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What is a Power System?

.A Iarge |n'-ten;ﬂnne-::ted Syﬁtem OF- ﬁEt‘W’Drk that

prnwdez E-‘I'IEFQ'}’ from the sources to the
ﬂustﬂmera thmugh tI'EIn.ErI"IISSIﬂH |II'IES | |

I-tIEeyr Eﬂmpﬂnem;s I -
o Generators ) oy |
o Transformers iy T v [T rs I

o Transmission lines "

o Loads | g
o Points of connections: buses:
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Electric Power Network
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Bus Admittance Matrix

s The injected currents at the nodes of the interconnected
network are related to the voltages at the nodes via an
admittance representation

I=Y V
1 F..'tll .Tl" ..'I:I'-u-I -Ii'l-I .
L| v, Y. - YV ~—@ Network
2 21 I M 1
: 1= : : «—@ etwor
L] LY Y Yo JLVu —@
where 1 = vector of injected node currents

Y., = bus admittance matrix
V = vector of node voltages
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Bus Admittance Matrix

m Used to form the network model of an interconnected
power system

o Nodes represent substation bus bars

0 Branches represent transmission lines and
transformers

0 Injected currents are the flows from generator and
loads

= Notes on bus admittance:
o Large
0 Has a large number of zero entries
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Bus Admittance Matrix or Y

e First step in solving the power flow is to create what is
known as the bus admittance matrix, often called the Y, ..

e The Y, gives the relationships between all the bus current
Injections, I, and all the bus voltages, V, | =Y,V

e The Y, is developed by applying KCL at each bus in the
system to relate the bus current injections, the bus
voltages, and the branch impedances and admittances.
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Bus Admittance Matrix

m Let bus; be an arbitrary bus

n

Z]ji =1

i=1

injected current at bus

where '

I.

Y

current leaving bus j to bus i

= Branch current 7,
| 1

— . . V. .:l'rz'i": = .
L =y;(V;=V) -

ij

where y; = line admittance from bus; to bus i

V. V. =bus voltages
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Bus Admittance Matrix
= Injected current 1
=300
= N equations

I = (Zyule + (=)ot (=0,
il

I, ==y, +(Zyzl)Vz +ot (=2,

i=1

i=1
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Ybus Building Algorithm

= “Inspection” method

m Diagonal entries ¥; : summing the primitive
admittance of lines and ties to the reference at
bus j (¥ :iyji)

m Off diagonall entries ¥, :the negatives of the
admittances of lines between buses i and

&, =Y. =-y,)
m If there is no line between i and j, this term is
Zero
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Properties of Ybus Matrix

s The matrix is complex and symmetric

m [The matrix is sparse since each bus is connected to only a
few nearby buses

s The percent sparsity increases with the matrix dimension

m If there is a nonzero admittance tie to the reference bus,
Ybus is nonsingular

m If there are no ties to the reference bus, Ybus is singular
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Ypus -Summary

The diagonal terms, Y, are the “self admittance” terms,
equal to the sum of the admittances of all devices incident

to bus k.

The off-diagonal terms, Y, are equal to the negative of the

admittance joining the two buses.

With large systems Y, is a sparse matrix (that is, most
entries are zero):

m sparsity is key to efficient numerical calculation.

Shunt terms, such as in the equivalent rt line model, only
affect the diagonal terms.
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Example 1

10

®
10
115@
@ @ 6
REDIES R 2 -1
-1 141 -1 -1 2
-1 -1 1+1+1 -1 -1

—1
—1
3




Example 2
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Example 3

generator 1 generator 2

z=j1.0 =708
line 12
n =04 — E
line 13 line 23
z=70.2 z=70.2
line 34
z=70.08

Network Diagram

Sayasun
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j1.0 _ jO.8
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n!

Impedance Diagram

j0.08
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Example 3

KCL Equations

V3 =125

n!

Admittance Diagram

19.03.2024

L=+ Vo (Iz -V, ) T Vi3 (Il - Iz)

I, = v,V + ¥y (rz -1 )+ Y (rz - I3]

0= 1V, =P )+ 10— 12)+ 12,07,
0=y,,-75)
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Example 3

Rearranging the KCL Equations
I = (J"m TV T .}’13)1/1 = by = yils
IQZ_TME*%fm+ﬂﬁr+TBFZ_yBE
(L:_yﬂﬂ_ﬂﬁJg+(ym+J%f+ymﬁg_Jﬁyl
O0=—yil5+ vV,

Matrix Formation of the Equations

I, (J"m TV, T }’13) — Vi — Vi3

L | — YV (}’zn TV T }’33) — Vs

0 — Vi — Vi (J"Sl TV T }’34)
0| | 0 0 -V
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—Vu || Vs
Va3 V,
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Example 3

Completed Matrix Equation
Y, =30+ v +1y3)=—j8.50 Yo, =Y, =—y,, = j5.00
Y, =Y, ==y, = j2.50 Yo = (s, + vay + 133 ) = =52
Y,, =Y, =y = j5.00 Yy, =Y, =—vs, = 712.50
Yoo = (30 + ¥y + 103 ) =— 7875 Y, =y, =—712.50

-2

50

I,| [-7850 7250  75.00 0 v,
1, 7250 —7875  j5.00 0 v,
0| j5.00  j5.00 —j2250 71250 | |7,
0| | O 0 j12.50 - 1250 |V, |
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Modeling Shunts in Y

' Y,
Since 1; = (V; V)Y, +Vi%
Yii _ Yilfrom other lines n Yk n Y2kc
Note Yk: I — I Rk_ij _Rk_ij

Zy Ry+jX, R —jX, R?+X}
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Example 4

Two Bes Example
= P Q:O,GZJQOAD"{—

\_/f’:\)o.( ey
T 5T

T, = .03 ¢]0.04 Ly &

" =V,) Y 1 1
]1 —

+V, -5, where — = =12 - j16.
Z 2 Z 0.03+ 0.04
L] [12-j159 12+ j167[ %
L | | -12+716 12—159||V,
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Using the Y,

If the voltages are known then we can solve for

the current injections:
Y, V=1
If the current injections are known then we can

solve for the voltages:
]
YbusI = V= ZbusI

where Z, =Y. is the bus impedance matrix.
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Example 5:Solving for Bus Currents

For example, in previous case assume:

1.0
10.8-70.2 |
Then
12— 159 —12+ 16 1.0 ] [ 5.60—;0.70
12+ /16 12— 7159]0.8—;0.2| |-5.58+ j0.88
Therefore the power injected at bus 1 1s:

S, =V.I; =1.0x(5.60+ j0.70) = 5.60 + j0.70
S, =V, 1, =(0.8— j0.2)x(=5.58 — j0.88) = —4.64 + j0.41

V =
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Example 6: Solving for Bus Voltages

As another example, in previous case assume

5.0
4.8
Then

_12—j15.9 —12+j16_

I=

12416 12-/159

5.0 ]

—4.8 ]

Therefore the power 1njected 1s
S, =V,I; =(0.0738— j0.902)x5=0.37— j4.51
S, =V, 1, =(—0.0738 — j1.098) x (—4.8) = 0.35+ j5.27
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- 0.0738—-70.902 |

' —0.0738 - j1.098 |

22



Modifications in Bus Admittance
Matrix

19.03.2024 Sayasun
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Line Outages

m Line outages

o Let Y, be given for a system in which a line is to be
outaged

o The line outage is equivalent to adding a new line of
admittance —y,,, in parallel with the line to be outaged

a2 The combination of y_, and —y,,, IS a zero admittance
(open circuit)

s Procedure
o Diagonal entries: Add —y,,, to the ii and jj entries
o Off diagonal entries: Add y,_,, to the ij and ji entries

19.03.2024 Sayasun
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Deletion of a Bus-Kron Reduction

m A system of n buses in which m buses to be

deleted (m<n)

s Partition I, ,,and V,

I N —m

bus ~—

L/ | } m

bus ~—

rn—m

L m

m Deleted buses = no injected currents

a Let 7,=0

19.03.2024
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Deletion of a Bus-Kron Reduction

s Need to find an equivalent admittance matrix with
m buses deleted

0 Note: the equivalent admittance matrix is (n-m)x(n-m)

I, =Y V,

bus ~— " bus’ bus

a aa
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Deletion of a Bus-Kron Reduction

m Setl, =0 and eliminate V,
/, :O:Yczzl;l/cz+YlabI/l)

V,==Y, 1,7V, |ﬂ[> Ybb is assumably invertible
m Substitute Vb in n-m rows
]a — Yaal/a + Yabl/b
=YV, -Y, Y, V.V

=7, -7,%,'v, |7,

Y

bus
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Example 1

’

For the two-bus system given below.

-1 ®
"'.) 0‘5— © n{ 4

=15 |
LOAD
1 ! (DR

. 24 -—-J/O
- )0

.

73

‘\2 iD.:' J -?' 5

w0
&

2.0 -
305 JS
a) Find Yy, matrix (15). \

b) Eliminate buses 3 and 4 using Kron Reduction metod ( 15). %
¢) Find the reactances Jof generators and the line of the reduced 2-bus system (5).
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Example 1: Solution

_ij o 5‘_‘““‘"5'“" jb;_umu:; dng e | I ~ Joro}é? - ‘0.'. L
”m@ I T A
J5  jasl g8 10 000385 3007
69 j5 g5 [ot0 S o1 [E55TrB
Jios 0 Yob Yy Yoy = |13 ~J‘3-/?5
YQQ :[ 0 ~J°”] e s JeR> (g
F 5 05 | Yred = j 4135 ks 827
Y = J'?‘S J5
rJ5 J'«’ C) X6t Y O
YQA... JS J5 Jre .
(j)—-l——“ﬁl‘/i ’
—j18 910 % oy
‘ < T X9 =0 29% FY
127 =09
Yiod = Yaa - Yab Vbb Yob gy = 54925 427 v
i —j20 —ylo - 5==)0 b7
y’ f / / 2 17l 362-— J‘f‘“}fﬂ/‘g
T —— | — o —
éi (-260) it A )(61""" =g 66(P‘4
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Example 2

(S

Department:
Student 1D #:

Name-Last name: J /}\/ﬂf U/\/
15

G1 and G2: x = j0.15 pu, Ty and Ta: x = j0.1 pu, Lines: x;; = 0.2 pu, x;3 =0.25 pu,

X23 = X3¢ =j0.4 pu and xz4 =;0.5 pu
Zia = Yaa Va +YabV/p
2. For the power system given above _ I
a) Find Yp,s matrix (15 pts). 0 - Y‘Q V (2] 7 Y6b Vé
b) Eliminate the bus# 3 and 4 using Kron Reduction method (15 pts).
¢) Finy the rgactagpegs, of gengrators and the line of the 2-bus reduced system (5 pts)
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Example 2: Solution

19.03.2024

N2l

L
1

-1 '2.08 —-J’ _9‘1
Yo Yor .

Yés ™
Ty = 2/373 ;/%bjj _;2503 ol 83"}
red_
¢

j5 o135 []-1884 72§63
yreé ~510-9 2 J 688 7@
7‘-‘/.;?;3 pu

Yo = Yo
Tb Xi2= —— =03 P
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Example 3

DTUAENT 1L F2

a) Maus =

19.03.2024

POWER SYSTEM ANALYSIS el
2017-2018 FALL TERM MIDTERM EXAM, Nov. 05, 2017
100 MINUTES, PLEASE SHOW ALL YOUR EFFORTS. / o
GOOD LUCK!!! B0
PROF. DR. SAFFET AYASUN "2 .4
-’J 3 .
Q# 12 3 Total
Points /35 130 /35 /100

O I 10,50 pu ’)I ,
Gt L. G2
| -

f
. 'J02?-
,‘)1’ 920 pu }QZOPU J
. fag | a5 duae d IV10m
-99 J.Ql'?f © res
JL Bg.‘_‘l‘s’-—-—‘@ lz;papu
JS-;'J-S-/’J'L; .
L Yabt  Job) Sz = J

Yo =733 ¢#93 6?-' 9346
Y= -y 13-67

. Y20 =) 633103 4y
b) Eliminate the bus#3 using Kron Reduction method (10 pts). 22.6%
¢) Find bus voltages V) and Vs if 7

I, =1.0puand /, =1.2Z~10" pu (10 pts)

d) TFind the reactances of generators and thedipggfithe 2-bus reduced system (5 pts)

1. For the power system given above

a) Find Yy, matrix (10 pts).

current ln_] ections are
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Example 3: Solution

—
o

—
e

b3/re’f = \/gLa ~Yab ;/b-b' Vb 1o 1=vv_
[J_JQ ,J_jg _[35]675) [5538 [5; =Y [iz 4 40 ]
-9 51]+[.3«-s? 3163 :["-J:,ga; i§2.337["”’—’°
[J’z -',j3 Jf""} J {-63 50.197 90111 ][ f o-lo'
o383 33637 @ :[J'O.. m Do 2230 (-2 /=12
2363 €33 = G032y [ 222 PY
- [asﬁwo

19.03.2024
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Example 4

Department:
o Student 1D #:

c\-1 -/! _ )' L'

) q 02s 4 |
® e 4 RORK

- _ i0.2 pu
ey
p.\] pu - 3 ‘O 10.2 "\)‘ 5
. 10.2_Qu
© -J2 - (&

2. For the power system given above
a) Find Yy, matrix (10 pts).

b) Eliminate buses 3 and 4 using Kron Reduction method (15 pts).
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Example 4: Solution

\//,,-:—-J'V—j({ -1 2-3lo :—7'20,7u@
Yoy = —j5-75 )¢ = —J14pY Ymc/ Yea - Yag,\/;,,,

: e -3 -75 0107'?’ ]Om
Y- ’—(u~‘)5—’J{5/Du >/: 7
33 J 5o JJ/Z 5 b h -155 | -J% —)15 0032 7009.
7(;(/—‘ J5'J2) C/ (-/ 39%0 -1 2,53
) — ) 2.925

55/
YGuJ :f' ch -;)-lyl o __ J_5:_ I ‘_\)‘% "JZ)'}
C ".‘/(’j 0 5;5 75 720 | ],_ j'ﬁ‘” 24X
6,[ J ) )’/(:J - a iy 'y
@ .

;2 jf;ﬁ 18
}
au = Y

20 24 Cg/’
. -'J'V
Cejic I
\/Ob = [ 1o J€J

—.}
- o 15
T o0 O Ybi = .d;-/sj/z
Yay = [JL 157/, —bfg\—J )

J
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Example 5

Name/Last Name:
Student 1D #:
Signature:
3. For the two-bus system given below.

® —32:5 O
s |

a) Find Yy matrix (15).
b) EliminatgRuses 3 and 4 using.Kron Reduction metod (15).
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Example 5'Solution

Yo = | 525 _Jy,:azs o | Yoy Yap = Jo,,g got|[o o
53,5 525511 1

‘0. : : 0.35-00%
jO°°6 (cJ -310 J2:5 _ '
-1 T N o= {52‘5 -38 ,joU-of*?‘
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