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INSTITUTE OF USN ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
TECHNOLOGY
Internal Assesment Test - 11
Sub:  Power System Analysis |1 Code: 17EET71
Date: 03/11/2020 Duration: 90 mins = Max Marks: 50 Sem: 7 Branch: EEE
Answer Any FIVE FULL Questions
OB
Marks co
1 Deduce the fast decoupled load flow model clearly stating all the assumptions [10] CO2
made
2 In the given system, generator has a rating of 50MVA and the inertia constant H = [10] CcO6
2.7MJ/MVA at rated speed. E = 1.05 p.u., V = 1p.u., Xq = 0.2p.u., X1 = X2=0.4p.u. The
generator is supplying 50MW to the infinite bus. A three phase fault occurs in the middle
of line 2. Plot a swing curve for a sustained fault (2 intervals) and predict about the
stability of the system. The incremental time is 0.05s.
04 1<0
(o | v
Cieneratar 04 Infinite bus
BONMVA, Xd' =j0.2
3 Derive the expression for all elements of Jacobian matrix in polar form [10] CO2
4 Calculate the voltages at all buses for the 3 bus system as shown in fig at the [10] CO2
end of first iteration by NR method.
From bus To bus R(pu) X(pu) Bc/2
1 2 0.08 0.24 0
1 3 0.02 0.06 0
2 3 0.06 0.18 0
Bus no Ps Qs PL QL Vsp
1 - - - - 1.05
2 - - 0.5 0.2 1.0
3 - - 0.6 0.25 1.0
5 Solve Q.no 4 by fast decoupled method [10] CO2
6a Compare NR and GS method for load flow analysis [5] |CO2
6b  Write a short note on voltage control by generator excitation

[5] (CO2
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Line impedances are converted to admittances are

y12 = 1.25 - j3.75
y23 = 1.667 —j5.0
y13 = 5.0 —-j15.0

The voltage at Bus3 is assumed as 1+j0. The initial voltages are therefore

V1 = 1.05+j0.0
V2 o =1.00+0.0
V3 g = 1.00+j0.0

The bus admittance matrix in polar from is

6.25 - j18.75 - 125+j3.75 —5+j15
YBUS =-1.25+j3.75 2.9167 — j8.75 - 1.667 +j5.0
- 5+j15 - 1.667 +j5.0 6.66- j20
The bus admittance matrix in polar from is
19.7642, — 71.6° 3.95285.,108.4° 15.8114.,.108.4°
Y = 3.95285,108.4° 9.22331« —71.6° 5.27046,108.4°

BUS

15.8114,108.4° 5.27046,108.4° 21.0819« - 71.6°

The real and reactive powers at bus 2 are calculated as follows:

P2=Y2 v |Y2|1 cos(&(o) -a —521)+|V2|2|Y22 lcos(-22 )+ V4 llvs ||Y23|cos(&(°) - 50 g3 )
P2 = (1*1.05 * 3.95285 * cos(- 108.4))+ (12 *9,22331* cos(71.6))+

(1 *1*5.27046 * cos(- 108.4))
P2 = -0.06228



Q2= vz lvallvar sin(2(® - 1 - 1)+ v2 2 vaz sin(-22 )+ vz llva llvaz sin(2© - 5 -

) | | I | |
Q2 = (1*1.05 * 3.95285 * sin(-108.4) )+ (12 *9.22331* sin(71.6))+
(1 *1%5.27046 * sin(- 108.4))

Q2 =-0.18754

The real and reactive powers at bus 3 are calculated as follows:

o5 V@l cos(6©) 1 1) @) v e cos(6©) 2 2 ). )

P3 - (1*1.05 *15.8114 * cos(- 108.4))+ (1*1* 5.27046 * cos(- 108.4))+
1 *1* 21.0819 * cos(71.6))

P3 --0.24953

2|vaslcos(- 43 )

Q3=v3® ivallvss sin(2©) -2 - 531F+ w5z lvao sin(8©) - 2 - @2 T+ va(®) 2 v33 sin(-
33) | |
Q3 - (1*1.05 *15.8114 * sin(- 108.4))+ (1*1* 5.27046 * sin(-
108.4))+ (1 *1* 21.0819 * sin(71.6))
Q3 --0.74328

The differences between scheduled and calculated power are

p(0) o5 (- 0.06228) - -0.43772
Qz(O) --0.2 - (- 0.18754) --0.01246 .
RONYS (- 0.24953) --0.35047

Q3(O) --0.25 - (- 0.74328) --0.49328

lteration 1:

Elements of the Jacobian are calculated as follows:

a_Pz - —':VZVlYEfl Sin(&(o) - ﬂ(o) _ TZ1)+ V2Vf(0 )Y23 sin(fz(o ) _ %(o) - &3 )]

oR

9P, _ —[(1 *1.05 * 3.95285 * sin(- 108.4)) + (1 *1* 5.27046 * sin(- 108.4))]

oR



oP,
—=<=8.9393
on

j& :‘ V2V3(0 )‘ng sin(az(o ) - 33(0) - 23 )
& = (1 *1* 5.27046 * sin(- 108.4))
o83

P2 500

0%

9P - . .
: ||2 |_ 2V, |cos(5 " )+|V1Y21| cos(s L) VY 23cos(& RN
\J

i'iZ_I: (2 *1* 9.22331* cos(71.6)) + (1 .05 * 3.95285 * cos(- 108.4))+
a \

(1*5.27046 * cos(- 108.4))

P2 vy cos(s -4 +4 )
a|V3| { 223 23 2 3|

aiT]%I: (1 *5.27046 * cos(- 108.4))
oP,
Ev)
a_P3 :‘ V3(0 )VZ(F )Y32 Sin(éB(O ) - 52(0 ) —832 )

= -1.6636

7" 3=(1*1%5.27046 * sin(- 108.4))
o



0P

= 3=-5001
a2
% _ _u\/3(o )V1T31 Sin(33(0) _400) ‘1931)+ Vso\,(z(o )yay Sin(33(0) _H0) g )]
093
Zp—?’ = -[(1*1.05 ¥15.8114 * sin(- 108.4)) + (1 *1* 5.27046 * sin(- 108.4))]
Ee
ﬂ =20.75
03
9P3 cos(
:|VY s 32—33+az)
a |V2 3 32

oP3

ST (1527046 * cos(108.4))
2

JP3

= -1.6636
ol |

ap_l/g| = 2| V3Y33|COS(I933)+|V1Y31|COS([§ 31_ 53 * [51 )+|V2Y 32|COS(L9 32_ 33 * 52)
o

?ﬁ: (2*1* 21.0819 * cos(- 71.6)) + (1 .05 *15.8114 * cos(108.4))+
3

(1+5.27046 * cos(108.4))

=2 =[(1 *1.05 * 3.95285 * cos(- 108.4)) + (1 *1* 5.27046 * cos(- 108.4))]
on




992 59737

9Q2. }\,2\/3(0 ){(23 C05(52(0) _ ‘53(0) _@3)

053

% 0 (1*1* 5.27046 * cos(- 108.4))

Q2

on 01.6636

% -2\/2v22 in(922 )- VaYad sin(s21 - 2 + 1)- aY23 bin(s23 - 2 + )

0Q  (2*1*9.22331*sin(71.6))- (1.05 * 3.95285 * sin(- 108.4))-

s V|~ (1%5.27046 *sin(- 108.4))
2

92 - gsp42

ava|

9Q2 = vy sin(s, -4 +4)
8|\/3| 2 23

3_Q2 = (1 *5.27046 * sin(108.4))
Vsl

£2 = -5.001

avs|

?3 = TVS(O )Vz(f )Y32 cos(ot%(O) - &(o ) P )
o

0Q;

= —(1*1* 5.27046 * cos(- 108.4))
a2



0Qs _ 1.6636

oRn

(o) _

3_Q3 _ ‘[VS(O )V’1Y31 cos(23 51(0‘) 1)+ T/?’OVZ(O Vs Cc)5(33(0 )_0) )]
043

§3 = [(1*1.05 *15.8114* cos (- 108.4)) + (1 *1* 5.27046* cos(- 108.4))]

363

—=3--6.904
o

3Q3 = —|V3Y32 sin (932 -3+ 52])
gv2)

£3 = -(1 *5.27046 * sin(108.4))
av2|

dQ3 _

EIV—[— -5.001
2

6?/3| =2V Y | sin(# 33)—|VD(3Jsin(331 -5+ 51)—|v2Y 32|sin(ﬂ w0t
a3

SQS = —(2*1* 21.0819 * sin(- 71.6)) - (1 .05 *15.8114 * sin(108.4))-
;3

(1*5.27046 * sin(108.4))

993 _ 19,254
alvsl

Therefore complete Jacobian matrix is,



oP2 o0P2 0P2 aP2
35 . a5 . 3| V2 3|\£|
oP3  oP3 oP3  oP3 8.9393 -5.001 2.8541 -1.6636
J J % e O|V[ OV -5.001 _
J= 1 V2 , . , |3| _ 20.75 1.6636 6.41
K A PR e R e 2Q2 - 29737 1.6636 8.5642 -5.001
alvl dv
v,w 9 K 16636 _g9o4 -5001 19.254
dQ3 dQ3 o3 3
a5 a5 3| V| 6|V|
2 3 2 3
But we known that
P N J Jo 4
= 1
S Ja V|
Therefore
-0.43772 8.9393 -5.001 2.8541 -1.6636 R
-0.01246 = -5.001 20.75 -1.6636 6.41 3B
- 0.35047 -29737 1.6636 85642 -5.001 Ml
0.49328 1.6636 -6.904 -5.001 19.254 [\/3[

Now calculate the change in bus voltage and angle. (Take the inverse of Jacobian
matrix).

b
2 8.9393  -5.001 2.8541 -1.6636 " - 0.43772
& -5.001 20.75 -1.6636  6.41 - 0.01246

M| T -29737 16636 85642 -5.001 ~ 0.35047

v | 16636  —6.904 -5.001 19.254 0.49328
» - 0.0623
B - -0.0379

|| -0.01057

Ivsl 0.0110

At the end of first iteration the bus voltages are

V1=1.05£0.0°
V2 =0.98943~ - 3.569° = 0.9875 - j0.06159



V3=1.011Z -2.1715° =1.0102 - j0.038307

5}

Line impedances are converted to admittances are
y12 = 1.25 - j3.75 y23 = 1.667 — j5.0 y13
=5.0-j15.0

The voltage at Bus3 is assumed as 1+j0. The initial voltages are therefore

V1 = 1.05+j0.0
) 0 = 1.00+0.0
V3 ) =1.00+0.0

The bus admittance matrix in polar from is

6.25 - j18.75 - 1.25+j3.75 —5+j15
Y =- 1.25+j3.75 2.9167 - j8.75 - 1.667 + j5.0
BUS
- 5+j15 - 1.667 +j5.0 6.66- j20
The bus admittance matrix in polar from is
19.7642, - 71.6° 3.95285,108.4° 15.8114,108.4°
Y = 3.95285,108.4° 9.22331+ —71.6° 5.27046.,108.4°

15.8114,108.4° 5.27046,108.4° 21.0819« - 71.6°

The real and reactive powers at bus 2 are calculated as follows:

P2=Y2 ||V1||Y2|1 cos(&(o) -a —321)+|V2 [ Iv22fcos(-%22 )+ v4 v ||Y23|cos(a2(°) - 50— )
P2 = (1*1.05 * 3.95285 * cos(- 108.4))+ (12 *9.22331* cos(71.6))+

(1 *1* 5.27046 * cos(- 108.4))
P2 = -0.06228

Q2= \}{2 ||V1||Y21 sin(az(o) -a- 921)+| v4 2|Yzz| sin(-%22 )+ \}(2 ”\/3 ”Yz# sin(az(o) - 53(0) -23 )
Q2 = (1*1.05 * 3.95285 * sin(-108.4) )+ (12 *9.22331* sin(71.6))+
(1*1%5.27046 * sin(- 108.4))

Q2 =-0.18754

The real and reactive powers at bus 3 are calculated as follows:

P3- \/{3(0 )||V1||Y41 cos(a?,(o ) a 1) \*3(0 ) ||V2 ”YJz cos(as(o ) » a2 )- 43(0 ) 2|vasfoos(- 3

P3 - (1*1,05 *15.8114 * cos(- 108.4))+ (1*1* 5.27046 * cos(- 108.4)) (1 *1* 21.0819 *
cos(71.6))

P3--0.24953

Q3= \Js(o ) ||V1||Y|31 sin(80) - g - 531[)+ va(®) ||v;iz a2 sin(5©) - 2 —‘932 Hvs(P) 2 v33 sin(- #33)

Q3 - (1*1.05 *15.8114 * sin(- 108.4))+ (1*1* 5.27046 * sin(- 108.4))+ (1 *1* 21.0819 *
sin(71.6))

Q3 --0.74328
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The differences between scheduled and calculated power are

p(0) o5 (- 0.06228) --0.43772

Qz(O) --0.2 - (- 0.18754) --0.01246 .

NONITS (- 0.24953) - -0.35047

Q3(0) --0.25 - (- 0.74328) --0.49328
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