(Biiad Azala ) gdiia
Aol glly ASilaal) duaigl) 4ds

AL e Jlas ¥l Ugod! b >
] 259
Ol gond! Ol 8 o asL“

AU S B dvir pd B S lans Sla] iU 81 Bl Lo od B Blaw]

Woa g o G dralr
o T=7 50



Tl
¥ B

250 a1 § i ol

by Jlae ¥y Ygosd! b >



Ayl ygt) Bl dsia anid






(Biiad Azala ) gdiia
Aol glly ASilaal) duaigl) 4ds

150, 8 ! b

AL e Jlas ¥l Ugod! b >

2554 2554
Ol god! Ol 8 o> &SLS«

LS Bl dvkin od B s lons Sla] iU ) Bt Lo d B Blaw]

G Al

w T=F



"t
? Qs






11
11
12
17
27
29
40
52
o4
69
74
.
123

123
124
128
132

Eaded
el
daddol!

Byl Sl o © JgYI el
iedis 1-1
Laal) e Bhgins 2-1
ikl & apd) ool >~ 3-1
Yol OLA Sl 235t 4-1
Jul— Loslé di e Wpedt 0L Wl > 5-1
Wgadk! OLA lem 6-1
Olagsl Al oYyl 56 7-1
Opedl) =558 Ay Wgad) Ol Als | 8-1
Dyl Ol oled dny ) 4 bl 9-1
Ugad) Ol Sl 3b o 1ylae 10-1
gl plisanly olihs

‘;'\:*J‘ Jadl)

sl Bod! b el ) A Lo
iedis 1-2
spll kel 2-2
Al V) lge 3-2
$L ols. 4-2



137
143
152
160
164
169

169
170

179
182
192

201
211

219
231
231
232
239

Ojlsze Jas 5-2
B5lgkl pe JUasY 6-2
Bplad) W el el SV o 231 72
e L 8 enndl 2S5 8-2
St L 56 9-2
Slashiie b (Gblaally Ojlgalt faall w0 SIWN faadl)
A3l g SJY 8yl
iedis 1-3
ks plioaaly ol S Ojlsll Jlanl) ol Gl 2-3
8l dashane (3 (el oiadl) Sl 2l Anw psgis 3-3
Y ablsdl) el 4-3
Al gy 3,8 5)5 daslaid Jlaall S das e 5-3
daall ol
il el oKl el fleall oLl 6-3
dglail Salylly (gl ppmatl] Jlasll Sl plasizal 7-3
a5l 8,0l
sl Je oliks 8-3
8 blaadl OISyl 1l 1 fadl)
iedie 1-4
s Bl LS plla ) ol isdly ) (i Lo 2-4
3 blal) LS &y ka5 339 aclazY) 3-4



243
248
257
259
271
2172
2176
283
283
284
286
290
293
305
315
323
323
323
352
378
380
383

(3 bl Sl dald) ol 4-4
(L ki i) doodl 2bid g ol 5-4
Al SV Al ol 6-4
cNgol) 2l Sl g ol 7-4
Jad) bolad (6 blally dald olsll) 8-4
35S 8l plladd Al ol S5 9-4
Cold plisnl, oliks 10-4
B hlaadl 8y Bilgadl b JUasVI 1 jualsd! fuadl!
iedis 1-5
Zaplssll ol Y1 2-5
2 g sk Jloe 3-5
(b @ osb) csh fes 4-D
2oV g sk e 5-5
(315 plail JUaely 2bodondd) &5l 12 JUasYI 6-5
sl e olids 7-5
SRl ol esludt fuadl
indis 1-6
(U 2,y ol 2,5 2-6
(lad) o)) s al 3-6
ool ala Ll 25. 4-6
(e2Y) il plasy 51 20 5-6
oaoll) plas deglie e aypll desdl 205l 13T 6-6



392
396
396
407
431

sl pllas aaglil Loal) L3 7-6

deliall Slaglly 288 21 3 o)V B penas 8-6
alolid) 2V ablsal 9-6

dada))t Olodla !

&'



S il (3 8L )l (o ) he plene OISl L any
gL oS ala)) dwdin 3 = Al )

Boloty Agad) O Jbd oolyn LS Lia e JoYI Jadll Jglin
Gl alad) s aladl OYsles g Slolond) Bgiias | Siny ailall oA
LAy Osmdly — (s Aby Jubl) — osls AR b e Ay

P e G el AU (3 Rl A aE ) el Joling
ol olladl o i)l ¥l LSy il AV ey AV wlo)le e
b a8 b 28) Olell s adlly Ol jlall SO el fre aY)
(2]

ez 3 Ojlgkl jslall S flaall dnlyd I oadl (3 Jans &
Bled U YN ablodl) Lol Ay by adl) dellanialy a3l ¢S 5,050
Al eSd) A

LSl auls mbl badll (3 5,9 ikl je JlaeYl 2,0 2esiaS)
L85 bolasty ¥ 0 K2 olie Calid Bl wlailally 8 bl
L2y Al YT

e ad OF Se g wlsll p Jasl) ald) fadl) Lo
Lo JSG ol )15 ol 2455 150,801 302

2l oo a)l mslon Yl ealld) fuad)) e
S dosbeall wlilly 250 V) @ aled) (2pby 20 W) dlaily
Aol Ak by Adlehl SIS (3 Bl Uy 2 2y s
W Lladl e oS s 3 557 £ A3y



gl Dl Lz aib ol Y Jelod) 1) Bl -
gyl mdlsell venadly fradly jlaza¥l U2 (3 deed
263 delad) Joradl SV g a3y wlalyy dles alaed S -
OIS Bl Jan - ) BLoYL iyl a2l dallad)
ropm ) e L B Sl 2,185 251,680
hadly S Gt e oS s slael (3 slazeV) ¢ A
gadall g lg
& Oshalall Ogunntight Udajy slisW) Ll g OF LoV by W
3 Al Y1 3OS 1 (3 3L S @)l dwan Yy colelas
LS O Bl Al lak g o2
SRR
gl ST el 3wl gl esTUN Bl
O ged) Ol s e



Joll Juaill
dyadll glosya Jalasi
Power Flow Analysis

dedde 1-1

Slkas I 13168 5, pllas LU Ladl) s (3 3l
e ey Bjlste JordS Gyl (3 Jam ol OF 58y chelal)
skl 4T

LS slans Blule boladly daall oolee a2 oda (544
MVA . ole PO T VAN FPNORT TSN

i b OF Y1 ke JISCl aad o¥ole 1805 S Loges
Lzl Wy 508 o lawe o) aedle SY1 s el &¥sles

SVsler Jany dial) bl IS8 e 8800 Vsl 1S085 0)
Ala OB Aae)l D)5 Bjme disg il ST AV Bde Ak 4y
il Sl e Jgamd Ll S5 s 2ol YLl

oo ST By ,me Sl VI 055 354K 8l ol (3 & V)
Voles i ally) olellaza Y1 AV ALl Vol eead ULy L)
JSasy SIS G dlanly V) Ll S Vg e b (Wsadl Ol
eS8l plas ULy 4aad) wu‘w S Wgad O bl
Jaols iy 2alasVl dgadly fasdly Ladesd) Slbes (3 Lzt Tk
sobait] Woad! Ol b jumy S5 ) BLoYly ldgll oy ootz
Adla=Y) clehlly sl jLaeY) e o2 Olhes L2 3 awlLY)



(dinl OYolad Slbendl Bgias Lo il 1is (3 C2aning
— s b e i) 8 k) VLN L By el Bk e SIS,
o Plas J G ol S o i g Ogudly = (g0 Ripbg J;
% LRV
:Bus Admitance Matrex Ada} Slolow &8gdae 2—1
Lol 308 5l jzn Akl Sl
ihage Lol (1-1) K2l ol
e ol ) ygein Delill
.MVA
Ity i agy ol Gy ) 0T
G b ohlall o8, ST 040

T RO P [RERPEINY

b plad dmilaal) Jalasis (1-1) 2N
Ael
1 1

. z; - r;+ 1%

AL ksl Slobond) AN 3101 oy B3Le) £ (1-2) IS 3
oS (3le o)) 6 lg) [0/ 3aa dsT @ 8y s s
th bmm 4 U1 e il e wllall G058 056 ks

l1 =Yy10V1 +Y12(V1-V2)+y13(V1-V3)




l2 =y20V2 +Y12(V2-V1)+y23(V2-Vs)
0 =y23(V3-V2) +y13(V3-V1)+ysa(V3-Va)
0 =1y34 (V4-V3)
Dk et Vol ol (3 aslelg

l1 = (Y10 + Y12+Y13) Vi-Y12V2 - Y13V3

l2 =-y12V1 + (Yoo +Y12 + Y23) V2 - Y23V3
0=-y13Vi-Yo3 Vot (Yis+ Yoz +Y34V3) — Y34 V4
0=-ya Va+ysu V,

(1-1) S el ool Sl e Jalases (1-2) KN
U ol lendl (e

Y11 =VYi0 + Y12 + Y13
Y22 =Y + Y12 +Y23
Y33 =Yz + Y+ Yy

Y4 =Y34



Yi2=Yu=-Y12
Yi13=Ya = - Y3
Y23 =Y3 = -Ya3
Y3s=Ys3= -Yau

DAl di SYsles and July
l1=Y1uVi+ Y Vo++Yi3V3+YyuVy
lo=You Vi+YnVo++YusVi+YyV,y
13=Y31 Vi+ Y Vo++YVi+ Yz Vy
14=Y Vi+ Y Vot +Yy3V3+ YV,

Y14=Y 4120 0B ailu) aadl (3 4 dially 1 sdiall on Jladl domgy Y &l Ly

- Yu=Yp=0 Jﬂb) ¢

SVslee Jo bad Ll sdie n pr 0550 plas e 28L) S pensg

(el il o

1, Yo Yo Y Y | V2
I, Yo Yy o Yy Yo | V2
I N D o oo g L B VG|V
_I N _| _Ynl Ynz Ym Ynn _Vn J
. )i

Ibus = Ybus Vibus
dxzg (o) DL s sl daall (3 352 o)L plas lpys 1 &

Tamis 6l Jim (3 Uiy Guiall ol2L sl o1 07l (3 Lorgs L)
daall e
C o Bl il dnlie iRl 5 s Vs



oo Bsiall sda 3 sis S (g lab jate Sy dinll lomlet shian Yy
1T I Zlendl Copmg 3aa)) 0ds Alatl) Sllendl §9a2t 0 §le

\( = J_Zno‘,yi,» j#i (1-3)
Blal s3sle ddall g dmlandl 4] Lgte ST (Solud By ladll pé L oliall L
T NC RISV UL U TR DUV PR JP% P

Yix Vil Yy (1-4)

o Jsadly (1:2) bbbl > S a6l 2y me dinll L5 06T Ladisg
Sdis nd ol

Vo EY 2, (1-5)
Zbus 2in) Slle Bgias Ol land) Bgivas Cglin C3iag

S My hail a3 ble Bgias & Slolandl Bgiias O]

Bis JST05S5 23U ,Sd) 8, plss (3 L Bbghnall e Lo (Solal) il i
gl 055 g ladll alial) o S O Uy 39l dinl oy r B
il g2l docal) 2 35 Bpheall odn shin e Jpamelly (ieal

A e T alBy iy DLl ds ey 1o glly A

Mg padl) Ol slay DI Zyys JSad o 2y b s

093 Bghanl B sl il alanlyy 5,300 Bgiall adn s Jadl,

Absinall I ) as U
1l ol Bghan OB (14) 5 (1-3) <¥slall ) Tolnad
tk LSTOsSS (1-2) Sl iy



-850 j2.50 j5.00 0

| j250 -j8.75  j5.00 0
"7 j5.00  j5.00 —j22.50 [12.50
0 0 1250 - j12.50

i o il ol giiae [ Sad Tas Tl s Lo 0y
Aie a5 Wy SV sganll idesl day)l (5529 bsledl Sllas |5 Zdata
LS bl dleling daglin Olgmd OB Ol garll Wil (bglad)
g1l

;;b» (é coleler ) bobd) Slule (B8 &)y & Gﬁuﬁss REN o
Agled) olall K25 & ey 4kl g ol slg) el



:(1-1) Jue

E,=11,0° ¢ E,=1.020° (1-1) JSCad (3 A (gaill Sl
R INCER PEPIANE

Sl Bginn s8] & (Ollond) Bsize Lo Jgamll Y =y (zdata)
1S ol b O Loke Aaall 555 SIS domgly B5iall I8 30k e
-

i1

. 1.0 .

I1

:Jed!

Wb b Wy b p Bssall B Gl 5 lous= Yius Vius < Ysll > 0
Ay iy i) Ll dd ke oYolll sda o S 3 e Y
JoU o ol o o Elp AR AR L) e B5i5 a3 Ll sday ool
s e e o



Gobasd| e dypendl OYsadl - 3-1
Solution of Nonlinear Algebraic Equation:
Gloy aded) b dpdl Yol A Llsnal dsaall Gl 7T o)
e A3l pney (Osmdly =5y bl ogle Bl p Jlll i)
Aslee n S S g #0 Bl e Wl e pni Lol
:Gauss- Seidel Method J&)y —e9 dd,b 1-3-1
Rk b Aol a2l on 2
f(x)=0 (1-6)
ISl Lenlsy aalldl A g sole) Sy
x=g(x) 1-7)
105 Jlll S 0B X Jgmeadd 2053 20l X9 ilsT13)
xt =g (x) (1-8)
S ) e IS 50 e G oy i ) e Juady
Spreo dagd oo ool (Ll ) S Selast oAbl dadlly U aad) oy



|xED _x® < g (1-9)
st M Bl g 1 Co
(1-2) e
U sl o sl Jaly — ele ad b susd
f(x)=x>-6x*+9x-4=0
S ddas el Y Cnlie iy ol LS A
1., 6., 4

X=—=X"+—X"+— =g(X
i 9(x)

C(1-3) Sl e 8 LSTX AN (X)) ey S
Il ded dtl A July — osls sl Gobas

=,
tsY il 06 (1-8) Walad) e

x® =g(2) = —1(2)3 +9(2)2 +2 0009
g 9 9
)
@ L s 6 2 4
x? =g(2.2222) =—§(2.2222) +§(2.2222) +§=2.5173
2.8966 , 3.3376 , 3.7398 , 3.9568 , Ll Ll IS Slgles  aniy
Bl s Jml) Bad enas OF ) 1S Slles 5lass 3.9988 , 4.000
g sllall



ST Gl gy — og iy (1-8) JS)
Slglaxt a5 sas (] 2l gl — ogle sk Of Bl JU e iany
) el ode Joas OF 3,0 ally ud il LS iy gllall ) 1) Jgemsl) 1SN
e L sum) ) Jeod) @ aslin¥) dadl Tag JU s (3. |4 il
DB X026 S Jlb) )t AW Bedl) IS w3y (Zig Zog sl
A Al ) oy Sla 06 Py delae SIS olles
13) Loy adl s e GJM\S J.ALC« (U}ﬁ.«u\ u.(.go‘ﬁ\;l-\ LI
s Jili=pogl il OB o> 1ty a2 peed) il Ups)
x* Y =x® 4 g[g((x®)-x®] (1-10)
1(1-3) Jus
e mo Jly ool Bib plaszals (1-2) UM (3 53yl Aslall Jol> sl
=125 pyd
: !
tJ9V il 00 X = 2 An V) Al jlaelyy (1-10) Wslabl plasszal,
1 6 4
2)=—2(2°+—(2)° +—==2.2222
9(2) 9( ) 9( ) 9
x® =2+1.25[2.2222 -2] = 2.2778
EIREE-SNPP
9(2.2778) :—5(2.2778) +§(2.2778) +§:2.5902

x? =2.2778+1.25[2.5902 — 2.2778] = 2.6683



3.0801,3.1831,37238,4.0084, <l Lt S ollee aniy
.3.9978 , 400005
o ole SU (1-4) IS s

) Jals pldsanly Jili— o gl Ay b (1-4) JSH)
O 50 35S0 5ol OF e 1087 s Jole izl pde ] ol¥I 49
Aol g ol SIS ol sas sy b e gy (A AbE ol ) 505
DS aes

aneﬁswny&&(%&@ju\dtww
fARRC | P ) ="C;
15 (X, X0, % e ) =88 (1-11)

£, (X Xgue X,) =€,

el Sy a L) Yol a5



X =Cp + 01 (Xgy X0 X))

X, :C2+92(X1'X2’ """ ’X”) (1-12)

Xp =Cp + 0, (X, Xg0ee X
izl SNl e IO o8 > AL LS oles Tus
(X(O) X(O) X(O))
(XD X ey X

XD ... Xy s o5 - (1-12) Vsl e &=

A2 B @) OB Jly - ogls il (3 &l STUL k)
Pled IS ke s 39 88k pdsnd AaLadl OYslal) Vgl
Bl oVl o3 ST et v LSS ades ISR (39 W YL
Al ) S Belast (3 aa, LI i)l o

B O Jsi gl Bl e Vel wolp ST ST
DS Sles slarl jLane ¥ £ 6B Yy o)li

rear JUly b 0 e ile il Oyl m s )
RIS

Xi(k+1) - Xi(k) +OL(Xi(k+l) _Xi(k)) (1-13)

Newton-Raphson (NR) method : Oswdly = o 4y 2-3-1
o b Ay Volas [ xR, di b s NR 4
Bkl gy VU s (3 053 ISy B )i BRL oy IS
et Lgrl o Bl Ll S 3,4l oot oot Ol 4 dasl
S o Slslrl e Al (S8 e 52 e 3515 8 ST

. Compact storage scheme



ey LoV LS s sl Bl Sty i) mpd S5
U39 NR il 1Sl Slheny sol) 22U 4 il plassanly Joli ole 32 b
bpai2 Aol 30 slas] ddll e (@Wgad) Ol e |4 da L)) ol ks

N Lasde dbd) e dpd) Vsl e degast juad
f. (X, X,,..X,)=0 ; 1=12,..,n (1-14)
P

sl 25531 BXO, O xO
Corrections wleswadl AX? AXY L AX? 4

Dl o el M e fad sV i) ) el 13 g

f.(X] +AX], X5 + AXS e, X + AX]) (1-15)

s Sl o4l Jem sl akade 3 o¥slall ol i

(1-16)
+ Higher Order Terms

&&T 3.2-)3 <l AJJ\J-
X1 Xor e Sl i aght otaaly (Tigo iy (Migo o |
oX,” 0X, oX,

(0) (0) (0) - <
O, XO X0 o)

ol SNl (1-16) kS S eV sl w13 ssad) JLAL,



o] [ of o of of, o [ 2% | To
LIE)T D ) '
0X, OX, oX,
0 of of of 0
f HMayo (T2 yo Y2 yo |l AX 0
L+ (6x1) (axz) (6xn) e (1-17)
| of . " sl
) wES) ()
fo L 0% oX, X, Jlaxe| O]
D) el o
0+ A°AX° ~ 0 (1-18)

X ) adls f Blzal ade La#y Jacobian matix (3sisd) il S A°

X el 2y 9xill
Sl (1-18) alslall als” - Ssy
f° =[-A°]AX, (1-19)

LSJ& JW.U upj\x.s cedd 3.5@.&: L@_l;— u_{.{acb:- o Yoles 3&}.«51 a.:\.hj

seddd) x ('.33 C.:»A?j .AX
x' =X+ AX° (1-20)

(K1) g zdl sglos J>t§b ple J_{,‘;_, )T

x*D = x4 Ax ) (1-21)

:gsf cigme dygf e BB (1-14) Vol gimes 2> 2l olles anus
f.(x")<e i=12,..,n (1-22)



.a specified value liews 502 203 g G

D (1-4) Je

10 ey — 3565 Aty (el el
f (X, X,) =2%, +%x,X, —=1=0
f, (X, X,)=2X, — XX, +1=0

X2 3 X1 (e ol (&

:Jed!
£=0.001 >4
x0=0 ; x0=0: 54 :J,¥ 1S A
- O 4
FO _ -1
1_
@oind) sl S
6_f1 6_f1 2+X, X,
[A]= Xy OX, | _
o, o, e B
O Gy R

oY ol Y [A] s -

2 0
[A"]=[O 2}

Ll ([A] ) B 3 b el Sy (1-12) Ablall n AXO s
U s (3 eslel aes)

S P
0 05| 1 0.5



:Zx;u..«.s‘:\x;.,m.&—

0.5
x® — x© L Ax© =[ }

-05
) 2\.\.%;’-‘ X (..::LS f wﬁ =
-0.25
fi=
{ 0.25}

oo LI el gl =222 13) —

If, |<e ; |f®]=+0.25>0.001
If,l<e ; |f?]=+0.25>0.001
2 2
s Vs S oles o
:L}\.':J\ )\Jﬁ\ (2
[A]= 15 05
05 15
(AT = 0.75 -0.25
-0.25 0.75

M 0.75 -0.25(|-0.25 +0.25
AX = =

-0.25 0.75] 0.25 -0.25
Mol SO :[ 0'75}

~0.75
o _ ~0.0625
| +0.0625

Aggdlall Bl ) L OF ) S olles azad 10Say



(1-5) Sl & bV kol 2Ll lkas)) asds O ks s

3&%) o8
Nalell sae n
RJ\.U.;Y\ )j-l-;." Xio
ot s g

NOI=1

S slas

@sind) il S5
GPIE gy sledan!
AX ot

Xg..)LM.\}

NOI=NOI+1




Y (Iflke 2 )

LBI0 gudly = (g Ay o) L) Lalasealt (1-5) JSCE)

W gerd) Qe B E3sedt 4-1

S PN S PRSIV SURN S
plladly (Soudl) SISy (oaladV myjedlly cLagkasdll 29,0 ng (il
By Agb a2yl sda fuziy L izl plbad) Slaws Ladosdy LU
e 573 8l Bk elan ¥l Ol LIS ke S gl

Alse Lais Dol (3 Joms ol OF 5 dsadl Ol als by

Sl s gay cNpte xpls ks IS oo oty sl 285 Bl lagy
Q 3 Aslan V) Sy (aiad! aslazaVly (& slal) Bglis |V
:(Slack bus) grpd! slely

3302) aglee sl pgliy gl ad 050y pon bl Bk o1 Jlly iy
6 3 aslaza Wy Aladl delaza V) 065 Ly (i ayall o 45
o Lad iy Lo 58 plai (3 6 sdll s pn doly Loy gy B3l Bipme
W) Ol alys 3 el s ik s L

oo 230l Aladl) el Lad Se Y daed! Ol Aulys &
O 3 Tis Cog,me 58 asllana™ (3L OLAT OY g s L)
O gl b acleg Ayl ] dn Y| Copmy V plad) (3 2ellaza V) Lo
8302 e pdia)l aelaa) ad 0SS (A el anids) Lol dls 05
lad) Lol asllanaV) (3 smnll oy 61 Wy s



pladl 3 dble Wy dlas ST Jeatd Ll o sl Bl Ly
Sre i Ahes sUT a1 L) asllana V) 3 ) 0SS STy
NAN Ny TS W RRNEA FPRRVINWC [ ISR (Aot E
:(Load buses) & szl Oyl

ciaghnn B3 )l aslozn Yy Aladll aslaza ¥l 065 Ol o 3
Sl sds a5y Rashan b Liall 15 Al Alpsb 0555 Ly
P-Q z35¢ <Ll
:(regulated buses) dekawd! &yl

S Shlaly Lol By cdyd) Sl (b Sl oda
Bagkus ol Alsby Aladll dellaza¥l 056 L) o ol 1 (3 o dacll
OB el ] 8Ll cohlold) ods e S asllazaVly sl &5 s oy
Sy g 065 Sl sda il Wil aloall 5 ) aslaza Y 5 eu
PV 2358 Chleldl ol ods
:Power Flow Equation & sed! b &Ystes 1-4-1

(1-6) Sl rer on LS 8,8 e 8C2S T3k Ll end
LSl Slle ) Clillll Ll any 80 1 3y bshad) 2 &

MVA L ale ol aellazaY & peie gl



(U 88 oS B r3gal sl (1-6) JSCH!

S bt ol s e Sall (S 055 g
i =ViVi +Yu (Vi =V +Yi (V = Vy) + 4y (V= V)
(1-23) =(Yip +Yiu + Yiz + oo t Vi Vi = VuVL = Vi Vo — .= Vi Vs

J
= ViJZHO:yij —jznl:yijvj J#I (1-24)
0 el e a3 0 2elaz iy dladll aslaza )

P.=jQ =V (1-25)

J

| e | U1 (1-26)

i V.

(e bt (1-24) sl & 1 2 ayges
P, -

V—;lfo.izvizyij _Zyijvj j#i (1-27)
i j=0 j=1

Wyodl Ol Al oL Z3sadl o ey il LoD 22 L BN o
Al S Gy L gy Bl 8 By OYslas



July — sl Ay oy Wgamd! Ol Blas > 5-1
Gauss-Seidel Power Flow Solution:
(1-27)  akd) pe oVslllala > o LY dsad) 0L anlps 3
b (3 Vol oda dxly Sdie IS8 uaslall 8 sl slgY U3y
A JSed Jagl- esle

I:)i B JQI
Vv BYiVi'}

2 Yi

WA = j=i (1-28)

Pi ¢ Qi cdlell SLaSIL nnal) B bedl 8 Bpie 2oL 2l yy o
oS gl sl Lo adlell LS &l Aladl) delbza |

G QUL cComse 5l sa i SR ) ) L) O sl @ eyl
Pi, OB sl ol Jae 23 Jlg allad)) acleza) b 34 RSN
D)) asllaza¥) o S 62 o Ugedd Ohlaly 3 ety cimrge 05T Q
Al 055 Qi 5 Pi oo JSTOB SLld) e Toms 23 0

(b LSTPiL Qi e e (1-27) sl s

P =RV IV D yy =2 vV T} j=i (139

=0 =

Qi(km = _Im{\/i*(k) [Vi(k) Z Yi — Z yijvj(k)]} j#i (1-30)
=i

j=0



Slland) Bgian olic DYU Vgad! Ol S¥slas o s5le pmy
‘Yij =Y Sjyfdja-t iz :Ltej.é.,au ol L} 3@.543.5\ 7 f,pb:d\ B S Ypus
((1-28) Wslall e JUbg Yy = Yy 68 Bkdll ol L

P - jQi (k)
V(K = z yiivj

V_(k+1) = i j# 1-31
: Y. (1-31)
J
Pi(k+l) = Re{vi*(k)[vi(k)yii T Z yijVj(k)]} j#i (1-32)
o
Qi(k+1) = _Im{vi*(k)[\/i(k)yii - Z yijvj(k)]} j#i (1-33)
=L
ji

2 A a8 s le 1 SISy o)Vl Lkl oy g lend) i et
Ll 2 Wslas (20-1) oy 68 wom b1 Sia Olisglan 553l 550 SST0T s
055 il 3 il b OB a5l sl Syl 3y L L) LS Gk
s oo aom H Sia il Ash e di o IPU W) A gt
g ey i b e Lo logs BT 05SG I ol 3 ilisd
Sl 3 Ol 055 Ly (s ) dslozeV) CIb jlads e $U5 dazngg
P RCIRVAL

oo BT e die (3 005 aglll odn OB jslall gl slan Lad L
gl ol 055 Loy cAllad)l aellana V) Mo Uiy U39 o M) 5Ll 2
ool Aledl) delaza ¥ Ol Iiig gl donydy Il oLl 3 e
bW A



B LI 1+0.0 dyet) il BN i) b Jugl= ogle di b &
c Jsdd Jad)l il Lo [

U Bgan P-Q 598 Shlldl 3 3y ladll 2otz V) 0555
Blly il LS SL2Y ¥l ol e Bl (1-31) Yl |4
NSRRI

Vil s Pi Tl 1S3 LS (el 0T PV 56 bl (3 U
VD 512y (1-31) pusas ¢ QUY 5lgY (1-33) Vsl £ el
dagy VD e b o) el slizal o @ eshes V| OF Ly w1 Y)
e ST ) el st o3

(ei(k+l))2 +(fi(k+l))2 :| Vi |2 (1'34)
o
ei(k+l) :\/| Vi |2 _(fi(k+l))2 (1-35)

a8 VI sl sdly gad ndl el fiY e o
dlee SO o 1 e g )ldl Jale galan Oyl 4 8545 o

S

VD =V 4o (VY =) (1-36)

Al dorf g ¢ pladly e Blasiy Aide sde gy sl bl o o

Aeodgad) Ll (3 3ade 0SS 17 5 1.3 L st bl s 15 O
ol 85la ST S5kt 17 e gl 20dll ol Jleal o

il DS (3 Sl S mnas OF ) Zheall ol jazidy cdinast) S04

Dl A9 4l BA Sgd s el S Al b



|ei(K+1) _eiK) |S €

(1-37)
|f.(K+l) _fl(K) |S €

A cf\:.; €=0.001 .l gsi”; asleg

ielaza ¥l Cle o 4 4k U] Jyodlly S dlee )i A
H(1-33) 5 (1-32) Nolall e wo M Bl 335 Jlg 22,24

Sled) Fgad) Bl ©Yslas (1-33) 5 (1-32) <Nslall e
N gl) Canas OF - Ssy .SLFE T,Laz15 Static Loead Flow Equations
iopie ) OVslall oda (3 8310
Lasidey sl o2y (State U ©¥sie of) dependent aab oYsoze =X
2n
4 W Soul) LB Lganrs (ol 29 independent Az ©Nsmze =y
.Specified Wl >4 = jaxdls

(2 5P mfn [ OLE SYslee 3L Sy
F (xy) =0

B
y:
p
8342 OVemie =P ¢ v.(zﬂ\ OVgie =U
Sgming Sl SVsoete o OB cilos LA SLFE S5l 056 5>
Bl i A Loiatls Smn 39 o 1 Lo Al OF g AL
relorii by
e\ Al gl aa 3iZ O 2 (1)

Vi lnin IV STV

min



il 55 e d Jond el 38180 il OF ) LY ady
AV el o +(5-10%) 5ol nkn oy
ol Aad e ol s (Y Gl sled n gl 0SS 0T 2 (2)
L) ohlaeY by G gas
18, =8, 1<18; = 8y lax
pyy o) Al dellaal Wl e gl 5l Bl bl s (B)
O AP U ¥-PANP
P < BE <o

Gi,min — i,max

Qaimin < Qai < Qi max
Tgkady 55,2 55l Olsl Aol wlabez (1-7 ab,c.d) JSaY Cnss
oy (o393 Jont OF pgiall oS sl JU1 5,2l aalad) iy o olilg
.A,B,C,D Ly ssu2 ikl
Jod oo Lemlss) Wl oy gl odoal 23 ) 2ellon N1 fowd 1 A 2ol
Bomy3 pLip)ly Sy o o Ty gl 05Ky V) Aladl) azellazal,
gl olibs 3\~
3006 4 Jot Luotis skl Lgmry o aliall 5 )) dollan V) Lows ¢ B alaid
099 V) Wladl) 2oV azsllansl o (i)l adie) 50% o (ASle diis)
3950 0N 5096 Py of 30% Py r 5T asill fond 552 ¥ Ll Tl e
SUils gl Bomys plip)ly 532 2hid) odn Wsde xf e ) it Ji
Laf s



Akl ooy S 30 Apdl a5 Allad) dellaz ) 0)
AR EFIN
gt bord Ldis gl Lo gl calaall 3 )1 szl 502 1 C el
) - domys Lyl alaill odn sudy A e Aslanal pudy 230
NCIUIC ;s@""L\
T Jors Losie aygl) Ly s g\ ol 45 )1 dslbnl ) sud D il
Asde Vb delbza) 15 pdisy a3l
oF sl 55 e Lois S o tgnel) Joradll ddlase 0]t

&Y s
;@‘w Sgidl odd k) 23 ) aellza V) o5 L Jgudd asidyy
D C B A
S 61 40 83 61.9 352
54 25.5 138 127.5 R
24 9.6 52 48 64 i bs
53 23 120 112.5 53,2

iyl sl V) aladl (3 5ol adlayl asllenn ) i Of g T2y (4)
sl coteball ) BloYl cnSlgandl e gkl

ZPGi :ZPDi +P
ZQGi ZZQDi +Q,










Byl W dlases B yged delana) labases (1-7 ) K



85w dases B dygiod dstlazal) Labases (1-7b) JKH






ihad dlaree b dygied dAsllanayl lalasis (17 ¢) JSKI



Ll 3 Lgied dotla '
dars B gl ds\lza! Jabases (1-7 d) JSKad



:Line Flows and Losses bsksdl & 04l Clu- 6-1
AU AU 3 s LS Slhes PO e dadl Oy Ol day
3090 owi o eyl Bk uad  lslally bl (3 O Gles
o oY 3 Lo jimg i bl i ol 1 L) 5 o ((1-8) K2

raley j AL
=1+ =Y (Vi = V)) + YV, (1-38)

181 & Jasd A 1 8yls (1-8) S
QL e oY1 3 Lmg imy bl i ol 1y b sl (S

NI
Iji=_|/,'+Ii0:yji(vj_vi)+yjovj (1-39)

Sji daa)) dsllazaVle j Lol Ui Lol e Sy dpiall dellaza V1 0455
Dbl AL bl
S; =ViI; (1-40)



S, =Vl (1-41)
oo 3B asllan VI QLA (ol ¢ gel gm i Lo (3 dellaza) el 05

1l (1-41) 5 (1-40) B
SLij=Sj=+S;ji (1-42)

:(1-5) Jue

B e 058 Loy 88 pllad dsfgl) Lok} bz (1-9) el o
Sl e @ gl Alygb b @ Wy g Jlol 92 1 Luld) (ol
dl olellaza¥l 22,3 il e JaY dellsal 11,05 pu aedll o
100 MVA oY ageis Perunit U slaxs bgledl olulegelabsd) s
Alagr Lol dpe i) Sl Lol

- (1-5) Jueld a1t Jasdt Jabasis (1-9) JSC2J!
100 MVA (bl J) & gamnto k11 SLoSIL lailaned)



o sl sl @l ad Ol Jusli— oals 38 b plasials (a
£ =0.0001 B 05T Eotty (P-Qullly) 3 5 2 JaYI llly
o Sl & Jlg Wladll aslaz ) ool (b

Uyod! L Loz vy colelially bslad) e Wsad) O~ ! (C

Ol ol L
:J.’J\
ol ) L oWl Js4 (a
1 :
=—————=10-j20
Y2 =502+ j0.04 J

Sl e die Ol sdage yp3=16-j32 5 y13=10-j30 alin [Kivg
1 Bl SLeSI (P-Q) Hgad) Sl e Bial) 2elazNI L (6-10)
_(256.6+j110.2) _

s, ~-2566- 102 pu
2 100 1 °
S, = (138-613 0145'2) ~-1.386-j0.452 pu

<Lt T (Slack bus)  wor e 3axS™ 1/ ) delg (1-28) aslald e
H Y sl e Bl Vo, Vg 36
V®=1.0+j0.0 , V?=1+j0.0

u‘buf



- (1-5) Juell ux gt Jalases (1-10) S
100 MVA bl i a1 81 SloSIL ol L]

Yo+ Yo

— 3 1.1 : i i j
516§ - ;o 02 | (10— j20)(1.05+ j0) + (16— j32)(L.0+ j0)

(26— j52)
=0.9825- j0.0310

P3 i JQS

@
VAC +Y1sVi+Y5VY,
3

(A
y13 + y 23

~1.386+ j0.452
1-i0

+(10 - j30)(1.05+ j0) + (16 — j32)(0.9825 — j0.0310)

(26— j62)
=1.0011- j0.0353
L) ) SIS o e

—2.566+ j1.102
0.9825+ j0.0310

+ (10— j20)(1.05+ jO) + (16 — j32)(1.001— j0.0353)
V2 =

(26— j52)
= 0.9816 - j0.0520



J
—1.386+ j0.452

V@ - 1.0011+ j0.0353

+ (10— j30)(L.05+ j0) + (16 — }32)(0.9816 — j0.052)

(26— j62)
~1.0008 — j0.0459

forer A 53107 By A ) e OF I VS Slles e 1Sy
LSS olles

Vv =0.9808-j0.0578 , V) =1.0004- j0.0488

V¥ =0.9803-j0.0594 , V¥ =1.0002- j0.0497

Vv =0.9801-j0.0598 , V& =1.0001- j0.0499

V¥ =0.9801-j0.0599 , V. =1.0000- j0.0500

Vv{" =0.9800-j0.0600 , V” =1.0000- j0.0500

V, =0.9800 - j0.0600 = 0.98183 £ — 3.5035° pu

V, =1.0000 - j0.0500 =1.00125/ — 2.8624°  pu

o e bl delbna) e Joad) (Sh il IS 155 Bae (b
(1-27) s\l
P, =JQ =V Vi (Yi, + Vis) = (Y12 Vs + Y15 V5]
= 1.05 [ 105 (20-j50)-(10-j20)(0.98-j0.06)-(10-j30)(1.0-j0.05)]
=4.095 —j1.980
o bl 23 g Al asllaza VI OF (o
P, =4.095 pu=409.5 MW



Q1 =1.980 pu =189 Mvar

Ll Olew JLALy o ol Cleg T bolad) Lo 0L olud (c

L) nga

Ly = Y12(V1 = V3) = (10 = j20) [(1.05 + jO) — (0.98 — j0.06)]
=19-j0.8

I21 = - |12

l13 = Y13 (V1 = V3) = (10 - j30) [(1.05 + jO) — (1.0 - j0.05)]
=2.0-j1.0

lgg == ly3 =-2.0 +j1.0

l23 = Y23 (V2 = V3) = (16 - j32) [(0.98 — j0.06) — (1 - j0.05)]
= _0.64+]48

|32 = - |23 = O64—j 0.48

Lyt Je aelaza¥l Sty
S1, = V1 I5,= (1.05 +j0.0) (1.9 + j0.8) = 1.995 + j0.84 pu
=199.5 MW +j 84.0 Mvar

Sz1=Vy I5,= (0.98 - j0.06) (-1.9 — j0.8) = -1.91 — j0.67 pu
=-191.0 MW - j 67.0 Mvar

S13= Vi I5,= (1.05+j0.0) (2.0 +j1.0) = 2.1 +j1.05 pu
=210.0 MW + j 105.0 Mvar



S31=V3 1;,=(1.0-j0.05) (-2.0-j 1.0) =-2.05 - 0.90 pu
=-205.0 MW +} 90.0 Mvar

Szs =V I3,= (0.98 — j0.06) (-0.656 + j0.48)= -0.656 - j0.432

pu
=-65.6 MW - j43.2 Mvar

Sz =V3 1,,=(1.0- j0.05) (0.64 +j0.48) = 0.664 + j0.448 pu
=66.4 MW +j 44.8 Mvar

Ll olebs 0555,
SL12=S12 +S5; =85 MW +j 17.0 Mvar
SL13=S13 +S31 =5.0 MW +j 15.0 Mvar

S 23 =Sy +S3, =0.8 MW +j 1.60 Mvar

aslona ¥l Ol ol ade Lo Wgadl Ol b2 (1-11) K2 Cpm
Al 2oz ) olebos b gl os L] SLall il W s Jlg dlad)
L) e 45l



L(1-5) Jlaald dstlnt) O Jalases (1-11) JSCEJN
Mvar § MW 4 dslazu¥!

:(1-6) Je
SN o 05K Jaguny 5,58 pllad) sl Lokl babazz (1-12)  JSCad) g
Sl 922 Sl Ly g ol 23 91 bl coblul
ol oy ¢ 1.05pu Al Jo 1 Lol Jo gl digh pad on dss
200 MW sgs allad dsllaza] 20 1.04 pu dedll Ao 3 3uial 3 55
sUare bobdl wlwle (250 Mvar 5 400 MW s 2 Ll 3 Jedl 0
legs ae il bl Sl (100 MVA oleY & genie pu L
e Woad) O &5 (3 L Juli— ol di ke Waad) O LA gllall
L olelally Ll
:Jed!



(1-6) Jlad) gl Sasell Jabasis (1-12) JSCiJ)
100 MVA ¥ & ganis Olnilad!

e et o ol ) Dbl Sl J4€
Yy12=10-j20, y13=10-j30 , y;3=16-j32

i1l S LaSIL Il Vs ) eolelaza)

g, = U0+ID0) _ 45 55

100
200

P, =— = 20"l

* 100 P

V2, V3 lisdl b s (1-28)  abslall o ol Ll o2 1Ll
D gyl il e Bolasl
VP =1.0+j0.0 , V?®=104+j0.0

Pz _jQz

(0)
w0 TYVitYasVs
\Z

VY =
y12 + y23

—40+j25

Lo T (0= j20)WL.05+ j0) + (16 - j32)(.04++ j0)
0-]j

(26 - j52)
=0.97462 — j0.042307



Sl aksh e ISad G e Ll 583 Ll OF s LS,
Vol ot Lol r o sdh a1y cogles o3 o» Wladd) aellaza Yy
(1-30) aslall e s ) dellaza Yl

gl) =—I m{Vs*(o) [Vs(o) (Yis = Ya3) = YisVi = Vi Vs — Y23V2(l)]}
=—I1,{(1.04 - jO)[1.04 + jO)(26 — j62) — (10 — j30)(1.05+ jO) —
(16— j32)(0.97462 — j0.042307)]}

=1.16
tb LS Ll Sy oLt QY Aot paszy
P,-JQ
W*‘ YV + y23V2(1’
Vs‘(l) — 3
Yis T Y3
20-]1.16

o (10— j30)(1.05 + jO) + (16 — j32)(0.9742 — j0.042307)

(26— i62)
= 1.03783 — j0.005170

o et el BB fa BB 104 2endl e T s V3] O sy
BN e ade Juamd adH) ol W (F = -0.005170 (5T ¢ VP
e = /(1.04)2 - (0.005170)? =1.039987

V{P =1.039987 — j0.005170

Lo 068G W) S e ol o

P ~JQ, +Y, Vi + yzsvssl)

V;(l)

\V' % 5

y12 + y23



—40+025 L 0. j20)(1.05) + (16— [32)(1.039987 + j0.005170)
_0.97462 + j0.42307

(26— 52)

=0.971057-j0.043432
gz) = m{V;(l) [Vefl) (Y13 + yzs) - y13V1 - Y23V2(1)]

=—1_{(1.039987 + j0.005170[(1.03987 — j0.005170)(26 — j62) —
(10— j30)(L.05 + jO) — (16 — j32)(0.971057 — j0.042432)]}
=1.38769

P3 N JQ 3
V;‘(l)

2
+Y3V) + Y23V2( )
Ve

yl3 i y23
20=J1.38796 10 130)(L.05) + (16— j32)(0.971057 - j0.042432)
_ 1039987 + j0.00517

(26— j62)

=1.03908 —j 0.00730

o ) k) LB as Wb 1.04pu Aed e Wl Ly V3| of Ly
Sl b pnb gad) il W FD =-0,00730 f VP

e = /(1.04)% - (0.00730)? =1.039974

Julby
V. =1,039974— j0.00730

f A 5x10° By W aks () o)as of Q) LS Sldeny ey

._)‘Jg; C)L;.l.aﬁ



V{¥ =0.97073-j0.04479 , QY =1.42904 , V¥ =1.03996 - j0.00833
V¥ =0.97065- j0.04533 , QY =1.44833 , VY =1.03996 - j0.00873
V# =0.97062 - j0.04555 , QY =1.45621 , V¥ =1.03996 - j0.00893

V® =0.97061— j0.04565 , Q' =1.45947 , V& =1.03996 — j0.00900

V" =0.97061- j0.04569 , Q" =1.46082 , V" =1.03996 - j0.00903
Sl JH 05y
V, =0.97168/—2.6948° pu
S,=2.0+[1.4617 pu
V, =1.042-0.498° pu
S, =2.1842+j1.4085 pu

@-5)  Jub 3 ale 5 LS wlelually bobdt e agadl Obor sy
Mvar s MW JU 3jaie 3l it e fad ULy

S1, = 179.36 + j118.34 S,1=-170.97 - 101.947
Si12=8.39 +j16.79 S13=139.07 +j22.118
Sa; = -38.88 - j21.569 Si1s = 0.18 +j0.548

S,3=-229.03 - j148.05 Sz, =238.88 + j167.746



S123=9.85+ j19.69

Vil dslana ¥ Ol ol21 ade Lo Woad) Ol Laboz (1-13) [SCa)l Cpng
B3y Aladll aslaza ¥l Olels 6 il o L] jLadl il bl s Jlg

Lt e
L(1-8) Jladd W gzl Uy Tabases (1-13) JSK2J)
Mvar 3 MW Ji dslazn)
Tap Changing o gl Dot C¥gmadl LU 7-1
:Transformers

Bald) Bk sdmn bkl Job e dllad) asllann 1 Ol Of Gl W,
b B Gy 3y0er S B3 )l Atz ¥l OL > Wl (puled) ool 5gd

ol o5y



N5 3k e 1Ml Wl 2ol VU (Sl S & pslall a
sl SN2 G e SISy il alally olaisll A

AoV Aol die ool dd 0SS Lais g ol sl il Js2) 3
s 0555 Locis Wl eIl LSOl yy il dm b Jig Jotl O
1l 065 L loll Ol Jst) dmler 01 4N dadll e diliz el
Ol 3T JoY dlendl Jodas e U 0l (3 Yy sl 3,b ST
AtV Aol e Ll 2

il dhgt A Jle Js2 o k) (e yp 2l 15 Jo2) jead
Vi delend) (1-14) S e g WSTLia syl V) Al e
LS dno gl 2 a L 2V QU Lo G 8l Basl) LSl
JES RUT Y PR VENP R S PR WOWA T SNCI PRV Eppt [ USRI
e U3y 2 055 jshall aluall oVt Al (39 +10% 065 L ssles

Ly cJgmald Zlondly hiomdl e 0 X (B Ly 3909 240
OF s e sy b Lo oI5l 50 o 0 & tial) aslaz) of
Gl M e o ) 55y slall gl Amge 2l IV e o s S8
gl 0556 bl (o g Al oY1 ol pag S L shall 2l &L

V, = %vj (1-43)
I, =-a’l, (1-44)

(WL 1 L) ams
li=y: (Vi—Vy)



lia Jg70 dewy Jgoes (1-14) JSSEU)
(e et Vi s
L=y, -2y, (1-45)
a

[(1-44) Wkl e Lyl SIS
1

I- :__*Ii
E A
L 05 (1-45) Wbl o | jarsnns
I =_y—kai + ytz V, (1-46)
a |a|

Lol ey Bgiae S5 s (1-46) 5 (1-45) 2S5y

I, y, _% \V/
= 1-47
B (1-47)

I; a |af \%

(1-47) Wl 3 53)lsl lomlond) Bsias (1-15) S2) 3 o 8> by
G (gl i s ) eds (39 L Tous @ 055 Lt WUl



4 dorgy M Lol L“S.W.J\ U e b ol all s 4 o Y ()
ol ) fas

Sl sl Jid! J o) a1 811 (1-15) S

(NR) Ogmdly — g0 iy oy & goredl O pr Al > 8-1
Newton-Raphson Power Flow Solution (NR):
325 Of 2 PQ Lot ol =Y .PQ ¢35 o 0Lzl o OF o
AU Nl dged) 0L

f- (I V|],8) =P, (specified) - P, =0 (1-48)
fio (V],8) = Q;(specified) -Q; =0 (1-49)

P =V, ZVkYik Cos(eik + 8ki)

k=1



P. = vink (G, cosd, +B,sing,) (1-50)
k=1

Q= —Vikzn_;VkYik sin(0,, +9;,)
Q; =V, D V,(Gsind, — B, cosd,) (1-51)
8, =8,-8 , Y,=G, +B,
o T e V| ¢ 8 Ao oy J=Y
f., = P,(specified) — P, (calculated) = AP, (1-52)
fio = Q, (specified) — Q; (calculated) = AQ, (1-53)
D E s AXC e

AV, | , A9,
Dk LS AU odd (1-20) dslal) s Sk

(1-54)



_oR
m 88m

OP,
= ' 1-55
LTIV (1-55)
‘]im:%

00
__0Q;
¥ amdn

m

Adn g;f ) AXm 9 (AQi ¢ AP; L;T) fi v by goin e JfQT L=
PQES M gl S 2X2 fe 92 (AVi|

3332 81 (V1| 3 chims b (1 (30 63) @M Ll Qg Py OY Tl -
Dbeold) Y G (1-49) 5 (1-48) g5 o ¥olae JLwl IS s
gaird) il 3 el

P-V ¢35 o Olab 350mg OV o —

Aslak 35omgY Wby Bime 58 0SS & Q) OB (P-V g5 oo T ol OISTI3)
fob LSty Ui | pail) Bygind) ol e S (1-49) J 2l



(1-56)

(eSS g AV|=0 (5T 8342 (V| el (P-V g5 p Ll m (ol 08713

(1-57)

P-Q g5 o i ezl OIST13) Ty
P-V 55 oo M o2l OS713)
e

(1-58)



Doyl gl pdsnis O (eaaall Jould bl 0 —

. AV,
23.5}3.-.;5\ J..,a\.:.c.“ cg-,a?j AV o Yy |\|/ ||
oP.
im :8|VI ||Vm|
an (1-59)
I—im: ! | m|
0| Vnl

tk Lo Lpnasiliy (Rgmidl) Busindl joliall aws &) SO Blizs) Sy
cosel m=i
Hin =Lin =anfi —be; (1-60)
Nip = =Jim = an€; + by f;

Yim =Gim + B

Vi =e +f;

@y +ib,) = (G, +iBi,)(e, + jf;)
8y =Ginen —Binf,

b, =Ginfy +Biney



case 2 m=i
Hii :_Qi _Bii |Vi |2
N; :Pi+Gii |V| |2
Ji =P =G |Vi |2
Lii =Qi _Bii |Vi |2

(1-61)

0B M g i wad (u bl g ¥ i af ) 3Ly Ls udy

Yim :O(Gim = Bi :O)

m

ke
gh = =
Nim =Ny =0 (1-62)
Jim =Jmi =0
—| =0

ols So% & L,ST [Ypus] J‘""‘ Sparse  s» k})}*ﬁj\ u‘“if'u of &2
Pk LS i gial dg M aolall asls OF (S . degine iy siimy

Ad
aP7 [[H] [N]
= 1-63
[AQ} {[J] ]LJ —A'VV' (1-63)

N1e1 oy edps PQ Shlwl o Ny U 2 oo Bedpe PV ol sl8713) Slzed

tigsand) sl 05 )
(1-64)



AP - Ad
P2 H22 H2,3 H2,n NZ,n1+l NZnW A82
A ’ H32 H3,3 H3n . :
: : A8,
AP, |=|H,, .. Hio Nooa oo Npp |21 Vel
AQ n;+1 J n;+1,2 J ny+1,n L ny+1,n,+1 L ng+Ln Vn.l+1
' 7 N L, | ALYl
0o, I - ’ i NV w

D (1-7) Je
3 i) LSOl lol dud e alge aKd Ay sinl B i) Aolall dol

(1-16) JSCed



Oyl oy 3K (1-16) JSKE)

:Jed!
P-V 2..n.=3
P-Q 4..n=5
_APZ_ _H22 H23 H24 H25 N24 N25__ A62 ]
AP3 H32 H33 H35 H35 N34 N35 A83
AP4 _ H,, H43 H,, H45 N, N45 A3,
APS H52 H54 H54 H55 N54 N55 ASS
AI:)4 ‘]42 ‘]43 ‘]44 ‘]45 L44 L45 AV4 /V4
_AP5_ L J52 ‘]53 J54 ‘]55 L54 L55 _ _AVS /V5 B
ey )

1o NR danly pedl Ol 4 2wl Slglid
P-Q 0luad) § (V| J s 23 (L
P-V olad 3
st 5T wliglas s (S5 L3 Lpu= V| o) sl e
(0=3 3Ly 8 5 V| o3y o ol Ll
=) (2
P-Q 5 P-V OL2d APi
P-Q Oluzd ad AQi
G52 (AQi ¢ AP (8T il i SIS (1-49) 5 (1-48) Vsl e
& O b b Syl bl Q1 g Pyl & LS (il Aoy all 2311
Dbt



(L Vol @by gsind il olis ol azg il ) sims 4 13) (3
.(1-61) 5 60)

(A8, AV) Rlgly 5ol wod) Szl dorgly (1-63) Vsl > (4
A5dl) ol ] ool mad Ulylly sl o) Bl (il ol (D
2 3l ] o)l

cdaly >
Letegd S I3)g PV Oluad) Qg ol pgl cp) b= JS316 3 -1
Jeledy c o3V aoll gl 20l 28 (Qomin, Qomax) 3 o=
Qb cle 3y W (i) 3led P-Q & s PV (bl ) Ll
(P-V ) LoV aes Q) Lol dmi 39ad) s Qg ilST13)
oz i OF Gladkl e 08y P-Q Oliadll g 59 w2 13 =2
s ¥ LW i) Blast =Y P-Q g5 pp el Jad 390k
Y s o gl 5l dad s AJUH) il
:(1-8) Je

Al d b S(1-17) ISl @ ol Sl SO0 plad) el

Jodl diwe wllall j0.02pu  AdS as &5 -y 0.02+j0.08pu dbules

U
Real load Reactive Real power Reg\(,:\:(le\r/e Voltage
Bus demand loead Generation POWEl ifi ge
P demand Qo Pe generation | specification
P Qe
= i V1=1.04+j0
1 2.0 1.0 Unspesified | Unspecified (slack bus)
Unspecified
2 0.0 0.0 0.5 1.0 (P bus)
3 15 0.6 0.0 Qg3=? V3] =1.04




| | | PVbus |

|
0< Qe <15pu :wlilaly 3 Wl Sl LG (s, e s

(1-10) Jiald Slylsly SN o 04 Byud allas (1-17) K
.£=0.01 OF coale 1305 NR ai ke dsed) Ol 541

:Jed!
P sy b e Of L alladd Ypys dorgd
s o)
Y= m =2.941- j11.764 =12.13./104.04°

Dea danl Ol b uie e (Siledll o aall
Each off-diagonal term = - 2.941 +j 11.764

S



Each self term = 2[(- 2.941 - 11.764) +j 0.01]
=5.882 - j23.508 = 24.23/ - 75.95°
24.23/—-75.95" 12.13/104.04°
o Yays =| 12.132104.04°  24.23/—75.95°
12.13/104.04°  12.13./104.04°

12.13./104.04°
12.13,104.04°
24.23/—75.95°

11 LoV sslad

Ol 1agE) 34t

D e Jet (1-51) 5 (1-50) oNslall s
P, =V, 1 VL[l You [ €OS(8,, +8, = 8,)+| V, [ Yy, | COSO,,
+| Vo [ V3 1] Y [€0S(05 + 85 = 6,)

P, =V, ||V, || Yy, | COS(B,, +6, —8,)+|V, |2| V, Yy, |
xC08(0,, +6, —3;)+| V; |2|| Y33 | €050,

Qz S | Vz || V1 || Y21 |sin(921 +81 _82)_|V2 |2| Y22 |Sin922
_lvz ” V3 ” Y23 |5in(623 +82 _83)

g A5l byl asang
P, =-0.23 pu

Pr=£0. 18 pu
Q;=-0.96 pu



: @\jﬂu ades
AP; =P, (specified) — P, (calculated)
=0.5-(-0.23)=0.73
AP? = -15-(0.12) = -1.62
AQS =1—(-0.96) =1.96

gl B 332 Y Lena wlsdl o8 OF a3
15 dgkasdly 4 8 skasill 3 8 glasi)

ap,] | P P B 5 T
85, 8, 0|V,

ap, |<| P Py B |
05, 8, 0|V,
Q. N, _Q,

AP Al V.

-2 188, 88, BV, Ve .

F1Va| 583 58, NG Qp Py « Py Jiwlell wlidall e oWl (o4
9 WSSV UCH PROPSPY W K I ARV i PPS

A3 2447 -12.23 564 0.73 -0.023
A8, |=|-12.23 2495 -3.05| |-1.62|=|-0.0654
A|V,[F| | -611 305 2254] |1.96 0.089
55 5 A} 0] [-0.023 ] [-0.023

& |=]82 |+|AS =|0|+|-0.0654 | =| —0.0654

IV, 1| [IVLP| [Alv, | (2] [0.089 1.089



: (1-51) dsll plsesly ot OV

Q; =0.4677
QL, =Q¥+Q,, =0.4677 +0.6 =1.0677

LSS B ayallall Bl e ol dlanly ALl > anlx

L 5l C,ub

V, =1.081£-0.024 rad
V, =1.04£-0.0655 rad
Qgs =-0.15+ 0.6 = 0.45 (within limits)
S;=1.031+j (-0.791)
S, =05+ j1.00
S3=-15-j0.15
Transmission loss = 0.031 pu

1 gl & Ol 2!

Lol ) Old  Add) el g S g

0.0 0.191312E00  0.839861E00
—0.184229E00 0.00 0.684697E00
—0.826213E00 -0.673847E00 0.0

D b (Q) e el B ol sy



0.0 —0.599464E00 -0.191782E00
0.605274E00 0.00 0.396045E00
0.224742E00 —0.375165E00 0.0

O 5 paaS ey Jodd 3l iy Al o e
t e et (1-49) 5 (1-48) Valall s &1 8 glastl!

P, =V,[V,(G, cosd,, +B,,sind,,) + V,(G,, cosd,, + B,,sind,,)
+V,(G,; €088, + B,;Sind,,)]

P, = V,[V,(G,, cosd,, + B, sind,,) +V, (G,, 0SS, + B,, Sind,,)
+V,(G,; €058 45 + Boy Sinda,)]

Q, =V,[Vi(G,,8ind, — B, €088,,) +V, (G, 8ind,, —B,, C0S3,,)
+V, (G, 8iNd,; —B,;€056,,)]

Qa = V3[V1(G 31 sin 821 u 831 Cos 831) + Vz (Gsz sin 832 — Baz C0s 832)
+V,(G,;5in 84, — B,; €0S345)]

g aglanY) by adl aean
P2 — 1[1.04(-2.941) + 1(5.882) +1.04(~2.941)] = -0.23528 pu

P? =1.04[1.04(—2.941) + (~2.941) +1.04(5.882)] = 0.122 pu
Q2 = [1.04(~11.764) + (23.508) +1.04(~11.764)] = —0.96 pu

Q5 =1.04[1.04(~11.764) + (-11.764) +1.04(23.508)] = 0.4678 pu
st OV et

3 s P-Q il 932 PV il o — Gl w35 ol Lol —*
W U gl e )



AP" =p_ —p

AQ" =Q, -Q"
APy =0.5-(-0.23)=0.73 > 0.01
APy =-15-(0.12)=-1.62 > 0.01

AQS=1-(-0.96)=196 > 0.01
Adisie pe ) OF > (0.01) Wl el aallall A c Al

D e? Ay Alslal) ¢ 3 8 glasidl

» Y3 iy ARV,
O H] S ol st
=-Q,-B,,V/ =0.93+23.508-1° = 24.468
H., =-Q, —B,,VZ = -0.4678 + 23.508x1.04> = —24.958

H,, =a.)f,-bse, , a,=0CG,e,-B,f, =-2941x1.04 =-3.0586
b, =G, f, +B,e, =11.764
H,, =-11.764x1.04 = -12.2346

H32 =-12.2346
{N] et €

Ny =Py + Gy V;
(1-18) Jimjs s 2pllal) 5.1 J‘ J,A; O ) okl i 13K

* V2262+jf2:1+j0 .
V3=63+jf3=1.04+J0



Ogudly = g0 Aoy Ugerd! Lz Slaod il labaseall (1-18) JSCE)



8 o) Ol Dl gl o) 91
Fast Decoupled Load Flow (FDLF)
OB el X/R  awedl] Ble ity a8, i) 8t Lol oazs
ls WL Bl el alsh lpad Gwlao 51 AP 2llad) aslaza Y1 ool
T s ) asllaza¥l OB ABLe §j5aly (A5 jslall By Sl xST Al
ols goy S i) alsb ok lasy Gl Sl Gl
sl pinall dyglas sind) shian o [I] 5 [N] o) Capinald

AP | TIH] 0 [AS
3 AlV| (1-65)

AQ 0 [LI] v

Jully
[AP] =[H][AS] (1-66)
[AQ]=[L][%V'] (1-67)

Of 095 Wsadl Ol olad Ogudly —oisw Wb wapysill 2o 305 St
Pk dagd) Ll alasaly by 87 ISy Gl B e o3 s,
1974 ple 3 B.Stott { W Laysb &)l dsadd O~

= Fast Decoupled Load Flow (FDLF)  Zaedl &lall salfl sy

tk b L 05 pla:l) ekl fnnd) Al AEAN



cosd; ~1
sing; ~0 (1-68)
G;Sing; << B;;

Laly
Q; <<B; [V,
et [L] 5 [H] i) clsiall by (S& als lolo¥) sds 2omsss
;AW ey a sl
H; =L; == Vi lLV;1B; | # (1-69)
J
H; =L; =-B; [V, & i+ ] (1-70)

e Npg 5 (Mpg + Npy) Sl 13 Aape Slisias 8 [L] 9 [H] Slsiald
JSell (1-67) 5 (1-66) Yolall 2,80V S L1

[AP]=[|V, | V, | B, ][48] (1-71)
[AQI=[IV; IV, | B;;][%] (1-72)

 [-B] Bshalt olie B 5 By
Ol b 2 Sl S dly FDLF b s 3345 S



Bsiall e s etV Ol > e Wl S g aCad ol G -1
ol Jud 2oVl g Slasdly i il SNl e [B]

sl dli] whied e aally [BY] Bpiall e ol ) B -2
r2s Vil Je (1-72) 5 (1-71) SNslall ol e IS s =3
=Yl ¢ |Vj[=1pu

s adis o> [B] olie Olas e el agil) Loy -4
DC ol jLadly dslazaNI QLo 35iras

Q‘ LS FDLF & k)l oY¥sles T 4Ll eyl ¢l Ly

[AP/|V []=[B'][Ad] (1-73)

[AQ/|VII=[BI[AIVI] (1-74)

ot g diaa> (1-74) 5 (1-73) <Nl 3 [B"] 5 [B] wlsiall LIS
Qs e [L] 5 [H] &S5

Lab Wb Oglie o)) Loy il s WL olaler bais (56 ST Ly
Jshell ati) lied Aia (S 4 13y el Bl (3 0S5 Baley ity 30
o o Bl lie A any LUy 3 bae Ll [BY] 4[B] o JS 0
i e galal

Sl plasizaly Lils (1-74) 5 (173)  oVslal) > o
0 oy 8 o) [AS] ) o S Bl a2ty il
V] 3 Gt [AV]



tk ST allll ) ) Jeosll o il o LSS Alae ISR

max[AP]<e¢ max[AP] <e,

p ’

¢iya g Aladll dellaza) -0 J_Q 29 C.aLM:J\ dd gmgp (gQ Il
) 23 LI W) Ol Ol LV Lkl (1-19) 2N (g



g ped) Ay el W gerd! O Sleod L) Balaseall (1-19) JSCEN
:(1-9) Jis
skl (1-8) JE @l Shlaldl W 2L S 5all pllas e
) 2 LIl S0y 1SS Akes UL dgadl Ol Ol
I (1-74) 5 (1-73) ¥slal) il ] ady Lol odd Tisy Wgad) Ol Yslae

&(2(?) —By, By A8(21)
1V, |

APO | -
| VO —By, —Bg 405

©) _
LA\?(OZ) J » [_ B, ][A | e |]

T M3 e



0.73 23508 —11.7647 ASY

~1.62|=

1.04 ~11.764  23.508 | A5
e bad Al sds 44

ASY =-0.003 rad
A8 =-0.068  rad

[2.125] = [23.508][A | V. []
A|V}|=0.09
|V, |=1.09 pu
Q3 ol OV LSy

A LS Bhee Y Ll aslaal L5 Olad ol sda szl
sk oo Q£ 2L oYl 06 [AQ/VT] 5 [APV] il pldszal,
39d) s b alai () )l wug OF ) a1l ey el

EEPW-IN

Wgesd) O Clu b o dylie 10-1
Comparison of Load Flow Methods:
LIS pdstey Lo Ogdly =559 JAj= ogle (b o Ol
s Joms Sl ole @b O Al 2390 Yipys Boghaall (i Lo
s Ly A5G S pdsitns dm K20 gz € 13 A
S by (O oda e pldssza) dis pST STed Ogudl)— g 3h b
Agladh Sl YL Jorll Qgudly=pipd Aaplar Juad



ilas Y 2oL ) Slheall o BT saa) Jlim ool 22 b £12
& Ay dall Ablagy llowdl Bsize (3 poliall Als oy Sy () S
Lot 1SS ke ST T Ly oy 2 ol o O Qg ¢ 1 L) Jgool
sk [S7(3 3okad) Bghiae Clum ) #ld WG Osudl, — s Wb 3
IS ddas a0 g dsaddl 5 (o By LS Bes e B ISS
Wy ol iy al s Ul A U] ey Oy 50 dp ey

Old 2uts 53y iy al) WST (3 slagy S s (0 0 Losass

llaryy s oy July Jogl Alpley )l Jias 0B 2T 8 e
(il e Sl ) Al (1) Jseogl) IS Slhes o xSTTous
1L ) ljeet a2 ) Oguadly =550 Lplas skl s s 2lis
LBl Liabl Aws gundly— g Byl O AUl ol ey cion, )

oy Jal— el aay b (3 S olles sde 0l Sl ) Loyl
Slhes sde iy Loy @S2l 3 (oLl o) 0Lz sds 5Lk
el o e Ll kTl Ogendl— s AL 3 LS

IS lhee B 13 e S (Ll (3 Opd)y —eisd b £1d
dili=osl des 3 )il ales Sy el 1 2l ) S5l
Osd= s Wb OF (a3 ks SIS 5y a1 Ll ey
o)) Bles e S5 ) sl odb Al s

£l S A3 oS 8l o5 oY Ggmdly—5ps Wy b OF 14 1L
Gy s Ak al o Jal— osls dib e i3y STy el > i3y

e O b B n 55 sty o F o Lo 2 ) w06 (315



Jl- 3 5 ) 38587 STy sy astl) o e el 23y )
o STV Olmlen) Bgdinny gsial Bsiae i (3 AL 3L aluscsl
(Ll 85 B3le] B sl Ak eds e pm B3l o Ss s AU

pldsal adlaby a2l dog & Jli— ogle ddy o) ad ) 551 0)
ol (3 BY Tl oo Spnall (ol e ety Lozl oSO ¢ STadll
Pl U sl ol ey ISy L 2 38 ) o)l Y 3 8 S
Al ods Jze (3

Julj=ogle Aab o ST R Ogudli— s Adb O 1L
g o) 3 BIL e L L3 pheall audssYl o bl L o g AW sl
odag IS obles 5 413 I B akei ) o)l o w15 FDLF
O L &5 3 ol 25m09 (Ogmndly= s Byl o ST 50y 15 Ay kol
APIV| wlsdl oo (3 olall ) e oy 13 [BY] 5 [BY] oo JS ol
3 AP/V <815 mlad) sl e bl ol dnle 22 29 AQ/V]
o Sl et ST 055 FDFL dplell dspm O dlab 352 2502 AQ/|V
it Lo Al odd ) St K23y bl Opudly — s 3 b
Apslall Ogendly s Bl il e » 609%

OISOy Wggus plladlly 8l ol o Jolad) 22y o) 0dn abanidg
U ST OUSH wles e ST s sy 3l oda 3 41 ) Jseos)l
Labe iy bl JSU alh 08 Qs BT e de ST akee
Lo zld g VU 3 Aoy 4] bl FDLF kel plasccnl Sy
5 Sl Wgad) Ol lul)s 3 45 My Alad) aslaza V) e dids Sleglas )
A2 0L iy Al Sl (3 JUH oo LS



Ol igd S i) OB Wgad) Ol DLl o il L4 e il
o J.Lag \thj (AU ) agla) (..“.szm > Jfé @A-?L:J‘ olz28
2l Jos boon 3 Al o) 0SS Litis dolsy IS e sae



agaulall oladtizaly Sldagdas

1Jaly o9l Ayl A Ol Alas Jod (il dnaylgs 11-1
Slshast L am A Bie 5 Lo P-Q 34 e oo B TR 24
tk L ddane LA
ol —1
V1, 8) gt il 55 ™
P Qi o ke Ll IS s )l dladll letla ) ¥
LUV agiag JaW) il ol gl mead B iy Aol ol pld)
lslally 231 Ll 5056 alasialy 1Y gus JuSeid —2
Slleny sl L3 1(Vi, 122 ,3.,n) sl Olged ) Saall Olusd! =3
o 83l oy qamm M Ball e aal et s Aol Lol 245
Ldde slas N1 s Ll pllal) VL) OF dlam S (29 14j0 &gluza
V2, V3, . Vy adial o5l slgy

gl 8 szl ) K8 pf Bddall LU ol OIST13
(€1, did> Lals I3 dsles 2(n-1) I (1-74) ©Valal) Jsd S (Sl
1w fior |Vil,0i)

V, =e, +jf, 5|V, | e/ (1-75)



G AW (i Slles I a5 Y ) 2ol Slleal el maay

A=PTI% 55 (1-76)
Y
B Yic i=23,...n
Yii
k=12,..n 1-77)
k=1
D (r+l) cgprdl sskes ‘_}:-;Y (1-74) oAl s oV
Ve = A _Sg v g vo j-23 1-78
i = M = Z ik Vk Z ik Yk I=2,9,.,N ( )
(Vi ) k=1 k=i+1
e G [AVEV | Sl dad 3 ) s s> il gl ez
il Sl e oY e el a el bz
| AL [ VD v ce | 1=2,3.4M (1-79)

el jlld) Aotz Ol -4
e et (1-27) dslall (33 skt (3 dignstl Waall OIS 2eay
; S: = Pi r JQ.

rbghsdl (B Ol Ol -5



SVsHlg K g el o Jooll B Lk o bsladl (3 0L A Lt

TSl (g O

PV 3505 Ol Ll 3201 (5500 Lok oystl Y1 Juokes
F2Q,8 Jaldly PV oI 055 PV el 0L Y

) sUal A.wi\ oNoalll A (WJ P-V u\ LML\.LS ?\.Al.a.c«

Ju o\jk_i-\
14 (1-27) Wl e -1

Qi =- |m{Vi*Zn:Yika}

UJ}Y\ r.,.aj\ j:w o)’\.@\ sl B QI J Z\WL\ 3\.«.:2.5\ &.9 J.,a_;j
p sl sleadd 6Y O bl (3 e 5l updated

i-1 n
Q" =—Im{(v")* Z Y Vi +(V) *Z Y, V3 (1-80)
k=1 k=1

ssbdkl dny 8 50e (1-78) Wolall 0 & J el Al s Lot -2

Idflﬂ
GO
8_(r+l) :Lv(r+l)
A(r+1) i1
= Angle of[ Z B, V"™ — Z B, V{"] (1-81)

k=i+1



:&_A-:?'

i _(r+1)
aco PoIQ \‘(Q' (1-82)

Al o P-Q Ll w2 iy

Qi Ao 1)U s @ 8 Ba ) aelana V1 4y B0 5 pud O
Vg Ay gunst] Aol doinid Logiy Bndly ST Qmax 3 Qmin g 23
3 gkl i

Q™ =Qumn 2 Q™ <Qpy Loois -3

VI g A s P-Q oSTT ) il

A e (1-78) 5 (1-82) Nalall s

Q™ = Qi @23 QI > Qy Lankis Ll

SNl pp VI g A oy Al P-Q LelSTT Ll Julaiy
i e (1-78) 5 (1-82)

ols 1] Pgad! 0L V¥olee b gLV Lhsl) (1-20) JKadh o
Ol ¢ P-V #3562,3, .0 bl bl oo 1 Ll Ll n

T esls Akl P-Q 346 mHL, LN

:(1-10) Je

s OLadl ol da plad dmlgl L) Lk (1-21) S o
Ol S0 e ) Ll OF o pdiy (bshai) wlale (1-1) J gk
tesllally Oladll Ul (1-2) Jod) Crmy Alege

semgn pé bl L) Of Logie Yy olmlondl G520 dogl =T



1

sgmmge il Ll OST13) Vs e Laglr) corlel) odadl ale —
—esle ey JoV Cuadl Bl 3 B whle ) ol sl Olus —a
A0 2aal) ol3sell sV 3L



i gl Ay B gasd) Ol SYsles Jood gl Blasiall (1-20) S
SAlald g PV 23gadl n o) plladl) (32 il (piad OISTI3) -
Ul
P,=05 pu ,|V2=1.04 pu
PR VE REERIERA
§,=0° , V,=120° , V,=/0°
el JaY i B8 (3 Qg 82, Vi, Vi Sl lllls

02<Q,<1pu 1
0.25<Q,<1pu 2



(1-10) Juald Wlal) pladl (1-21) 2
ZLJ,EJ-\ ollxs (1-1) JJ.L;.-\

Line
bus to bus R, U 2 P
1-2 0.05 0.15
1-3 0.10 0.30
2-3 0.15 0.45
2-4 0.1 0.3
3-4 0.05 0.15
tdia)) ULy (1-2) Jedd
Bus Pi, pu Qi, pu Vi, Pu Remarks
1 - - 1.04./0° Slack bus
2 0.5 -0.2 - P-Q bus
3 -1.0 0.5 - P-Q bus
4 0.3 -0.1 - P-Q bus
1 Jed!
yolo 1 RZ—jX2:G+jB
Z R+JX R°+X
Ju Jgadt 2 G:\;;J\ b
Line G, pu B, pu
1-2 2.0 -0.6
1-3 1.0 -3.0
2-3 0.666 -2.0
2-4 1.0 -3.0
3-4 2.0 -6.0




YBUS —

Yy Yo Y Yy
Y., Y, Y. Y
YBUS _ Y21 Y22 Y23 Y24 (l)
31 32 33 34
Y41 Y42 Y43 Y44
y13 0 _yl3 0
i 0 y23 - y24 _y23 _y24 (”)
_y13 _y23 y31 it y32 it y34 i y34
0 _y24 _y34 y43 +y42
1-j3 0 ~1+j3 0
0  1.666—j5 -0.666+j2 —1+j3 i
~1+j3 —0.666+j2 3.666—f1 -2+ j6
0 ~1+j3 —2+j6 3-j9
I olal) Jaas 29 1 il G e Ll 13)
Y12,new = Y12,o|d -(2-6) = YZl,neW
Y11,new > Yllold +(2-J6)
Y22new a Y22.old i (2 = 16)
3—-19 —-2+]6 -1+j3 0
|-2+j6 3.666-f11 -0.666+j2 -1+j3 W
BUS T _1+j3 —0.666+j2 366-fl1 —2+i6
1+ 3 —2+j6  3-j9



V! _i PZ_jQZ

2 Yo t (Vzo) * YV — stvso - Y23V39 = Y24Vf}
= L O3%02 040 i) (~0.666+ j2)— (-1+ 3)}
Y2 1-)0
_4246-J104 ) 164 j0.046  pu
3.666- j11
1 P,—j0
V; F Y_%{EVTJ)*?’ = YyV) — Y32\/2l - Y34V‘?}
= i{_l_ 1_0'5 —-1.04(-1+j3)
Y, 1-j0
—(~0.666+ j2)(1.019+ j0.046) — (2 + 6)}
_ 2811627 4 058 j0.087 pu
3.666— jL1
o s
V, = Y_44{ szJ)?k4 =Y Vi =Y,V = Yo Vo)
_ 1 03401 L i)(1.019+ j0.046)
Y, 1-j0
—(~2+ j6)(1.028 + j0.087)}
:w ~1.025-j0.0093 pu
- ]

le =l m{(Vzo) YV + (Vg)*[Yzzvzo L Yzav?? + Y24Vf]}
=—1_{1.04(-2+ j6)1.04 +1.04[(3.666 — jL1)1.04
+(—-0.666 + j2) + (—1+ j3)1}
=—-1,{-0.0693 - j0.2079}=0.2079 pu

U s Rl sda dexaid sgudl e Q) OF sl (1
P, - jQ;
(V2)*

1
812 = Z{Y—[ " Y21V1 - Y21V3? B Y24V4?]}
22



1 0.5-j0.2079
= A —_
3.666 — jL1

—(-0.666+ j2)(1+ jO) — (-1+ j3)(1+ jOI}

—(—2+j6)(1.04 + jO)

4.2267 — {11.439
3.66— jL1

-/ )= /(1.0512 + j0.0339)
or &3 =1.84658° = 0.032rad
.V, =1.04(coss} + jsin &)
—1.04(0.99948 + j0.0322)
=1.3946+ j0.03351

' 1 P3 e JQ3
Y=y Sy
el ~1-j0.5
~ 3.666-— jll[ 1-j0)
—(~0.66 + j2)(1.03946 + j0.03351) — (—2 + j6)]
_ 2.7992 - 11.6766

3.666— ji1

B Y31V1 - Y32V2l " Y34Vf }

—(~1+ j3)1.04

=1.0317 - j0.08937 pu

' WP — JQ
V, = Y_44{ sz)*4 - Y, V- Y42V21 = Y43V30}

L1 [0.3+ jo.1

3-j9° 1-j0
—(-2+j6)(1.0317 - j0.08937)]
~2.9671-j8.9962

3-J9

e MU W A e el 2521 Q) 0SS A ol (3 (2
Vol e js& ¥ U ¢ P-Q 7350 0 2 Ll iy Q2 =0.25 pu
Dk LS2 3 ge ed 1.04 2l Lo bt

—(—1+j3)(1.394 + j0.0335)

=0.9985—j0.0031 pu




((Vy =140 12 Vo 3 0V ade¥1 awdll)

1 P,—JQ
Vzl = Y_ZZ(W_ YuVi— Y23V20 - Y24Vz?)

1 .05-j0.25

] 3.666—]11[ 1-0

—(-0.666 + j2) — (-1+ j3)]

—(~2+j6)L1.04

_4246- 1149 ) (5594 j0.0341 pu
3.666 — jl1
1 P—j
VL el L SVAVERVY SV

TN AR

N ~1-j0.5
_3.666—j11[ 1- 0

—(~0.666 + j2)(1.0559+ j0.0341) — (2 + j6)]
| 2.8112-11.709

3.666— jl1

—(~1+ j3)1.04

=1.0347 - j0.0893 pu

Vi E Yi44 [ szfj)?f s Y41V1 - Y42V21 _ Y43V31 ]
1 03+j01
3 j9[ 1- 0
—(—2+ j6)(1.0347 — j0.0893)]
_ 4.0630— j9.4204

3-9

— (~1+ j3)(1.0509 + 0.0341)

=1.0775+j0.0923 pu

:Power Flow Programs dse>d! O geslp 12-1
el sk islial) Sl slly Bleal) Olid | s sie il
odn wlaney Zkeal 230,61 58 (Lo (3 Agadl Ol Old Wlab Ayl



b Lol A3 ol Bagyl ol By sVl Al 0 0S5 e Sy )
(IR ol Bl s el
1Yty bglasdl Sy dadlee elip —1

oda by o Vsl bglad) DUy aklag il s 25k
Bedae Sayy Sl (] ollolll Cli ¢ sl il o UL
Sl L

i gond) O SYBlee o maliyy —2

MW Jb sy JUadt aetlanal we faladd S5l ponay alinl 1dny
g Dbl Llgill ey B lsl) SlLaSly L) iy ey (Mvar s
AL Loty bty SleS™ ) gy SV olelazl (8 palpd) Bl 3
MVA I ez

o ot e s M 2ellana W OF o 32 il 3 52
s9ad s St O (Shy cdmgandl 390d) e 2 (P-V 2358 OLuaill)
TS aimn of TS ale 50l 5l aed 3lST13) 4 ) delaza )
o il v (bl 100 Jli-oglé Al ey SISO Slhes Sue o)) dny
13l chmganll 3gad) e o sl 0Lzl Bgestl 5 Asllaza ) O
o 0Ll sdn Jisd (54wl Ol Jand 2l 350d) ) Sy
st 3 Gale 5y LSTP-Q z3sadl U P-V 35adl

FOlbwld) @ 15 ey —3



BB Sy (oo IS8 e il gl el s ook

(WJLaVly olleedd 2 My lad) dellazn) ¢ 5ol Gyolje dsb ool Ll
e il o elilly ladd 25 )1 dellaza Yl SUS,
Iy gl 2SI aellana ) peslad) e LoS™

b ghasd) il 71 ) ey —4
o WS bgled) e ds Mg dlad) dslaza ¥l mslipdl a5
Al 3 sy el aellena S 21 ool =)

robbad s 13-1

LA g b S Juli— eale dd by gt Ol Olu jEY
e bole (ol 185 (MVA L pllail e sl AW Y
LS Slhes) alael) sl
basemva, accuracy, accel, : & (3pre Y QERN RN v S (R U O
Pk LS Vgl 0dd A3 gadll ol maxiter

Basemva = 100 accuracy = 0.001
Accel =1.6 maxiter = 80

o () o JS 5 o el DUl Gale el (3 1Y) Sskadd
L e Bles g @l y00all g e ST sl e e o
AW UL e ] 2l el ) Bl

L)l Sl caks 1-13-1



sda i Sy oy Sl o Ll (S UL J) o
o5 g5 Bshall odn & SV osanll s S o dledl (3 UL
S absh L mllly G spanll Ll ey (s G 3 gand) LT L)
Lere pabudly Ssld) 3gandl Wl el 0l 553l dglje pit-loll o LaSIU
Sl 3l ) bl a3l vaiy  Mvar Jlg MW L o) 2ellazu
koY Aty Mygr JU 23t aetlozaly MW JU dladll aellaza V1 ag Aol
asllaze Y1 ot Y1 sganll (ot . Ust) e algl) 2 ) asllaza (5 20Vl
SU ganll 8 Ll sy ey s il LS B e B 5aR) 1))
g bl ol i Lol f @ea Ll 655 o e Ll £ i)
P Gisg
Myar s MW o JeY s e ol el e iy -0
Sl aanl o3 sllae) e Y Sl e gl s Y cdomge 331
sl sl SIS Tl Byl 0 5 5 gl 1 Rl ok oo
IO IR REAPOL- VX P% P ER U /O e T S TN AJU
0 51 aslazy)
% Sl gl W oy el hlald) pa s a2
Lylly sadaall 59adls MW L Aladl o) aslazuly 5ot deb ud
. Mvar JU 45 delazad
Rglyy dlisb o bl e sl by ol Lol sl s piany 1
A

b bl ol e 2-13-1



Lsbtl o agllll Sleghall 3y (ial 7o) Ad ey L) e
Ul bl Guie o3 Bsdall sda a0 aWly JoW) speall Jig . Bshian s
IS amlendl llelal) (Lot doglin (Somsd mald] g S o ses)
D aa2 ggb V) ssanll LTl aladl LU i g pu S Lasil)
L B0 sged e 3 Tatls gy Lkl oYy o Js (3 sl Juts

sl sl ciall i sy b sl bskd) Jls) (S
i 3p Shlwll Gl (B 06 OF 2 Jp) i (3 il pa LA
Jyell Ol gl Js

30 o 055 8y allad UL e 248 I JE (3 Gy
el Vi gkl Ol ol ol ISy Sl

1(1-11) Jue

el 2 1Ll atis 30 oo GsSe S,6575,8 pllas (1-22) Sl o
gbn plasanl iogllll L 1.0620°pU dedll s 4 sl gund & LBy ao e
S ohlwl olbas el s e dgad) Ol Old Juli- o9l

(1-3) Jodl ae V-E‘U
sl gl Sl DUy (1-3) g

Bus Voltage Min. Mvar Max. Mvar
NO. Magnitude Capacity Capacity

2 1.043 -40 50

5 1.010 -40 40

8 1.010 -10 40

11 1.082 -6 24




13

| 1071

-6

24

Sledd) @3 O Lile coVsmall sl Jioe ke (14) Jgd Cs

Jed) Sl J g 5 Ll

Slar gl Juws Olyls (1-4) Jgdond)

Transformer Tap Setting
Designation pu
4-12 0.932
6-9 0.978
6-10 0.969
28-27 0.968

Injected Q due to Capacitors

Bus No. Mvar
10 19
24 4.3

LS eb et LSl o 2all Q  wsastl 3ys )l dslaza ¥l llans
sk



(1-11) Jledd Wile ety 30 oo 05K B allas (1-22) K2

¢t ((1-5) J9dl B g8 Iy gl olellazl Ll
W Shlwld 2 50 lls JeY Lol 1 jolly am b Lold 0 5ol plitscl
Aotz o SO 08 sllas] @ el5 ) BLAYL (o) sdl Ol

S 25 aslland (paally olaall il ) Joleg 2Bl ¢ L)
(1-11) Jleedd 3uStall Wiadl SULy (1-5) Jauad!



al ijj\ &2 (c: Al LM \..«fj dajlz';-\ Sllsxs (1-6) Jj.k.;:\ o WS
Vs Y Sl i) Jie dndy Lol 1Y ) 5 saall



(1-11) Jold 301 Y goeally bobsdl Olkas (1-6) Jauton!



Jhli= osls dh ey bsbad) eg 3aial Jo dgad) Ol Ol s L
s e (1-8) 5 (1-7) Jyladly B g

(1-11) Jladd 31 ol ylesll) & gamed! O r Sl o (1-7) Jaoddl



(1-11) Jlaol) 8l b ghasidl o Fgomel 0L Sl il (1-8) Jgetend!



(1-8) Jyuond! 2



(1-8) Jyuond! 2



(1-8) Jg-ond! a5

D (1-12) Jle

9230 el B e Wl Ol Sl w5 OV G
oo A s § L O gy e Ay (1-23) Sl i) 400 KV
e e oW sgenll Jig o ((1-9)  Jpudls (e 5 LS (areas) bl
Sl ey 358 o) Odleas Wy ) Olsgandl W cailad) 3 gk
Ak IS8 U el Bl S LS

Gole ezt ) dpged) G g (1-9) Jgionl)
"AREA1",1,.8,1.05

"AREA2",2,.8,1.05
"AREA3",3,.8,1.05
"AREA4" 4,.8,1.2
"AREAS" 5 ,.8,1.05

Jl in)“ Jj«.xj\ e e ¢ &«J\ odd Wil | ollons (1-10) J)JVJ:-\ 9
Wb e of Wlad LS o o (Glowldl) 3aal) 1] G Sgaally 5udall o)
Tl ozs Vs 5oV 5ol ) bl osledl ssaslly LW 5



S e ke Ogi M 5l ) pad el sgeadl WT legtlae] I (3las
A sl bl e adl Ao bl ] ) 3genll g
(b Wy i e asdly 2aad) aslen VI ) Olpi te (salhly

NODE Q

NODE
‘ O ‘ ACTIVATION TYPE

| AREA

VBase

Vmax

Vmin

Vdes

YSH

PL

Ay ygend) AN Liial) ilans (1-10) Jgutond!









400 KV 9 230 dyyguadt 4201 (1-23) S



sgeall s o cdsill ol (3 S Sldans (1-11) Jpob) ey
aeieg Wl gk g Tl s e sl e I sgeally 52l 5y oY)
sllana V) ) sl saally Wald Ll et dsllaza¥) 3} S 5g0nl
oLl sgeally Ll s ) aellaza 1 U] eald) Spenlly Agoll adaall allad
ol B3 ) detlaza V) 4] et ld) sgenll WF 28100V B3 )1 2ellaz V) )
29 39880 IV gralS Weld Lslasdl ol sge ) a5 seeY) g W gal)
RO

Ayyged) B2 B Sl gl Slars (1-11) Jgeend!

oy AL eV sgenl sty G 32l 0dd bghad| ULy (1-12) Jed) Cam
Speal) peive lgd) sade L) SIU ssaally ) Sade ) G speally L
e Liaes J) el sgealy L L g dedd Sl sae L wl))
ol bl spenlly MVA - JL L) das ] esldl sgaslly Jlab s of Jla



e bdlaeg s saesV ad W Codl e b aleliag daglis )
b Uiy Yol gl (o ga s Wy OSTI3)y Js2 f Lo

NEAR | FAR | CIRCUIT | LINW
S END | END | No. ACTIVATION St R XL T

Ayt BSGEN b ghased) ULy (1-12) Jgeond!




(1-12) Jgond! 2o



Ay gl 3 e Waad! Ol Ol Balall il (1-13)  Jgd (g
a3 Wgad) Ol Ole w5 (1-14) J9d) (nmg <230, 400KV
e pely  bshdl Jo Wsad) Ol Ol 515 (1-15) Jgdhl G SIS
IS 3oy aom b dde oo Ol iled Lelal Slbaall (1-16) J gk
F) o bskdly e e ad) oYU



igygad A2 e Ugerd! O Slaod dalall miled) (1-13) Jgukond!



Win) o Dgomdl O pr Sl 7l (1-14) Jgutond!



bsbsdl e dgerd) Q4 Clu il (1-15) Jgeond!



(1-15) Jgund) aas



Glusdl (B doldl Sl (1-16) Jyond!



(1-16) Jgdend) &l



t Pl

Sl e IS a6 G ((1-24) ISl o 5 alas Ll S =11
100 MVA plol aslazal 1] & guie il LoSIL alelic 2 9 1 dinll (3
Allod anlell o com o Sl Dsladl e S gy 23S LS e
Ll 100 MVA plof aslazay & suis Gdloll OLaSIL s i) Lol
Wil 3 el b OF 53 .Mvar 5 MW JL slasad 4 5 3 Saall 3 JLaY)
col o) Bgdans LSC25 Csllally 1pu ] gl 45 3

(A1) Blaed st st Jabasen (1-24) SN
A Bgea pu L Blass Sleslall )08 allas (1-25) St oy —2-1
1or 2 5 1 il 4] all Sl ¢ 100 MVA

l,=1.38-j2.72 pu
1,=0.69 — j 1.36 pu



ol land) Bgize [ Sis gllally

(2—1) Blawed sl st Jabases (1-25) JSKa!

Vbl ala Je Juli— o9l i by ol =31
X1+ X1 X2 =0
X1+ X2=6
Ul Al @l plasnal



a) x9=1 xP-=0

Be, X =1 PP

0.001 oo J5T [ AXYY 5 |AX{ | oo JS o 3> LIS Slany ozl

U Al o e Al Ll S =41
x* =21 + 147x%*-379x + 252 =0

S T.fg\:.vo FEEPA{ ))Jo.- | JLé}J Q9 rh—ofss 3\.'&5.3}19 (\M‘ u}ﬁzl\)

| AX®) [<0.001 %W ez V) e XO=0 a5l Y1 0

b 1SS Olles &W KL W Vsl da slg) ogllll =51
el ~oise

X14—2X1—X2 ="
X14 ‘|'X12 =41

a5V dadl) OF (Lol -
Xl(o) =2 XZ(O) =3

po ol s 1Ll Ll (1-26) ISl o) )l s 3 —6-1
ol 48 2 5Lelly uslel LS V, =1.020° o
Gowie Z =0.02 +j 0.04 pu Lt ask ¢ Sp= 280 MW + j60 Mvar
100 MVA LY
O ol o LSS wlhes 4 5L Jily ool di )l Vo e ) (a
LY el

V¥ =1.0+j0.0



skl V, =0.90-j0.10 2ol ) Sl e 5l dad cyylis 13) (b
bt e sl dldl olelzlly Sy wpud

(6—1) Blaadd d1ght st Jalases (1-26) K
5O (65 dapey 88 pllad uslgll L) Lk (1-27) K2 o =71
V,=1.020°pu bl M e 5udly g bl 2 1Ll collnl,
LSl lans bshad) ey bl Lo e 3 9 2 didl e J&Y)
tosllll bl ey Sleglis JLoL 1100 MVA oY Fyseis a1
ol sy Juli— ol dip ey 1SS shes 5L V3 5 V) Cles (a
I RCAN

VP =1.0+j0 , VvP=1.0+j0

) i L )l LSS Slkes Bae dayy Sl SIS (b

V, =0.90 - j 0.10 pu

V3 =0.95-j 0.05 pu
dellaza ) Clus $UiSy (Dogld P olelually 0L A Ol slllls
e Ol ol ale Lon Ol AT Lok oy wom 1)Ll 23 iy 3ledl

sl



(T=1) Blawadd a1l st Jabasen (1-27) JSCEN

B e 005 Loy )6 pllad) o)l L) Loz (1-28) S oy —8-1
sil odn e 5odly g sis s LoV i) oLy
dslleialy 1.03 acedl Je ciie 3 suiadl Lo 5ol Ly V, =1.02520°pu
.300 MW .is)l ol e aladl) 1)
Lsbad) Skt 2 sanl e dly 200 Mvar 5 400 MW e et 055
Sllery laglie JLAL 100MVA sl & sais 215l LaSTL lans
skl bobd
= ol ik IS shes L Vg 5 Vo ol sl Ly ol (a
iy VI =1.0+]0 5 V¥ =1.03+j0 aflanVl ol pliscanly Ju
. |V3| =1.03pu
I ) ) )i LSS lles Bas day il SIS (b

V, =1.001243/ —2.1° =1.000571- j0.0366898 pu



V, =1.03/1.36851° =1.029706 + j0.0246  pu
il dslana ¥ LISy (Lol e wlelaally Ol Olus ol
bslad) e ol ade T OLAT Laboiz g 1Ll 23 1y

(8—1) Wlawal s gt a5t Jabasen (1-28) JSCa!

Gn )l e 05K 88 pllad ualgll Lol Ll (1-29) el e —9-1
 MVA s ale LY gpeie uslglh LS slare oMbl (ol
5081 Ll IS E ATy 9Ty ol WIS (3 Olapidl Jds s

Ol bl Bgias slg) Csllally e Je 1.25:1



(9-1) Wlawad sl asidt Jabasen (1-29) SN

21 el bl e 05K 5,06 ol (1-30) S e —10-1
150 Lyae dga 2 jLwldl o dtgy V, =1.020°pU o555 por M Ly
.50Mvar s MW
2 (100 MVA oo dguis v, =10£-73.74°pu L) ol
LWL 2 Ll e ds g dlladlly delanay)

P, =10 |V2| [V1]cos (106.26° - §, +8,) +10 [V|* cos (-73.74°)

Q2 =-10 |V, [V4] sin (106.26° - &, +8,) + 10 |V[* sin (-73.74°)

Sl e 55 gy s ol ol 0pdl— s b el
B9V el (o Bzl 1SS silas UL 2
|V, |©=1.0pus =0°

(10-1) Blawald w19t dasdt dabases (1-30) K



21l el bl e 05K 5,08 U (1-31) Jﬁ;:d\ o —11-1
100 Wyldde Ao 2 JLldl o gV, =1.020°PU o585 oy Hlesly
. 50 Mvar s MW

Cle olllly 100 MVA ol 2geis Z45=0.12+0.16pu Lol axle
Ol = oiss By 1SS zhes AL 2 Bl Lo sl dglyy aksh
[V, [©=1.0pu 89 =0° &3Vl vl pltszuls

(11-1) Blawl) uright lasdt Jalases (1-31) S

o 058 Loy 3,05 pllad) sl Lok ez (1-32) St ne—12-1
1okl e s cdg bl 2 2, 1 0Ll col)lnly 856
isllazal L1.05 dedll Lo dzie 2 Ll e 5ol dligbs (V, =1.020%pu
500 oo 0sKe o~ 3 Ll o dotgy . 400 MW 2 siall Lo alladll sl
Y B g 1ol SLSIL slars bobed| wlle 400 Mvar s MW
toslbll bebad) Slaws wleglia JLAL 100 MVA

o aodly ladll aslezaVls 2 Ll s alledll aslazaY1 OF 85 (a
OBl Jaas 3 5Ll



P,=40|V, ||V, |cos(90° -8, +38,) + 20|V, || V, | cos(90° — &, +3,)
P,=20|V, |V, |cos(90° - &, +8,) + 20| V, || V, | cos(90° — &, +&,)

Q, =—20|V, || V, | sin(90° — &, +8,)
— 20|V, ||V, | Sin(90° — &, +8,) + 40| V, |

— s Bl IS sles 5L Vg 5 Vo ol 4kl 3 el (B
VO =1.04j0pu 5 V2 =1.0+J0pu  ads¥ o) plisizaly (Ogmtalyg
V2l=1.05 pu e blid,

(12-1) Bl s Lasdl Labases (1-32) JSKJ!
rogllel) (12-1y Al U1 0 =13-1
Angpd) Bl B e 1SS ghes SV e Wsedl O Ol 4
S osllll (1-33) el o JLesls 26 e 055 5,05 pllas =141
U Bl ekl Ol



Oy = G A (b M el R (8
g o) Bl 3R b (C
ul‘ Lafu.a I Sllars

LOAD DATA
BUS Load BUS Load
No. MW Mvar No. MW Mvar
1 51.0 41.0 14 24.0 12.0
2 22.0 15.0 15 70.0 31.0
3 64.0 50.0 16 55.0 27.0
4 25.0 10.0 17 78.0 38.0
5 50.0 30.0 18 153.0 67.0
6 76.0 29.0 19 75.0 15.0
7 0.0 0.0 20 48.0 27.0
8 0.0 0.0 21 46.0 23.0
9 89.0 50.0 22 45.0 22.0
10 0.0 0.0 23 25.0 12.0
11 25.0 15.0 24 54.0 27.0
12 89.0 48.0 25 28.0 13.0
13 31.0 15.0 26 40.0 20.0
slans Loloill Lol G5 )l dellon V) Sgig ddadll acUanNlg 5ol dlyobs
:Q.L:j\ Joadl,

GENERATION DATA
Bus | Voltage | Generation Mvar Limits

No. Mag. MW Min Max
i 1.025

2 1.020 79.0 40.0 250.0
] 1.025 20.0 40.0 150.0
4 1.050 100.0 40.0 80.0
5 1.045 300.0 40.0 160.0
26 1.015 60.0 15.0 50.0

ohle SISy sl wllag (3 LS ae i) SlaSll) 45 ) dellaz )
fsh LS alans ol ) Jue




SHUNT CAPACTIORS

Bus No. Mvar
1 4
4 2.0
5 5.0
6 2.0
11 15
12 2.0
15 0.5
19 5.0

TRANSFORMER TAP
Designation | Tap Setting
2-3 0.960
2-13 0.960
3-13 1.017
4-8 1.050
4-12 1.050
6-19 0.950
7-9 0.950

LS kel Alelally deglal) - aas gl Vsdtly bolad) llars

iges 100 MVA ol & geis Gl leSIL ST Gl Ciaig o))

(AW Jaadl
LINE AND TRANSFORMER DATA

BUS | BUS R X 1/2B | BUS | BUS R X 1/2B

No. No. Pu Pu pu No. No. Pu Pu pu
1 2 0.0005 | 0.0048 | 0.0300 | 10 22 | 0.0069 | 0.0298 | 0.005
1 18 | 0.0013 | 0.0110 | 0.0600 | 11 25 | 0.0960 | 0.2700 | 0.010
2 3 0.0014 | 0.0513 | 0.0500 | 11 26 | 0.0165 | 0.0970 | 0.004
2 7 0.0103 | 0.0586 | 0.0180 | 12 14 | 0.0327 | 0.0802 | 0.000
2 8 0.0074 | 0.0321 | 0.0390 | 12 15 | 0.0180 | 0.0598 | 0.000
2 13 | 0.0035 | 0.0976 | 0.0250 | 13 14 | 0.0046 | 0.0271 | 0.001
2 26 | 0.0323 | 0.1967 | 0.0000 | 13 15 | 0.0116 | 0.0610 | 0.000
3 13 | 0.0007 | 0.0054 | 0.0005 | 13 16 | 0.0179 | 0.0888 | 0.001
4 8 0.0008 | 0.0240 | 0.0001 | 14 15 | 0.0069 | 0.0382 | 0.000
4 12 | 0.0016 | 0.0207 | 0.0150 | 15 16 | 0.0209 | 0.0512 | 0.000
5 6 0.0069 | 0.0300 | 0.0990 | 16 17 | 0.0990 | 0.0600 | 0.000
6 7 0.0053 | 0.0306 | 0.0010 | 16 20 | 0.0239 | 0.0585 | 0.000
6 11 | 0.0097 | 0.0570 | 0.0001 | 17 18 | 0.0032 | 0.0600 | 0.038
6 18 | 0.0037 | 0.0222 | 0.0012 | 17 21 | 0.2290 | 0.4450 | 0.000
6 19 | 0.0035 | 0.0660 | 0.0450 | 19 23 | 0.0300 | 0.1310 | 0.000
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