltage ald currents; 
t:

Y u = ?}QY 10o, Vo = fiAV l- 120o,V. = 300Y I - 24A"

1, = 10Al -1 0",f0 = 5A /- I 00o, tr" =1 5Al - 204'

CCcuiate sequence voitages, currenis and powers.

5" a) Sta:rting from a suiiable poirr. sllcx that the three sequence nenvorks are connecteri ir
. series dr:ring a SLG fault in a 3-phase powei s.vstem nefsrork.

bi Ftr the giveri polvei ;;y:'i.ern :reiv,.lrk, dlaw sequence networks for DLG fhult ai hlls

no 2 u,Id determiat the fauit cuilelt, short circuit I{VA.

{-i, : i {i,;r'ir \; A, !. i "]jiiY. X, = X, =' *.? pu, l{r, = 0. iFt:

Tr ,.,1', ;i'..1i.',rr-ra/.rr.15,Jj;ii3.!(V,-q. - Xz ="X, = f "iprl

)- ir* :li, = -)i, = l::';-l{" - 73ii

6. ai Whai is :irr rigriii:crenc* ol i{ :*fistarr itr stahiliff cf a synchronous rnacnre? itt.f

b} ido,.v flqriai Aiee ilriterie ran br r:sail t* evalilate transient stabiliq, ,lf a synclirono'rs
i8lilJai;i,iI:s,

cj A r.1,i.lchron*:.:s ga*irilie i: cr:rrra*cpci ta a.ri infu:ite bus and th.e f*llo$,:rig c,::iCirii-rn

elisti. dui'i-iig rc;;riai r..peia,rir:n a;lo ti:e fclicurng reiaiicnsliip is l'aliC dur!;rg iha':
,, :-:-dr:ti,:;;; i:tf j

f\

i '-- I (.^')
a--. -- r.rV:_d

Frli^":1.,- ', .l---- '.1-4 Lr! rr, ;.,^i&se s;.,;:-i:;:-ricai ib.*i1 at iire bus cf synchionoi-IS '..'3lk'l'3;-l:. a:r'-1

fa,;ii is cieared at E = -10". Check tiie srability, Caicuiate the mr.r,iinun larlll ,;1t,':ling

a::... 3r: es :,. mii;ria.ii., s'ihtnr,''nisr:.

{i {, ,F

un-baiafice
ratr
i.r.l

t.- j

r !-')
L'J

I-i t'r]

Y-

i

il
,i
'I
i.i'i ':.
il
ri

ri
.I

;i
lr

I

:'i

il
t,

t:

:t -
ji

tirt..

'I.

i

it.
Irl

.i
ri

ti
.i,

I

'i ir



ffii'Ji-iur,, "rl;i i-iii l\. l:45! IY

r';5 i a.l i-.TF, Ctir [:'iC i]'iEf-;-i\:G

i:l :r.:l*.i rr ;rti*n C *ntrqrl l] i'-'isi*n
?{i':2 Ci:aitra

1 -.\l. tit

L. ,\!

I l:lt

,30

. _ . - " .. _ _i,, WLr, p .;.:f 
.s_y 

ge m A 1{-1 : : !-|,-€{{ ti L' -
{.rr.r,r-,i;iiar*s a--.e;cquired to g:ve ihcit a-nswers in their own rvords as far as il':ii4i:';chi*"

,'1i ;;,1.1:;,-'ri ;i l) q t t e sri*tx.
'i it,: ;'iE ir-t ln ihe rrr.trgin ittiicate f'utl Mgrks'

-.:..'. :,' i i : t ii,lb !.:,.; :::u i;' i-:e ct s s a".t'.

i.iri cut:lie ad a:lieqe: o; :r.1c:cor,;tscili. pov'ei ::*ttT .-'r. ': ,.-;, li-.;.;:,...,;,t
I:;plain ho..v r*el p$-wer and frequenc,i' blrience 

:' mettl-iil.::lr:J ''i:"iil ;;;i-ri:u'-';r;'li"'- 
itil

F,;!Y#' Sl/Si*ili.

\:rriih fli,; i1s!;1 r;f :,r:itable l-Bus Po,,vi:; [iysre;:l lier"''lorit- c":ii'li;'r ilij *]'iil"]:'::riii li]'f

'l- il.:.ii },,{l.iii:i lj+rnerriS. rtiS,r diSCusS iorr rh* c"'nsilii::ar-ii:rr {:ri ii:"r'; -i'i'"' '';': " 
r ":' 

f:,.r-!

aii:': ;,-;, ti: c Y-B,.r s ivlati j.x el e n: eir1s.

J.iilit:;: l*iiilr:ie .,rlu'ier si'st€ni neiivc;ii' 'iav,,ic* th* ;':it':l'i'tlll'l fti i-::i::ir ';:';:;tl':i

i.'*:t*i.b,,i.ri** i;r iCarj anal1.SiS;O;:siiieiittg e.li thrle li'ls! iii ['l-ll';s e';:i !:';'1;';:rilii '-:iir":':l1"f

l^, ]

Ftl\:i'ff ilrnii,'r-li+n into accr:unt

j-r":A.l..trleri.rr';15pr;r;lg1lyst+xrr;:iwgrkinfigurebci':w"il;chlrs*''l:r;i'lri:.1'l':'t;'*;r'iii.:''-"'t'r'J lr:: j
.. ' 1-... . . ;t,.1i ;1 1..-1 g-1;' I .'
ij\ ariL !nrtrr.!
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\

i,

,'
!

1'

i. ;. - t'1] * ;: -+- 
"t 
6 *'t -- .i':1

;: ', ^.') * ,i. I '' ; i.Z -'i ,- .t,1

i.-'.. ='ii. - 1 .y :r, t, -- j:1)

i ;r* plvit:'a::,i i:rt.is vrtiiaEe* it p*l *nil a:* u: {tiiii"iri,

i iilri

? 1 *."?
i

c.i;

f.3:-----^*'
1 -. ,U
i:

L .-.-*-...- -* ;- --'- -
- n *, ;.*:n..gl: .. *.-:.1-,-.;f ll,,jijifri;j{*'i.Se{;f:l':lc,,r aluli,ri:r:eilr:ls a:t'. LIr=lLfif)','1r== 0'g{*l"ilu,+t1'{:':-iriY'ir'*tr'j !- "* r'r

ifi;,;rr,rrs. IglI: 851,1 r*lritive Powti las:es.

r. a) 
"'-f 

i;i'3t:riiti:'llieiri Et"i''iratc: ieff'(llor s'v;tot;i l-t'es ;clr.slt'';Yi::ii=;::t.tt),,':" .';;;
valu*s for rh,:.giv*n tii, rer*ctanilfl are ihe rating oitndivj'tlal,pii;c1'l_.:,i,- :l;:i-'* ii.
.;)*r,*i:ilini: ih*Iia,;it **rrerii a*d fault lr{liA ior a 3.i'ir*st sllr:"'-'r:rt't'ilr' ir!;:' 

il*l
/riS3l*ili h;s Lel rolt'age as i I kV.

1t lviVA
1t*"k

6rtrl71
'j

I

F

2u &'ilrA

i() idvA
':, hl\/,1

..i70

3r.};iii'r'*"trei iri a deLra connui"i*i s:/s'sm tti* z:e'iii seqti#ilt1s

lf,: air,.,:l)'s z*lt. !

i.l:

.-.-" -.r,-'-*-';'- -'---------
; .: *: . ",. ' t- ..," i i-'-",

f,cm.pon*rlt *i li-ne cur*:lits

in

i -'
!

IrJ $',1 v '*



4. Calcuiate ihe fauli curienls in each pirase tbr thL: slrtem shorvn in {igure beiow if
ii) L-G 1ri) L-L (iii) L-L-G fauii occu;-s a1 iq) biis. Neglect rhe fauit iinpeciances.

Data for erlr:j.:melis are lir p.u ):
.i 

=;" 
.r--\.r-r'.--. -\---: r':t<(-": Xa lt'.;,.\2;jrJ. aa| -;-;*)t). L)

T1: X1=X;=lln=;O I

G f J,- r i,re ]'. '[l F" .\ - -\ ' { r- _*J.__;,\b_+--1/ri Efr \3---38-'----.--€-r '\_-/ ii
' n- 1 -na!:=t<Lr' A j.1 -i. *

5' a) Discuss the transienr stability elhancement Technique*s dr a powrr sysiem. 16]

b) A generatr:r is operating at raieC voltage and is connected to infinite bus at 50 I{z witb
power trans{br i:f 1.0 pu. A three-phase fa.uit occurs anEi. it is ci*ared aftel :oxe ti:*e.
Power angie {):'r-r,1 c-:.}i-l/es farthe pie_fai:it cirndition, du*ng fauit end after the irult is
cleared is si:c,*;i rn tigi,:.e Lelow. [Jse equal a;ea r:riteion io cheek u,.l-.rether dre
sy$i*ri is sraL.le,,]i iiot. If ihr :jysrr::n is stalrle, clri*,lr,ini: *iitica! clearing anqir,. il?j

licj

r

r q l-,*.

(l

",.l..u

i u t-,,,.t-l ii i P*st-,r;:ui.ii

1'2. X;=X2=Xa;j0,i

Ltrre: X1=X2=j0. I i, X, =j i;.,r3

I r'ii)-];i t, l l i

Pm
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Eramination Contpol Diyision' I'.,,g.rn,,,,. I'ass l{:rrks
ii,r"

32

J hrs-2071 Shallan

Candidates are required to give their ansu,ers in their own words as far as practicable.

1.

Attempt AIl questions.
The figures in the ntargin indicate Full Marks
Assume suitable data if necessary.

a) The single line diagram of a power system network is shown in figure beiow. If each
line has series impedance of (0.05+j0.15) pu and shunt susceptance of j0.3 pu., find
bus Admittance matrix for the system. tsl

b)

2. 'a)

What are the advantages of interconnected power s),stem over
describe demerits olinterconaected povr'er system.
The single line diagram of a por.ver system network is shown
Yu,, of the system is

isolated system? Also

in figure below. The
tsl

t8l

t 4-jz
ybo,:l-z+;e

[-z +;e

-z+i6 -?+i54-iLz -2+iF
-2+i6 +-iL?.

if the and bus ith different busesvo w'1 are as follows:
Bus
No.

Pr,"a Qroaa Pg"n Qe.n v Bus Type

1 2.0 0.6 ? ? L.n5la Slack
2 4.7 0.5 1.2 ? 1.0 PV
, 0.6 0.3 0 0 PQ

Assurne limit on Qecrof 0-1 ! Qe* < o.4;
IQ111Y-out the load flow analysis (only two iterations star[ing from assumptions of unkriown
vdltage magnitudes as I p.u. and phase angles zero degree) using G-S to compute the
unknown parameters in above table. Also compute the network rial and reactive power losses.

Compare Gauss-seidel method and Newton-Raphson method in load flow solutions. tS]

In the power system shown in figure below, the value marked are the per unit
reactance taking 20 MVA and 1l kV as base values in the generator circuit. Both the
transformers are rated for 1ll1 l0 kv. A three phase to ground fault with a fault
impedance of 0.088 pu occurs at bus 2. Deterrnine the actual values of fault current
and-the currents supplied by the generators. 

tg]

b)

3. a)

Full Marks 80
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b)

4. a)

DedLice lhe sequence netu,orks lor balanced Y connected load u'ith tlcutral grounded

thro.gh itlpedance 2.,, and shor.r,aiso current tlirough ner:tral impedattce is threc tjntes

the zero sequence current. tl0]

A single line diagran-r of a power system network is shown in figure below. The

system data is given in the table below: L3+1)

Element X, (pu) X: (pu) Xo (pu)

c 0.r 0.12 0.05

M1 0.0s 0.06 0.025

M: 0.05 0.06 0.025

Tr 0.07 0.07 0.07

T2 0.08 0.08 0.08

Line 0.1 0.1 0.3

i) Draw sequence networks

ii) Find fault current for a line-to-line fault on phase b and c at point q. Assume 1.0

pu pre-fault voltage throughout.

Develop a mathematical expression to obtain fault current of a single line to ground

fault. t6l

Explain the effect of change of excitation on the steady state stability of a

synchronous generator feeding an infinite bus bar. t4]

The power system shown in figure below is operating in steady state with which the

generator deiivering 1.5 p.u power to the infinite bus. The circuit breaker A suddenly
opens and remain open. Find (i) u,hether the system remains stable or not. (ii) Angle
to which the rotor swings. t6l

*'1""' g-4P.,,

What do you understand by term 'Voltage stability'? What are the assumptions
made and factors affecting Transient stability study? [+3]
What is equal area criteria. How this criteria is utilized to study the transient
stability. t6l

b)

5.a)

b)

c)

d)

Et:1.2ii:*

Xt^: a'ZP-u E :7..Op.u

AB

t''-!

ii

I
F

;
B

llEI
5i

p Tr q r -l't

cAt', \ ''" \.??
'bY+ 4L>



Exam.

i Year i Part

:5 i?IEHU1,']]. tllvlvEiislTY

lll i:iTiI'r.:TE CF Eh GI'IEERII\{ G

E:,raiiaination Con trol Bivision
2&TL Ch:rifra

Anal (88605)

/ Camoidates are required to give their a*swels in their own words as far as praglissirle'

/ ,lttet;pt A!! qurrio*. i tJ 5
'/ 'The./igures in *t margin indicate Full Murks'
{ Assunte suiteble C'aa if necessary.

1.ei For a 3-bus netryorlr, the bus admittanes roatrix is giyen as iollo'as

f-;:o i7z ,18-J

Yr-, I J''t, 11zs i'rs I uu, rieterrnine the resl'ecti'e irranch i,i["i ':"'"';:'

[ta i13 -i31

bi what n4ll be the irnpac{of misrnatch in active *nd nr:*ctive power bi:lc*re in :.tn ii1t*l'f:i}litls{:'isd

power q ste n? Brietly describc tue *..trn ni"u*l *rri-i l--.i! t, rhis pil':rn-rs1i)ncn' i;i 't

2" a) Wirat do you rueat by load {Iow sildies anrl list clov'n tireir *ppiitnticns in electrit **t''ot, 
,-r,

s-vsf enL

b] ?hai i5 ine basis fordevtlopmeiitof decoupled lor'l i;; *';tliod trtrl lvhsl are lfue ar-iilrll{'2tes
i ' i"i.i

gaiard lrorn dercuPling?

t) Thc foitoring [u,", a*d line dat$ ere nvailsb(e icr fi j)'-t'riet 
''i'stefi' 

di:itrrniE* tlt* iil* fir':+';'l L'i/

tinu;is$eidelilteilr*dusing'r'olt'.rgrx;*tr"in.Ctf it i-;tttt;r"n i-cri:ir]:rl'ilirtvcitag';ri;rl':'l'r-rtiitle

load huses- 
lfid rslngl'o1!:'igt5!oDt'ElnEri i'}-i i '(.('; i'ri- 'i:+i

!f\

3, Figtre belaw sho:rs power ry,t:* fid,.ny- hvo gEuerators. The.latina anr] lrlactanges af tire

equlpme*is are shown" A 3-phase bala$ced utortiioriitiuuit t-rcer'i:s at the i*c*l'rirrS nrid h*s of i37

k!-. !'iud {{ Fault levsl anci fauit current * r-*-rirg 
""d-iUj 

nu*tt 
"utt*nt 

suppli*d 
'i;r geueralcrs G1 

tSi
and G2,

'9iis lin Pt-,.llU 0c. i;* t-:

!
irQ

l.s

Lin* drte;

iS"i ldl\,'A
lLli32Ir^v
Xr Ba/a

Lz

.*-i,...._:r.---_ t".r"iri I I j

i . . ..- ....i-..--.-i''^:*- F'-- -----'-"-'-''
l1'I tr.. _..1-..__..-:.-..__1.__" -..-"---. .-i- . i,,r --i"^ -: i I

-*.1 t'".1. .. -..----.--

Note that rtai:tance rrf ;na+it':r*s arq

based on their *rtin r*iing'G

1'J* iviV,t
Il KY
1s%

X : 0.2(],'krn/Phase

X = 0.2fi1ir:r'-1p&l3

Sfi h'lY.r^

Line'i

50i'i"A

'Line -Z



4.a)A 3-phase supply sl,srem has i'otlo*.,ing .,,cirrges V.=220<1200V, Vn=i20<300 Y and
V.=240<2i00V and the currents are I,.=1C<Is*'A. i,,=5<1")"A and lc.=15<180r'A. l]etermine sequence
currents. voltages and powers, (s)

ucrwork?

5 .a) Ira pol#€,? sJatem rctw$It{. show$ in figlsr below, single iine to ground (SLG) farrlt ocsirs at

bus 3.

.. i. h*fu positivc, uegative ard zsro sequerce uetworks;

ii. De*mrne pl*ase currexts in p.g" units ano ampres;

iii, Phase voitages in nc:,:.,"rii.s md *-.,:vobs.

Specificalioni of the equ ipn:rti ire as u;roer

. Cr: ISil l"'ft'-4, ;3.S ii!, l;-,':l',,='! 5% rnri Y.;t\h
G2: t 0l) L[V& 1 3. I kV. -]{,- X2- I 5r;;, a-r: ii,,-j?i

G: 10(i hiv,q. l:., kV, 'ii.-}l^=r 5Yr ar,J:{rr5%

T1: I08 MY,+" i3.3/;:5 kV. Xr=Xz=.e*<i*tr

T2: 100 MVA, I l5i\3.i, itv. -\ii-X.= 7,+=i3a,,t

Line: ir,10 },fl,',\, i l:; -.'.i, X:=Xz'--ri]9'i ';:rJ 1i,"{tii'r

/q\

TTVJ

(.r );." l

bj $ilrw;:;;it p::,.iir,,,:;1t,...1 *e;:a:!i'* se{ue,iie crj,r:ents are equal in magnituc!* but cut *f phm*. i.r*1'

180' fu: fl lii;r: ti'., ji:,.,r fiir"ilt iln a Fo.frer s-/sie:r: fistivork. l):-aw a diagrarn ;Lolvjn$ ir:te:'-

' ctt-llii-r:ii.r.rr i:i':eiliiitili:* a9l.,rl;,r1(s f+r:Lisilpe cifar:ll. ir '

6.a) '*fhai ilc i.,-,i:. :l'l*;; l'.- ,r:(ri:;t.) s;1te iui La.:rsi.*nt :irabiLiry anii thsir iiilits in g:lglni*r !:,rstai*'.r

*e;;i::l iiii-. fi,;toi:i aiftatiig ihe ira;-rsl*nI sk)rilit/ rf n.polve; s),si{rIl, "

bJ fii1 $li'', r:.1';i,;1,1,, :;il,;-r':,,. il i;itic, iL* nl;nt.:icti ';iiiues for rjifj'ersnt quan'rities lre: ELi.0i fil, ,"t':-;

,,'- j i';i;, :1i5.',i.2 pl, a::',i r:ractances of eei.h iinc is 0.c pu. Th* Een"^riitcr- is ii*liverurg t !rj'..'ui":

cl' 1.2 i:,,i ic :!*, inii:ii;+ biis. Ii a 3-pi:*se shcri circuit .t"anlt oocui"s at tire r"r;.id poir: iii .r,. ::l,g

it :l: :.,;:.;, r',: I ::tt.i- :;. . :''o; rn ln ; io 1 i.:,r.:*g:

:* ii il-re 1';lr:ll i: i:le*red {r.ivi*ing oi:,. oirl'ir faulted iine) whrn ,a,-av,,er engie is 60c, *iietlt

r.;,;r::iml .ille 
$1:ah1* 0i n.Ji;

1.,., L, --,i:,. tt c.i.,r;;: i,..:ri-.,g antl*.

:.ii;1.,*iite Brti;

Lin* -l
: = [i.rf \f /nD

i

i

I

I

I
I

I

I

5il i\fit/,,
\; /;
/'t-:,* t"J.:,



Full Marks ; 80
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Srrbjacl. - l)orrct'Srstcln Allalysis I| 1il.'1.1tt-;t

Canclidates are recluired to give their ansucrs in their ou,n w'ords as 1'al as plactic:rble.
I I I c ntp t,,tr I I que s ti ons.
'l'hc 

/igure.s in the ntargin indicate Irull Morks.
l,:'.s'trnte .stritable data if necessor))

a) What do you mean by interconnected power system? Describe tl-ie advantages and ti-re

limitations of interconnected system. t4]

b) fhe single line diagram of a power system"is shown in figure below. If the per km line
series reactance is 0.001 pu and shunt susceptance is 0.0016 pu. Find bus Admittance

t.

matrix using nominal pi-model of lines.

2. a) Figure beiow shows the one line diagram of a power system u'ith generators at buses
1 and 2. The line admittances are marked in pu in the diagram. Bus number, active
power generation (P6), reactive power generation (Q6), active power load (Ps),
reactive power load (Q1), Bus voltage and bus type are tabulated belorv. All values are

in pu. [4+8]

i) Determine reactive power at bus-2 (use initial guess for unkno.uur voltages)
ii) Determine Jacobian matrix (.I0) for the first iteration of N-R loaci flow method.

yrz: -j40
Pz 

: 4.0 P.u

Slack'Bus lvr l:t.os

b) Mention the significance of various
power system.

I6l

141

5+j4 p.u

Bus
No. PG Qc PL Qr-

Bus
voltage

Bus
Tvpe

I ? ? 0 0 1.0<0' Slack
2 4.0 ? 0 0 1.05 PV
aJ 0 0 5.0 4.0 ? PQ

load flow techniques in an interconnected

Exam. New Back (o066 & LaterBatch)
l,evel

Programme BEI- Pass \Iarks )_

Year / Part III/I Time 3 hls.

o



For the 3 br-rs po\\'ier s)'stem sltort,n ir-r figure belou'. the generators at-e ratccl l(10 N{VA I
with transient reactance of 100% each. Both the transformers ate 100 NIVA r.viih a leal<auc
reactance of 5oh. T'he reactance of each of the line to base of 100 I\4VA, 132 KV is 1Ll%.
Fincl the short circuit br:eaker in outgoinu feeder from bus-3. if'a 3-pirase fauir oicurs
bc1,'onci the CB at poinf F. 

[g]

Gz

1 1/1 10 kv T2 1 1/110 kv

F
Assume pre-fault voltage of bus-3 in 1 pu and pre-fault current through feeder is zero.

4. Derive an expression to determine sequence impedances for a balanced three-phase star-
connected load with impedance Z in eachphase and grounded neutral with impedance ZNr.

5. a) A three phase synchronous generator whose neutral is grounded through a reactance
Xn has balanced emfs and sequence reactance as Xr, Xz and X6 such that
Xr : Xz rl Xo. t5+3+3+31
i) Derive the expression for fault current for solid line ground fault on phase a.
ii) Draw the sequence networks and their interconnection for above fault.
iii) Show that if neutral is solidly grounded, L-G fauit is more severe than 3-phase

, fault at the terminal of generator.
iv) Find the limiting value of neutral grounding reactance so that fault current in L-G

and 3 phase faults are equal.

b) For the power system shown in figure belorv. draw the zero sequence network hence
determine the Thevenin's equivalent zero sequence impedance as view from bus-2 . l4l

t8l

1OO MVA 1OO MVA
13.8 kv 13.8/i38 kv
xo:0.05ou n /ttul r+

' 
, 

x:0.t0 pu

What do you mean by steady state and transient stability in a power system? Describe
the methods of improving transient stability of a power system.

A 2 pole, 50 Hz, I 1.5 KV turbo generator has a rating of i00 MW, power factor 0.85
lagging. Calculate the inertia constant in MJAyIVA on a base of 500 MVA and its
momentum in MJ-sec/elec- degree.
For the system shown in figure below, the numerical values for different quantities
are: E : 1.2 pu, v : 1 pu, Xs : 0.2 pu and reactance of each rine is 0.4 pu. tnitialty tne
generator is delivering a power of 1.5 pu. If one of the double circuit lines is now
tripped out, using equal area criteria determine whether the system would be able to
maintain its stability or not.

P Zt t,r\o

l OO MVA
138/13.8 kv

rY /a
x:0.1 pu

6. a)

b)

c)

t8l

t4)

t8l

IOO MVA
13.8 kv
x6:0.1 pu
xn: 0.05pu
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/ Candidates are required to give their answers in their own words as far as practicable.r' Auempt AII questions.
/ Thertgwes in the margin indicate Futl Marks.
/ Assume suitable data if necessmy.

1. a) For the network given below, obtain node equations and then form admittance matrix
(Ysd. An impedances and voltages are marked in pu.

j0.12

i Full Marks I 80

isl

E,J t zA" j0'08

x: j0.12

Ez: I 2.0

1= j0.13

b)

2. u)

b)

3. a)

Discuss role of interconnection in power system. Explain how reactive power can be
conholled in power system netu'ork. 

t5l
For a network given below, series impedance of each line is Grj0.l2 pu. shunt
admittance of the line is negligible. Claculate:

i) voltage at bus-2 and bus-3 using Gauss-seidel method (upto two iterations)
ii) Slack bus real and reactive power
iii) Network real and reactive power loss

1 t-36.97", X:io.t

j03 p.u

1.2+j0.5 p.u

tl 0l

Mention the various load flow techniques and hence compare them explaining their
merits. demerits, usages and limitation.
For the 3 bus power system shown in figure below the generators are rated 100 MVA
with tansient reactance of 10% each. Both the transforrners are 100 MvA with a
leakage reactance of SYo. The reactance of each of the line to a base of 100 MVA, 132
KV is l0%. Find the short circuit MVA of circuit breaker in outgoing feder'from
bus-t ifa 3-phase fault occurs beyond the CB at point F.

G'@-3

t4)

Pass Marks

I o.oz

o.0l+j0.03 0.01

lt/r32KY', feeder

t8l
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Y. ..i&i..!iri&:i.i!i#}:.:'1&;!i+riri{+ii&q1 .+;ii'} j;!i:.

What is the differencs bett'een symmetdcal components of positive, negative and

zero phase sequence? A 3-phase synchronous generator with its neutral solidly

grormded and operating at no load develops an L-G fault in one of the phase have

Iault impedance Z,r. Derive expressions for the fault currents and the line to ground

voltage at the iocation oftle fault at all the phases- t10l

A three phase.synchronous generator whose neutrai is grounded ttrough a reactance

Xn has balanced emfs and sequence reactance as X,, X2, and Xs such that Xr = Xz >>

Xo. t5+3+3+31

i) Derive the expression for fault current tbr soil line to ground fault on phase a.

ii) Draw the sequence networks and their interconnection for above fault-'t
iii) Siiow that if neutral is solidly grounded, L-G fault is more sevsre than 3-phase

fauit at the terminal of generator'

iv) Find the limiting value of neutral grourding reactance so that fault current in L-G
and 3-phase fuults are equal.

Determine the symmetrical components of three unbalanced voltage Vo : 200<0",

Y6=)QQ<)QJ., V.: 200<105"V t4I

Define steady state aud transient stability of power system. What are the methods of
improving transient stability of a power system? Discuss various factors that affect

b)

4. a)

b)

5. a)

b)

il:::jrs;::,r:,ri,;

power system transient stability. lz+4+4)

The figure below shows the generator connected to infinite bus using pmallel

transmission line. The gencrator is rated for 50 tlz and H constant of 2 pu. In steady

st4te, the generator delivers a powel of l-2 pu to the infinite. A sudden 3 phase to
gtound fault occurs in one of the line near infinite bus as shown in figure. Determine

the critical clearing angle and critical clearing time before which fault must be cleared

so that system remains in stable state. [10]

:n ^ --- V: I P'u

G

--
j=i

t

I

E=1p.u

j0.2 pu
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Subject. - Power Systerr Analysis 1I 8L605)

1.

Candidates arc required to give their ans'uvers in their ou,n rvords as far as practicable.
A I t e ntp t A ll que s ti ot'ts.

The _figtres in the margin in.dicate Full Marks.
Assume suitable data if necessary.

1,

The single line diagram of a power system netr,vork is shor.vn in figure below,. The per krn line
series reactance is 0.001 p.u and shunt suseptance is 0.0016 p.u.

a,

400 km

The power and bus voltages are as tbllorvs:

Find Y6u, using nominal pi-model of lines. t6l

Compute the voltage at bus 2 &. 3 using G-S method for one iteration and also the slack bus
complex power using the computed and specified bus voltages. Start the analysis assuminga unknown bus voltage magnitudes as I p.u. & phase angles zero degree. [3x2+4]

Taking a suita6le power system netrvork describe the steps ro be carried out to perform the load
flow anal-vsis using N-R nrethod clearl-v defining the elements olJacobean matrix of the example
netr.vork. 

i 1 0]

The single line diagram of a porver system is shorvn in figure belorv. Compute the tault current in
p.u. and in absolute value if a 3 phase to ground fault occurs at; (consider no fauit impedance)

[6+6]i. the point P i.e. connection point betu'een transmission line and HV side of transformer Tl
ii. the poinl Q i.e. connection point betrveen transmission line and I{V side of transformer Tl

b.

2.

-1.

6 KV 40 MVA
x:10%"m

Bus
Nq.

PLoaa Qi.nra
pr [cr] Q*.u

I 0 0 'l ) 1.052.0u

2 1.0 0.6 0 0 ?

J 0.8 0.3 0 0 )

6 KV 40 MVA
X=10%



i

4. a. -\\rirh the- he1trr of sLritable mathtmaticai aid vcrrly that. ior a iinc lo line tallt in a synLrhr.)notis

!cnf rtlor the zero se(lucllcc conlnor)cnl ol'e ttt'rcttt is ahse'nt artd po:itit('-s(q'.rcrlru ,): e Liii(l)l
is cqr-rirl to the ne gative seqtlellcc cotrrpotrcnt c1-thc cutrcTlt. I i0]

b. Across a s)'mntctrical star connected inrpcclance s)/stem u,ith Z:l0ohnts in cacl-r phase. a
three plrasc unbalanced s\,stl:m oi'' Voitaees u'ith tra:ll01.00. Vr.=200 l- t t t)" &
V.:1801-r-1100 volts is applied. I)etcrnrirre the linr cllrrerlts if the systcnr neutral is ta)
isoltrted (b) solidly groundcd. [ 121

5. a. Whr,it is equal areii criterion fbr assessing the trarrsieut stability' o1'tr trvo macliinc sl"stein?

Iixlrlain a:id justil'y rvith the help of a sr-iital-rle eranrple . [] I 8]

b. A transmission line connecting a generater to an infinite bus has a series reaclance of 0.li p.u-

r\ssuming the sendii-rg and receiving end volta-ge are at I p.u. each cr:mpute the fbliorving:
[5-s l

i. Porver arrgle if the line delivers a I p.u. po\rrer to infinite bus

ii. Series compensation required to bring the;rorver anglc to 30i)

L


