Problems:
1. The single line diagram of an unloaded power system is shown in Fig 1. The
generator transformer ratings are as follows.

G1=20 MVA, 11 kV, X"=25%
G2=30 MVA, 18 kV, X"=25%
G3=30 MVA, 20 kV, X"=21%

T1=25MVA, 220/13.8kV (A/Y), X=15%
T2=3 single phase units each rated 10 MVA, 127/18 kV(Y/A), X=15%
T3=15 MVA, 220/20 kV(Y/A), X=15%
Draw the reactance diagram using a base of 50 MVA and 11 kV on the
generatorl.
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Fig 1

Solution:
Base megavoltampere, MVAb,new=50 MVA
Base kilovolt kVb,new=11 kV ( generator side)

Formula:

kV p old MVAp new
T.IrTE" new p.u. reactance X _X ld A ( - X -
|I pu Jew p!! N} H"blum, MUAL.IDM

Reactance of Generator G1
kVb,old=11 kV kVb,new=11 kV
MVADb,old= 20 MVA MVAb,new=50 MVA

Xp.u,0ld=0.25p.u

2
kV y oid MVAp new
The new p.u. reactance of Generator G=Xpy o1q X ( —2 Xl —
kVy new VA old

~0.25 X (%)2 x () =j0.625p.u



Reactance of Transformer T1

kVb,old=11 kV kVb,new=11 kV

MVADb,old= 25 MVA MVAb,new=50 MVA

Xp.u,0ld=0.15p.u
kvb old MVAp new
The new p.u. reactance of Transformer T1=X X | —— —_—
e new p.u. reactance of Transforme pu old Ve MVAp ota

05 x ()" x (2) 0.3 pu

Reactance of Transmission Line
It is connected to the HT side of the Transformer T1

- . , HT voltage ratin
Base kV on HT side of transformer T | =Base kV on LT side x & 2
: LT voltage rating

~11 x%: 220 kV

Actual Impedance X .= 1Wohm

, 2 aand
_{J{Lﬁ,m:w] = 2;3 = gEE 'D-hm

Base impedance X
j Base MVA b e

p.u reactance of {00 L} transmission line= =
Base Reactance .ohm 968

Actual Reactance wohm 100 =jﬂ.1n3 p.u

p-u reactance of 150 € transmission line=—————— i = Som

Actual Reactance ohm _ 150 = j0.154 p.u

Reactance of Transformer T2

kVb,0ld=127 * /3 kV =220 kV kVb,new=220 kV

MVAb,old= 10 * 3=30 MVA MVAb,new=50 MVA

Xp.u,0ld=0.15p.u



2
KV 3 aid MVAL ..
The new p.u. reactance of Transformer T2=X * (—'”—) ® (——"’
P f Trang Puold 2\ ew MV ot

=0.15 x (%)2 x () =0.25 pu

Reactance of Generator G2

[t is connected to the LT side of the Transformer T2

Base kV on LT side of transformer T 2 =Base kV on HT side % LT voltage rating

HT voltage rating
18
220 x = = 18 kV

kVb,0ld=18 kV kVb,new=18 kV
MVADb,old= 30 MVA MVAb,new=50 MVA
Xp.u,0ld=0.25 p.u

2
kV b old MVAp new
The new p.u. reactance of Generator G 2=X, * (— ® | ———
P f puold = Gy, MVA) pia

~0.25 x (%)2 x (32) =j0.4167 pu

Reactance of Transformer T3
kVb,o0ld=20 kV kVb,new=20 kV
MVADb,old= 20 MVA MVAb,new=50 MVA
Xp.u,0ld=0.15p.u

2
ka old MVAb new
The new p.u. reactance of Transformer T3=X X |=——] X |——
P f [ pu,old KV b new MVAp o1

B 20\2 _ (50\ _ .
0.15x (%) x (2) =j0.25 pu
Reactance of Generator G3

[t is connected to the LT side of the Transformer T3

LT voltage rating

Base kV on LT side of transformer T 3 =Base kV on HT side X

< 20
220 x T 20 kV

HT voltage rating



kVb,o0ld=20 kV kVb,new=20 kV
MVADb,old= 30 MVA MVAb,new=50 MVA

Xp.u,0ld=0.21 p.u

2
kV M4 ,
The new p.u. reactance of Generator (¢ 3=X R | —lzid ) oy [ —lunew
! f G 1T puold 2\ MVA} o1a

2

=021x () x () =0.35 pu

2). Draw the reactance diagram for the power system shown in fig. Use a base of 50MVA
230 kVin 30 Q line. The ratings of the generator, motor and transformers are

Generator = 20 MVA, 20 kV, X=20%
Motor = 35 MVA, 13.2kV, X=25%
T1=25MVA, 18/230kV (Y/Y), X=10%

T2 = 45 MVA, 230/13.8 kV (Y/A), X=15%
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Solution:
Base megavoltampere,MVAb,new=50 MVA
Base kilovolt kVb,new=230 kV ( Transmission line side)

Formula

2
EV g ald MVAy 4
The new p.u. reactance X =X W —] | ——=
f pu new pie old kll".'.-,rmw MUA.'_-,.:M

Reactance of Generator G



[t is connected to the LT side of the T1 transformer

LT voltage rating

Base kV on LT side of transformer T | =Base kV on HT side %
=230 x — = 18 kV

HT volta ge rating

230
kVb,o0ld=20 kV kVb,new=18 kV
MVAD,old= 20 MVA MVAb,new=50 MVA

Xp.u,0ld=0.2p.u

2
kV MVA ,
The new p.u. reactance of Generator G=Xp,,, a1g % ( Lold ) * ( baew )

EV b new MVAp old
B 2002 _ f50y .
02x (Z) x () =0.617 p.u
Reactance of Transformer T1
kVb,0ld=18 kV kVb,new=18 kV
MVAD,old= 25 MVA MVAb,new=50 MVA

Xp.u,0ld=0.1p.u

2
EVy aig MVAL e
The new p.u. reactance of Transformer TI=X,, 14 % ( = J X (—""
': f ’ p.o kv.ﬁ,rmw MVA b ol

1842 0N .
=0.1 x (ﬁ) X (E) =jll.2 p.u
Reactance of Transmission Line
It is connected to the HT side of the Transformer T1

Actual Impedance X actual=j30 ohm

(kv Y 2302

, b omew k

Base impedance X py.= = = = 1058 ohm
MVA b revr 50

, . . Actual Reactance ,ohm 30 .
p.u reactance of j30 ) transmission line= =21 =j0.028p.u

Base Reactance ohm T 1058
Reactance of Transformer T2
kVb,0ld=230 kV kVb,new=230 kV
MVAD,old= 45 MVA MVAb,new=50 MVA

Xp.u,0ld=0.15p.u



2
kV y old MVAp.
The new p.u. reactance of Transformer T2=Xp, 51 X (—”) X (ﬂ)

kV b new MVA) p1a
=0.15 x (g%)z x (32) =j0.166 p.u

Reactance of Motor M2

It is connected to the LT side of the Transformer T2

Base kV on LT side of transformer T 2 =Base kV on HT side x LT voltage rating

13.8

HT voltage rating

=230 x T = 13.8 kV
kVb,0ld=13.2 kV kVb,new=13.8 kV
MVAD,old= 35 MVA MVAb,new=50 MVA

Xp.u,0ld=0.25 p.u

2
kV MVA
The new p.u. reactance of Generator G 2=X,, 1 % [——=2=] X |——=t=
P, KV b new MVA o1

~0.25 x (E)2 x (3£) =0.326 p.u

Bus admittance matrix

1. Find the bus admittance matrix for the given network in Fig. Determine the reduced
admittance matrix by eliminating node 4. The values are marked in p.u.

@ —Jjo-b . O

M___._ .

Solution:

Yinm. Y2 Yz Yy
Voo = Yo You Vo3 Vo
BUS =Yy Ya Va3 VY



Y11=y12 +y13 + y14 = —j0.5 - j0.4 - j0.4 = —j1.3
Y22 =y12 +y23 = —j0.5 - j0.6 = —j1.1

Y33 =32 +y31 +y34 = —j0.6 - j0.4 - jO.5 = —j1.5
Y44 = y41 + y43 = -j0.4 - j0.5 = —j0.9

Y12 = -y12 = j0.5 Y13 = -y13 = j0.4

Y14 =-y14=j0.4Y21=Y12=/0.5

Y23 = -y23 = 0.6

Y24 =-y24=0

Y31=Y13=;0.4

Y32=Y23=,0.6

Y34 =-y34=0.5

Y41=Y14 = j0.4

Y42=Y24=0

Y43 =Y34=j0.5

—j1.3  j0.5  jo.4 0.4
v. —|J05 —j11 jo6 0
BUS =1 jo.4  jo.6 —j1.5 0.5

j0.4 0 jo.5 —j0.9

Elements of new bus admittance matrix after eliminating 4th row and 4th

column
Y, Y
Yy o =¥, — 2ok
[k new 1k Yrtn
N=4, j=1,2,3 k=1,2,3

Vitnew = Y1 —h;i =—j13 —% =—j1.12
+“ LR



ViaVeo . (O.4)(jo)
Y; = Y12 — =j0.5 ————=j05
12 new 12 Yee J —j09 J

Yi14¥43 (j0.4)(j0.5)
Y, =¥z — =j0.4 - —— =j0.622
13,new 13 Yes J —70.9 =1

Yo1.new = Yi2.new = J0.5

Y24¥ss . (jO)(j0) ,
Y22 new = Yoz — ;,4 =—j1.1— 09 =—j1.1
3 .
Vo¥ya _ U0)(yo.s5) .

Vianew = Yoy =5 = J06 —=—55—= = j06

Y31 new = Y13 new = jO.622

YRE,ﬂEw = FEE,HEW = j0.6

Y34¥is ) (j0.5)(j0.5)

YER,ne—w = Y33 — Yas = —j1.5— T —j1.22

Reduced admittance matrix after eliminating 4 th row and 4th column

jo.s —jl11 j0.6

_j112  jo5  j0.622
Ypus = [ ] ]
j0.622  j0.6 —j1.222

2) Find the bus impedance matrix for the system whose reactance diagram is shown in
fig 3. All the impedances are in p,u
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Reference bus

Solution:

Step 1: connect bus 1 to ref bus through impedance j1.0



Ii] j1.0

Zpue = [j1.0]

Step 2: connect bus 2 to the bus 1 through impedance j0.25

0
®‘“| ’SZSL_t

7 j1.0
Bus — [;1{1 j1.0 + j0.25

; j1.0
bus — [;1{] j1.25

Step 3: connect bus 2 to ref bus through impedance j1.25

® ""'-J"m—i;_l

J} ]1.0

11,25
, Reference bus




j1.0  j1.0 j1.0
Zps = [;'1.0 j1.25 j1.25 l
j1.0 j1.25 j1.25+j1.25
j1.0 j10 j1.0
Zpe = [;'1.[1 j1.25 j].ZS]
j1.0 j125 j2.5
Number of buses is only 2. But matrix size is 3*3. The matrix size is reduced by
eliminating 3rd row and 3rd column

Zin+ 1)L 41k

Z =Z. —
e ack fk Zin+1)m+1)
Where n=2 ji=1,2 k=1,2
n=2j=1k=1
Z£13Zy
Z110ck = £11 — 7o
. JlLO+j1.0
Z11,0ck = J1.0 T 0.6
n=2j=1k=2
13y
Elz.ﬂrk =2y — Zaa
. jlLO#j1.25
Zy3 ack =J1.0 = 25 - j0.5
n=2j=2 k=1

zr2].|:[|:Jf =z]2.|:n:k = j0.5

n=2j=2 k=2



Zyy Ly
233 ek = Loz — Zom

j1.25% j1.25

£ =jl.25 =
22.ack = J 25

= j0.625
The reduced matrix
0.6 0.5
Zipe = B /

0.5 j.625

Step 4: connect bus 3 to bus 2 through impedance j0.05

-
O hm—®
“}} 1o ' jl.‘25 Reference bus

j0.6  jO5 0.5
j05 j.625 j.675

Zye =[j[}.5 j0.625 j0.625



