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Abstract

Load flow studies determine the supply or absorbtion power at
various buses and calculate for voltages , phase angles , real power ,
reactive power at various buses of power systems at normal operation or
not.. Load flows are -essential in the devéloping plans for the future
systems . For examples , the connection with other power systems , new
loading,new ggnerating power stations and new transmission lines before
installation and also stability studies in power systenms.

Analysis power system on steady state condition, in balance syslen
uses single phase load flow for analysisting is adequate. But inunbalance
system, three phase load flow is necessary. 1t takes a concept of single-
phase (fast-decoupled algrotrhm and modify to produce an efficient Lhree-
phase fast decoupled load flow. The compound-coil concept is used in the
representation of power system components, and the effect of atomatic
voltage regulators is modelled as part of the Jacobian matrix equation.
However, in practice it is uneconomical to balance the load completly,
such as transmission system. Among Lhe effects of power-system unbalance
are negative sequence currents causing machine rotor overheating, zero
sequence causing relay maloperal,ion and increased losses due Lo parallel

untransposed lines.
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Solution are all done in phase quantites ( 4,B,C ) and uses Newton-
Raphson method for calculating.The storage and computational requirements
of a three-phase load-flow progran are much greater than those of the
corresponding single-phase case. The need for efficient algorithms is
therefore sinificant even though, in contranst to single-phase analysis,
the three-phase load flow is likely to remain a planning rather than an
operational exercise. When progran is used for post-operational studies
of important unbalanced situations on the power system, additional
practical features such as automatic transformer tapping and generator

VAR limiting are neccessary.
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. . X, = 709
waLaasniaAa x, == 709 uar x, = 2.6836 Fepatntafawlinnn  uaRiiinTidan

UNINan Taa?ﬁunanﬁaqxﬂuununan uauwanianztﬁu

0.0637x, - 0.0889x, = 1.0073

0.0003x, + 0.3371x, = 1.0073

. . 0.0837Tx, - 0.0889x, = 1.0073

0.0016x, = 0.0047

3 . X, = 2.9375

e 3 0.0637x, = 1.2684

. X, = 19.912
uavualaasnIana x, = 19.9122 Uae x, = 2.9375 FelndtAnanINLauNAN

< - v ﬁ q - } ")
ATTLRENUAINANTTINAL  LUBRITLARANUNINAN naeizuuﬁun11qutduﬁaqﬁun11

5 [ o < [ b A J ] 2
%\!‘WE‘!“JBWH shmum’itaanunmanna\nzuuz{unw13\:tﬁu mm'\ﬂﬂ?'\ﬁﬂ\!ﬁﬂﬂ'}‘l'&‘éa‘\lﬂﬁﬂﬂu



NETWORK CALCULATIONS

2.1 Node Equation

4 : . . . o :
ﬁa11m13ﬂn 5.1 $91iu one line diagram mavizuutuiiafinReTvuumily

e

=4 . (Y] d
uﬂlnﬂulﬁu reactance diagram 1aﬂqzﬂn 2.2

zﬂ 2.1 one line diagram

Ea 41.15 jO.1

Ey j1.15 jO.1

?1?1Q25
_E 4115 joul j0.125

EU 2.2 reactance diagram for systenm

of fig 2.1 in per unit

032657
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4 4
Tasadan1711asu voltage source 1ﬂtﬁu current source Hazidaay

' L] [s 1 [ - o
arBunuauT UL TuAuaRi A ALl 1313&@3ﬂﬂ 3

zﬂ 2.3 circiut of fig 2.2 with current

source replaceing voltage source

(vl (] ar t‘ L ] o 5 vl
Banan1auaeny voltage umasldtiatneuiy neutral ?¢1itﬁu3a51¢5e
" . 4 (] : (] =4 ]
Aa node 0 1a8lf Kirchhoff’s current law numar noad ZvRaliif13¢i38n99

[ vl 1] ar H
fid (bus) uny 3ILIAFUAITAIY 9 A98

<4

ign 1, I, = VYa + (V_-VOYf + (V -V)) Yd

ian 2, I, = V,Yb+ (V,-V)Yg + (V_-V,) Yh

fun 3, I, = V,¥c + (,-V,) ¥ 4 (V_-V) Yg + (V_-V,)) Ye
iuh 4, D, = (V,-V,) Yd + (V,-V_) Yh + (V_-V) Ye

] vt 4 < ]
FuUn1TIeiag 4 #unT Witz hiNgunaTn neutral bus Fint aauinn
9

a1t
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- 1,1 - Y., Y.» Y. Yo r V.
I, = Yoo Yoo Yap Yeau Ve
13 Y31 YSZ Y33 Y34 VS
IC Y41 Y42 Y43 YQQ v4
nia
[11 = [Y]E[V]
[Y]l 38071 bus admittance matrix
Y., Y,.0 Yoo Y., 138037 self admittance dauduadniadug

lua?né 178077 mutual adoittance

self adnittance w1lR3TnMauInmas  admittance géaﬁuﬁd&uq ®u
nutual admittance wn11A37NATRUBAY adeittance AraTsninsiidiiadas
wasim [I1 = ([YILV] =

O |
uasastarun1Th e

2.2 Node eliminaton by matrix algebra

INFAUANT {11 = [Lyicvl ﬁwnwnﬁﬁ?a1ﬁﬁn1suﬁxEwn;aaan L51d4790

v - . v - g
asfiarun1Taaciidaantuaaniuningla  avilu

-
1
=
o
<

4 o ,d 1 . 2]
(s 1, Ranveudzoviidnhasn1iliavas (retained bus) dw I, AanTzud
o do X .. o a ¢
zavuAnaany (eliminated bus) uuaa I Lﬁugua
I, = K V, +LV,

T
I = LTV, +LV, (2.1)

b3
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>
. [T Y -3
7% R 2 R O = 0 AW VvV, = -M LYV,
1] d E T}
ILNUA" v, Tudun1Tn (2.1)  3lan
-1 T
I, = KV, -1M L V,

v o . 4 a ¢\ 9t o N
aduu bus admittance ntnaaagazuﬁqaqu

1

Y = K-LMt LT
J . 4 v .
FeR WA TY 29 1IN L WA T T TUn 1 TR
o~ oo w
2.3 n1IRkanasud
P v % o o 0 v X v " (Y]
IMNARTIMIMAUAT  ITLULIIWINAAURNINADT 1 URNIWIAN 9 fuarhpeLan
I ugll v 94 o s L] I .
LaluntTenlddinaing M Seiin dawandenasii wuaing M AsdAuaniREsRILABINA

1
admadulddlese  uay admittance matrix tAnTeutietiu submatrix X, L, LT uav

]

>

-
n
3
)
o]

3MNAUN1T bus admittance .asamwza (n-1) x (n-1) matrix

Y, e Y, e - Y,

td

Y S S AT I

__1 kn ni1 *Tnd
Y

nn
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- { o &, .
FUENDAILNRTNTINUN D k uszRaMady j 389 (n-1) x (n-1) matrix aztﬁu

Y = Y - Y Y

k4 (neaw) kd Corig) —k ) f e

Y
nn
4 < ™ ] . .
A Y L s aagutnéaTnina s bus admittance matrix awia (n-1) x (n-1)
4 ’ -« - .
Yei cortnr? Yiar Y., Uaz Y. RBANIENATLANTY bus admittance matrix

U8 n xn



LOAD FLOW STUDY

3.1 Bus classifiertion on Power System

. dw 4 LI V) ¢ W

Tun1TamauLngIny load flow t1wﬁsunqsuuqud1u1suu1wﬁ1nwaqaan Lﬂu
e B W ng

3 ydnan 7 AIM

. L.
1. Swing Bus %78 Slack Bus

. quJ . 1 . .,4

Swing bus wi slack bus tﬁuuﬁnuLniaqnwxuaiwﬁﬁaaag tﬁuudnnauqu
. 4 i)

M voltage pagnitude uaz phase angle (V, ) AvNAREALIANTABATURIR  TuIe

vl = 1.0 p.u. uay phase angle & = ¢« LR unradennfeivdn 1113z hingu

L v
Way phose coylaaeliduy q AU ijquE

4 L] U 4 ter
nwigmt§a1ud1adenuuuau?qaziuagnu Iv
. o [y 4 ]
swing bus tﬁuﬂ1lﬂ;BULﬁﬂunu bus 8 9 21 3u7AM voltage usz phase angle
v‘ ] ] 5 ] - v
gaslidan 9 2WRNRIYIN swing bus agavlT NTNINURTH |V| iary phase 7av

swing bus AR1LnANY 1.0 /e 157138097 voltage flat profile

2. Load Bus

udd ] + uxvsﬁud. ]
load bus tﬁuuﬁnuTﬁaanaa§ aauniduL uugnn nuean real power URY
¢ l '

reactive power (P,Q) load flow equation LRIMWIUNIIUNR  voltage ( Vl)

do ¥
uar phase angle ( 4 ) nuAuaanu

3. Voltage Control Bus

‘vcld J . Y LY tar ¢ < «d
voltage control bus LﬂuuﬂnutniaqnwLua1wwﬁnaa§adkﬂuv 1W1aa1U

] [R 7] dl} ud. . "
Tnaaﬂaagauan1a Lﬂuuannwwuﬂaﬂ voltage uar real power (P,V) Tunngintogmn

¥ .
load flow 3£M&71 reactive power uag phase angle danun
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o v Q.. v v dw .

yg ﬁﬁnﬂﬂﬂuﬂﬂW‘ﬂ ATNRAIATNIU
slack bus v 3 P Q
load bus P Q v b
voltage control bus P . v Q $

3.2 éunﬂ7n111uauavﬁ1501iﬁ11ud1adq (Line Flow Compulation)

- - Y LT ] uJu' v @ . - . o
wieranaunTaniniuuia  TRAUTIRURTAAIE 9 URD IVHINITAWIMKINIRY
4 » [ Y]
WAL TI1-aan’ g

4 ) ' - Y .
Tl ﬁaﬂimwaﬁndcn1§auaaisn1wqua i uar j

Bus j
A\ L7 lseries -
——rn —_— ¢ il
Y.
so. 'shum v -
e ———— s,'l' —_—

P N
]

Eﬂ 3.1 usay Power flow



16

L., = Tiries ¥ Ibune (3.2.1)
series = (v| = v,|) Y1,| (3-2.2)
shunt = vi _Y.i.l._. (3-2.3)
2
Fatin
=
Il.‘ = (Va - v.l) Yl.l * Vl ...Xi.i-— (3.2.4)
2
4 . £ R
tia Y., = admittance of line ij
Y? = total line-charging admittance

id4

' . 4 [ . » l’ug
A1 real Uy reactive power nivasznud 1 14 j dwrinudayiaRIy

S, = P, . +1]Q = V.1 (3.2.5)

1.t t4 14 i 14

Teanasuny (3.2.4) u (3.2.5)

N " L3 » *
S, = P,+dQ, = VW V)Y +VV (Y,

i1 i4 i

Line Power Flow 3710 bus i 14 bus j

._
x=
[~
w0
1]
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3.3 Control of Power into Network . I

4
qnnzﬂ1qa1nuﬁae13

udaefen1saItaniaeiudiang syschronous

' o T I ) . w 61
generator uwudwaquﬂaqssuuTwﬁwnﬁaeaaﬂqeﬂa 1 LTEINTAMIRIINTNNUSRIY

. ¥
Tha e

~ilX, -il, X,

zu

E,. I
E, /4

£ ——
E, /4

Ve

3.2 nw191uquﬁ1§q1waﬂ

E /s - V. /0

A
*®
¥
(B, /2= - ¥V, I-0)
z Z
(B, /-d4s_ -V, 10
7 z



) :"
AVUY
PA
Q,
. - -
TuntuasLRgINY
SB
ar :),
AU
Pb
Q,

1] J L [ 4
A1 power output n3qalUEe B isgoqﬂlua cos(e-4) = 1 #in @

2
E,
Z
2
_E,
Z

2
y.
Z

2
y.

Z

cOSs - _gﬂ Vt cos(etd)
Z

sine - _E‘ V. sin(e+d)

cose - VE cos(e-J)
Z

sine - V E, sin(e-J)

1

Z

4
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3.3 naTRIuRuTEuNIdHqA AR

Control Voltage and Reactive Power

ansny simple transmission line §Q%u3ﬂ LTIEIHATOAIRIUKIAY

w ] u.,Ei
ANRNRUSTENIN E, V, & fRAsl

zﬂ 3.3 Phasor diagram for transmission of power Lhrough

serios impedance
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awnzﬂ 3.3
E” = (V4 sV ¢ 2V
= (V + RI cos¢ + XI sing)” +(XI cose¢ - RI sine)”
E° = (V4RP +XQ" + (XP - RQ°
vV oV VooV
§ et

aV = RP + X@Q

I

[ V] 1 ' 4 i v LU
011 generated bus 378A7 real power AN #HI¥ART R = O (RURUNRIUE 18R INA

[} PN | 4 Tar .
tn) 3gtarn nridaoundrenas voltage 3e uagnuAl reactive power uHaxIn
phasor diagram Uae AUN1TBRR AR '
N ¥R - R
\'f v
1 4 o @t »
i1 R | uasuIn
1% o Q
4 gu L]
n1Tidasunassay rotor 14 syschronous generator 3vsunu real power  Hasy

' v
HRRBRIINNATE

Control By Transformer

o ns/ 4 - v g " :
1un11ﬂ5u§aﬁu1ussuu1wﬁ1nﬂa¢ LHBETIRMATY primary gawuandavetreil
. ' i 4 3y v v ~ a . n
AN NenLRadINATE IEINI9R Y secondary  A3INITATEUHANAN IWNAY LU
4w < . o . y W <4 o .
NRAVLUABUAIMINTAUZEVTRRIAANY  primary Tasldvnanayni yaguluIuTaunasafaie
. . I's d . v (v} Au [v3 [
16 (tap-changing transformer) Tun1IRMIUTHARTURY LUBRIUIUURINTIARNUABITY
4 1<f . d .
tﬁunaaqnws WD IHNTANIEIUNITANTANINAL IR TUTURTHIENINITLUREL I1WIUTaUTE
v ' ' w o do
TARATA URIATUINTHUIUNINCTRLTIAURUNGAINT
o v X v Vo .
Wil aLURIRINA 1IN dwuﬂinﬂﬁﬁauqulﬁnq real power WAy reactive
J ) - o 1 v
power wiautaeyniiTun1iuFusute voltage Tudasuau q nsuaﬂuagﬂuﬁ1q $10% Uas
- o

<4 . . ~ 4 0 vy
geiuuunly  shift phase angle 189 line voltage  uaRsHuTSHUUNUTUIANSIUIR

voltage uar phase angle
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Regulating Transformer

Lﬂunuauﬂaenunquuun1unu voltage magnltude uar phase-angle nwuwu

ﬁvuuwnav1ﬁlwau1u voltage TuguuAl 9 uwnn11a~1ﬂtﬂaau1~nu voltage

Vou i._AV“" —" Vi + AV,,

i ¢

.

{
LA
\..’_\ﬁ'

Series
transiormers

—

Zﬂ 3.4 Regulating transformer for control magnitude

370 phasor diagram (118 M TnaguanT shift phase gasmianlas
1aaqﬁ HRAL naaaa?uuuauﬂaqnnwuaaunutuanLﬂﬂq voltage ntnuaduwnuavlﬁuuu 90
out, of phase nuqananWQﬂaqunu aauutwﬁ voltage Van KL uﬂﬁlwunuaaanw
van 348133z inphase wia 180 out of phase fu V,_ awnzﬂaswuiw line

> o . ' - 4
voltage N4 uM phase shift aan1ﬂuanuﬁaunﬂ1Lﬂaauuﬂaeﬁaauﬂn

Ven {

ay, Vou ¥ 0V,

Vir Vi + 2V,

Ven e . | V,+ &V,
( '4AKJ41

Zﬂ 3.5 Regulating transformer for control phase angle
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4 ] LY t o :’1 .
UASIINNNRINMRITIT AV « P URY aV o Q@  RIUB load-tap-changing
L a w4 4 . ) 4
transformer  TeumiANLURELUYAILTIHL 30n1nﬁwnﬂduqu real power #u

cpp o 7 . 4 4 .
phase-shifting transformer ZenanianiUasu phase 3qﬁ1uqu reactive power

Capacitor Banks

ad d, o a .
3ﬁnﬂ1uqu bus voltages nd1fgRan1TlY  shunt capacitor bank qanm
o ¥ o ud . ! a a U 4 a4t . ﬂ
2133ARRTINA18d RS TEUUIMNUIE NTARRANNANIUEDEURLTHAR capacitor szitw
#1318 Vars  F98133zARRee8190127uA 10Ty voltage TaannT switched on  wia
" o ¢4 v 't v a4 aq o wa
of f  BANIINTLULRINAIINRDINITIBYINRA TREFITRUAIIAARAAIANAVTALVUARTUNE
v o P v a . 4
Ta8TYN1TRILIRN wiagnaﬁunaenﬂ?nau voltage #id reactive power LiaRa
capacitor  muIMAUTMRA T9iUUMUUEIUTENBURIEYEIMEY capacitor 3 LULUKAY3AN
. [ 5 .l Q. o
reactive power ‘U#9Tuaa 93zam line current nitaluavTuaauaran  voltage
. L 1 . -
drop  Tudnenain power factor @M n (w1211 capacitors  3:zMiam reactive
4
pover n3IEaANUN generator
3 v o J
4 load-flow computer program L3 & W1TANIMUARRTN  slack bus 79
[ S v 5 [ .
lﬁuunaqﬂﬂa reactive-power umn load bus T1d generator capacitor banks
a ¥ v - { . ' (Y] v
asgnﬂanq11 BAZABNWILABTIAINIUKIAT Q TARIURBINIT
3 . <4 ¢ 4 < X M
TUN1TRARY  capacitors 130 node Tm 7 A1 voltage  Miin3uALWIe
1aalf Thevenin’s theoren awnzﬂtﬁunﬂﬁunu1xuu1wﬁ1ﬁ1§eﬁ18 Thevenin
<4 : > . s ol ¢ o4 o d
equivalent 10 node Zy8aARY capacitors Tﬂﬂﬂﬁi?ﬁ?ﬂﬂﬂﬁaﬁﬁ et URE9%R  node
N . E ¢ o ..
voltage V, 3zininy Thevenin vollage E.. VHADARIZANTZUANH capacitors

=m1lenIn

th

Z,, - ix

th [
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' ¢ v
Zﬂ 3.6 na11RaABIReTL I wINaT

In

o He Xy,
e it

th

‘/

e g
Zﬂ 3.7 fﬂﬁtﬁnv1aasun1unaazﬂ 3.6

. - £ . LK) v o ar
310 phasor diagran nTLNNTRRENY v, Tag capacitor HA1TARLABINY 1.7 X,
H (v L7 14 9
LANIINULTIFIAIUAN voltage 19a1sn11ﬁ1uqun11n1zqunaq syschronous generator
G e ooV ' . ' -~ <4
Tei1THAIUANAITIY reactive power TEMIN generator fuTzULIA L8 Lita i
. ' . ver J . v &4 w
overexcited generator) 3¥i18 Q reactive power UL FNIEHIMLINARS

o . < < o~ X
iy capacitor A (WILTIARIW
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3.5 Gauss iteration method using Y bus

. (o ng Qv w .Y
NITKIRIRALTEYTHARTHA IR 180U t1uﬂuanﬂn11ﬁuqa11 voltages Qn q

-

DLy . . d .
i uan’in slack bus IViAAMUAA" voltage BREAMUATHAS L I1EIMI TR

] - ar - - -3
ﬁwnisuﬁdwnvuudqnuﬁuanﬂwn slack ud RMNFUNITIVAIMN

Iv = _P-D__.-_J._Q.D s P = 1,2,3...n
v, pPFs
) (3.5.1)
4 {'] . -
(82 n tdulwuudnae Network uazinn
I, —HK3 ) (8= V.I°2 (3.5.2)
vD
]y I = Y v

bus bus bus

. ) “ o ' d a v ¥
n1muAIN ground i1 reference bus nznﬁun11a§ n-1 f4n19 ntnﬂu1§1ugﬂuuuaqu

A7 bus currents AIMUIINANNIT (3.5.1) unuan slack bus voltage uax bus
voltage Sinnas WY NRRTHANNT (3.5.3) LWRAMINAY bus voltage qﬁﬁuﬁuasdw
Bus voltage qg1uﬁﬁ Az e nuludunig (3.5.1)Ldnénuduﬂﬂéwnfzuﬁqnﬁﬁﬁ Litatin Ty
AmandugunT  (3.5.3) uazizﬁw%w%ﬂn?aa 7 3NN dWﬂ?ﬁNlUgﬂuuﬂﬂiﬁaﬁ bus
voltages Qnuﬁq aé?uéwuﬁaau?u1ﬁ AONIINTTAMIUNIRT voltage  wR2AHIM
A1uI4AT power 789 slack bus uaz line flow &

gun172ay  Network (3.5.3) ua¥ bus loading equabion (2.5.1)

. o v <
g wannssnwlaiu
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-}
"
[y
]
e
O
!
™M
-
L]
\ ¥ g
h~)
H

1, 2,...4 1

(3.5.4)
E 14 1
Aun1sae load flow WA i UWANATMUY  nonlinear TIWITIUNTRETE IS

. . . d, v v < o s
iteration Tuni9auau Liwasaﬁt1a1n1ﬁ1nuwnnqa Tasannunaunﬁqﬂ&aﬁwdns 1a87M

e ¥
tﬁnuaun11 (3.5.4) Tvuleasu

n

Vo = (P, -JQ)L - £Y LV. p=1,2,...,n
VID axl p - S
(3.5.5)
m (P ~\GR(DIITITT] - /K
lay Y., L, o3 o7 Tt
uar bus voltage equation (3.5.5) iznaﬁalﬁu
VD = KL, - ¢ YquVq p=1, 2,...,n
VND a=13 p - S
(3.85.8)

ur

Furauzaen178ne1 load flow Taaduqaﬁﬂtﬁuizuudnaa uaz1ﬁ1¢niﬂugnuuutwﬁtaﬂ1
- . [] [ ] .
Wuy positive sequence network (win11iun  mutual coupling A1 bus
- [ é
adnittance matrix w1lATRENITRTIRAAL ﬁuwﬁnuwunv&ﬂugus tAan bus 2 (iu

. o ¥
slack bus 1u1uuu?uzﬂ gna?unwsﬁwuquqstﬁuaqu
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Busq
Busp 1 2 3 4 5 6

1 Yool Yae l Yoo | Yia

2 YEi YEE YZS YEO
3 Ya: YSS YSS

4 Y41 Y44 Y48
5 YSZ YSS Yss

8 YBE Y64 YBG

3u 3.7 Single line diagram and bus admittance matrix of a

power system

k41 k k.
Vj = l(L1 WEAW YL“,V:3 - YL’4V‘
kW
(‘\(=l )
v, = specified fixed value
k1 " K
Va = §L. Yo, i & YL:“_‘V5
kN
vV,
k41 = - &
Va ._.K}% - Ychvl YLABVG
ko ¥
(V4 )
k41 &
Vs = _ﬂs - YLsnvn e YLsavs
| 7 ]
(V, )
k43 _ v k
.Ve = KL, - YLG,‘:V2 - YL, .V,

k ¥

v )

e
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4 . . . . .o ¥ .
tNa superscript k A2 1MIMAT iteration atRuaulunt1TnIARauzas  load flow

) . .
TREI0 Gauss iteration udavlugl

3.6 Gauss-Seidel iterative method using Yiuu

#un17 bus voltage (3.5.6)  dm9nuaeauian Gauss-Seidel

. . dgl 4. []
iterative method TasifuAt voltage v_**" nd mwautéimi aﬁngnunuﬁva v_" uas

e oW - ] 4w dNa. Na
1 IuAUN 17818 0FRN ﬁnnsuwzuunudae?uzuﬁun11n1ﬁ1u3ﬁuuacuﬂa

KL, - VYLV, -y v"-v v°
k %
v,

specified fixed value

KL, - VYL, kil __ 355
v, "
wed \“.dlvlk+1 1 YLaevek
v, "

a
k41
K1, - YL_,V, - YL__V_
k N
(V.
+1
KL, - YL,,V, - YLV, k :
k M
V3

8
AMAUINIuR MM IRauTay  load flow 1a837 Gauss-Seidel iterative #vudaviu

743.9
L |
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orm bus admittance ieatria

Ylll!

Asxsume bus voltages
o (o)
LP
pP=L2 ...8 pws

i

Form puramelrrs of voltage equativns
KL, uad YL,,
p=L2....n pes g=12....n

I

Set iteration
cvunth=0

- I

Set marnmum witage change mas 8 sleo
and Lus cuunt p =1

Sulve vuttage equation for bus p

KT d N .

AT (4 s Aol g

AN yr o YL B} - 2’ YL, E,
» (R st

]

Culeulate change in voltoge of bus p
b bt a
ok, ~K ~-E,

BN S AN
Greatee

fur imasimum

vhunge in voltugy

Set
Eyuul vr less mox a4 IAL“:I

b Shed I
!Il:fllmv E, bk,
1

¥ Epael Al’f

Advance bus cuunt
pri~-p

Yl ey,
L'quufur leas

Advamr
tterution count
byl=k

Culislatr line
flows und pouer
ot oluck buy

Greuter {or cunpergency

n'm.”' “ d, s A8Y 1

3.9 Load Flow solution by Lhe Gauss-seidel

iteraltive method using Y, .
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Relaxation method using Y. ..

Fun1738¢ bus currents as?ﬁﬁun%snwdnnauna¢ load flow 188
. K
relaxation method 3nndun T (2) nyrudn bus p lﬂu
L s Y Ve v Y Vo Y VYV

H L) ]
dunwvulnﬂu1ﬂu1ﬁlﬁu

YoV, 7YV e + YV L+ YV -1 = R

pe 2 PP D vn n » D

lﬂﬂ R Lﬁuﬁ?ﬂl“ﬂﬂﬂﬂuﬂ-lﬁuﬂﬂ?ﬂﬂ%ﬁ?ﬂﬂwaﬁﬂﬂaﬂni uﬁnud p %¢Lﬂuﬂﬂﬁ?ﬂﬂ11ﬁunﬁ

A1RauTaY voltage dAnuse uunuﬁﬂqﬁusu 7un11n1ﬁ1u relaxation method fa

AR o KIS SR NS NS R\
Ysivlk t YSSVSk 1 Y:!Sk 3 Isk 7 Rsk
Yalv:“ PXrY VIt - BT o~
YLUL o YSSVS AN B 2l
YGZVE + Y64V4 + YBGk ” Iek = R‘ek >
(3.6.1)

.‘ Iv] ) (Y ' - 7 4 v J
tuagun I8 Ty slack bus 3s1u11ua§ﬂvﬂ lWi1e17 v gnnwnua1ﬁn¢n A28

c

. N
bus voltage ituan

v (0)' v (03, v (o). v (0), v (0), v (0)

1 b4 3 4

A1 bus currents dﬂﬂ?ﬂ?g?Wﬂﬁuﬂﬁﬁ (3.5.1) uav Ufhﬂﬂkﬁ?)ﬂﬂﬂluﬁuiﬁn qun s
] . )
(3.6.1) A1 vollage correction NUT%Q residual R, nnﬂTSTﬂ DNl ARUR p

o < . .
HIAYN 81 residueal R, 3z ?ﬁ?s?ulﬂuﬁuﬂuﬁu voltage correction

av " = -R "

2

Y

e

' -Ju v o RV
wazAldisunnny voltage nUiuﬂzquaadW“inuﬁ p 37671
[ SR ]

v - v+ oav

»

’ d i 7] 1]
uasﬂwnizuﬁﬂﬂﬂﬂnuaztﬁu
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I = P-iQ

k41 W

v,

Kl 4 . . do
suzneazadnTiUasuudasnteud 81 actual residual nud p istﬁu

k41 k k+1

R = I -1

- =4 ) -]

' . v oo d .
A1 v_“*? uar new residual dwiulidausanin p usr slack bus  #wnIndmIn
18370

R = RC+y, vt q=1, 2,...n

o q oaP

qQ+p, Q%S

g !a’ ." ] 34 1 'Jul .
nuaauuﬂsgnnﬂﬁ1 LRREATINARIISRBUAT voltage detnaafivan largest residual

3
Y

1AUTY

.

.'; ] A :: V 1 < L. . "
WUNTeNdal residual nevee  Azusanimiaininy specified toterance

289n1TMIARaUDaY load flow Taslf relaxation method udﬂq1uzﬂ 3.10
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3.7 1 Newton-Raphson (Newton-Raphson metbod)

da o add 4 . ¢ o
Sabu- i ET Tnas Tl RN B A WA TRV TR ILTIARTHAY NN

da o “ 4 { R
N1TRYITNIAU-TIWRY lﬁﬂ?ﬂﬂﬂﬁﬂ?sﬂﬂﬂ%ﬂiuﬁﬂﬁlnﬂlﬂaﬂ {Taylor’s series expan-

. o (g dae 3 3 \-v e (S & do -
sion) AwFuileatunifoudsfeuadasiaiutly  dunanisaiuieniugs x, v x,

k = f, (x,, X,) (3.7.1)
k = f, (x,, x,) (3.7.2)

ﬁ- 4 w (s o v o e o
Tas k, uaz k, LUAIASN OIRIANITAIN X, o) URE X, o HATINALABINUATABUTEN

b Y 2
NYADYANNITURENIHRA T Xicoy ¥ 8%, 0, N X, 0, ¥ 8%, 00, Lﬁuﬂﬁﬂﬂﬂﬂﬂdﬂiﬁﬂi

o~ ' we v, bt - o
FUNTT UUBNIEAINITININT aX UAY aXx 1ane e mauIa I UNIINIAEY RIUY

1¢0) £C0)

o v, yve d
LAURUN1TNIR R TAGIY

k: )| fa(xx’xz) G fs( X1<014AX1(03 ? xa+Axa(oa )
kz F fe(xx’xa) 3 fz( Xyc0rt8% 0y 0 Xpt8X, (0, )
4 ¢ ‘
manwmaau‘,nwnaunmaa-x
kz y fa(X:(O)’xz(0)+6x;(O) £: (0) +Axa(cn £1lro) ...
ex, éx,
(3.7.3)
kz = fa(X:<0)’xa(0)4Ax:<o> ix o) +Axe.(o: Lx <0 1 ...
ex, ex,
(3.7.4)

Jdv [N J

o« A, . . . wilyv o s o

WL dsatRaitand  (partial derivative) nuiu&uninnin 1 tatla s aawlyTudunngn
v W 3 a a dao o ' o

(3.7.2) URY (3.7.4) T4DINRWITOALAATLINVNNEUAUNANADY 1 BENRELTANAUNNT

.4 a ‘; [
N (3.7.2%) WRL(R.7.4) 1u3ﬂuuumua1nmﬂa



33

k:—fa(X:(O)’xa<0)) = gix §£1 8Xi o)
éx, 8x,

k:'fa(xx<03’xzco:) = gﬁz giz 8X,¢0)
- . éx, ex,

for o o4 o ) 4
sua?nﬁaqiﬁnaqwﬂtﬁaaLna?tvnw 8138079 "aaTAdEuinaIng®  (Jacobian patrix)

LI Awndniu [J1 waldnmniunuan x, ) uae x, ) Tuwnidsacaadoofi i
X, o, Ua% X, . TilddIRaumavdunaT (1) uae (2) Fui

LIPP =~ NN g Xpcos!

LIPS = k, - 1, X, 051 Xeco))

. ' d
EUunUR1TURNRN TN (3.7.5) @

1¢0) W J x!(o)
£(¢(0) XE(O)
a a . gV ' v 4 o o
Tagn1snisuLt 18309 [JI Iznaiunian Axlco) Hay AXE(OJ 1A L%ﬂ*iﬁﬂﬂﬂﬂiﬂﬂﬂﬁvﬁ1u
(4 { . - - W
HQQHqTﬂTSQWBﬂQﬂTuﬂﬂQlnﬂlaa? g1 xi(o) ay xa(o) nulduanny xf(o) ATNRTIAL

¢ ] 3 < . 3 2 ' -»3
sanTiTddasuivhaiIn T maNgIan Teatan x| war x_ Tmidei

Xi(l) N xl(O) + AXJ(O)

Xecos = Xp(on 1 8Xs o)
»

. . ' v Ve v v a v J
LNINTIRIUINEIIUAN X, HRY x LI19nRnuNN AR18 flunaTantne LIguiiul oy

Chk+1)

fada o - '
N7 1EanK MUY~ 19Ty 1un11uﬁﬁmu11naqiﬂa1

. . . o o de W
Fun3dmTUAIUAIRSNUE p wrlasan

o
S = V.1

o D P

pv + jQw
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p, -iQ =V 1 (3.7.6)

4
"
™
-
-

P,-dq, = v.)" & v _V, (3.7.7)
Q=1
fmuati Vs e o+ §f_ uas Y = G__ - §B__ #un17 (3.7.7) 3enatsiil
P, - iQ, = (e, -if) = (G, - B ) (e + Jf)
az1

BENAIUITINREAIUAURNINBANINA Y

n

P E EneL e G fuB“) + fa(quM -co B 1)

L~ ]

as=1

n

Q % E fD(enGUQ + fUBDQ) + eu(fnGDu 7 EGBD )

L=

a= 1 +
$8,7.8)

aQala oo L YY) ! LTI Y ’ , () :
ntafu- TR dwnan i iagenasdunae i e fuiiedy Widuguna T Re Ftd B

d - A e < [ a-g
n11LUaﬂuuUaonaqnwaqqTquaxnﬂaoLﬁnauuasdquﬂsznaunaeuﬁTaaxﬂw N1
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aP, ep, ... 8P, er. ... 8P, ae,
601 Bon—l 6{‘1 B(‘n_l

APn—: ..e_gn—a °c glin—l ..o;Pn—l e g-gn— 1 8€ s
e.l a.n_l epl ern-l

AQ: gQ: M gQ: Q.Qx e ng Af1
601 Bcn_l 6“1 Gf‘n—l

AQ -1 eQn—i A @—Qn—l —egn—l e @n—l Afn—-i
5-1 e'n—l ecl crn_l

4 ¢ La / ] 2 ( 4
LB uRTndHulisAntna Jacobian uariigh n i swing bus 1u2ﬂnaqtun?nﬂdunw7n

(3.7.4) 138ulity

aP J J Ae

aQ J J Af

<4 o ‘ . w o
AUNITNTETUA1TRIAN TN TAIRITALUEY FINVTOWEINIINFUNITAIRITASIR
-

NS ) a
NIRNTITBIRUNIIN (3.7.9) 6@

pD = ED(eDGDﬂ + fDBDQ) + fD(fDBDu - eDBD ) + z ( eD(eQGDU + fUBD )

+ fo(faGw -eB )

a1
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aviuaLIuTLan dunln off-diagonal 784 J 3R

91-?-9 = eDqu - fDB‘DQ M4 q = p
ee
Q
. L ]
uardudn disgonal 789 J_ Aa
ep = 266G +fB -f{B + £ (e @ + {f B )
e D T PP P PO P PP a g P va
ee a=1
P
(3.7.11)
' < do 4
ag1elInaIn AUN1TIANNTEUANUR p Ad
I,=C,+dd, = (G _ - JB (e +if ) + £ (G _-JB _)(e_+if )
ax 1
, ﬁ EN 'S ve 3
ZeR WM TR BN L YRR ILI TIURE IUANIWTAR I
c = e G fB + £(e G +fB D
» v e + P PP Q vag Q va
a=1 y
a=sp
d = f G -8B + £ (fG -e
-] (-3¢ D  wva a ©paqg)d

p=1,2,...40-1
(2.7.12)
Run13pas@unin diagonal 129 J, miTeounudauaiezasnizud C Tuauni1d (2.7.11)
318
eép = e G - B 4 c

@ep
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1NHUNT (3.7.10) @780 off-diagonal av J, AB
ggv = equu + fnep“ yQ # p
of
. 4
wazdu1in diagonal maw J_ A

e, =e3B _+2f G _-eB _+E (G _-eB )

—_—

ef_

(3.7.13)

. 4 4 w
u1d1u3uan1wnaqnisuaa1nﬁun17n (3.7.12) unuudunidn (3.7.13) as'ls

6P =eB _+fG_4d
of_
AR L ANBNANANNTT (3.7.8) 3eiiu
Q =f_teG,_+fB )-e(f G -eB )

+ ¢f (e G +fB )-e (f@G -e B )
1= Qg Qg Q g v g pa o pa

a=1

afp

.

HwivolTudlon Npaln offF-diegunal wne J° @n

eo.I_) = apapq + fpopq via
an
- 3 .
nunswu1dn diastonal mpe J fnn
n
eol « ePoPP _  PgPP . o PuPP o (G,PQ _ Q.PCQ,
q=1
EGP

C2.7.185)

. [} oY ) G g
WITIUIURDAIWEDINZEUFIINAUNIG (3.7.12) unuasTusgunig ¢3.7.15) a='lp
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[ =eB +fG -d
€e_

wﬂndun11ﬁ (3.7.14) &ungnmaq of f-diagonal may J, Ra
eq =-e G +fB_ _ q=7p
of _

uar@N1Bn diagonal mas J, fa

sq,
ef

e G + 2f B - e G + £ (e G + f B )
v PP P PP v I Qg Q g

\~A~4

(3.7.16)
U1RINITIIBINTEUAIINANNNT (3.7.12) Unwludun1T (3.7.18) 3z'la
eqQ e G A B8\ AR
of

o 1 A v or AR &Y e 3 v
NIMUART L THRUDANURTIRIAY  AINIRIITINAEAIAIUTINQIcAmInTa’IIndunT
‘J * & 1 ld. [ ¥ IJc
(3.7.8)  na7uiasusutatgasnaiun Yasnuaatsaniomue (scheduled) NURIMAILIY
18
o Po(schadutodr ~ fp

-] p(scheduled) 4 ©

p=1, 2,..., 1n-1

' do e 8 o 4 ,

awﬂisuwmnaQTvaLﬁinuﬁuaznwaqqz?ﬁ?unwsa%u1unisuﬁuﬁ L #8101 N R HTa
< é [

1TALUAR dunIn (3.7.9) TN THUIAY se_ uar of , p =1, 2,..., n-1 ing

D

ad."uﬂ- - ] Y3
NINRTIRTAINAEN aquuﬂwﬂisuqmauﬁnunacudiaaLaaﬁsxﬁu

k=1 k 13

k

. it ’ o U J [ w
11871310721 'APDE Uae AQDk navqnuﬁagﬂuﬂqéﬂaauiu1a

da o o ¢ 4 . - (J, '
3ﬂu1nu-11ﬁﬁu ﬂ@ﬁﬁuqfﬂﬂTSQHQIWQQ§“WﬂqﬂﬂUﬂﬂ01ﬁﬂﬂTNﬁjk”ﬂﬁuﬂqiag
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v ¥
1u§ﬂwnnx3q511uvsuuﬁnaxﬁqna

V - 'v e.l»p uas Y - Y le—.fnnq
© -] oa va
. - :.J- s e du =]
UNUAIRITURNNTT (3.7.7) AVULBOIRINUR P fa
n
P _ jQ = £ v v Y ~—d(epa~vrv-urg)d
o a ¥ a pa
a=x1
LWI1E91
-4 (e +oa —u ) .. - 8 a
e PqQ P ( = COS(ODD+JD—JQ) > JSln(lDu+JD—Ju) ﬂQMHdQM?T@HRu

d?ﬂ%”ﬂﬂﬂWﬁﬂdﬁTEi?zlﬂu

p = L |VVY |cos(e 44 -0
> P a'pa va v .
ac 1
Q = L IVVY |sin(e 44 -2 )
i P a vag va ®p A
g=1
q=1,2,...,n-1
Amiy J ¢
8r,_ 4 VoV Y . [sinte  4d -2 ) aip =
Coes,
L2 - -2 (VLYY LlsinCe 44 -s )
@JQ az 1
nfp
dmiu J -
vp\rpq t:oz.(npq«},p_..,q) “‘i"

ep_ ]
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ep_ = Z'VDY” coss - £ |V Y lcoste 44 -s)
;va’ a=1

dmiy J ¢
%D = - IV‘DVQVDQ CDS(GDQ + JD - JQ) q:p
e’
ggp = - £ VDVQVpu cos(euq t S - Jq)
es, ¥ \

dwmiu J,:
eQ = IVDYW sin(e ¢ s e q=p
;l>vp
€Q = 2IV Y sine - £ [V Y IsinCe + & - 4)
es /e

a=r

.~ g < o e £ Ve d '4 [ o =
AUl mxm*muda\smwm’uwuﬁna\m"mmt‘Jaau‘lﬂ ﬂU'ﬂu'mi’lE]\i‘T']Rlﬁ?llﬂtﬁiNW}ﬂ'i‘""m'iu‘lﬁ

2RI - HuasTa

oP J J ad

AR J J a
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1 L 3 [v)
N1 TUTEN A BN ITUIRU- TRy

.Il [ 4 ~ 4 1 s W Ju
Tagnyly dWﬁﬁunﬂstﬂaauuﬂacnuwnnaquaTvaLﬁnnﬂaﬂ T AMIRNITINIR Y
< v . “ . o < "W Y

tURsuudasuasy1n nﬁuaetasdnu§1ﬂiun17tﬂasuuﬂaqnaoqulwdﬂﬁuaa 7 IBYUATIRLRAA
e o « o a v O u w v .

AINIAVIANAY 3 LURBUUURIUBEHNIN AVl TAETTISUURNRLTYE AnaDuBa Y Uynn

' - a € ﬁ I's v ¥ v

TarTWa" dﬁNﬂTﬂﬁﬂTﬁﬂduqﬁ1ﬂﬁu13nna@uunﬁnﬂﬂaa Jo WAy J_ 1ydudus AL A

k|

¢ o ¥
AUNVTUNRINTG Al

aP J 0 ad

aQ a2 a

. v d ¢ v ad e N a o = " ' o
RIRBUFANIBNANLTE  3wn IR TRAITIE I HB IRV Ha9RT VIR Tun1TwIA R TAL Ton
4 Qo . i 4 X .
tna1§1zuuwnaunugunwn A1AauTasTHARTHAIZ N TN R TREAENIA NN of -dingo-

[ R y 3 B
nol madiuminggas J_, J,. J_ Uas J,  mavaTatlen Teastadunitudesnsiuiou

1? 13 E)

TR TR 3 . w de ug
WURYIBINIANITIUALNIRIL TUBUNUR P AU

aP 2 &P _ ase_ + ep Afu

&P ef_

[

= AFD(QDGDD‘fDBpD‘CD’ + AfD(eDBDu+fDGnD4du)

aQ = €Q  ae_ 4 eq AfD
@e el

i

e (e B tf G -d) 4 at-e @ i B + €
» » fo R &) » [= =] ” » o o »D v
p = 1,2,...,n-1

-1 . W, sia <l .
FunVitwa A TIonIRIRaulaTng 196 Gauss-Seidel
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Form bus admittance mairix

Yaurs [
Assume bus vollages

{»}
""
p=12....n pés

i

Calculate bus currents
o 5 -iQ,
[LIRY
L)
p=Ll2.. .a pes

i

Caleulate bus residuals

-

&) , plrl_ gt

", -Z‘N’:q -1,
et

p=L2%. .n pen

]

Set iteration
count h =0

Drtermine masimum residual and set
mas i* = IR’.I ond bus number = p

J [
Fawnller, Colculute line

flmes and power
af slack bus

Calrulate voltnge carrection for bus p
Rt )
ag! -- 2 i

re
Calculate new wiltage for bus p

[X2) » »
E, '-E, +aF,

: |
Caliulate current ot bus p
P F-iQ,
‘E’hl )
Calculate residual of bus p
(X7) & (X1
LAY A

I

Caliulute residuals at other busres
sa o, [l
Ry =B 4Y 0E,
§=L2  nogqep gus

]

 Advance Replace E, by E,*
iterption count ’
LER T 3

t“‘ Replace R, by '

p=12.. ,a pus

71 89.10 Lond Flow nosdut ion by
-

YBus

relaxat icn method

un ind



43

Form bus admittance matniz
Yo

Acume bos voltnges
r () N
)

p-12

Set iteration
count k=1t

i

Calrulate real and reactive bus powers

.
N S VAL MY STAL SRy Y

.
A Gt 1 B - e U Gy e )

Q""

n pes
Caleulate diffesences betivern

scheduled and caleulated powers
LUAR X AW [

«=)
pe12

80,' - O, ooy~ O,

p=12 Bopes

Deterniine magimum change
in ponwr s AP and mas Q4

Warw e nonstt
. {

VEqual)

,::, ) Cubi
y flows and p

a8 sl e

for convergence
tmay a 't

tma, A()‘I te
AR

16«::'"

257 3
Calculate bus currents
s b
AN r-nt
"E

i

[ Caleulate elements for Jarohinn ]

R )

Solve fur pudtage corrvtions

’
. prs

p=12

X

JEL S

Colealate aew tus voltages
. Advenre et - bt

ifervtion cuunt det N N

Lt ear

Atk » " »

p=12..

]
A " Steplage o by oA and [0 by (200
puLl  n opes

ZU 3.11 Load Flow solution by Newton-Raphszon

method using Y_ _
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3.8 Acceleration of convergence

< or [ V) ' c” dg
TUUINIBARTINTALEY (convergence) @ mIunTzuIuA1TiIgI3EL T9TUTAS
] . B . ¥ '
1489199 (acceleration factor) Tun15UTENRAIRAUIINNIIANBWRALTOUIN Has nﬁu
. - ld 1
acceleration factors ZmFuduaTouasduIusnIWD29TI81RR 91ngntiow=xﬁu

k41 3 . k41 [
= e i afe - e )
A4 »

k41 13

p{nccelerated) ©

p(accelaerated)

4]
Lz}
-+
R
—
lag)
-]
by
+
-
1
oy
g
A

. 41 k41
HREUNUNTTRIVBUTEN e, |y fn

3.9 Voltage controlled buses

42 L ] o s 5
NITRTURNTIALAINTITAIUVAIRINANIASL HUAY

. . 's

ToUNARITAMIUNIAIRBYTE S THARTUAIR=RaYN voltage conbrolled buses
Jo [ # v [} * o Y o er ]
NUFLAATMUITAIINIAITIINIRIITAUARALAIANL ALY

. . ar < 4
3% Gauss War Gauss-Seidel Tanly Y, .. ANIR 9L AN AU voltage
. ' A . do ﬂ [}

controlted bus p izﬁaqﬂwuaunaunasﬂ1u1un111a1ainuduu WENEILITINAT AL

wEAWIUANN TR

P,-dq = V' Iy

o a do
b

) " L |
ANTIRSLRNBUNYARS

n
Q, = e B _+f "B _+rif(eG _+fB )-e(fG _ -eB )}
q-=1
qfp
(2.9.1)
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d <4 [] "u U -
LN e UAy fv AAFMUTENBYTANTIRLAINIUR p  AYDAY e_ Uaz fv vsﬁaqﬁaﬁﬂﬁaQn

v €
AN RUWUD

2 2 2

v © p{rchoduled)

(3.9.2)
4 ., 1 . as .4 do d
LWAALIUAIN TR LANDUNUR  ]¥ naqmwawimﬁlﬁﬂ ganninue  Tesugena e,

b 2]
LAY fuk fOUURTURNNTT (3.9.2)

Y

o " & 4. 1 e “ ot k &
ﬁuga11 qunﬂ1su1muasl1ataﬁnn1ﬁuﬁtn1nu sazdTuRdTENwaa e_ uaw fD EAL

[ - 1%
p(noew) - vlj{(achaduled) COSJD
k ~ g [
p(new) ”| p{l(acheduauled) SJnJv
] 1 k 1 . & L
UniR1 e waz f TUANNIT (3.9.1) 3I=WARTISNIANLAUAY

v{(new) plnew)

Q" wasifiu v * dwTudmanTraiesanted v <

Qe e A TATEAN, a 4 !
1unnqﬂaua FLUTANITIMNAUNAINIRILANBUN Voltage controlled bus 13

v L . v ke
?“QBQRW%QHQQ?E n1 Q nﬁ1u1u1ﬁ1nun119wn11ud1u11nd019 Q i . nnou%aqqqg

nw%qdﬂua nnunu?unwaQLﬁununacuﬂ nﬁﬂﬁnﬂ1u1u1auasn11ﬂ1n11ndwuﬂinnwﬁﬂ

Q RWRWTRu? ﬂﬂqﬁ 1Muﬂ1 ﬂ?WﬂMlﬁu1ﬂ1ﬂﬂ? ZAIRAU ﬂ?ﬂﬂﬁT?ﬂlﬂ?ﬂﬂlHUﬁ uge

p{min)
v

fviin v " gt §untsaauausas v

o [y [y - 5
WIF fafu-1 i Auntrdnfy voltage controlled bus p fa
P = e (e G +f B )4f (f G -e B )

o g va g va A< a g g va

re

4 - @ o e 4 a {
LUBRNNTIN (3.9.3) unuANNIVTIAWMIUNIRILANDY  FUN1SLHeINT u:un):uﬁaiuﬁﬁa:n13

- o 4 [ . e 4 L PO a
LURBNIYRNNIRSTRIUR  URENIAYABY  AIRIDSTIRIGS  mdRosuldRITudIul Ty unudvu

" e ]
WENTWIDITIaL0Y AD
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aP J, J. ae
aAQ = J, Ja.
a|E|® I |4, af

L0
aurdnzaviuainisas J_, J_, J

e? 2 a

of {-diagonal pav J_ 3N@uN1T (3.9.3) Ae

2
e V.1 _ of 10 ¢ ¢p
ée
uazdu13n diagonal fia
8|lv_|° = 2e_
Geq

. <4 o . <
iavLaaaniy - dundn of f-diagonal mae J, A

evlz_ AN aiop

—_

ef _

. <
HarRLIIN diagonal fa

<

A ¥ . “r g “ 1 ld 'Y t 1
uwnwnqlﬁuauIuﬁwuwsnaaagnnuwanacuﬁTaaLnannaqnWT
L §

“ dd o ¥ .o - U VR
ADNAINNIARAG TUNTOUNURRE IR LN aNTUREUENIINANIRS L AN AL
L]

. a o v
J AIUIVLIBRUANMNATTIUMURD ﬁNWBﬂ

o e <3
ATNIRYETHDURE
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LN
~ ~
-~ Test ™ Eaual
< for slack bus " >— =40 _
~ ~

NP
~__~

Test
for voltage
controlled
bus

No

Calculate phase angle of bus p
&

é p‘ - arcian -l,.—
e
P

Calculate adjusted woltage for bus p

A - 3
€p tnew) IEyl(ullrdukd) cos 6,

3 coah
£ tnewr = LEpl (acheduteay Sin 8,

|

Calculate reactive power at bus p
»

L
Q' - (G:(’"WI)ZBPP +} new)) By g {fp.('uw)("vhcn +! B))= €} (neu I Gpye! qu)}

=1
(AL

Test Equal
3 o or
for maximum or minim
f f nigm Breater

limit limit

QP‘ . Q}(m)

Q!

g Op A{min)

K : WK
(:,;[_‘z Cpova Greater i c’\,,,,'.,\-, Less
Replace Q,‘ by Q, (mas) Replace Q: by Q,, (min)
Recompute KL, for bus p Replace B} by ED (neuy
e A, e
——— e Yy

I Solve voltage equation for bus p |
D el KL S e Sy e |
g E) -(E—‘).-—}JYLWE,, —-E)LWE,, i
| e q=t [LF 24 }
e e —— e ——— |

51 3.12 calculation of reactive power al voltage eontrolled bhuses
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3.10 Voltage control at a remote bus
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Eﬂ 3.14 Transformer representation
a) equivalent circuits;
b) equivalent w circuits;
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3 1
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(3.11.3)
unuA1 V¢ AunaT (3.11.3) azmanmilu
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Phase shifting transformer
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Zﬂ3.16 phase shifting transformer representation
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3.12 Tie line conlrol -
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3.13 Comparison of Load Flow Method
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. . i o <4
CIAL synaetrical component transformation As8a 3 ﬂ11uzﬂn 1 #9170
v [3 v &1 . w v adfa . [ Y] 4 ﬁ
WUNUAIS  ABBA 3 RININ coupling AW A7AAMUANRTAWATANITNUARYABER  uENLUW

o s I's
AT INANTATAEIEN1TILATIEUINIANAAIHAT
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A
Ia yun ynb ync va -
Ib = ybn ybb ybc * Vb
Ic yca ycb y:c Vc
(b)

51 4.1 udaenisuny ademittance savTruy 3 (WdTuunaz element
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(a) Series admittance element

(b) Admitlance matrix representation
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3. 1n§ﬂmnw1ux1aq phase shift nmaswnaulas

£ .
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Yas | Va2 | Yo Yea | Yes | Yao
LY ud = | Yes | Yee | Yes LY od = | You | Ys5 | Yse
Va1 | Yae | Yas Yoa | Yos | Yoo

(4.1.10)
Yia | Yas | Yie Yoz | Yae | Yao
LY, d = | Yeu | Yos | Yeo BYoad = | Y61 | ¥se | Y55
Yas | Jse | Yas Vo1 | Yoe | Yas

v, ' ' { o ﬁ ' 4 :
awnEUL1w1nn1n11uuqn§u fasa 6 A7 Liu 2 nay  Ad compound coil <(a) urr (b)

Ve . - =5 © 4
uRaviuliznavang adnittance 8889 3 au aquﬁaoﬁuzun 4.3

5\[/;] \[{b]

, (%]
5]} [%0) —"”(Z,T’*%U»] (%]

gﬂ 4.3 Two coupled compound admittances
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: . ¥
#azTIaLRITWIARE branch URAYIAGR L

wangunng (4.1.8)

y’l y!z y13 yi‘ y15 yle V3
y21 yez y23 y24 yzs yﬂs VE
yal ysz y33 yS‘» y35 y’$8 VS
A
y41 y42 345 yd‘ y‘s y48 v4
ys 1 ysz ysa y54 y55 yse VS
yal yGE ya:’ y54 yas yae VG
a ¢ £
‘{ju 3¥3 (URINT  uar 31 1Intaad a'"ﬂl']jnna']ﬂlﬂu
(1,3 y_ 3| cy,3 [V,
= 3}
(1,1 ty,, 1 |y, (v, 3
T
(1,1 =  [I1,1,1]
T
(1,3 = [1,1,1)

- o 4\ 1
patrix nungseudnivatuuasreTuLR

(4.3.8)

(4.1,92)
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%qgnd11¢1an1ﬁ linear transformation aA’INUANHIRBNUATLURLINARINTIUTR nén LHA

o v ] r'd
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Lﬁu identity elements Fedzuratnaileuannimie a1y conpound admittance
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e pendTeTagunnay
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nvaBWQ1uﬂ11waumﬂuﬁnq1uzu 4.4 uar 4.5 Tl uzﬂuaﬂqddunuqnaqﬁwsde
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admittance matrix #3197uTR8 single uar compound admittance ,primitive
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networks uay admittance 2uq uﬁaqﬂuzﬂn 4.6  malrix NURe<09 single uay

4 . &
compound network udeyTaaduniin (4.1.12) URe (4.1.13) RARY

zﬂ 4.4 Sample nebwork represented by single admittance



70

(n]

3ﬂ 4.5 Sample network represented by compound admittance
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Yat{ V22| Yos
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(ii)
IA /3 [c
N & NI
a4 Yo e
(iii)
Ja
Ye
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v *

zﬂ 4.8 Prinitive networks War adwittance matrices

(1) Primitive network Tasli single admittance
(i1) Pripitive admitiance malrix

LR 0 . . bl -
(iii) Primilive network Tau%%¥ compound admittance

{iv) Primitive admittance mabrix
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v, -1 1 v,
v, -1 1 v,
v, -1 1 v_
»
v, 1 v,
Vs 1 v, (4.1.12)
v, : 1 v,
v, 1
v, 1
v, 1
[v,3 -1 ]I tv .2
[v,3 - I . | v, 0 (4.1.13)

£V, ) I
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-[Y,] [Y,] + LY,]

s . 4 4
naTun11a¥1e adeittance matrix TuLuataI89e

i Linear transformation 8133¢7fun admittance matrix ﬂa@t&ﬂlvaéﬂ
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4.2 uuuiﬁaacnaqﬁﬁaéq 3 1¥d ( Three phase podel of transeission lines )

P 3 - . o ' ‘d

AR DELRIAEY  UNATAMWIRIMNANBULNINLTIIARETALAIE  AIWITINLARETN
ﬁﬂuquTEQsaé?uzﬂﬂaq series impcdance WAt shunt admittance RamilI8AIINEYIIDEY
. ’ . Y 'S

18 wamay ground currents Uar earth wires 3w1MaETUAITAMIUBAINITILADT

1
LR

Series impedance
<4 q
gradanuy 2 dan ground wire uﬁﬂo?uzu 4.7 (a)

as =3 ug
FMTuLMd a AT TauAHn 1T RA

Vo -V = T (R_+ JwL) + T GGwL ) + I_(jwL_ ) +jwL _ - JuL_ #I_+ V_
V. =1¢«R_+ jwL) - I_ijna - ijwLnb - lcj”an - I_juln_
LNUATIAID
VBRNY i swsc s w01 P Y | %
Vo -V = I _(R_4JWL 4T WL +1_JwL__
+1 3wl + JwL, (1 41 41 _+1 )4V
5en§uuasunud1 A
oV = vV -V
i (-3 o
= I_(R_+jwL_-~jwL__+R_+JuL _-JwL__)
*]b(j“Lnb‘j”L,n‘Rn*j“Ln‘j"Lnb)
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aV_ o= In(Ra4juLa—2ijan+Rn+juLn)
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+1_GuL__-JwL__+JwL 4R _+JjwL )
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Avn = z;u—n1-+zab—n1b+znc~nlc+znn—nll (4.2.1)
Ava. Zna—-n an—n ch—n Zau—n In
Av Zba—n be—n Zbc—n Zbﬂ-—n Ib
AV zca—n Zcb-—n ch—n ch—n Ic (4. .2.822
Av Zs:n—n an—-n ch-n Zdl—-n II
clg . LYY\ -0

v 7, vis
‘ cnb - ’a'a'a -0 2 =
%
o> Y o
o ’-'
nm © e Y nd
Va_
(a)
2
g

e

z ] Yo JI?/!I"(J{Z’:'WI//MI. A n

{(h)

31 4.7 (a) Three phase transmission series impedance equivalent
¥

(b) Three phase Lransuission shunt impedance cquivalent
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ﬁwtwwauﬂalﬁaqqmﬁnﬁmsnaq phase conductor 17121377 three phase

conductor unudradeunwls ITvasiTouduniT (4.2.2) 1u2ﬂnaq partitioned matrix

UH
D

Avnbc ZA ZB Inbc
= (4.2.3)
av,, N2z, Z, I,
10 (4.2.3)
TG R ol Nl N (4.2.4)
75 W7 -2, Lo, + 2L (4.2.5)

RINAUNTT (4.2.3) UAT (4.2.4) UAYRUUARA ground wire tau zero potential

Aanc: = ancInbc ’ (4-2.8)
4
Lua
7? b ?
Z‘ na—n Z ob~n Z ac—-n
-1 — b 7Y ’
Zubc = Za-zbz ch - Z ba-n A bb-n Z bc-n
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Shunt aderittance

- “r IU
aﬁnzﬂ 7 (b) potential 3@y line conductor 3riaNRNuEiY conductor

(o §
charges TABRUNITIBSLNRINTH I

va Pna Pnb Pnc pn:l Qn
Vb an Pbb Pbc an‘ Q‘b
= ¥ (4.2.7)
vc Pcn P:b Pcc Pcn Qc
VI! PKD pl'b PHC Pltll QA‘!

- t o . N o £1)
WITHITINN  series impedance matrix e

v = PO, \ @

abc abc

(4.2.8)

abc

4 ’ a q'f’k', . . .
tua P7_,_ RD 3%3 LURINT WIHNRTINDBY ground wire uav capacitance patrix mav
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transmission line 1u2ﬂ 4,7 lﬁnuTRLGu

Cun “Cnb mcuc

¢’ L = | -cC c -C
abc = P nhe ba bb bec
-‘C:.n -ch Ccc

. . i 1Y .
Series impedance nat shunt admittance unud1sfy 3 LW 8IBUUUSIRDY ¥

o ) '.,‘) v oW [ « €% .
aelEaeiunin 4.8 (a) vazunudlsavans Lun%nﬁﬁugﬂ 4.8 (b)Y FSLUBTINTNSRBIAINTA
%

¢ 3 » uJUQ \yy
unugls conpound admitiances 3u §.8 (¢) aesnlaanurgizuan
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1,‘@ zg _ *?’ A
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e < : b
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rl:b ‘YI?
Half shunt rna qu Y“ Y‘“‘ Holf shuni
ocmittance /4 * " /4 odmitionce
=
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[23‘] i
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Zea |Zev | Zec
[K] Yoo | Yor | Yae o ,:u );b o |® : [Vg]
07172] Yoo | Vs | Yoc Yoo | Yoo | Yoc f[1id72
Yeo 1 Yeo | Yee Yeo | %o 1o

“T () L7

31 4.8 Lumped-w model #8% short three-phase line series impedances
%

(a) Full circuit representation

(b)Y HabLrix equivalent

xr .
(c) ety Three-phase compound admitlance
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U
. . 4 .
Taatfn17uUay admittance matrix ?qqxudeqnﬁsudu1nat§11mua!uzﬂ 4.8(c)

y o w (o ar
gwmwauuuﬁnu T22LRY RIAUNT

-1 ~1 .
(1,1 (217" + [Y1/2 -£23 ol
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-3 cpa—d
Lk, . (21 [Y1/z (v, 2
&u1 ’ ane SR 2

(Y] a . £ bl ¢ w .
Tﬂaﬁunﬁﬁanﬁutﬁunﬂsiﬂq adnittance matrix ENUATBRTEaeRuTenioid 1 uax k
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Tuinauany 3%3 LyASND
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TasuUURIRAY RHa1RALHRTINWNRE RS TuATUE1ERYTEESINA %atﬁuwawwnﬂqwu
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dnf 1 1dmnTatfuuysnaassas  network TudagyTEEEE)
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coupled nuu§ﬂ¢1u3ﬂﬂ 4.9 Luauaazaazuua;ﬂu 3%3 corpound admititance  UAENY
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n15uﬁua311alﬁ?lﬂul?ﬁLEﬁTuUU %1
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coupled series elenments Fauny  electromagnetic coupling Tupnen
- L = . . . ‘
coupled shunt elements wiunu capacitive wn7a electrostatic coupling 29

3 ¢ K v )
coupling paranelers Lnawua1u13aunua1s§ﬁu1m1§ﬁuﬁaa line parameters poegne

v

R91A
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Ta8 adeittance EGHSQQ?HEH 4.9 iwazld linear Lransfcormation @&1i%u

N

conpound network Tv sdmitiance matrix dﬂﬁ%ﬂisﬂﬂﬁﬂﬁgﬂﬁﬂﬂugTﬂs
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I Y1:+ Yoo Y:z tY,, -Y,., —Y:z V‘

T T ¥
I, Y ,etY af Yoo f Yea Y .. Yoo v,

= — (4.2.10)
Ic -Y., “Yie Y:x t YVeq Y:a t Yoo V.
T T T

I, Y . Yoo Y e 1 PN er t Yo v,
12%1 12%12 12%1

¥
ﬁﬂdﬂq&?ﬁ nutual coupling Lﬁu bilateral asuu Y , = YTE, Lﬂuﬁu
[ < ] -~ ) t
1suuaasawaaztnﬂuﬂnu1ﬁavﬂuzﬂ 4.10  umavAzay couples 3%3 compound
. 4 o £ a
adeittance ?zgnunuﬁaﬂ 3%3 compound admittance LRTUARINITUNRLERTNT TN

- H - (d = N .
Eﬂaaa TasHuvudnaasivas Eyinuanuanely adnittance blocks ugyl A1 admittance

matrix 213138ulnInaNsay 646 comppund cils

o) i L dcmnNGy
LN Y/ K B Y 1]

{i)

i
=3 N I o |
| 1| 2 . |
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A .o he | e { 4 s
€x6 i
i
7. V. I
[;] Y3| 34 A % | Yee vl [f]
£} T [n] 7 [n] )
6x1 Yas|Yaq | 626 Yol e | 6x6 €x1 |
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N 8 R
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i

.
—
P

(i)

U 4.4U
k]
636 Compound admittance representation of two coupled Lhree phase lines
(i) 8#6 Matrix representation

(ii) €¥6 Compound admittance representation
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1, [z, 3177+ [Y_,] -z, 17" v,
(] | [ ]
- (4.2.11)
I -1z,177 (z_17" + y,,] v,
[, [ ]
12%1 12412 121

%enzLﬁuﬂﬁiaiwﬁzﬂuUULnﬁaudunﬂs (4.2.10) Tasnisueiniuaing

nﬁﬁunuﬂuzu 4.10 ﬁﬁuﬂu%u%auuasaxlﬁaﬂudaqTaaﬁnn11 (4.2.11) éﬁﬂaﬁﬂ
ﬁuuaﬁ?ﬁ 3%3 compound admittance qu single three-phase line

nauwnﬁ"Lﬂutwaa11etna1nﬁnuuua panafuuvy single line Apay Lﬁu series
impedance uav shunt adnittance matrix uae ﬂuwu11lﬁuuuu 3%3 &My single
line, ©6%6 fmJy  Two couple lines, 9%9 4117y  three coupled lines Uuar
12%12 amJu four coupled lines

naawdinaind [Z_1 way [Y ] adnittance matrix dmiuTzunEasanaing
1aglfaun1T (4.2.11)

Aot Emuanay  couple line HAIMUANANIY GEUUEREANRTINIUTAERTS
't system adpittance matrix T S S TR T AT L EITC LA RGNS
admittance patrix 8133 1RIINAUNIT (4.2.11) ?qﬂzﬁaimﬁdd1ﬂ
111%37081 terminal connections

adwittance matrix nna11uwua1ﬁwuw1naa1uaq1an1u elenents ﬁdﬂqﬁuaé
aaaéﬁﬁﬁuwétaa1ﬁu waimﬂﬁﬁadqnnuﬁunu 2 tduﬂuwﬂn 4.11

)

gusbar (&) L !2_ Busbar
Al = at
142 Y/
> %
A2 82

Zﬂ 4.11 Mutually coupled paralled transmission lines
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v v . . d, v o {
n19Y admittance matrix N1ANATIN MR IMAAYAIINTUNUT IR INTEURUALTIA LR

do 't a o {ve ¥
niiAUNTNY 4 Aa A1,A2,B1,BZ udaeaiuduiuaianen

IAl . vAl
I,, = LYo, ns bs oe ] V., (4.2.12)
IA3 VAS
IA4 vA4

s Ao 4 "
nodal injected current nudu13 A (I)) Vst i

A Al AL
. L] '
NIUBYLREINY
IB S IBI + IBZ
4
nﬂnn113qtnﬂ?uzﬂn 4.11
vA i Al i VAZ
VB S B1 = VBZ

.

PO v ' P { v
LR TNENRATHTUAITURR YA I TUNUT TENI1INTEUT UasTIRLARTAIURAYYT  w1lR

l‘ Jvuvuu ‘lug
IMFUNTT (4.2.12) Uasiaulaniana1iIuaInauauAIY

Ly, .1 (4.2.13)

tua?n% [y, .l lﬂu nodal adnittance matrix mav subsystem

™ ’ a . . ' .
LRrEILNRINNAINTINANNTT (4.2.12)  3zhawiriUlidwiumnan  power line flows

TR IURY
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Shunt elements
. t 74 v & 4 0
shunt reactors uar capacitors 1:1ﬁ1u1:uu1wﬁwn1aqLwaﬁ1uqu reactive
o ] g .:0 1 - ar [ v [ v
power iagadwniu element (HRUIABNIY 1ﬂasa§1uEana MVA  UARE LV 1a3RINULAN
L) Vv
A1 equivalent phase admittance 1u3ﬂ p.u. ?oé1u1u1§a1n5a§atma1ﬁ
. < ¢
%371 three phase capacitor bank 1u3ﬂn 4.12 Taaunu?uzﬂtun%nﬁ T
. o d ' ) ) o o
fuastasahuntana1Inauad adpittance matrix 8 m3u shunt elements Teaniq i
. o vl . ’ { - ] 5 %1
3zilu diagonal Z91NAN1T coupling TEMinvavAUTENBUTAVNARE LN ?otuﬁ%nﬁuazgn

' - . . v o« ' . [ ar
AotiahuTsuy admittance matrix TeslfuAiusean  self admittance masumazid

S VA!
. ] 5 NG
\lf Lo ).,_ £ > 2 \ J‘ .
'\_1;‘ Nuix, ’ s
: 1 N [v] [}
[v] 17X [Ysu] >
pa_ : - VI):' b

\“

3“ 4.12 Representation of shunt capacitor bank

Series element
40 1 o v o f] 7 ar '
element NABTIABATITENINGUR 2 UR 3zwlThILUY series elements RADEIN
' 5 () o - '_, < .
t¥¥ series capacilor bank 29148019 coupling 1w %¢?Slﬂﬁulﬁu adnittance
. J 1 . J £ 4
matrix nnus diagonal %qunuYa?uEUn 4.13

o L]
Adnittance matris ®9m3u subsystem &M790L38UTRENTITIRTIRABY

£y, .1 -y__1

SE SE

£yl = (4.2.14)

-Cy__1 £y__1

SE SE
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(7] 1% [[‘] I

o J

X ‘

v 3 [¥se] v,

Eﬂ 4.13 Graphic repesentation of series capacitor bank between nodes ik

4.3 uuudnaasnamiautay 3 L¥d ( Three-phase models of transformers )

o s (e 4 N <4 o
Eadnqnuﬁnﬁauﬂaqxﬁu1suu 3 LudduaAs vl dawtsnddnduszuuifey  Tas
wiauyae 3 Lﬂﬁgnunuﬁqnvaa1ﬁu§a
add v . v < vad _ .
Arntflun1TmansustastrasuNaulay 3 (W8 nTeedEin linear transformation
v
qun19m1 admittance matrix Tuun
Primitive admittance model mav wianlay 3 Lvd
o [ ] « 3 J
wiautlay 3 tﬂﬁ1a5n11ﬂazwunaaaﬂa§1uunu Rariunig coupling T¢MIINIGAIA
b ) A 2 < o ey 2
fenue Teshalumiandae 3 wWRUUL two winding Rz¥ primitive w18 unconnecled
: . 4 L ar . . .
network Falsenaunas coil N couple fiu 6 A2 fiaW3ITane  tertiary winding
uﬁ A - <4 [y p < o v a
ziaiduiyy  primitive network niiznauvals coil n couple N 9 &7  WIIW"

e ' ' -1
wiaulasuuy two winding 1§uﬁﬂ¢131uzu 4.14 Tastdronaznaiaain

] —> L — 7. —
1 2
(PE— b Pl
7, r- ] —
4 . ry
i 5 Vb 6 el |

71l 4.14 Diagrammatic representetion of two-winding transformer
L
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Il yil y:z yl:’ y14- y15 y:e Vl
IE yZ! yZE yES y24 yES yze VZ
IS ysn ySB y83 y34 y35 ySO v:!
- (4.3.1)
14 y41 y42 y43 y44 y45 y46 v4
I5 ysl YSZ y53 y54 y55 yse VS
IG yal yGE yGS y04 yes yea VB
4 a2 Y Qe % Bt !

ZU 4.15 Primitive network of two-winding transformer. Six coupled coil
prinitive network.(Nole the dotted coupling represents parasitic coupling

between phase)

. ar (v ' ' ‘4 . .
element 784 mabrix [Y] FmaTniata Taanaaﬁqxﬂuaﬁﬂnisuﬁliwn coil i
. - R A .
#az short-circuiting coil auq HUIRY 1 B89 [Y] AR 3AN vy, = L./V,
LY ' - . 4 o 1 . .
WRTuARIunausaY nutual coupling Tudunaan (1) n1972aA1 short circuit

Y o 4. o . .
nd 21 /1 LﬁuaanWtﬁuﬁwuiunWTﬁw admittance matrix
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- of Y 1 - H
Tﬂﬂauqaﬁﬁ flux path HAIMWNANNIRINUIENINNIARIG  &NDOT (1) a1aidan  Maan

b 9 ? b
Il yD y m y m -ym y ,m y ’m v1
b ? % %?
IP_ y m yv y ™ y m _ym y ™ VZ
b
IS y m B,m yv y”m y,’m —ym VS
(4.3.2)
I‘ _ym y77m y7’m yb y”’m y97,n V4
I y’7 _v v” y’77 v y?,, v
s m Ym “ ™ m Ye m s
Ie yavm yvsm -y, yav’m yvaam ' ve
4 R A b ' . )
Lua ¥y’ aa nmutual admittance T¢#72119 primary coils
o R ' - . )
y’’_ Ad nutual admittance T:¥#314 primary #ar secondary coils N
aéﬂuazunuﬁu
Ak 4 a2 mutual adnittance T¢w219 secondary coils
1 2 . d 4 . ‘
#7151 three separate single phase units TanLaTaY prim ﬁstaugua

. g 4 ! < . 1
uazu three phase unit ZeNlATaInNNg prin uudaynain1g coupling TERINNLWA

%0ﬁ1u11nuﬁﬂ¢1u2ﬂnaq synmetrical component

where y,, = ¥/, ¥, = y/B2 and M, ;= ylaB;
fori=120r3 and j=4,5or 6

Eﬂ 4.16 Primitive network
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v oo e aps X .
FUN1T (4.3.2) IrdeaaRadny  primitive network uazarnenT coupling
7eW219IWA  n1T coupling Tema1e  primary war secondary coil ZIUNUA2UUY
1Ma@9ray  primitive network gl 4.12

4un17 admittance matrix wnaziiu

I yvl MIA vi
1 yDZ MBS VZ
I yvs Mae v:’
= (4.3.3)
I M41 ysi V4
I MSB yu'S VS
I HGS yaa vﬂ

LULEIABTAINITA RN BLUR SR UUA 9

Network admittance matrix dmTumiianlas 3 (WALLY two-winding &awnaTn
#3191an35  linear transformer

#37wn17771y  admittance matrix dwiuniiRanuy  Y-Y %qﬁ solidly
earthed Tauldin1d putuals T¥WIVLUGA §¢Lﬂu3§ﬁatniqxﬁ$1834n

dmTuniauasRanuy Y-Y w7 4.17  connection matrix Ccl PEERYY
#ufiudhu Branch voltages (17aim3uds primitive network) uar node voltage

< (4
(voltage 784 actual network) AaLlu 6#6 identity patrix
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Vo

¥4

NS

(4.3.4)

zﬂ 4.17 Network connection diagram for three-phase Y-Y transformer

nodal admittance matrix Yl ...

[Y]node
unuardm¥u £cl azle

[Yl

node

[c1'rys,

LYl

gnﬁﬂnuaTaﬂ

prim

rim

CC]

<A .D3.5)

(4.2 .6)
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- ' - 4
WITUINTTRAUUY Hye G-Delta aq1u3ﬂn 18

zﬂ 4.18 Network connection diagram ®MTu Wye G-Delta transformer

. f o { ’ . . .
IMNTTATIR NITHAINTNL TR FAIAINENAUT TENT 19 primitive branch

ve ¥
voltage uaY node voltage 1RAYY

v, ¥, VoJEEy 0 S Ve

b

A o jo (o |1 |-1]o0 v/

v, 0o |1 |0 o [0 |oO Ve
b (4.3.7)

v, o [0 o [0 {1 |-t VT

1 b

v, o o |1 [o |0 |0 v

v, o o o f-1]0 |1 v
nia vVl . = [CIV]__._ (4.3.8)
REITEIA LD LYl .. = ey, el (4.3.9)

uazdd CY1 _,  310dun1s (2)
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[Y]node =
Yo Y m ¥ STCIRF AN R A A 0 a
y’m . y’“ 0 _(ym+y!7m) (ym+y”n) b
y’m y,m Y, (ym+y”m 0 _(ym+yv’m) c
_(ym+ynﬁ) 0 (y'm+y,,m) R(ys_y,,,m) _(ya_y’sam) _(ys_ynvm) A
(yn+y”m) -(ym-l-y”m) 0 _(yﬁ_y9’7n) Z(ys—y,,’m) —(ya—y,,’m) b
0 (yﬂl+y,,m) -(ym.',y”m) —(ys_y”’n) _(yﬂ_y,91m) R(ys_y,”m) C
(4.3.10)

v s . ' " v .

f1 primitive admittances uﬁaeaeﬁuzﬂ per unit WRINY primary WAL
' 7 v » 4 v
secondary voltages asagﬂuzﬂ per unit e78 pualUaInAaRYY Y-a  IEADII
. ' { ' a 4
wazad turn ratio a28AT J3 RIBUATUN agqunqquasdﬁqﬁﬁanaqluainﬁ qun1g 9.10
v Y] (£ ] v
ITABINNNITRI J3  UAZRIBUATUNAIUANIIIEANNITAIG 3
;'o 4 ¢ 'V e J J
Taohahinuaulay 3 LA Rernnntautlas udL aeannaaiu ey Y-a AINNA"
4 a ¥ 1

pae Y7 uar Y’ azavnels  niNAe  of f monomial taps  ( LRABIAANINABEY J3
! 3 < j < o {4
turn ratio 1uzﬂ per unit ) &un17324 nodal adnittance matrix 3zuAIMHNWME

o DEs
it nodal current uaz nodal voltage AU

1" y y/J3 | y/I3 /4
17 y yi3 | yidz || V7,
17, y /43 -y2J3 || Vo,
. (4.2.11)

1" -y1J3 yoJs | ayra |-yr3 | -yiz || VL
B , B

| y/3 |-y/J3 -y/3 2y/3 |-y/3 v,
[+ o

1, -y/J3 |-y/J3 |-y/3 [-y/3 2y/3 v

4 g . .
i8a y 1UuR1 transformer leakage admittance in p.u.
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o ] ' . [ v 4
uazquTﬁugaﬁ1u11ntnsu?wuawunq adpittance model aq1u3ﬂn 19
' . Jl qdd ] ]
81 shunt admittance nraaYaunuautaIng nTnuszasniTrauuy star Y1Ing
' [l ﬂ of ¢ Yy v 4
ag?uaaaiduga A1 shunt wazdiaisum 10 p.u. ¢ dwFumiiaudas nid leakage

reactance 10% )

7763
a B N— A
-y/f3
y y/3 ‘
-y”? -]
» )’/3 1
t
2 . -3 ’ y/3 :
y y R ,
R .]”3

c V) ” ~ ¢ \
. - i
‘.V/E ; - N % &
Primory 7 - Secondary |

) }
zﬂ 4.19 vqaiduganaqnuauuaquuu Y-a

v 4 ¢ s vy ad @ o N
ﬂWTﬂﬂ“uﬂuﬂﬁ@uUUﬂuﬂﬁﬁﬂﬂTﬂH1HUU?WﬂﬂQ1ﬂRQﬂ1ﬂlﬂBQﬂuu

< . . <
Taahaiumiauvay 3 WAuuY two-winding 3zunua8 compound coil n coupled fu

'
2 ma 1q11ﬁuy1muuu admittance matrix uﬁQQ?uzﬂ 4,20

N
“©
-

p Yoo

1y Yo

(5] ’ SVAE
N ¥

> .

(%) ‘(‘Z;T (s} oy

w<
"
-

Eﬂ 4.20 Two-winding three-phase transformer as two couples coils

Y LI LRE [y 1 = [Y 1

=D PB

wazn13 coupling TERIY compound coils 2 qa ?slﬁu bilateral i
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o Yod, o - ¢ v . a, v
TUT9RSINIHARINITRINNALLAEANIN  WITIWNLABTEANINY 3 LdAIsAuusIngnaa u
wad ] Y] q & ' !
nTEnntIAauuY 3 LWH azgnunuava LuAsnNTeAs 3 qaunu

1 . [ 4 1 .l;
{uRINTEAS y__1, [y 3 ngnnﬁuuaﬁuﬁ111¢ 1 gamTun1TRakuunIg 1

e g . Ao w . .
#1719 4.1 Characteristic submatrix n1¢7519 admittance matrix saenNanlas-

transformer connection self adeittance | mutual admittance
Bus P Bus S Y., o, o .Y
Wye-G ¥ye-G Yl Y, -Y,
- Wye-G wye Y||/3 Yll/a —Yllls
Wye-G Delta Y, = Y.,
Wye Wye Yxl/a Yll/s -YIIIS
Wye ¥hy VA N ¥\,
Delta Delta VXoh X0 sl
v, 2y, | -¥. | Y.
Yl - Y Yll = ~Y, zys Y.
v -y, | -y | 2y,
=Y. Y,
Yoo, 7 A IR
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v . v N v 3 - . o X
qﬁnﬂal11ﬁ1u1nuﬂaq submatrix 1wauly off-nominal tap ratio a4u
1. m17 self admittance zavAIM primary Al o
2. w11 self admittance 18R secondary LY az
3 » v
3. 117 nutual admittance matrix 78 «p
. dl Ll o
uazTruy perunit pAAIAMAAuVY delta 3zAavAw  off-nominal tap A28 /3
o [y 40 4, 1 L4 4 1 s ' a o {
FMTunNaLURINRBNLUY  Wyne NTHRBANNTAIA  WIDRAUINTARWIU BNWUART 3z
v 4 d v . e ep . -~ 3 B Lo s N
faNAIMLWNL A TUEY  primitive network @MTUUARSUINIAANMNARBAINTIIG  UAYSY
» g o . %4 < ' S 4
RN TR ETER pronitive admittance network wqgiu Tesntzudninauiuuiniaatiy

's J ] H . . N
gua ?alnauLnawuﬁsgnnWQHaanﬁﬁn adnittance matrix

Three-phase transformer models with independent phase tap control

nlNARA nutual coupling TENI19IUE A0 primitive admittance matrix

A ve §
Tuinaugay transformer leakage admittance (y ) 3l6Au

2
ytnla 1 —yeslax

V.ol , “Y.el8,

2
_yss/a 3 _yta/aa

Ly ] =

wrim

_yL:/a: Yeu

—yte/az ysz

Yoo/, Yea

4 . . . o
tud a,, a, UAL a, tJuA1 Off-nominal tap a4zAAIM 1,2 URZ 3 AMANAY Tu
R < < o d v
nianAanyy delta zuwanay J3 ngmnu tap niuniaIun
. . - w o ¥
nodal admittance matrix ﬁﬂniunuauﬂaouuunﬂaqaq:Lﬁumqu

v, .1 = ey,

node

_3EC3

i

< < . .
tda [CI A@ connection matrix
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Sequence components modelling of three-phase transformers

uvg Y « E Y dd 44\
1uu1nauazwq:mﬂnq1¢q1du§anaquuauUa¢nu sequence components 1HBWITUN
9] 4 < J v '
miaulasnaanuy Wyne G-Delta 1u3ﬂn 4.18  TIUNUAIBANANT (4.3.10 ) URZUIN

31 . v X
tun?nﬁuaanTaﬂuanLﬁu self uar nutual elements Taaqzuﬂa¢1ﬁﬂqu

g -
®1Y¢ Primary

¥ 1eo = Ts V' o Yy . Ts

4
LN

1 1 1

(T3 = 1(a" | a
1 a | a
A2w/3
usy a =
Al
VoY 0 0
¢ - 0 y -y’ 0 (4.3.12)
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»
a7u secondary

o < o .
@1 secondary naauuy delta  Jzawazay /3 AN turn ratio uav

. . « L7
sequence component adnittance matrix ?slﬂsu1ﬁlﬁu

9% )

z(ys_y99,m) _(ya_y”’m) _(ys_y -

vy = 1T s | -y 2y | Sy ) | T

m o m =

-9299
o’

_(yu_y’77 ) _(ya_y!”m) z(yn_y

"S_,’,,,m [+] [e]
= [+ ys~y"'m (] (4.3.13)
o (o] o
- ~
Mubtuals teorms
Mutual admittance subnatrix TurNunT (4.3.10) -a:r.\'nuunsan"auuu'nnv
ve X
turn ratio MR
—(wm—w"'m) (ym—y"'m) 0
™ -1
_ n _ _yt?? vt
J3T " /3 o (v-y"7 0 | Gy T,

79 .33
W)

(ym_y m) [ _(ym_y
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-(y_+y’7 ) 80° 0 0
= 0 -(y 4y’ ) -30° 0
0 0 0

. ve i
994 sequence component submatrix 3rTARIU

TF Yy~ Vm = (. + 2030 0 ;_fﬂ
7 o Yy Vm — (y.. + y3)/ = 3010 75
7 ¥t 2y 0 1—5
_IT = {y.+ya)[30 Yo=Yy o1ivs
T = (Yot Yo)[=30 n=yn |0 7:

]
gun1g (4.3.15) ﬁnn11tnauunu§15 three sequence networks naqgu

s T + 24
Wys G G Delia

'——[_:___}—T .

SIT777 7777777777777 77777777777777777777777

EU 4.21 Zero-sequence node admittance model for 2 common-core

¥yne - Delta transformer

(4.3.14)

21,272,23

grounded
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. - 300 . ’ .
Wye 6 (m I 130 . Delto |

T 2 Ut 2”1 [30° Uy = 21 - U 17) £30°

_\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\

zﬂ 4.22 Positive-sequence node admittance model for a common-core

grounded Wye-Delta transformer

Wye G (U + /i 1/=30° ‘Delta |

|

(0, = o )= (Jn + 2 ) /=30° (% = 2w V= (St Hy ) [=30°

N ETHTETEETE T E T T EEEE T TR RN

2” 4.23 Negative-sequence node admittance model for a common-core

grounded Wye-Delta transformer

-~ -: - « ' ar
iaan2lY three-phase impedance 3zuAIMURNAINNUTY  common-core Lransformer

I's vy L Hj
tdewuwinaﬁnqwuﬂu%aunaq1qa1ﬁu§asa¢1aﬁ1saﬁﬁa1uu
b 24
1. azny phase shift 90° ®BIn1TEAUUY Wye-Delta
.27

a_ v . ] af 1 1w L
2. ﬁuga?uﬂ1 nutual admittance Temitvid@NgININY  AB Yy’ = y''. =¥ -

1 y ¥ [ ¢ 4 o
ﬂwLmaﬂuazLnguatuaﬁamﬂn1m 1 1Wg

] « u}\)
3. NRRINDAY (y_ - ¥y ) UAT (y_ - y) ARAENANNREE N TARANIA

. w . 4
#1919 4.2 3tUdAY sequence impedance model mavuHauUay 2 tdWd  Tunnsaan
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Typical syonetrical-compocent midel for six most common
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connection of three-phase transformer

Bus P

Wwye G

Wye G

Wye 6

Wye

Delta

Pos Seq
P 24 P
—u

Bus @

Wye 6

V/ //27/14/7///;/5/%4

We A yyri?

///{’;/W//Z//%////W/ 2

Z,

Delta P-—\UJTAJ—ﬂ

A

F, AL Q

W,’/’/'//W/'}Z/%W /7%157/&

2
A -5
T

Zsc

Delta

Delta @

T

Neg Seq
p e g
—rie—

Vi 72 '/////:

I.'"
P —9

T

P Zse 0

T
Iy,
Pty e

T
N TITTT

T,

P Ise 0
—JL L

T i

nﬁ1uﬁn§7uHBQﬁ1aﬁe ( Line sectionalization )

=4 ] 4 1 H
dﬂsdqﬁ1u11nuanlﬂud1ﬂﬂaa1ﬁ gt vaunlaralun

4  a o

n111ﬂaauﬁuanaqzwuiaq1u1ﬁwnBQdﬂadq
o

nw11ﬂanuuﬂa¢ﬂ11u§uﬂaqau

nﬁ1ﬂ¥uﬂ3¢uuuiwaaqnaeﬁﬁade

Series capacitor FuTural ratudnads

n1iaRURnazavRNintBad1s ( line conductor )

Zero Seq

II‘
A ~?

T

Z,

30
Py o9
T

P- "S: 0

:
":‘/7:/;/;/;1?/;/%‘

Tk -
e

TARTY T

T
2z,

P
A, e 0
T,

Section4 Section6
Bus 4 P P2 PBlFW pslPe  BusE
Section } Section Section ! | Section i i Section
1 ' [ 5 [ I
0 ] [} [} ) 1
" |4{ H M H
: ' E 1
_ - .'l.l hd
SR A :
““‘/ 1 " I
AY
Tronsposition Series copacitors .
obe - Chonge of Shunt gbe -
Phoset configurotion reoctors

[ %3 1 1 ‘!‘ «r [] 1]
zﬂ 4.24 nuaaw¢naoﬁ15dqnusnnutﬁua1uuaa
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Network 1uiu 4.24 ¥ nnwnimﬂtﬁuﬁquaaa 41 admittance matrix TEmI9
U8 A uar B n11a1aaw11mw1ﬂué1uq Y1 TeswiR1 A B CD wia wﬂswulﬁaiﬂaq
#1879 naqawnuuﬁmawxwawuﬂ 14 adpittance matrix nxﬁuwaawﬁ1aﬁunda
aﬁuavﬂﬁnnvanaq two port network TINNUKANE a1lﬁu pulti-two-port
networks AINTEuduarIIaiA’pay  matrix auln TauﬁaﬁﬁuEUn 4.25 wiauiiuAn
patrix parameter A B CD
7118 parameter matrix %uaéﬁuiwuuuddu#uanaan ifu 3,6,9 mia 12
A7y 1,2,3 mia 4 wmutually coupled three phase elements Lﬁsgu
T T
(a) L#aRIMAzAINTANTHTUATY qz?ﬁnﬁauﬂaQLﬂuuuuqaunﬁ
(b tn?acuuﬂa dot udmen19 coupling ?qﬁﬂnuaﬂﬁtﬁugué LﬁauﬁﬁcﬁqnuWQnao
natrix 1aaéwqgnﬁae
(c) usruy per unit mutual coupling isnéﬂqﬁﬁa 220 kV uR’r B6kV gnuﬁac
1uzﬂ voltage base %qﬁﬁnuaﬁaaﬁWLagul1nwaﬁa navy base line neutral

voltages #aNINRTIUIN. 2 ]NIT

i)

A ’ Al 8 Y
s cle 4 :
1r: L)
21 {45
(i)
(%) {lal]te] (1]
AL lelliol] i)

(iv)

zﬂ 4.25 Two part network transmission parameters
(i) Normal two port network (ii) transmisson parameters

(iii) Multi-two-port netwvork (iv) Matrix transmission parameters
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220 Wl

Bus 4

220/66 kV

2207220 l 220766 | »
) 1
)
Bus 4 \ i * h‘ ! :
2208V 4 ' Y ! E
1
220/66 | Y !
; : BusC

Section No 1 !SectioniNo2t SeclionNo 3 |
{it)

21] 4.26 Sample system to illustrate line sectionalization
(i) System single line diagram

(i1) System redrawn to illustrate line sectionalization

Table 4.3 ABCD Parameter matrices for the common section types

N [+ (2312 -123
Transmission line
. [YI{{ud+[23(Y]/4) —{« +[Y}[Z)n2)
h [Ysr]-l[yss] [ysr]—x
Transformer
[Y s] - [le'-][ysr]- l[Yss] [Y"][)'s,.]-'
{v] (0] -
Shunt clement =
. [¥su) ~[v]
el [ | -[Ysg ! "
Scries element * *
[O] - [u] . <
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. . id 4
Tua1919 4.3 Lul Lﬂu unit matrix, [ol lﬁu LHRINT AU Lﬁu1ﬂa1un1§ -
' v o Vo a v ¥ an ] ¥ e .
ARTINIUAIRINNITANAY  LURTNTINAMITHURIUIGINTR IMAINYI WY couple three
pbhase element TuuRasan
- d ‘ . ) . .
HARWGZBYWITINIRAT ABCD ¢u11U1rlun19m1 equivalent .nodal admittance

. o v N
patrix @MU subsystem RINHNANTINGANIN

1

(DILB1 [Cl - CDICB1 '[Al

[yr = (4.3.16)
[B] ~[B1 '[A]

Formation of Lhe syster adeittance matrix

. . Uud .
Sybsysten admittance matrix #®W1TnTINIBINULWE systen admittance
]
. o~ ¥ !
matrix TAAYN
' g o {, a . 3 . [}
1. a1 self admittance 7avUduU1iTlaAawaTINDae self admittapce matrix  ganq
A NN :
NIMUANUTUITUY
[ A ' v 4
2. A1 nmutual admittance 3wy udunT 2 3n1aq aztﬁuuaﬁqunaq nutual

v E
admittance matrix s#asnenuaas subsystem BaITHRA 2 THUAUW
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Three Phase Load Flow

5.1 unin

tunIanRnE 1 IEuNTW RS ﬁaé%unﬂqz stedy state  DatT1IHATNNNIRIM
duaaanaq1vuu ( System unbalance ) W3219771n170321% single phase load flow
ﬂqﬁna11u1ua1ntwaawa asnc11nnﬁu1un1qﬂaua naﬁaavtﬂunwvaunﬂaaq TUNITNIN
anaﬁuaaa n1a§uﬁlauﬂnaqdﬂadqduﬂan autﬂaoﬁwndwaﬁq1WW1u1q§4n1uunw1133&13

HADBYTE uu1wﬁﬂn1aqn1uﬁuaaa fa asinTsudanfuiwgay (negative sequence
current) %qnﬂﬁu11laaﬁnaqLﬁ1a¢anstﬁa overheat §u1ﬁ HRE  NTSURANAULUARY
(Zero sequence current) BvA13MLARNATAINWMERUNG uazEQLﬁun11u§m13a1uﬁwadq
e I RN TE PO

WUUIIRBITEUY 3 Lﬂﬁﬁ?ﬁnﬁnnﬂsivu network admittance %anuﬁ avla
na1anuse  1ial¥d iy three phase load flow sald Wazi2a i luntsA Y
war storage progran n?ﬁi uﬂﬁuﬁnn111un1mnaﬂ single phase «IN ﬁqﬁu
algorithns n?ﬁ%un11a1u1u cH aaquuivanﬁnwwnﬁn111u single phase load flow
Tanﬁ1ﬂn11?nﬂwtﬁadnu three-phase load flow uﬁﬁﬁun1111quuuuaztn?aunws

1 4 -
nnnIN3E ol giRn g

o~ o B
5.2 #Hyansaene ¢ Notatiom )
4 . ' . .
(HaaDNAzeIn  asnanuasneq Raldiunu  three phase vector uav matrix
Vo W E s g -~ H
elements TasTdaIvaEN1IA URCATHNIUAIU
d a dalo ‘o v
1dawlTn  a.c.system nuliduITNIMNA n 3zlA

n = nb 4+ ng

< . - { dd ’ -
nb &2’ WINUAULT nuagﬂuszuuaioq

- . 4 o o .
ng Raﬂﬂuautﬂ1aqan11Wﬁﬂuuu 247a74d ¢ Synchronous machine )
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b . . s 4 ¢ b 1
Bamasnas ( subscribts ) i, unuiRUITINTZUUR O .

- [ IJG 3 < L o .
i=1,nb unuuduwsnnag?ussuua1qq fa load busbars 77unU generator terminal

E 2
busbars nsnua

nb + 1, nbing-1 unu generator terminal busbars Zviusan slack machine

i

1t

i = nb+ng uny internal busbar ﬁ slack machine
uaz1¥ subscript éa1ﬂ§unuﬂ1wnwuﬁaéaﬂﬂa

reg unu voltage regulator

int unyw internal busbar 289 generator

gen unu generator

" [ %3 4
Subscripts p,mn  uUnuA2MNNNE21 3 IWABANURUITIAN

imﬁnnéﬁﬁﬁﬁq

L1l = l?ﬂlaa%naq nodal jected current

vl = (7ALABT1aY nodal voltage [| v [e'"]

[Z3 = LR] + jCX)1 = impedance matrix

LYl = [G]l + jiB1 = admittance matrix

aP” = fAaFeateniimunt i i p

aQ”, = AnFnanBunTaug i wid p

(P” "7 7 éﬁﬁ154ﬂ?ﬂ#ﬁ1ﬁuﬂ§u (specified real power) At 1 e p

Q"7 7 dning s diauitimuniy (specified reactive power) AE 1 owed p
vi|®, = M1ATRTIRLAARTR 1 1WE D

A = - e, = quizn5W0ﬁﬁ14 i g p wasiigund k W o
v I‘“”-J = qunaquaLaqﬁ internal busbar ®at generator Ha 3

Pm“n__i = specified toal power output ma¢ generator ﬁ?g J

V' .em. s = voltage regualtor specification ﬁﬁ%?ﬂT?Rlﬂ?ﬁ%d%q 3 (WdzDY

- 4 .
generator RN J
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. d_w
5.3 ﬂuw1naega1aﬁu1un1ﬁ1u three phase load flow
( Forrulation of the three phase load {low problem )

#uu3I1R8I8aY synchronous machine

. va « .
synchronous machine Qnaanuuu?muﬂ11uduu1n1nunaqnaa1a nasgynInuni

. g o o E 's
A sequence impedance ?0?1lﬂu51niunﬁ1?lﬂ113Hﬂw1s stedy state unbalance

n1suny  generator FEY: phase component POV BTV CERE sequence
. . . w0 X ’
impedance matrix (Z,) ., RINAIALAIY
-1
(z,3,,. = [T.302.3, [T (5.3.1)
= r7.302,3,,,07.1 (5.3.2)
4
(48
1 i 1
[T.1,. = N/ St (5.3.4)
g %
1 a a
uay ’a’ Aa conplex operation e'®7% Rlin phase component matrix PRI
I‘H
AN
; '
2
Z, + 2, %%, Z, +aZ, + a Z, Z, + a Zt + az,
2 2
[2,1,,.= |2, +a2, +8Z, | Z,+2 +2, Z, + aZ, + a Z, | (5.3.4)
7 +aZ 1 a%Z 7.+ a°Z. +28Z | Z. 47 +2
© 1 e (o] 3 e 1 e 3

s d
Phase component model -84 generator 1éuaﬂ¢1¥1uzﬂn 5.1 (a) Uaz

o . . -4 * «r H . =
machine excitation 3SUATINENHIRTIUN LUE tas  T9ata3 interanl w©iIa

e

. o ¥
excitation busbar aziiuiuy 3 LA quRan AW
a _ b _ [
E°, = E, = E_ , (5.8.5)
Uay
¢* = " +2wW/3 = o - 21/3 (5.3.6)



« [ v .
qunianay three phase load flow A1 voltage regulator 3TRABIAILININ
L] o ' [ Qea 1 [4 d '
Rr L8R Lwiwzuwaaaﬂou1naanﬁwﬂaua¢ﬁu1unﬂqz1uﬁuqa8 LuﬂWﬁimﬁEﬂ 5.1 (b) a1
. . . ‘ ; o ce s
machine excitation axsﬁuuuu 3 e ﬁuﬁas d93sniuay  positive sequence
lﬂdd, d eg
voltage in1iuny internal busbar qutnanvay sequence voltage @1 positive
sequence voltage 3zn11a31nA excitation uarA1 positive sequence voltage
o d vy . < ' ey s
drop auluasun:in positive sequence current niivawnu positive sequence
[} . < '
reactance IUA1 negative LazA1 zero sequence voltage ALANARAENINGAR
excitation uar positive sequence impedance
o e . . . . ayp s
UeRSeRnTanuadun1TI98  excitation 33y machine uar positive
. 4 3 ) v . .
sequence reactance g7as machine lua11nﬁﬁunﬁaenﬁ7391 excitation R

machine ¢ 18ulun17 fault ) ;4iﬂlﬁu355q¢ﬂ§ﬁﬁ positive sequence impedance

o, ) 2'1 ' -
* TV T # v ferm,
- ———
oy . . +v§:s'équence
LA S, .V
a4 X, :,..S:), b \ &
'z,

2111 ) —r

~ve sequence

Zo
S U 6 5 6 \ !
1V !ermo
- t
4 2er0 sequence

o

: (o)
511 5.1 Synchronous machine moaels
9
a) Phase conponent representation

b) Symmetrical component representation



< . [ ey .
qaging three-phase load flow azinTnInuAdn’ positive sequence
a8 4 & . . . wal v od o
reactance HATLRONIN LWANISAR excitation voltage ‘nizu1ainalasINy systen
voltage TﬂﬂﬂﬂTﬁﬂgN?sﬁiWﬂ internal busbar uar terminal busbar
ug » 3 |4. -4
Setis funaidInNuuuINRaY generator TrETEANNTT (5.3.4) ANAIMLATYR
-r [} 4! ¢ ar d
un?ﬁtﬂu zZ, LATUINENATRTY aztﬁu Z, war Z, uazﬂﬁﬂqwugmtaﬂauluacuﬂaﬂnnﬂi
1uﬁuaaaq fia1naanan
Nodal adeittance matrix uﬂ11u§uwuﬁﬂu inject current pavy generator
-t ‘U
i#u17ny nodal voltage uﬂ11a195n11aut1a1ﬁlua1nﬁnaq series impedance matrix
o
NEIINFANT (5.3.4)
a11imuaa1aanlT ¢ specified variable )
- [) 3 Y - Udu! = ar £ v
a1uﬂ1naTﬂuqsaaqnwnuaﬂnunWHWQQuaz1wa¢waﬁwnu1ﬁ1uszuu 3 L4d ataflrate
stedy state
3 4 .
- awailalranay slack generator internal busbar V . . lHB J = nb +ng
. < ﬂ % £
¢ nmuauen s Luunaeay )
3 nt.Jd 1
. 4 o d
- gwiREavTIALAY internal busbar Vo uasado e, 0T generator R84
fa j =nb + 1,nb + ng - 1
v
- gurazadIIALAane 3 wdd (VT ) uazqu (¢7 ) By generator terminal busbar
uar Load busbar nnn11u1 yuRa i'= 1, nb uaz p = 1,3
MUT LR nuuﬂ1tnﬁuu n?uwuﬁnu generator internal busbar Lazh1 3 LWd
duaas ua11uuﬁ1ﬁuawLﬁunnaﬂ1n3111anﬂauavuulﬁuauuﬂ1an ﬁunw1nﬂﬁd1w1unwaﬂnau
ﬁﬂ»ﬂ qun11aa1ntqau1naa1uu
- 4 &
- 71unﬂn1aqa14uaznwaqLﬁuauHT%aanqnuaﬂuuéas System busbar
- fwuadn Voltage regulator £ w3y synchronous nn° fn
.Y a o0 . [ “ [ .
- FAINNARYITINRNBRENINN Synchronous machine ugaazta  Te#ladon slack
o . [ o <
machine anaanwnunﬁﬁTqaLaauaaztwﬁunuﬁaﬂﬁn

Derivation of equation

.', [ T} .;H
qeuy 3 LWE Teanan 1ﬂt§nu1aa§1u3ﬂaun17aqu

[I1 - CYILV]

n
<<

. . -~ & ol g 1 d:;) N R
uav system admittance matrix [Yl adlanaiinnual Feunazivugazuny inductive

. 1 o va Y I's
uay capacitive mutual coupling TF¥WINTIWE URTAIIIITLIAN TRl 1T NIRRT TR T



U4

WwHIRUN1T989 systen admittance matrix 1hAa
LYl = {6l + jLB]

4
TREN

- N Jd ] 1 4 . .
1. @ msuuarzdd (p) nuTnaaaaag nasn generator terminal busbar (1)

sP = (P ) - P,
m 3
D &D o m Pm Pm ™ . »m
= (P ) -V z £V [ G ,.cose 4 B, sine ] (5.3.8)
k=31 m=1 .
AQDl - (QD‘)FD _ Q"D1
n 3
» [ =] » ™m Pm - P PR Om
= (@ ) -V z £V k[ G , . sine - B COse ] (5.3.%)
k=31 m=13
2. @mTy generator j WAREAI
N 1 2 3
e V. )) HOEIAEON NG V6 2V TR (5.3.10)
4 ﬂ . o I's “ 4
g ko tdusauaunufundaay generator gan

-~ p v g . 9 < B [} 1 e
3. @ m7u generator j nna? 391s99% Slack machine 88 J 1#in1Nu nb +ng

- =v : < .
(aP__ ) = (P J - (BT ) (5.3.11)
n 3
= (P __ N3 - I v, B G cose 4 B dksina o ]

LI

U721 summation mav k ITATIUAN system busbar ﬁqnuﬂué putual term
G, usv B ?sﬂﬁtﬁuguélga k lﬁu t.2roinal busbar 384 generator ﬁ?% J
%91nR1181 real power specified #mTu generator aziduwaginzay real power
3 terminal win excitation nmzﬁ?unweuﬁﬁﬁu?uﬂmtudﬂﬁﬁa finFeiwraanann

. « u‘d‘ . £ (Y t
terminal busbhar a1ﬂuaauuasnﬂ?uiuﬁﬂﬂwnaﬁugmL381u generator
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a1ﬂ11n1m155na¢ generator 3¢ ANARAGNINABNITAINILEAITEUY  UREHININ

A1uaula3n sequence admittance TuRAUNIETAINTTATBIY uaiuunaon1a¢n1waaanawn
. ) ‘d

generator aﬂﬂﬁﬂu1u1ﬁluavﬂ1n generator internal busbar 1ugnﬂanu BRLNUAINY

. 3 q ¢ ¥V IY) ~

Wyl NITNIARAUTANTHARTHAY  AANITHEYEWMNNTHRNENBEAIANNNT  (5.3.8) 1Y

(5.3.11)ﬁé1tﬂu§uﬁ

5.4 Fast decouple three-phase algorithm

< N v )
1ﬂu1a13wunaq Newton-Raphson algorithm ﬁﬂuw1nnauu11ﬂ1ﬁ1un11unﬁun11

(5.3.8) ¥ (5.3.11) ﬂanWT.ﬁ iteration IuRNTTMIATRBLIBNANNNT matrix aou

aP A E I M a0

AP“n = B F J N ae (5.5.1)
3 C G X P aV/vV

avVres D H L R Avlntlvlnt

I's £y < o i . . .
LURTIATNISAIUTNINDTRVANNTT (1) AR Jacobian matrix sav first order partial

derivatives

o s ddl .
3 nnInaay decouple single-phase load flow WRBEY ae NUAA reactive

pover UAT WR¥AN aV ﬁﬁéa real power ﬁwuﬁinazﬁ¢1ﬁ #1197 (5.5.1)  B133TAA
naviag

(1 = (M3 = [J1 = ONI = O
uaz

[cy = (Gl = 0

Qs PR Q.Y 1 .
ia8nA1 voltage regulator specified ?sgnﬁuqmﬁnagﬁuzﬂnaq terminal voltage
pagnitude @R
{pl} = [HI = O
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, ve ¥
#UN1T (5.5.1) awanﬁau?nu?uzﬂ decouple ‘lAfivn

aP” = A E a6 (5.5.2)

1 ¢ Muq9u slack generator )

gm¥y i, k = 1, nb uaz j, 1 = 1, ng

k

aQ, = kK P av” I (5.5.2)
av L R av

red.Jd fnt . 1/Vint. 1

1 ( 791 slack generator )

1

fm¥y i, k = 1, nb uar j, 1 = 1, ng

i v
#3101 Jacobian submatrix  IUNITAIMILAILAXNNIT (3.8) AV (3.11) 3RAVINTIIN

-2
n
-3
L
0~
=
~
©
I

031 + 21/3 = ]

4 a4 o 4 - ‘-
tud 1 Aa Aanuanne generator interpal busbar

{ s l
5uﬂ1z§nﬁnaoﬁun13tua1nﬁ (5.3.2) ﬁa

A, .1 = C aP [/ o ]
A, = v v . [o06¢ sine - B  cose ]
uanIn
mm mm R 2 o
A kk = -B kk(V k) - Q k
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[B dk] = £ APucn-A/ ‘ k]
3
= L vtns_iv k[ G JkSino Ak B L C L 1
p=1
LE 11] = € aP i/ LR
3
® £°3 . pm Pm X7
= L vtnt.]v 1[ G ,,sine ,, - B ,,c088 ., ] /
p=il
[F.i'l] = [ Pl‘en..il .ine.IJ

4 1 1 v o

4 LY A o ' [ .
tug [F 1 =0 ﬁﬂuiuqnn 9 iz=1 Wi generator &N J 1ugnaatn1nu

. - o
internal busbar 189 generator &N 1

k-3 -] 2 »
[F]]] = £ ( -B ’](Vint.1) - Q 4 )
=1 |
a 3 .
A\ e S QLT SN T B>, cose )
me 1 pel
n=P
{ a & . q
$ulseang 1a9AUNNTINAINT (5.4.3) AD
b2 ™ h -] m
KT, = VL LR V)
4
L3a
k. = v,V ,L G ‘ksint L - B c08e 1
#aninn
k kk = -B kk(v k) + Q’ [ 3
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M (L 4
Use L 1k
-tp°
-[R

dk

k

11

A1

]

]

]

0

» - 4 . L.
1=V [L Jk]’ %8 k Aa terminal busbar 1289 generator &N 7

H

111

VL av V]

o

v [ aQ° IV ]

int .1 1 int .1

: 2 -] Rk ) - D™ ™ =% %
Viae L v, o6 ,,sine . - B, ,cose ]
m=3
[ Avraﬂ.dl vlnt.IJ

0 dAm¥u j,1 Z9A1 voltage regaulator specification ‘I

Y o e
gL ANLRINYT V.
< n

LI L3 v o ' * < o . .
UNT1  AUNNTEI9ARATTUTEY  URAZINMKIAIEARNEAANNY  single phase Jacobian

elenents Taaﬁ11ﬂ

1170555 9mA7 Jacobian

. ng
n1laRdu

1. nNInuanmue ( Lﬂdnqnuanaquﬁqnuﬁ ) azla

U g E v < .
a1z naaaiuszaananulunTaray  single phase load flow TeEXNNTONY

o

™ wmm m 2

Q" < BT (V')

R
"
2. TouUIAYTRURAABRDOUUARSN (WNLABIRuvsa

uge

)y v
1 fAa e HAMUBEUIN

cose ik i1k

nm . mm
G lk81n‘ i1k (< B ik
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: ' Yoo ] deo { ot [
3. BINITUNT A1 phase-angle unbalance  nudu1Tiaf NAMAEITHINTOUTEN AT

[ Ve 3
AMTUTEUY 3 1WA IRAN

. T +120° dwiu pfa

kk

[ u JI o a0 ' o { - o
4. IMNHARANTD/Z URE 3 qu1zu110tﬂﬁnaﬂqq N NRATENMINNURUT senatlTenn 120

a

fd
. +1200 dwiy p =
'l
"nia
cose -0.5
Uay
. Pm
sine 10.866

i1k

J ’ 8 <4 ’ o [ o '
ﬁﬂtuaﬂuastﬂaauuﬂaQtﬂaﬂw phase shift 30 d1n1un11ﬁanﬁauua¢ 3 ud
o [ ' o < S e
upy  star-delta tURmuuiasiTawan  BRERICIAINNN 120 (anuas  39NTRnT
¢ doe, & Y] 4 o o
ABUL7873 - 18y phase unbalance NUFU1IT  HAIIWEINI tyainsuny voltage

magnitude uazdﬂgu

PN » N [Y) - . [ 5
3NI5UTENwA Jacobian U §a 1 0¥ 4 unuAT  inmAaIUuAYTuANNIT (5.4.2)

uar (5.4.3) azla

- - s 1
» k-4 Pm ™ k-3 Prm ™
AP 1 v i M 1k v k z v iH 11v£n8.1 ae k
L I m=1
) 1 [ 2 3 W
o™ ™ om
APHun.J P> vint.d x ik v k P> z Vlnt.dn 11vinh 3 aetnt .1
ep=1 m=l =1
= - b -

- - —

(5.4.4)
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- Ir s .
AQ i v 1 M 1k v k z v lM l'lvlnt.] Av k/v 1 3
_ L JL mel |
m ’ . :
APre!.d v k[L ] 0 Avint.llvint.]
L il ]
(5.4.5)
4
Lia
Y=) = G “‘sin- o - B cose
4
LHB
NN
\
0 1& 3 0
7T, T #1200 dmiy p # b
.

a < 4' . R
innau1utua1nﬁ (M1 LUuR1AIN Fwntannsan system admittance matrix
I's 4 W '4 . ll 4 1" W
(uRing [M1 iwilBufiutufTng [-B1 wanianinan off-diagonal ZeraTruantiga19ny
& lg [v] 04' L m - »n
TeinauinanazgnfautasTasyy 120 PlwneItuEeinan 67T sine’
n1TaaTATIRTI4EaY  Jacobian submatrix argagasanplntutausavTTun Ty
4 : ]
av1aNn 3 nnlananinn  Jacobian elements  Tudunng  (4.4.4) uav (4.4.5)
f]““" )
CEARHIGRN
vy v a v & 'p © © o
- BaulneNapasduniasuasimitie  CaP” VT 1, CaP, /Y 1, TaQ /Y]
. 1Y) L] ﬁ- v &
- lugunig (4.4.4)  nagamzaueisiduaiu v inayIntidy 1 p.u.

1Y < ' a [4
- Tudun1T (4.4.5) ndaUnINa ?Sﬁﬂlaﬂlﬂﬂu \'f nﬂqaﬂuﬂﬁﬁ UALBREATLIALADT

£ 74
E 2 [
1rinuu
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ar |u3
AnnTeandasaz e N 1 TINUA L

- — p— a pa— — —_—
aP l/v 1 M ik z M 11 ae k
mz= 3
= . s s (5.4.6)
APﬁnn.dlvint.d ' 4 M Ak = = H 41 A‘int-l
v=1 Pl mel
— —_ — s - — ——
AQDi/vDi MDnlk — Mnnl] Avnk
wme
= (5.4.7)
Avraﬂ [L .1k]’ 0 ‘Avint.'l

» n < al s .
nazlL AkJ’ L &V / V 1 tuen Vv AenRnse L B9LAY A ternianl voltage
res K res “
{a 4

[L?3 iiutuaingdnash

4 . :

ina931n Jacobian matrix CB?J] uaz [B?’1 Tudun17 (5.4.8) Uay (5.4.7)

y o d : o

avilTenmd1aenif  Zero diagonal element udNn1T (5.4.7) Lﬂuwauﬁﬂﬁnn11aa
of )
LTEFNNTTUAL AU

[ . , [ [y L Y » 4 : ﬁ <4

f1 capacitance matrix uasanumzna4uu1nuﬁﬂq11ﬂu3ﬂn 5.2 etdunTanal

- . v o - [ . - IJ -
single three phase line a7 capacitance n @7 coupling NUAIBAINTUIUNU
o fl o {
e L pEut YUl uRInEIvIR  3n%*3n
ot . J . U
funifiizay  single-phase load flow A7 shunt capacitance lﬁuﬂﬁ
U .:'l
positive sequence capacitance %qnﬂ1§n¢uuu phase-to-phase uaz phase-to-
’ . . - 1 4 d ‘
earth mavd18 a1 shunt capacitance matrix 3uiwaka MVAR nina LAl
LMY single phase fast decoupling Z9asluRaan  shunt capacitance matrix
’ 5 ﬁ a . £ s v A

1u§niﬁau [B?] 293z iUuNITIURARTIINITABULIATRIDINIRCITN

' . . . “ o hed . .

a1 capacitance coupling three phase lines awan1in  interline

. o W t‘ o <} [y -

capacitance 3zNfuasHaniudlUTsULNOUNY  self capacitance pavLud HRIMN

4 S " v d Y <4 a ¢
tap AaA1 J3 TILARIINNITAAMNDULURILUY Y-a ?ﬁgn11n1311uzmznuﬂLuﬁsnﬁ (B’1]
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/\

:F Coo ~Cop = Cor
C
Coc~Coc =G C,,'Q, TC;,_-
t
&
T 70727700 27T s 7000 2000
(i) - i
! t
~ . s o '-"'1‘:: E
Coa [Ces -C;‘. : b i
i \
; . (
“Ceo |~Ces| Cec |
tin)
i
zﬂ 5.2 Shunt capacitance matrix
|
i
il |
[corcuiote [aA7v][ 8Pl | i X
|
{
i
¥
i
- NO .
) F' - .
‘alculme[AO/V],[AVng]J ’ 9”’@ ‘
, 4 :
A [Sowet5a910ndupdote [V ] Vind |

311 5.3 1Iteration sequence for three-phase a.c.load flow
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o I . .
TaBn1TRRutAsANnNTEINNA M MATY  A2'lR algoritheic 2 aunﬁsqaﬁ1atﬁu

oP/V = B’ a0 (5.4.8)
APlan/vinh 8¢ int

aQ/V = B”? av (5.4.9)

Avro;( Avint

' < 4 3 fys 4t < ¥ da

a1Aen  Jacobian [B’ 1 uax [B”7 1 3zdAIAMN A2 10T 2 8 IUUNH I TUIANR NS
3 TeefilefunthuiteianasdunaT

AunaT (5.4.8) Wav (5.4.9) w1ARaUTATABN1T iteration AINATRL AN

71 5.3
o«

1

Generator wmodel uaz fast decoupled aigorithn

n19na fast decoupleed algorithm Taa1§§adugadﬂ¢ﬂ ﬂﬁﬁﬂﬁ Jacobian
patrix faanei uasﬁaﬁnqasﬂu5541ﬁﬁﬁﬁmﬂﬁq excitation 1maw generator u
system busbar Tagiudtiend Voltage magnitudes uazguTsniﬂqﬁﬁUW{ Feituatiy
Tuaanaqnﬂ%aqﬁnT uar positive sequence reactance

lﬁﬂ?ﬁéﬁﬂ?qnac positive sequence reactance éﬂ%ﬂisniﬁq ‘generator
Lariuiagae  excitation voltage NAIwInAtElAN1E full load Tangnasﬁéwuwn
111 45 891 uay excitation voltage 3=xINAIN 2 p.u. N17RBLLIATIAINANALIR
%uﬁ slack generator uazﬁﬁﬁﬁuuuﬁﬂaaﬂﬁéﬂ Synchronous reactance gq (1.5 p.u.
uugwuna@ﬁﬁntn?345n1) GauNAnRia 70 wafigud mas full load  #ww systenm
generator \ila real power anrimue n1gAauL1a13a i A1Ee L SawtnL ey

5a1wﬁaut1a%wﬁuéuazﬁaiwﬁanaquan#aaéaaéﬁu generator B1RAEHANL AR
Tﬁagﬁéﬁ positive sequence reactance zav generator ?ﬁﬁéﬂéﬂ ( Yazunn

au 4 <4 el 4 v v
0.01 p.u. yuuneaasiaTay ) Tﬂﬂﬂqz1uuwaﬂﬂ¢ﬁqq”§mlaﬁﬂqlﬂBQHEQQQE
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Tﬁ1aﬁ¥qu541ﬂ1un7uaau§1Laaf ( Structure of the computer prograr )
nauaauwn ( Input data ) .
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#7719 5.1 Convergence results

Number Single- Balanced three

of phase phase load flow Typical three- .
Case ' busbarse”  Joad flow §¥] . YN phbase unbalance
1 5 4,3 4,3 4,3 6,6
2 6 33 33 3,3 8,8
3 14 3,3 33 33 65 °
4 17 3,3 33 33 8,7
S 30 33 33 3,3 6,6

Convergence tolerance is 0.1 MW/MVAR. The numerical results, (i, j), should be interpreted as
follows:

i—refers to the pumber of rea! power-angle update itcrations.
J—refers to the pumber of reactive power-voliage updale iterations.

L]
MW | (a) Realpower mismaiches{pu}  MVAr4 (b) Reactive power mismotches
(pu} - {pu) .
Three phase i—-:
Sl i
1.0 Single phase  —~ 1.0 ;
\\ .
!
[OR] o 0.1
-—.1' ) - \ J i
*d . 3
L 2
0.01F LLoeeyTE , c.ot ~ ..
‘ e \ ‘ *
L_bo_vboaN by T O T N S N N
lterotion lteration

74 5.5 Power convergence patterns for three phase and single
k §

load flow

phase
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Voltoge
(pu)
1.04 Th‘(ee- phase busbar
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-

2U 5.6 Voltage convergence patterns for three phase and single phase
load flow
(i) Three phase voltages

(ii) Single-phase and three-phase positive sequence voltages
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nIulugy 5.5 W eTen1TLSubun1TAANLIYR  TaeTEun 3 LHd FeRANNE AR
funii single phase load flow wuABA eTInRAM masilI11n3dmaun1TRauL1a7asas
svuy 3 d asiindanda uﬁiﬁTaaLnauazquﬁ unbalance Avi3udeusnis iteration
n%quin éﬂﬁuazﬁwaﬁanﬂiﬂauldaéiﬁﬂe N7 positive sequence power flow 7¥

1Y) v '
ta1Inan19nRauL 2913



121
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/% Load Flow Gauss-Seidel Iterative Method Using Y-Bus SRk Rk /
g#include <stdio.h>
tinclude <(ctype.hd
#include <(stdlib.h>
tinclude <conio.h>
#include <math.h
#define max_bus 5
tdefine base 100
fdefine CR Oxd
#define BK 0x8
typedef struct
{ double reals
double ims
} complexs
typedef struct
{ int’BusI,BusK;
double Zre,Zim;
double Lre,Lin; !
} tabledd;
typedef struct
{ int BusI3
double Vre,Vim;
double gMW,ghVs
double 1MW, 1MV3
) tabled5s
complex sum_complex(comp}ex,complex),
jnverse_complex(complex),
multiply_complex(complex,complex),
divide_complex(complex,complex),
siget_matrix(int);
void free_matrix(complex #%,1int) s

char sget_real(void);
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main()

{

FILE *fp;

table44 datads;

table45 data45;

register 1,3,k

static complex Z[max_bus+1llmax_bus+1l,
YImax_bus+1]Cmax_bus+1],
YpqCmax_bus+1l[max_bus+1l,
YpImax_bus+1l,
Y_bus[max_bus+1lCmax_bus+1],
Vimax_bus+1l,
power_genlmax_busi11],
power_loadlmax_bus+13,
SCrax_bus+13,
sum,
suml,
sum2, v
q,
Zy
€,
X,
errors;

static int bus,
count,
Y

char #s=""{1InnC10],
chs

stalic double PVLmax_busl,
ang,
tem,

fac,
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errs;

clrscrO;

printf("Enter file name of TABLE : ")3

gets(s)s

strepy(f1nm,s)s

streat (f1nm,".inp")s

bus=03

fp=fopen(flnm,"r");

while (fread(&datadd,sizeof (tabledd),1,{p)!=0)

{ Z{datad44.BusIlldatad4.BusKl.real=-datad4.zZre;
Z[datad44.BusIlidatad4.BusKl.in =datad4.Zim;
YpqLdatad4d.BusIlfdata4s.BusKl.real=datadd.Lre;
YpqCdata44.BusIl[datad4 . BusKl.im =datad4.Lim;

)

fclose(fp)s

strepy(finm,s)s;

strcat (finm,".gen™);

fp=fopen(flnm,"r"); j

while (fread(tdatad45,sizeof (tabled45),1,{p)!=0)

{ Vidata45.Busll.real=data45.Vre;
Vidatad5.BusIl.im =data45.Vim;
power_genldata45.Busll.real=datad5.gk¥;
power_genfdatas5.Busll.in=datad5.ghv;
power_loadldata45.BusIl.real=datad5.1MW;
power_loadldata45.BusIl.'in=data45.1MV;
bus++; } &

fclose(fp):

printf ("#4s#s#s#*s\n",

"bus code ","Impedance-real part ",
"Impedance-imaginary part  ","Line-charging ");
window(1,3,80,25)3

for(i=1sic<bussi++)



for(j=i+1s3i¢=bus;j+H)
cprintf ("#3d-#d",1,3)3
gotoxy(20,vwherey());
cprintf("%Z.Sf",Z[i][jl.real);
gotoxy(AZ,wherey());
cprintf("%Z.Bf",Z[i][j].im);
gotoxy (65,wherey ()3
cprintf("%2.3f",qu[i][j].im);

cprintf ("\n\r");

putch(’\a’);
getchOs
window(1,2,80,25)3

clrscr()s
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puts("\t Assuned Bus Voltage\t Generation\t

cprintf ("#s#s#s#s”,

"Bus No. i

"real-part imaginary-part ",

" MW Mvar ",
" MY Mvar\n\r")s;
window(1,4,80,25)3

for(i=1;i¢<=bussi++)
cprintf("%2d",1)3
gotoxy(lA,wherey());
cprintf("%2;3f",V[i].rea1);
gotoxy(ZB,wherey());
cprintf("%Z.Bf",V[i].im);
gotoxy(42,vherey())s
cprintf("%2.3{",pouer_gen[i].rea1);
gotoxy(SO,wherey());
cprintf("%z.Bf“,pézer_gen[i].im);

gotoxy(SS,uherey());

Load")s
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cprintf("%z.3f",power_load[i].real);
gotoxy(67,wherey());.
cprintf("42.3f",power_loadlil.im);
cprintf ("\n\r");
}
putch(’\a’);
getchOs
window(1,1,80,25);
clrserQ;
for(i=1;i<bus;i++)
for(j=i+13j<¢=buss;j+t) {
if( 2Ci3031.real == 0.0 & ZLilCil.im == 0.0 )
continues;
Y{i31Cj) = inverse_complex(Z[ilLj1)3
}
for(k=13k<{=bussk++)
for(i=1s;i<bussi+t)
for(j=i+1s;j<=bussj++) { |
ifC k==1 i} k== )
Yprkl.im += Ypqrilfil.im;

for(k=1;k<¢=bussk++) {
for(i=13;i<bussi++)

for(j=i+1s;j<=buss;j++)

Y busCkirk]l = sum_complex(Y_busCk1Lk]l,Y[iJ[iD)s
Y_busCklICk]l.im += YpCkl.im;
}
for(i=1si<buss;itt)
for(j=i+1sj<¢=bussj++)
Y_busCil€jl.real = -1xY[ilLjl.real;
Y_busfilCjl.im = -1%YLilC[§d.im;
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Y_busCjilil.real = Y_busCilC[jl.reals;
Y_busCjiCil.im = Y busCilCjl.im;
}
vindow(1,1,80,25)3
clrscr()s
printf("Has PV-Bus y/n? :");
vhile(ch= tolower(getche())=="y") {
printf("\n¥What is PV-Bus : ")s
scanf ("4d",&n);
printf("Fixed voltage at bus % :",n)s
scanf ("#1f",LPVInl);
printf("Another y/n? :");
}
clrserQ)s
printf ("Acceleration factor = 7 "3
scanf ("41f",&fac)s
clrser()s
for(k=13k<=bus;k++) { '
Srkl.real = (power_genlkl.real - power_loadCkl.real)/bases
if (k==n) /
continues
srkl.im = -1k(power_genlkl.in - power_load[k].im)/bases
)
for(i=13i¢80;printf ("-"),it4);
printf (“\nIteration\t\tBus 1\t\tBus 2\t\tBus 3\n")3
for(i=1;i¢803printf ("-"),i+4)3
e.real = VOnl.reals;
do {
for(i=23i¢=bussi++)
if (i==n) A
ang = atan2(vinl.im,VCnl.real);

Vinl.real = fabs(PVLnl)*cos(ang)s
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nl.im = fabs(PVInl)*sin(ang)s;

m = 0.03

r(k=1s;k<¢=bussk++) {

if (k==n)

continue;

tem += VLn).imk(VCkl.real*¥Y_busCnlCkl.real - \
vikl.imkY_busfnlCk).im) - VEnl.realk(VCk1.imk\
Y_busCnlCkl.real + V[k].real*Y_bus[n][kl.im);

nl.im = -1¥(pow(VLnl.real,2)#Y_businlCnl.in + \
pow(VLnl.im,2)%Y_busCnlCnl.im) + tem;

nl.im %= -1;

un.real = 0.0; sum.im = 0.03
or(j=1;j¢=bussj++) {

(i==J)
continues;
p2 = multiply_complex(Y_busCil[j1,VLil)s
m.real += sum2.real;

m.ir  += sum2.im;

inverse_complex(Y_busl[ilCi])3

i

it

divide_complex(SCil,V[il)s
.real-=sum.reals;
.im  -=sum.im;

uml = nultiply_complex(q,2)3

VLil.reals

Viil.ims

[il.real += fac*(sumi.real - V[il.real)s

VLi).im += fac#*(suml.in - V{il.im)s

i

fi==n) A

error.real = fabs{e.real - VCil.real);

error.im = fabs(e.im - V[il.im);

e.

real = VLil.reals;
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e.im = V[il.im;
)
else
error.real = fabs(V{il.real - x.real)s
error.im = fabs(V{il.in - x.im);
}
if (error.real > err)
err = error.reals
if (error.im > err)
err = error.im;
}
count++;
)
vhile( err » 0.001 )3
)
char #get_real(void)
{
int i=0,3=03 :
char ch,#s;
while( (ch = getch()) != CR ) {
if( jsdigit(ch) i ch == 1.2 4t ¢h == .00
ifC ch == -7 &% i != 0)
continue;
if( ch == .7 && J++ )
conbtinues
- if( ch == Bk && 1 > 0 ) {
printf ("\b \b™)3
if( sfi-11 == .7
i=0;
i--3

continues
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if ( ch == °\b? && i ¢= O
continue;
sCi++] = putch(ch);
}
else continue;
}
sCiJ = NULL;
ifcriy A
s = "D.0";
cprintf(s);
}
return s;
}
complex #*¥get_matrix(int m)
{
register i;
complex #%%as
a = calloc(m,sizeof (complex %))
--a3
for(i=13i¢=m;i+4) {
alil = calloctm,sizeof (complex));
--alils
}
return as
}
void free_matrix(complex #%#%a,int m)
{
register i;
for(i=1;i<=n3i++)
free(++alil);
free(++al;

}
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complex sun_complex(complex a,complex b)
{ complex ans;
ans.real = a.real+b.reals

a.intb.in;

ans.im
return anss;
}
complex jnverse_conplex(comnplex ¢)
{ double moduluss;

complex X3

podulus = pow(c.real,2)+pou(c.im,2)3
x.real = c.real/modulus;

X.im = -1%c.im/modulus;

return x;

}
complex pultiply_complex(complex a,complex b)
{ complex anss;

(a.real¥b.real)-(a.in¥b.im)3

ans.real

(a.real#b.im)+(a.im¥b.real);

ans.im
return ans;
}
complex divide_complex(complex &,complex b)
{ complex temp,anss;

double moduluss;

podulus = pow(b.real,2)4pow(b.im,2)3
temp.real = b.real/modulus;

tenp.in =  =i%b.im/modulus;

ans.real = (a.rea]%tegp.real)—(a.im*temp.im);
ans.im = (a.real#tenp.im)+(a.in¥tenp.real)s

return anss;
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v Y] . R N .
nagaL?uauﬁunwsnwuamTﬂsuniu Gause seidel iterative method

Bus_Name R_pq X_pq Ing_Half_Line._Charging
12 0.08 0.24 0.0
13 0.02 0.06 .0.0
2 3 0.086 0.18 0.0
Base_in_MVA 100
Bus Voltage G_H¥ G_HVAR L_M¥ L_MVAR
1 1.05 0 0 0
2 1.03 20 BAAS 50 20
-3 1 0 ! 60 25

— o - - - = = G A G A = P T G S RS S - A= S G e S S S W = S = e e Re W Gm e s M G S Tm SR - S e e

wantIRwIaasTYTunds Gause seidel

ITERATION = 7 = TOTAL

o

BUS REAL VOLTAGE IMAGINE VOLTAGE

1 1.05 0.00
2 1.028578 -0.0510117

1.02412 -0.034802

[O>]
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[ Hm mm e o e e */
/% LOAD FLOW CALCULATION BY NEWTON-RAPHSON %/
1% RECTANGULAR COORDINATE METHOD %/
e e */

tinclude <¢stdio.h>
$include <conio.h®

#include <math.hd

$define SP_MAX_BUS B
J T e L L L L External varible for Make_Ybus %/
int MAX_BUS 3

double GUSP_MAX_BUSI{SP_MAX_BUS] ;
double BLSP_MAX_BUSI[SP_MAX_BUS] ;3
double Img_Ypq2[SP_MAX_BUSILSP_MAX_BUS] 3
double Real_Ypq[SP_MAX_BUSICSP_MAX_BUS]1 3

double Ing_Ypq[SP_MAX_BUSI1CSP_MAX_BUS] 3
e o e e e e Make_BefPQ ¥/
double BASE 3

double e[SP_MAX_BUS] , fCSP_MAX_BUS] H

double PschISP_MAX_BUS] , QschlSP_MAX_BUSI] H

double GEN_MYL{SP_MAX_BUS] , GEN_MVARLSP_MAX_BUS] 3

double L_KWLSP_MAX_BUS] , L_MVAR[SP_MAX_BUS] H

JHmm e e o e Kake_Delta_PQ 4/'
double PLSP_MAX_BUS] , QUSP_MAX_BUS] H

double Delta_P[SP_MAX_BUS) , Delta_QLSP_MAX_BUS]

e

double Jacobian[SP_MAX_BUSk21CSP_MAX_BUS*21 3
) S ettt T bt bt Make.cd #*/

double Curl_P_e[SP_MAX_BUSILSP_MAX_BUS] ;3
double Curl.P_fCSP_MAX_BUSILSP_MAX_BUS] 3
double Curl_Q_e[SP_KAX_BUSICSP_MAX_BUSI ;
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double Curl_Q.fI{SP_MAX_BUSI[SP_MAX_BUS] ;
int DIMENSION ;

J R e Make_Delta_ef #*/

double Delta_elSP_MAX_BUS] , Delta_fLSP_MAX_BUSI

s

F e e e L L L L Cal_PQ #/
double S_PLSP_MAX_BUSI[SP_MAX_BUS] ;

double S_QUSP_MAX_BUSJILSP_MAX_BUS] 3

double PISP_MAX_BUS] , Q[SP_MAX_BUS] ;

FE B e ittt T Make_table %/
int ITERATION 3

double ERROR ;

F e et e ittt */
main()

{

void Make_Ybus () , Make_BefPQ() ’ Make_Delta_PQ()
void Make_cd () s Make_Jacobian() , Make_Delta_ef ()

'void Make_Table() , Cal_PQ()

extern int ITERATION 3 {
extern double ERROR ;

clrser() ;

Make_Ybus() 3

Malke_BefPQQ) ;

for (ITERATION = 1 3 ITERATION < 500 3 ITERATION++)

e

ws

{ gotoxy(1,1) 5 printf ("ITERATION = [%d] “,ITERATION) 3

Make_Delta_PQ()

.

Make_cd() 3

Make_Jacobian()

-s

Make_Delta_ef ()

“e

ERROR

ERROR * 10000

we

ERROR = ERROR % ERROR

ws

if (ERROR < 0.0001)
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Real_ZpqCP1LQ] = 0 3 /% for next loop */
Img_ZpqlPI[Q] =0 3

)
for(COUNT = 1 3 COUNT < NUM_BUS_NAME+1 ; COUNT+4)
{ fscanf (FP,"4d",P) 3
fscanf (FP,"4d",Q) 3
fscanf (FP,"%#le",&Real_ZpqLP1ILQ1) 3
Real_Zpq[QILP) = Real_ZpqlP1[Ql 3
fscanf (FP,"#1e", &Img_ZpqLP1[Q1) 3
Img-qu[Q][P]' = Img_ZpqLPlL{Q1 3
fscanf (FP,"%1e", &Img_Ypq2[Pl(Q1);
Ing_Ypq2lQICLP] = Img_Ypq2(P1LQ] ;
}
fclose(FP) ;
TR N et 1 === Cal Ypq %/
for(P = 1 ;5 P ¢ MAX_BUS ; P+4)
{  for(Q =13 @ ¢ MAX_BUS ; Q+4) !
{ DIVIDE

n

Real_qu[P][Q]*Réal-qugP][Q] H
DIVIDE

1

if ¢ DIVIDE != 0 )

{ Real_Ypq[P1L{Q] = Real_ZpqLP1LQ] / DIVIDE

DIVIDE + Img_ZpqLPlCQI*Img_ZpqlPll(Q]

»

?

Ing_YpqLP1lEQ) = -1#{Img_Zpq[PI1[QI/DIVIDE);

} /% -1 Because conjugate #/
else
{ Real_YpqIPli[Q) = 0 3
Ing YpqLP1[Ql = 0 3
) .
}
}
[ Hmmmmmmcm e ——=— Cal Yp ¥/

for(P = 1 3 P ¢ MAX_BUS ;3 P++) Ing_Yp{P} = 0 ; /%ClearAllx*/
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{ printf (" \t ERROR = [%#f] ",ERROR) ;
Cal_PQ() 3
Make_Table() 3
ITERATION = 600 3
printf("Program terminate press anykey ") ;
}

}

get.ch() 3

return(0) 3

} Jhememmr e e o e e o o i End of Main #/

void Make_Ybus()

{

FILE *FP 3

auto int NUM_BUS_NAKE 3

auto double Real_Zpq[SP_MAX_BUS3ILSP_MAX_BUS]1 3
auto double Ing_ZpqLSP_MAX_BUSILSP_MAX_BUS1
extern double Ing_Ypq2[SP_MAX_BUSILSP_MAX_BUS]

e

extern double Real_Ypq[SP_MAX_BUSILSP_MAX_BUSY 3

"extern double Ing_YpqLSP_MAX_BUSILSP_MAX_BUS1 3’
auto  double Tmg Yp[SP_MAX_BUS] ;

auto double DIVIDE , DATA_1 , DATA_2 , DATA_3 ;

auto  inl P , @ , COUNT ;

auto char NAME[L22] 3
R e L T Input Zpq #/
FP = fopen("IMP_5.DAT","r") 3
fscanf (FP,"%s",NAME) ; fscanf(FP,"#d",&NUM_BUS_NAKE) ;3
fscan{ (FP,"%s",NAME) ; fscanf (FP,"#d",&MAX_BUS) ;5 MAX_BUS = MAX_BUS+1 3
for(P =1 3 P ¢ 5 3 P++) fscanl (FP,"4s",NAKE) 3
for(P = 1 35 P ¢ MAX_BUS ; P++4)
{ for(Q = 1 53 @ < MAX_BUS ; Q++)
{ Tmg_Ypq2CPILQ) = 0 3 /% Clear all array %/
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FILE ¥FP ;3

extern double BASE ;

extern double GEN_MW[SP_MAX_BUS] , - GEN_MVARLSP_MAX_BUS] ;
extern double L_MWI[SP_MAX_BUS] , L_MVAR[SP_MAX_BUS] H
auto int k 3

auto double TEMP_DATA ;

auto char NAMEL22] ;

FP = fopen("BefPQ_5.DAT","r") 3

fscanf (FP,"4s",NAME) 3 fscanf (FP,"%le",%BASE) ;
for<k =1 3 k ¢ 7 3 k++) fscanf (FP,"%s",NAME)
fortk = 1

{ fscanf (FP,"4s",NAME) 3

-

k ¢ MAX_BUS 3 k++)

-

fscanf (FP,"#1le",kelkl) 3
ftkl = 0 3
fscanf (FP,"41e",&Pschlfk]) ; GEN_MWLk] = PschCkl ;
if (Pschrfk]l != 0) fscanf(FP,"#le",&Qschlfkl) ;
else Qschlkl = 0 3
GEN_MVARCk] = QschCkl ;
fscanf (FP,"#1e",&TEMP_DATA) ; /% Scan Load MW ¥/
L_MWCk3 = TEMP_DATA 3
Pschfkl = ¢ PschCLkl - TEMP_DATA ) / BASE 3
fscanf (FP,"#1le",&TEMP_DATA) 5 /¥ Scan Load MVA %/
L_MVARLCKk] = TEMP_DATA 3
Qschlk] = ( @schfk]l - TEMP_DATA ) / BASE 3
3 <
fclose(FP) 3
} /e e End of Make_BelPQ #*/

void Make_Delta_PQO)

auto int P, Qs X, ¥, BUS 3
e %/
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for(P = 1 3 P ¢ MAX_BUS ; P+4)
{ for(Q = 1 ; @ ¢ MAX_BUS ; Qi#)
{ Ing_YpLPl = Img_Yp[P]l ¢ Img-quZ[P][Q] H

for(P = 1 3 P ¢ MAX_BUS 3 P+4)
{ for(Q = 1 ;3 Q < MAX_BUS ; Q++)

{ GLP1CQ]
BLPILQ]

0 s

0 ;3 /% Protect hang on next loop ¥/

)
for(P = 1 5 P < MAX_BUS 3 P++)
{ BCP3ICP] = BCLPICP] + Img YpLP)
) /% Self admittances must include Yp ¥/
for(P = 1 3 P ¢ MAX_BUS 5 P++)
{ for(Q = 1 ;3 @ ¢ MAX_BUS 5 Qt+)

{ if( P ==Q)

{ for (COUNT = 1 ; COUNT ¢ MAX_BUS ; COUNT++ )

{ GLPI[P] = GLPICPJ+Resl_Ypq[PILCOUNT] 5
BLPICP] = BLPI[P1+Img_YpqEPILCOUNT] 3
)
)
else
{ GLPILQ] = -1%(Real_YpqLPlIQD) 3
BLPICQ) = -1#(Img_Ypq[PILR))
} /% Watual admittances values are negative %/
}
}
} /H e m e m e e End of Make_Ybus #/

void Make_BefPQQ)
{
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for(BUS = 2 ; BUS ¢ MAX_BUS ; BUS++) /% 1 Slack bus */

{ PLBUS]

i
o
e

/¥ Clear all array to protect
QLBUS]

"
o
s

3

¥/

/¥ computer hang on next loop %/

for(p = 2 3 p ¢ MAX_BUS ; p++) /% Bus 1 is slack bus %/

{ for(q = 1 ;3 q ¢ MAX_BUS ; qit)
{ PLp]

i

PLpl + elpl % ( elql¥GEplLql +
PLp]

PCpl + {(pl ¥ ( fLqI*GLplLq]

Delta_PrCpl = Pschipl - PLpl 3

Qlpl = QCpl + f[p].# ( elql*GLplLq]l +
QIpl = QCpl - elpl % ( fLqI*GLplLql
QLpl ;5

Delta_QCpl = Qschipl

}

fLqI*(-1¥BLplCql)
elqlx(-1%BLplLql)

flqI*(-1%BL[plLg))
eCqi*(-1*BLplLql)

for(p =2 , x =13 p ¢ MAX_BUS 5 p++ , x++) /% 1 slack ¥/
{ Jacobian[x3[01 = Delta_PCpl ;
Jacobian[x+(MAX_BUS-2)100] = Delta_QIpl ;
\
) ' i

} /¥ememmm e e End of Make_Delta_PQ */

void Make_cd()
{
auto double DIVIDE s

auto int p

for(p = 2 3 p ¢ MAX_BUS ; p++) /#--- 1 Slack bus ---%/

{ DIVIDE = elpl#elp] ;
DIVIDE = DIVIDE + fCpl4flpl ;
cCp) = ( PCplkelpl + QCpl*fLpl )/DIVIDE 3
dfpl = ( PCpl#flpl - QCpl*elp] )/DIVIDE 3

} JHemmmm e e End of Make_cd #/

-e

.o

-e

-
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void Hake_Jacobian()

{

auto int PsqQys X, ¥
N %/
DIMENSION = (MAX_BUS - 2) ¥ 2 ;

for(p = 2 3 p ¢ MAX_BUS ; p++) /#--- 1 SLACK BUS ~--—¥/

{ for(q = 2
{ if (p

{
Curl_P_elpllp]
Curl_pP_fCpllp]
Curl_Q_elpilpl
Curl.Q_fCpllp]

}
else

{
Curl_P_elpllql
Curl_P_f(pllql
Curl_Q_elpllql
Curl_Q_ffpllql

}

)

.
b4

fortp=2,y=1

q ¢ MAX_BUS ; q++)

q)

elpl#GCplLq) - fLpl*(-1xBCplLql) + clpl 3
e[pl*(-1%BLplLpl) + fIplI4GCplLpl + dCpl ;
e[pl¥(-1%BIlpllpl) + fCpI*Glpllpl - dlpl 3
-1%e[pl*GLplCpl + fIpIk(-1%BLpllpl) + clpl ;

e[pIXGIpILq] - TLpIX(-1%BIpILaD)s
elpIX(-1#BCpILql) + fpI¥GLpILql;
FLpI*GLpILq] + eCpl*(-1¥BLplLql)s
fCpi*(-1%BL[plLql) - elpI*GIplLlqls

5 p ¢ MAX_BUS ; p++ , y++)

{ forig =2, x =13 q ¢ MAX_LBUS 5 q++ , xi+)

{ JacobianfylCx] = Curl_P_elpllql ;

}
“for(q = 2

b4

q ¢ MAX_BUS ;5 q++ , X++)

{ Jacobianfyl[x] = Curl_P_fCpllql 3

}
}

for(p = 2 53 p ¢ MAX_BUS 3 p++ , y++)
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{ foriq =2, x=13 q ¢ HAX_BUS ;5 q++ , xt4)
{ JacobianlylCx]l = Curl_Q_elplIql 3
}
for(q = 2 5 q ¢ MAX_BUS 5 q++ , x+4)
{ Jacobian[ylfx] = Curl_Q_fCplCql

} [ e e End of Make Jacobian */

void Make_Delta_ef ()
{
auto double MULTI , Delta_efISP_MAX_BUS¥2Z2] ;
auto  int i,y,x, k, yy;
FE e ke Delta PR to right */
for(y = 1 5 y < DIMENSION+1 ; y++)
{ JacobianlyJCDIMENSION+1] = JacobianlylL0] 3
) :
J cal Jacobian ¥/
for (y = 15 y < DIMENSION+1 ; y++)
{ for (x = 13 x ¢ DIMENSION+1 3 x+4)
{ if (x =)
{ MULTI = JacobianCx1{yl/JacobianlylLy]l 3
for (k = 1; k ¢ DIMENSION#2 ; ki#)
{ Jacobianfx1C{k]l = JacobianCx1Ckl -
MULTI*#JacobianlylCk] ;3

}

for (y = 1; y < DIMENSION+1 5 y++4)

{ Delta_ef[y] = Jacobian[yl[DIMENSION+11/JacobianlylLy];
) Ihmmmmmmm e Seperate Del e_f #/
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forty =1, yy = 2 5 y ¢ (DIMENSION/2) + 1 5 y++ , yy++)

{ Delta_elyyl = Delta_efly]d ;

}

for(y = (DIMENSION/2)+1 ,yy = 25 y < DIMENSION+1 sy+4,¥y44)
{ Delta_flyyl = Delta_efly] 3

[Hmmmm e m e Cal e_f %/
i ¢ MAX_BUS ; i+4)

-
[e]
L
P
[
n
-
“we

{ e[il = elil + Delta_eli] ;3
fril = frLil + bdelta _frfild 3
}
[hmmmmm e Cal ERROR %/
ERROR = 0 3
for(i = 2 3 i ¢ MAX_BUS ; i++) /%--- 1 SLACK BUS ---%/

{ if (Delta_PLil#Delta_PLi] > ERROR)
ERROR = Delta_PCil#Delta PLil 3
if (pelta_QCil#Delta_QLil > ERRbR) ERROR = Delta_QLil#Delta_QLil ;

} JHemmmmm—mmmmemmm—mmmo oo oo o End of Make_Delta_ef #/

void Cal_PQ() /#% Ppq - iQpq = Ep"(Ep-Eq)Ypq + Ep"EpYpq2 */
{

auto int P, qds

extern double S_PLSP_MAX_BUSILSP_MAX_BUS] ;

extern double S_QLSP_MAX_BUSI[SP_MAX_BUSI ;

extern double G_PCSP_MAX_BUS] , G_QLSP_MAX_BUS] ;

auto double REAL_1 , IMG_1 , TEMP_DATA ;

for(p = 1 3 p < MAX_BUS ; p+t)
{ for(q = 1 ;3 q < MAX_BUS ; qi+)
{ iftq = p)
{ REAL_1 = elpl*(elpl - elqd) + fLpI*{ilpl - fLgl 3
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IMG_1 = elpl*(fLpl - fLql) - fCpl¥(elpl - elql) ;
/% Ep" (Ep-Eq) = REAL_1 + JIMG_1 #/

TEMP_DATA = REAL_1 % Real_¥YpqlplLql ;
S_PCplfql = TEMP_DATA - (IMG_1*¥Img_Ypqlpllql) ;
S_PLplLql = BASE % S_P[pllql ;
TEMP_DATA = REAL_1 % Img_VYpqlpllql 3
TEMP_DATA = TEMP_DATA + (IﬁG_l*Real_qu[p][q]) H
S_QCplLql = -1 % TEMP_DATA ;
TEMP_DATA = Img_Ypq2CplCql * (elpl¥elpl + fCpl¥flpl) ;
S_QCplfql = S_QLpllql - TEKP_DATA ;
S_QCplLql = BASE % S_QCplilql 3
}
}
}
} /Hmemmmmm e e e oo End of Cal_PQ ¥/

auto int P+q9, X, Y5 i
[ mm e e Display Table #/
printf("\n\nBUS_______ o BY-

printf ("VOLTAGE ________ TO_BUS _MW_ ——__MVAR___ \n") 3

for(p = 1 3 p ¢ MAX_BUS ; p+#)
{ printf¢"r2dl #f Jj#{",p,elpl,ilpl) 3
for(q = 1 3 q ¢ HAX_BUS ; q++4)
{ if¢ q '= p &% S_PCplCq) && S_QLpllql != 0 )
{ Y = wherey() 3 .
gotoxy(28,Y) 3 printf("C%d1",q 3
gotoxy(35,Y) 5 printf("#11.7f",S_PCpllal) ;
gotoxy (48,Y) ; printf("#11.7f \n",5.QCplILqD) 3

} JHommmemmm e m e end of make_Table #/
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Eagat?u§u1un11éﬂu1m7ﬂ1un7u Newton-Raphson Rectangular Coordinate Method

NUM_BUS_NAME 7

MAX_BUS 5
Bus_Name R_pq X_pq Ing_Half_Line_Charging
12 0.02 0.06 0.03
13 0.08 0.24 0.025
2 3 0.06 0.18 0.02
2 4 0.06 0.18 0.02
25 0.04 0.12 0.015
3 4 0.01 0.03 0.01
4 5 0.08 0.24 0.025
Base_in_MVA 100
Bus Voltage G_MW G_MVAR L_WW L_MVAR
1 1.06 0 0 0
4 1 40 30 20 10
3 1 0 45 15
4 1 0 40 5

60 10

<1
[
[a=]



145

wan1saawangasTiTunsy Newton-Raphson Rectangular Coordinate Method

ITERATION = [31 = TOTAL

BUS - VOLTAGE TO_BUS MY _MVAR.___

1] 1.060000 j0.0D00OND L2] 88.8638082 -B8.5735108
£31 40.7230103 1.1582844

(2] 1.048182 -j0.051283 [13 -87.4533583 £.1486825
£33 24.6943175 3.5464029
[43 27.8361166 2.9619632
[51 54.8229313 7.3429555

£3] 1.020283 -ij0.089209 (1] -39.5310532 -3.0138517
£zl -24.3428003 -6.7B839736
£41 18.8738560 -5.2021685

[4] 1.019142 -j0.095066 [21  -27.4347744  -5.9275647
[3] -18.8382512 3.2123595

[51 6.3330281 -2.2B47874

(51 1.012078 -j0.108058 [z23 -53.6976823 -7.1671807
L4] -6.3023154  -2.8327902

Program terminate press anykey
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[ = m e e e e ¥/
/% LOAD FLOW CALCULATION BY NEWTON-RAPHSON ¥/
/¥ POLAR COORDINATES METHOD Y
e L */

#include <stdio.h>
finclude <conio.h>

#include <math.h>

tdefine  SP_MAX_BUS 5 ‘
JE e L P e S L External varible for Make_Ybus %/
int MAX_BUS 3

double MAGNI_Ybus[SP_MAX_BUSILSP_MAX_BUS]

-

double ANGLE_Ybus[SP_MAX_BUSILSP_MAX_BUS]

we

double Ing_Ypq2[SP_MAX_BUSILSP_MAX_BUS] 3
double Real_YpqfSP_MAX_BUSILSP_MAX_BUS] ;

double Ing_YpqLSP_MAX_BUSILSP_MAX_BUS] ;
P PR S S M TS RN R R WAL mmmeemone- Make_BVPQ #/
double BASE ;

int CHECK_LOAD_BUSLSP_MAX_BUSJ 3
double PschCSP_MAX_BUS] , Qsch[SP_MAX_BUS]
double MAGNI_VL[SP_MAX_BUSI ;

double ANGLE_VISP_MAX_BUS] ;

double G_PISP_MAX_BUSI , G_QLSP_MAX_BUSI ;

L]

double L_PL[SP_MAX_BUS] , L_QCSP_MAX_BUS] ;

T ettt L L St Db Dttt Make_Delta_PQ %/
double DELTA_PLSP_MAX_BUS] ;3

double DELTA_QLSP_MAX_BUS] ;

double CURL_P_DELTALSP_MAX_BUSI[SP_MAX_BUS] 3

double CURL_Q_DELTALSP_MAX_BUSILSP_MAX_BUS] ;

double CURL_P_VISP_MAX_BUSILSP_MAX_BUS] ;

double CURL_Q_VLSP_MAX_BUSILSP_MAX_BUS] ;

F T ettt Make_Jacobian #*/
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double DELTA_VOLLSP_MAX_BUS]

double DELTA_ANG[SP_MAX_BUS]

A4l

F ittt Cal_Error %/
int ITERATION 3

double ERROR ;

/K mmmmm e e e m e mm e mmmmmmem— e e Cal_PQ */
double FLOW_PLSP_MAX_BUSICSP_MAX_BUSI ;'

double FLOW_QLSP_MAX_BUSI[SP_MAX_BUS] 3

nain()

{

void Make_Ybus() , Make_BVPQ() , Make_Delta_PQ() 3
void Make_Curl_PQ() , Make_Jacobian() ,.Cal_Error() 5
void Cal_PQ() , Make_Table() ;

extern int ITERATION 3

extern double ERROR ;

clrser() 3
Hake_Ybus{() 3
Make_BVPQ() 3
for (1ITERATION = 1 ; ITERATION < 500 ; ITERATION++4)

{ gotoxy(1,1) s printf ("ITERATION = {#d1 ", ITERATION) 3
Make_Delta_PQO) 3
Make_Curl_PQ() 3
Make_Jacobian() 3
Cal_Error() ;

ERROR = ERROR ¥ 10000 3
ERROR = ERROR # ERROR 3
if ¢ ERROR ¢ 0.0001 )

{ printf ("= TOTAL \n") 3

Cal_PR() 3
Kake_Table() 3
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printf ("Program terninate press anykey ") ;

ITERATION = 600 3

)
getchO) 3
return(0) ;

L R Eintatttete ittt ettt End of Main #/

void Make_Ybus()

{

FILE *FP 3

auto int NUM_BUS_NAME 3

auto double Real_Zpq[SP_MAX_BUSILSP_MAX_BUS] 3

auto double Ing_Zpq[SP_MAX_BUSILSP_MAX_BUS]

e

extern double Img_Ypq2[ SP_MAX_BUSIL[SP_MAX_BUSI] ;3
extern double Real_YpqLSP_MAX_BUSILSP_MAX_BUS] ;

extern double Img_Ypq[SP_MAX_BUSILSP_MAX_BUS] 3
auto double Img_YpLSP_MAX_BUS] ;

auto double GLSP_MAX_BUSILSP_MAX_BUS] 3

auto double BISP_MAX_BUSI1LSP_MAX_BUS] ;3

auto double DIVIDE , DATA_I ., DATA_2 , DATA_3 ;

auto  int P , @ , COUNT ;

auto  char NAMEL22] 3

e Inﬁut Zpq. ®/

'FP = fopen("IMP_6.DAT","r") ;

fscanf (FP,"%s",NAME) ; fscanf(FP,"%d",&NUM_BUS_NAME) 3
fscanf (FP,"4s",NAME) ; fscanf (FP,"#d",&MAX_BUS); MAX_BUS++3

for(P =13 P <5 ; P++) fscanf (FP,"%4s",NAME) ;

for(p 1 ;3 P ¢ MAX_BUS ;5 P+4i)

{ for(Q = 1 ; Q@ ¢ MAX_BUS 3 Qi+)
{ Img_Ypq2(P3LQ) = 0 3 /% Clear all array #/
Real_ZpqCfP3CQ1 = 0 ; /% for next loop #/
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Img.ZpqfP1LQ1 = 0 3

}
for(COUNT = 1 3 COUNT < NUM_BUS_NAME+1 ; COUNT+#4)
{ fscanf (FP,"#d",%P)

'3}

fscanf (FP, "#d",Q)

-

fscanf (FP,"%le",&Real_ZpqLP1LQ1);
Real_ZpqfQICP] = Real_ZpqlPILQ1;
fscanf (FP,"%4le",&Img_ZpqLPILRY) 3
Img_ZpqLQILP] = Img_ZpqLPILQ] ;
fscanf (FP,"#le",&Ing_Ypq2LP1[Q1)s
Ing_Ypq2LQILP] = Img_Ypq2[PlL[QI;

}

fclose(FP) 3

J T e e D Lt Cal Ypq ¥/

for(P = 1 3 P ¢ MAX_BUS 3 P++)

{ for(Q = 1 5 @ < MAX_BUS ; Qt+)

\
{ DIVIDE Real_qu[P][Q]*Rgal_qu[P][Q] $

DIVIDE = DIVIDE + Img_qufP][Q]*Iﬁg_qu[P][Q] 5

1"

if ¢ DIVIDE != 0 )
{ Real_Ypq(PlLQ]

n

Real_ZpqL[P1CQ]1 / DIVIDE 3

.o

Img_YpqCPlLQl -1%(Img_Zpq[P1LQ3I/DIVIDE)
} /% -1 Because conjugate %/
else

{ Real_Ypq[P1(Ql

n [
< [e)
we we

Img_YpqIPlLQ]

e cal Yp */
P ¢ MAX_BUS ; P++4) Img_Yp[P1=0 ;/#Protecthang%/

——
(o}
-
-~
la=]
il
f—t
we

1 3 P ¢ MAX_BUS ; P++)

H,
o
H
-~
~
1
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{ for(Q =1 5 @ ¢ MAX_BUS ;5 Qt+)
{ Img_YpLPl = Img.Yp[P] + Img_Ypq2[PILQl 3

e Cal G_B %/
for(P = 1 3 P < MAX_BUS 3 P+4)
{  for(Q = 1 3 Q < MAX_BUS ; Qi+)

{ GCPILQ] 0 s

BLPILQ]

"

0 s

} /¥ Protect hang on next loop #/
}
for(P =1 s P ( MAX_BUS ;5 P++)
{ BCPICP] = BCPILP] + Img_YpLP1 3
} /% Self adnittances nmust include Yp ¥/
for(P = 1 3 P < MAX_BUS ; P+#%)
{ for(@ = 1 3 Q@ ¢ MAX_BUS ; Qi+)

{ if( P == Q)

{ for(COUNT = 1 ; COUNT < MAX_BUS ; COUNT+% )

{ GLPICP] = GIPICLP] + Real_YpqLPILCOUNTI;
BCPICPl = BLPILP] + Img_qu[PJ[COUﬁT] :
}
}
else
{ GLPILQ) = -1%#(Real_Ypq[PlLQ1) 3
BLPILQ] = —1¥(Img_quFP][Q]) H
) /% Mutual admittances value are negative %/
)
}
J e e LS LT Cal Polar #/

for(P = 1 3 P ¢ MAX_BUS 5 P+4)
{ for(Q = 1 3 @ ¢ MAX_BUS ;5 Qt+)
{ DATA_1 = BIPILQI#BLPICQ] + GLPILQI*GLPILRQ] 3
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MAGNI_Ybus{PICQl = sqrt(DATA_1) ;

if ¢ GIPICQ) t= 0 ) DATA_1 = BLPICQ] / GCPILR] 3
else DATA_1 = 0 3

DATA_1 = atan(DATA_1) ; /% Value are in radian %/
DATA_1 = ( DATA_1 % 180 ) / 3.141592654 3

if ( GIPICQ1 ¢ 0) DATA_1

fl

DATA_1 + 180 3
ANGLE_Ybus[P1[Q] = DATA_1 ;

} JHmmme e End of Make_Ybus ¥/

void Make_BVPQQ)

{

FILE #FP 3

extern double G_PCSP_MAX_BUS] , G_Q[SP_MAX_BUS1 , BASE 3
extern double L_PLSP_MAX_BUS} , L_QUSP_MAX_BUST 3

auto  int ks 3
auto double TEMP_DATA ; ;
auto char NAMEL22] ;

FP = fopen("BVPQ_6.DAT","r") ;
fscanf (FP,"%s",NAME) ; fscanf(FP,"#le",4BASE) ;
for(k = 1 3 k ¢ 7 3 kt+) fscanf(FP,"#s",NAHE) ;
for(k = 13 k ¢ MAX_BUS ; k¥+)

{ fscanf (FP, "#d",&CHECK_LOAD_BUSCk])

W

fscanf (FP,"#]e",&MAGNI_VLK]) 3

ANGLE-V[R] = 0 3 /% BEGIN VALUE #%/

fscanf (FP,"#le",&Pschik]) ;5 G_PLk) = Pschlk] ;

if (Pschikl 1= 0) fscanf(FP,"%2le",&Qschfkl) ; else QschCfkl = 0 3
G_QLkl = QschCfk] 3

fscanf (FP,"%1e",4TEMP_DATA} 3 /% Scan Load MW %/

L_PCk] = TEMP_DATA ;



152

PschCkl = ( Pschfk] - TEMP_DATA ) / BASE 3
fscanf (FP,"#1le",TEMF_DATA) 3 /% Scan Load MVA %/
L_QCk]l = TEMP_DATA ;
Qschfkl = ( Qschfk]l - TEMP_DATA ) / BASE 3
}
fclose(FP) 3
} Hememe e e ﬁnd of Make_BVPQ */

void Make_Delta_PQ()
{
auto double DATA.P , DATA_Q , DATA_1 , DATA_2 , DATA_3 3

auto int I , K

.

lf(Iizﬂmkhw)
for(I = 2 3 I < MAX_BUS 3 I++) /#%--- 1 Slack bus ---%/

{ DATA_P = 0 3 DATAQ = 0 35
for(X = 1 ;3 K ¢ HAX_BUS ; K++)
{ DATA_1 = MAGNI_VLIJ % MAGNI_VIKI %
MAGNI_YbusCI1[X] 3
DATA_2 = ANGLE_VLI] - ANGLE_VCK] -
ANGLE_Ybus[LI1[K] ;

DATA_2 = ( DATA_2 % 3.141592654 ) / 180 3
DATA_3 = cos( DATA_Z ) 3

DATA_P = DATA_P 4+ ( DATA_1 % DATA_3 ) 3
DATA_3 = sin( DATA_2 ) 3

DATA_Q = DATA_Q + ( DATA_1 % DATA_3 ) ;

}

DELTA_PLI] = PschlI] - DATA_P ;

DELTA_QLI] = QschfI] - DATA_Q ;

f

}
} /Hommmemm e m e End of Make_Delta_PQ %/
void Make_Curl_PQ()

{
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aulo double DATA_P , DATA_Q , DATA_1 3
auto double DATA_2 , DATA_3 , DATA_4

-

auto int 1 s k ;
/-—cme——e-c Cal Curl_PQ_Delts %/
for(I = 2 3 I < MAX_BUS ; I44) /%--- 1 Slack bus ---%/

YIS fF: glacl Luo
i DATA_P = 0 ; DATA.Q = D 5

fortkt = 1 5 k ¢ MAX_BUS ; ki)

{ ifCk==1) kit ;
DATA_1 = MAGNI_VLI] % MAGNI_VLk1 #
MAGNI_YbusCId[k] ;
DATA_2 = ANGLE_VLI1 - ANGLE_VLk] -
ANGLE_YbusLIJCk] 3

DATA_2 = ( DATA.Z % 3.141592654 ) / 180 ;
DATA_3 = sin( DATA_2 ) 3
DATA_P = DATA_P + ( DATA_1 % DATA_3 )

CURL_P_DELTALIJICk] = 1 % DATA_1 % DATA_3 ;3 /% I not equal k %/

DATA_3 = cos( DATA_Z ) ;'

1

DATA_Q = DATA_Q + ¢ DATA_1 % DATA_3 )

CURL_Q_DELTACI]Lk] = -1%DATA_1%DATA_3 ; /¥ 1 not equal k #/
) .

-1 % DATA_P ;5 /% for I k */

1"
1"

CURL_P_DELTALIILI]

]

k %/

]

1 % DATA_Q 5 /% for I

CURL_Q_DELTALIICI]

J e L Cal Curl_PQ_V %/
2 3 1 ¢ MAX_BUS 5 I++) /% 1 Slack bus #/

-
(o]
-
o~
—
n

{ forck = 1 5 k ¢ MAX_BUS ; k++)

{ DATA_1 = MAGNI_VLI] % MAGNI_Ybus[I11Ck]

“e

DATA_2 = ANGLE_VLI] - ANGLE_V[k] -

i

ANGLE_YbusCI1Lk] 3

DATA_2 ( DATA_2 % 3.141592654 ) / 180 ;

cos( DATA_2 ) 3

DATA_3,
CURL_P_VLIICk] = DATA_1 % DATA.3 5 /% I != k %/
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DATA_3 = sin{ DATA_2 ) 3
CURL_Q_VL131Ckl = DATA_1 % DATA_3 5 /% I != k %/

)
for(I = 2 3 I ¢ MAX_BUS ; I+4) /¥ 1 Slack bus %/
{ DATA_P = 0 5 DATA_Q = 0 3
for(k = 1 35 k ¢ MAX_BUS ; kt+)
{ if(k == 1) k4 3
DATA_1 = MAGNI_VLK % MAGNI_YbusCIICk] ;
DATA_2 = ANGLE_VLI] - ANGLE_V[kJ -
ANGLE_YbusCI1Ck} 3

_ DATA_2 = ( DATA_2 % 3.141592654 ) / 180 3
DATA_3 = cos( DATA_2Z ) 3
DATA_P = DATA_P + ( DATA_1 % DATA.3 ) 3
DATA_3 = sin( DATA_2 ) 3
DATA_Q = DATA_Q + ( DATA_1 % DATA_3 ) ;
} )
DATA_1 = MAGNI_VLIJ % MAGNI_Ybus{II[IJ 3

DATA_2 ( ANGLE_YbusCIJLI] % 3.1415392654 ) / 180 3

DATA_3 = cos{ -1 ¥ DATA_2 ) 3

1

CURL_P_VLIILI] ( 2 % DATA_1 % DATA_3 ) + DATAP ; /¥ I == k %/

DATA_3 = sin( -1 % DATA_2 ) 3

CURL.Q.VLIILI] ( 2 % DATA_1 % DATA_3 ) + DATA_Q 3 /% I == k %/

} [hemmmmmm—mmm e mm e End of Make_Curl_PQ %/

void Make_Jacobian()

auto double JACOBIANLSP_MAX_BUS*%21[SP_MAX_BUS42] 3
auto double TEMP_JACOBLSP_MAX_BUS#21 ;
auto int I, X3

auto int k, J_.X , J_.Y 3
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auto int DIMENSION = 0 3 /#% Number of equation %/

auto double MNULTI ;

1 R L L Jacob P & Del %/

for(I =2, J.¥ =131 CHAXBUS 5 Tt o JY40) AL SIK K )/ slogle buy
{ DIMENSION++ 3

= slaek
for(X =2, J.X =13 X ¢ MAX_BUS 5 X++ , J_X+4) P Cx ix slaekby, )

. o Jox
{  JACOBIANLJ_YI[J_X] = CURL_P_DELTALIICX] ;
] /¥ C_P_D for PV & PQ bus ¥/ -
Tor(X = 2 3 X ¢ MAX_BUS ; X+4) ACERER N

{ if (CHECK_LOAD_BUSLX1 < 0) /% C_P_V only PQ_BUS #/
{ JACOBIANLJ_Y3ICJ_X1 = CURL_P_VLIILXI 3
J_X+4 3

}
JACOBIANLJ_YILJ_X3 = DELTA_PLI] ; /4DEL_PforPV&PQbus¥/

T Y . Jacob @ & Del #/ '
for(l = 2 3 I ¢ MAX_BUS ;5 I++) /%--- 1 SLACK BUS ---%/
{ if (CHECK_LOAD_BUSLI] < 0) /#--- ONLY PQ_BUS ---%/
{ DIMENSION+4+
for(X =2, J_.X =1 ;3 X ¢ HAX_BUS 5 X++ , J_X++) -
{ JACOBIANLJ_YILJ_X3 = CURL_Q_DELTALTIILX] 3
J /¥ C_Q_D FOR ONLY PQ_BUS %/
for(X = 2 ;3 X ¢ MAX_BUS ; X++)
{ if(CHECK_LOADwBUStX] <O
{ JACOBIANLJ_YILJ_XJ = CURL_Q_VILIILX] 3
J_X4+ 3 /¥ C_Q_V for only PQ_BUS #/

L

3
JACOBIANLJI_YICJ_X3 = DELTA_QLI] ;
J_Y++ 3
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e i Cal Gauss_jordan */

for(J_Y = 1 3 J_Y ¢ DIMENSION+1 ; J_Y++4)

{ for(J.X = 1 3 J_.X ¢ DIMENSION+1 ; J_X+44)
t ifWoX 1= J.D

it

{ HULTI
for(k
{ JACOBIANLJ_X3Ck1 = JACOBIANLJ_X3Ck] -

JACOBIANCJ_X1EJ_Y] / JACOBIANCJ_YILJ_Y] 3

1 3 k ¢ DIMENSION42 5 k+4)

( MULTI % JACOBIANLJ_YICk] ) 3

)

for(J_Y = 1 3 J_Y ¢ DIMENSION+41 5 J_Y+4)

{ TEMP_JACOBLJ_Y] = JACOBIANCJ_YILDIMENSION+1] /
.~ JACOBIANLJ_YILJ_Y]

JE R ekt Make Del V_&_Ang %/
fortk =2, J.Y =13 k ¢ DIMENSION+1 5 k++., J_V+i) /% iS %/
{ DELTA_ANGILk]

TEMP_JACOBLJ_Y] ;3

DELTA_ANGLk] ( DELTA_ANGLk] % 180 ) / 3.141592654.;

}
for(k = 2 3 k ¢ DIMENSION+1 s k++) /%- 1 SLACK BUS -%/
{ if (CHECK_LOAD_BUSLKk]1 ¢ OO
{ DELTA_VOLLk] = TEMP_JACOBLJ_Y] 3
J_Y++ 3 /% vValue of J_Y begin froe before loop #*/

} /e e e End of Make_Jacobian #*/

void Cal_Error()
{

auto int ks
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for(k = 1 3 k ¢ MAX_BUS ; ki+)

n

{ MAGNI_VCk] MAGNI_VCkl + DELTA_VOLCk]

e

ANGLE_VLk] = ANGLE_VCk] + DELTA_ANGLk]

ERROR = DELTA_VOLLk] % DELTA_ANGCK] ;
L e End of Cal_Error %/

void Cal_PQ() /% Ppq - iQpq = Ep"(Ep-EQ)Ypq + Ep"EpYpq2 %/
{

auto int p,q, k, Y3

extern double FLOW_PLSP_MAX_BUSILSP_MAX_BUS]

-e

extern double FLOW_QLSP_MAX_BUSI[SP_MAX_BUS]

we

extern double G_P[SP_MAX_BUS] , G_QLSP_MAX_BUS]

1]

auto double e[SP_MAX_BUS) , fL[SP_MAX_BUS] ;
auto double REAL_1 , IMG.1 , TEMP_DATA ;

J¥mmm e Cal e_f %/~

for(p = 1 3 p ¢ MAX_BUS ; p+4)

{ TEMP_DATA = (ANGLE_V[p] % 3.141592654) / 180

elp)l = MAGNI_VIpl % cos(TEMP_DATA) 3
fCpl = MAGNI_VILpl % sin(TEMP_DATA) 3
)
Ihmmmm e Cal_PQ #/

for(p = 1 3 p < MAX_BUS ; p++$)
{ for(q. = 1 3 q ¢ MAX_BUS ; q++)
{ iftq = p)
{

REAL_1 elpl # ( elpl - elql ) + fIpl % C flp] - fLql ) 3

elpl % ¢ {Cpl - ffq) ) - fCpl ¥ C elpl - elql ) 3
/% Ep”(Ep-Eq) = REAL_1 + JINMG_-1 %/

IMNG_1

TEMP_DATA = REAL_1 % Real_YpqlplCql 3
FLOW_PCplCLq] = TEMP_DATA - ( 1MG-1 ¥ Img_YpqlplLql ) 3
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FLOW_PLplCq) = BASE # FLOW_P{plfql 3

TEMP_DATA = REAL_1 % Img_YpqLpllfql 3

TEMP_DATA = TEMP_DATA + ( IMG_.1 # Real_YpqlplLql ) 3

(]

FLOW_QCpliLql = -1 % TEMP_DATA 3
TEMP_DATA = Img_Ypq2{plfql % ( elpl % elpl + frpl % fCpl ) 3

1

FLOW_Q[pJCql = FLOW_QLpllql - TEMP_DATA ;

FLOW_QLplLql = BASE % FLOW_Q[pllql 3

}

[ kmmmm - Cal G_PQ SLACK BUS %/
for(k = 1 , REAL_.1 = 0 , ING_1 = 0 ; k ¢ MAX_BUS ; kt+)
{ iftk 1= 1)

{ REAL_1 = REAL_1 + FLOW_PL11Ck] 3
G_PL1] = REAL_1 3
IMG_1 = IMG_1 + FLOW_QL11Ck] 3
G.Q[1] = INMG_1 3 )
)
}
G_PCpl = G_PCpl + L_PCpJ ;
G_QCql = G_QCql + L_QLql 5
F e ataatabaly Cal G_Q PV BUS */

for(k = 2 , TEMP_DATA = 0 5 k < MAX_BUS ; k+4)
{ if (CHECK_LOAD_BUSLCK] > 0)
{ for(q = 1 5 q ¢ MAX_BUS ; q++)
{ if(q !'= k)
{ TEMP_DATA = TEMP_DATA + FLOW_QCklI[ql 3
)
} G_Qrk) = TEMP_DATA + L_QCk) ;3

} /fememmmmmemmmemmmmmmm— e mme o m oo ———oooSooosso End of Cal_PQ #/
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void ¥ake_Table()
{

printf ("\nBUS_______ VOLTAGE_MAGNITUDE_______ PHASE_ANGLE\n\R™) 3
for(BUS = 1 ;3 BUS < MAX_BUS ; BUS++)

it

{ printf("{#d1",BUS) 5 Y = wherey() 3
gotoxy( 15,Y) 3 printf ("4f",MAGNI_VLBUSI) 3
gotoxy(36,Y) 3 printf ("#9.6{",ANGLE_VLBUSD) 3
printf("\n") 3
}
for( k =13 k ¢ 60 3 kt+ ) printf("-") 3
printf (" \n\nBUS__G[HW]__Q[MVAR] ___LIMW___VARI_") 3
printf("ToBus____MW________ MVAR__ \n\n") ;
fortp = 1 3 p ¢ MAX_BUS ;5 p+#)
{ printf("f#d1",p) 5 Y = whereyO 3
gotoxy( 6,Y) 3 printf("#5.2f",G_PLpD) 3
gotoxy(13,Y) 3 printf("%7.4f",§_Q[p]) 3
gotoxy (23,Y) sprintf ("#4.11",L_PI(p1) 3
gotoxy(30,Y) 3 printf("#4.1f",L_QLP1) 3
fortq = 1 3 q ¢ MAX_BUS ; q++)
{ if(q i= p)
{ gotoxy(37,Y) 3 printf("#d",q) 3
gotoxy (40,Y) 3 printf("#9.5{",FLOW_PCpllql) 3
gotoxy(51,Y7 ;. printf("%9.5f",FLO¥_Q[plIlql) 5
Y++ 3

) printf ("\n")

we

) printf("\n") H

} Jhmm—emmmmmmm e e mmmme e e s s —es oo oo msos End of Make_Table #/
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s

ﬁaﬂat?uﬁuﬂun17§1u1m7ﬂ1un1u Newton-Raphson Polar Coordinate Method

NUM_BUS_NAME 3

MAX_BUS 3
Bus_Name R_pq X_pq Img_Half_Line_Charging
12 0.08 0.24 6.0
13 0.02 0.06 0.0
2 3 . 0.06 0.18 0.0
Base_in_MVA 100
Bus Voltage G_MW G_MVAR L_MW L_MVAR
i
1 1.05 0 ! 0 0

2 1.03 20 0 50 20
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HANTTAWINEAYTUTUN TN Newton-Raphson Polar Coordinate Method

ITERATION = L[2] = TOTAL

BUS. _____ VOLTAGE_MAGNITUDE________ PHASE_ANGLE
[1] 1.0506000 0.000000
£z1 1.030000 -2.852037
£31 1.024752 -1.947018

BUS____GCMW]___GIMVAR]___LI[MW]__LCMVARI__TO_BUS___MW_______ MVAR__
£1] 91.37329 24.0691 0.00 0.0000 2 22.8718  1.650837
3 68.4013 22.418264

[21 20.00000 25.0507 50.00 20.0000 1 -22.5870 -~0.496144

\

3 -7.4129 5.5469840

£31 0.00000 0.0000 60.00 25.0000 1 -67.4614 -195.55848
2 7.4614 -5.40150

Program terminate press anykey
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LK e e e ¥/
/% FAST DECOUPLE METHOD */
JHmm e SO */

tinclude <¢stdio.h)
$include <conio.h)

#include <math.h)

tdefine SP_MAX_BUS 4

fdefine MAX_Y 3 /e For */

tdefine MAX_X 4 /-—-—- Sol_Matrx ¥/

R External varible for Read_Y_BUS %/
int MAX_BUS ;

double Y_GLSP_MAX_BUSI[SP_MAX_BUS]1,Y_BLSP_MAX_BUSI[SP_MAX_BUS1;
L R e e ‘Read_BVPQ %/
double  BASE_MVA ;

int CHK_BUSLCSP_MAX_BUS] ; /k----- 1slk, 2 pvV , -3 1d %/
double  PschC{SP_MAX_BUS] , Qsch[SP_MAX_BUS]

double  MAGNI_VLSP_MAX_BUS] ;
double  ANGLE_VLSP_MAX_BUS] ;
double  GN_PLSP_MAX_BUS] , GN_QLSP_MAX_BUS]

double  LD_PCSP_MAX_BUS] , LD_QL[SP.MAX_BUS]

we

double  DEL_PbyVLSP_MAX_BUS] ;
"double  DEL_QbyVCSP_MAX_BUSI ;

/e e e e e e %/
main()

{

void Read_Y_BUS() , Read.BVPQ() , Cal_Del.PQ() , Cal_HL(O) ;
void Sol_Matrx() , Print_vVol() , Cal_FlowPQ(O) ;

auto int. LOOP ;
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extern double ERROR ;

clrser() ;3 /#--==—=- Clear screen first */
printf ("FAST DECOUPLE METHOD") ;
Read_Y.BUS() ;

Read_BVPQ()

e

ERROR = 1.0 ;
for(LOOP = 1 3 ERROR > D0.01 3 LOOP++)
{ gotoxy(1,3) s printf("LOOP = [%dl \t ",LOOP) ;
printf ("ERROR = %f ",ERROR) 3
Cal_Del_PQ() ;
Sol_Matrx() ;
Print_Vol() 3
ERROR = ( (ERROR # 1000) # 1000 ) * 100b H
)
Cal_FlowPQ() ;
printf ("Program termination press anykey ") ;
getch(O) ;
return(0) ;
} /e e e e End of Main #/
void Read_Y_BUSQ)

{

FILE %FP ;

extern int MAX_BUS 3

auto int P, BUS_.X , BUS_Y 3
auto char NAMEL20] ;

auto double  DAT ;

F e L e D Read Q_B %/

FP = fopen("DP_Y_BUS.DAT","r") ;

fscanf (FP,"4s",NAME) ; [scanf (FP,"#d",&MAX_BUS) ; MAX_BUS++ 3
for(P =1 3 P ¢ 4 3 Pt+) fscanf(FP,"43",NAME) ;

for(BUS_Y = 1 ; BUS_Y < MAX_BUS ; BUS.Y++)
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{ fscanf (FP, "%s",NAME) 3
for(BUS_X = 1 ; BUS_X < MAX_BUS ; BUS_X++)

{ fscanf (FP,"#1e",%DAT) ; Y_GCBUS_YI[BUS_X1 = DAT ;

fscanf (FP,"#1le",4DAT) 5 Y_BLBUS_YICBUS_X1 = DAT

)
fclose(FP) ;

F Rt Display %/
/e

clrser() 3

printf (" Y.G, Y_B \n\n") ;

for(BUS_Y = 1 ;3 BUS.Y ¢ MAX_BUS ; BUS_Y++)
{ for(BUS_X = 1 3 BUS_X < MAX_BUS ; BUS_X++)
{ printf("C%d %d ,%8.4f,%8.4f] *,BUS_Y,BUS_X,
Y_GLBUS.YJLBUS_X1 , Y_.BCBUS_YICBUS_X1) ;
)
printf("s\n") 3
}
getch() 3

Y R et A e D Lt End of Rcad_Y_BUS #/
void Read_BVPQ()

{

FILE %FP ;

extern double ON._PLSP_MAX_BUS]1 , ON_QLSP_MAX_BUS] , BASE_MVA ;
extern double LD..PLSP_MAX_BUS] , LD.QLSP_MAX_BUS] ;

extern double Psch[SP_MAX_BUS] , Qsch[SP_MAX_BUSI ;

auto int k;
auto char NAMEL20] 3
F e ELE L L L LT Read _BVPQ %/

FP = fopen("DP_BVPQ.DAT","r") ;
{scanf (FP,"#s",NAME) ; [scanf(FP,"%le",LBASE_MVA) ;



135 k<T5

for(k
for(k
{ fscanf (FP,"#d",&CHK_BUSCk])

-e

k++)

1 5 k < MAX_BUS ;

fscanf (FP,"#1le",LMAGNI_VLk])
fscanf (FP,"#le",&ANGLE_VLk])

fscanf (FP,"#1e",&Pschlkl) ;3
fscanf (FP,"#le",Qschlfkl) ;
fscanf (FP,"#1le",&LD_PLk])

PschCk] =
fscanf (FP,"#1le",&LD_QLk]) ;
Qschfkl =
}
fclose(FP) 3

clrser() ;
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’

4

GN_PLk]
GN-QCk1

( QschCkl - LD_QCkl ) / BASE_MVA

k++) fscanf(FP,"%s",NAME) ;

Pschlk]

-e

Qschlkl

( PschCkl - LD_PCkl ) / BASE_MVA ;

e

Display */

printf ("BASE_MVA = %f \n\n",BASE_MVA) ;

for(k = 1 3 k ¢ MAX_BUS 5 ki+){

printf ("CHK_BUS = #d \n", CHK_BUSCk])

»

printf("MAGNI_V=%11.Bf\tANGLE_V=%11.Bf\n",HAGNI_Y(k],ANGLE_V[k]);

printf ("GN_P #11.8f \t GN_Q

printf ("LD_P %11.6f \t LD_Q

]}

411.6f \t Qsch

printf ("Psch
printf("\n") 3
}

getch() 3

void Cal_Del_PQQ)
{
extern double

extern double

1]

DEL_QbyV(SP_MAX_BUS]

411.6f \n",GN_PCk]1,GN_QLkID)
%11.6f \n",LD_PCk]1,LD_Q[CkD)
%11.6f \n",Pschlfkl,Qschlfkl)

End of Read _BVPQ ¥/

DEL_PbyVLSP_MAX_BUS] ;



166

auto double DAT_P , DAT.Q , DAT_COS , DAT_SIN

auto double SUM_P , SUM_Q , DAT_SUM , DAT_ANG

.

auto int P y Q 5
T B ittt Cal_Del_PQbyV ¥/
for(P = 1 5 P ¢ MAX_BUS ; P++)
{ SUM.P = 0 3 SUM.Q = 0 3
for(Q = 1 ; Q < MAX_BUS ; Q++)

L)
o
>
e
o
m

0

it
o

DAT_Q ;
DAT_ANG = ANGLE_VLP] - ANGLE_VLQ] 3
DAT_ANG = (DAT_ANG * 3.141592654 ) / 180 ;

DAT_COS = cos( DAT_ANG )

DAT_SIN = sin( DAT_ANG ) ;
DAT_P = Y_GLPICQ] * DAT_COS ;
DAT_P = DAT_P + ( Y_BCPILQI #% DAT_SIN ) ;
DAT_P = DAT_P % MAGNI_VLQl ;
DAT_Q = Y_GLPILQ] #* DAT_SIN ;
DAT.Q = DAT_Q - ( Y_BLPILQ] % DAT_COS ) ;
DAT_Q = DAT_Q * MAGNI_VLQ1
SUM_P = SUM_P + DAT_P ;
SUM_Q = SUM_Q + DAT-Q ;
)
SUM_P = SUM_P % MAGNI_VLP] ;
SUM-Q = SUM_Q % MAGNI_VLP] ;
SUM_P = PschCP] - SUM_P ;

DEL_PbyVLP]1 = SUM_P / MAGNI_V{P]

SUM_Q = QschCP] - SUM.Q ;
DEL..QbyVLP] = SUM_Q / MAGNI_VCP]

T R e Display % /
clrser(¢) ;

for(P = 1 5 P ¢ MAX_BUS ; P++)
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{ printf ("DEL_PbyV[%d]

#11.7f \t",P,DEL_PbyV[P1)

printf("DEL_QbyVL%d]l = %11.7f \n",P,DEL_QbyVL[P1)

-e

}

getch() 3

[ Hmm i mm e End of Display %/

Y e L L L P L PP e End of Cal_Del_PQ %/
void Sol_Matrx()

{

auto int P_EQATN , Q_EQATN ;

auto double  DAT , MULTI , ANSCMAX_Yl , JCBNLMAX_YILMAX_X] ;
auto int Y,X, Z, BUS, B.X, B_Y ;

extern double ERROR , ERROR_OLD , ERROR_NEV ;

R Cal_PQ_EQATN %/
for(BUS = 1 , P_EQATN = 0 , Q_EQATN = 0 ; BUS ¢ MAX_BUS ; BUS++)

{if (CHK_BUSCBUS] != 1) P_EQATN++ ; /¥---- DelP use 2pv , -31d %/
if (CHK_BUSCBUS1 < 0) Q_EQATN++ 5 /¥----- DelQ use -31d ¥/
) :

T \, £ DelP , JCBN (= Y_B %/

for(B_Y = 2 , Y = 1 3 B_Y ¢ MAX_BUS ; B_Y++ , Y+4)
{for(B_X = 2 , X = 1 3 B_X < MAX_BUS ; B_X++ , X++)
{DAT = Y_BCB_YILB_X1 ;

JCBNCYICX] = -1 # DAT ;

)

)

F R ittt JCBN <= DelPbyV %/

for(Y =1, B.Y = 2 3 Y < 3 ; Yé+ , B_Y+4)
{JCBNLY1L31 = DEL_PbyV[B_Y] ;

BUS++ 3

)

F R aiatatate Cal Del_AngleV %/
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for(Y = 1 3 Y ¢ P_EQATN+1 5 Y++)
{  for(X =13 X ¢ P_EQATN+1 ; X+4)
{  if(X =1
{  MULTI

JCBNCXICY] / JCBNLYILYD 3

for(Z = 1 ;3 Z ¢ P_EQATN+2Z ; Z+t)
{ - JCBNLX1[Z1=JCBNLX1C[Z1-(MULTI¥JCBNLYILZ1) 3

}

b
for(Y = 1 3 Y ¢ P_EQATN+1 ;5 Y++4)
{ ANSLY1 = JCBNCYILP_EQATN+11 / JCBNLYILYD 3
}
IHmmm e m e e Angle_V + Del_AngleV ¥/
for(Y =2, Z =13 Y < MAX_BUS 5 Y++ , Zit)
{ DAT = ANSLCZ] ;
ANGLE_VLY] = ANGLE_VLY]1 + DAT 3

J I ettt bl Cal Del_MagniV #/
[Hmmmmmmm e Magni_V + Del_Magni ¥/
DAT = Y_BC31L3] 3

DAT = DEL_QbyvL31 / ( -1 ¥ DAT ) 3

MAGNI_VL31 = MAGNI_VL31 + DAT ;

ERROR_NEW = MAGNI_VC31 ;3

ERROR = ERROR_OLD - ERROR_NEW 3

if (ERROR ¢ 0) ERROR = -1 ¥ ERROR 3

J¥ommmmm e Angle_240 = -120 %/

for(BUS = 2 ; BUS ¢ MAX_BUS ; BUS++)

{ if( (ANGLE_VC11 % ANGLE_VLBUS]1) < 0/} )

{ if ¢ ANGLE_VC11 ¢ 0 ) ANGLE_VLBUS] = ANGLE_VILBUS] - 360
if ¢ ANGLE_VL11 > 0 ) ANGLE_VL[BUS] != 360 - ANGLE_VIBUS]

-e



if ( ANGLE_VCBUS] > 360 ) ANGLE_VLBUSI,
if ( ANGLE_VLBUS] ¢ -360 ) ANGLE_VLBUS]
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ANGLE_V[BUS] - 360
ANGLE_VLBUS] + 360

3

-e

e

e L L Fom e —————— End of Sol_Matrx ¥/

void Print_vol()

{

extern double

auto

int

printf ("\n\n")

printf ("BUS

for(BUS = 1 ;

MAGNI_V[SP_MAX_BUS] , ANGLE_VLSP_MAX_BUS]

MAGNI_V-~=---~ r~~=ANGLE_V \n\n") ;
BUS ¢ MAX_BUS ; BUS++)

{printf("C*d1",BUS) ;

printf(" #13.8f ",MAGNI_VLBUSI)
printf(" #13.8f ",ANGLE_VLBUSI)

printf("\n") ;

}

-

I R e Rt bttty e e i e e e o e End of Prn.V ¥/

void Cal_FlowPQ()

{

aubo
auto
auto
extern
extern
extern
extern
extern
extern
auto

auto

int

double
double
double
double
double
double
double
int

double
double

/%--Ppq - iQpq = Ep"(Ep-Eq)Ypq + Ep "EpYpq2 %/

P.q, k, X, Y3
FLOW_PLSP_MAX_BUS1[SP_MAX_BUS]
FLOW_QLSP_MAX_BUSIL[SP_MAX_BUS]

»
’

GN_PLSP_MAX_BUS1 , GN_QLSP_MAX_BUS] ;

LD_PLSP_MAX_BUS] , LD_GLCSP_MAX.BUS]

Y_GLSP_MAX_BUSICSP_MAX_DBUS] ;
Y_BLSP_MAX_BUSICSP_MAX_BUS]1 ;
BASE_MVA ; )
CHK_BUSLSP_HAX_BUS] 3

e[ SP_MAX_BUS1 , fLSP_MAX_BUS]
REL , IMQ , DAT ;

s
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D ittt Cal ef #*/

for(p = 1

b4

p < MAX_BUS ; p#4)

{ DAT = ( ANGLE_VLCp] % 3.1415952654 ) /180 ;

elpl
frpl

il

MAGNI_VLpl ¥ cos( DAT )

L 2]

"1 )

MAGNI_VCpl # sin( DAT )

JHmmmm e Cal Flow PQ %/

p < MAX_BUS ; p++)

=1 3 q ¢ MAX_BUS ; q++)

f(q '= p)

REL = elpl#( elpl - elql ) + fCpl#( fCpl - fLql )
IMG = elpl¥( fCpl - fLql ) - flpl*( eCpl - elql )
(¥ Ep” (Ep-Eq) = REL + JjIMG %/

DAT = REL * Y_GLpllqJ) ;

DAT

DAT - ( IMG #* Y_BCpl[ql ) 5

FLOW_PLpl1Lq1l -1 % DAT ;

BASE_MVA ¥ FLOW_PL[pllql

FLOW_PLpILq]
REL % Y_BLplCql ;
DAT + ( IMG * Y_G(plLql ) 3

DAT

DAT

fl

FLOW_QCplLq] DAT 3

FLOW_QCplLql BASE_MVA % FLOW_QLplLql

Y Cal ON.PQ Slack bus %/

for(k = 1

REL = 0 , IMG = 0 ; k < MAX_BUS ; ki+)

{ ifdk 1= 1)
REL = REL + FLOW_PL11Ck1 ;

{

GN_PL1) = REL ;

IMG = IMG + FLOW_QC11Ck]

GN_QL1]1 = ING ;

-
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GN_PCLpl = GN_PCpl + LD_PCpI ;
GN_QCq) = GN_QCql + LD_QLql 3
/Hmmm e m e Cal GN.Q PV bus ¥/
for(k = 2 ,.DAT = 0 ; k < MAX_BUS ; k++)
{ if (CHK_BUSCk1 > 0)
{ for(q = 1 3 q < MAX_BUS ; q++)
{ if(q 1= k)
{ DAT = DAT + FLOW_QCklCql 3
}
3
GN_QCkl = DAT + LD_QLk] ;.

/Hmmmmm e m e m e m Display Flow_PQ ¥/
printf("\n");for(p=1;p<77;p++)printf("-");printf("\n\n") 5
printf ("BUS__._- GLMW] .- GLMVARI LCMWI__LLMVARI™)

.

printf("__TO_BUS_ - Myl il =M/ & MVAR____\n\n ") 3

for(p = 1 3 p ¢ MAX_BUS; p++)

{ printf("C4d1",p) ;3 Y = whereyO 3
gotoxy( 4,Y) ; printf(” %11.7f %11.7f ",GN_PCpl,GN_QLpD)
gotoxy(30,Y) ; printf(” 97.3f %7.3f ",LD_PCpl,LD_QCpD)
for(q = 1 3 q ¢ MAX_BUS 5 q++)

{ if¢q = p)

-e

{ gotoxy(51,Y) printf("#d",q)

gotoxy(55,Y) 3 printf("#411.7¢",FLOW_PLpILql) 5
gotoxy(68,Y) 3 printf("411.7f",FLO¥_QCpILql) 3
Y+t 5

) printf("\n™)

) printf("\n") ;3

.
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v - v .
na}‘la L TNﬂ.u.lun'\Tﬁ']uqm

Base_in_MVA 100
Bus Voltage_Angle G_MW G_MVAR L_M¥W L_MVAR

1 1.05 0 0 0 0 0

2 1.03 0 20 0 50 20
-3 1.00 0 0 ] 60 25
MAX_BUS 3

1 2 3
1 6.2500 -18.7500 -1.2500 3.7500 -5.0000 15.0000

2 -1.2500 3.7500 2.9167 -8.7500 -1.6667 5.0000

3 -5.0000 15.0000 -1.6667 5.0000 6.6667 -20.0000
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Wan1TauausasTuTunTN Fats-decouple Method

ITERATION = [822]

BUS MAGNI_V__ ANGLE.V
11 1.05000000 0.00000000
£21 1.03000000 -2.85203714
£31 1.02475239  -1.94701308

..__..._-_-._—.._—_—__._-.—_-_.-__—_—_..—_—..—_.-—_-____.———__—-..—__.._-._.--._—_.._..

BUS____G[MW]___G[MVAR]___L[MW]__L[HVAR]__TO_BUS___MW_

[1]1 91.37283 24.069057 0.00 0.0000

[2] 20.00000 25.05083 50.00 20.0000

£31  0.00000 0.0000 60.00 25.0000

Progran terminate press anykey

2
3

MVAR
22.8719 1.6508375
68.4013 22.4182202
-22.5870 -0.4961449
~-7.4129 5.5469820
-67.4614 -19.5984560
7.46813 -5.4015434
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------------------------------------------------------- ¥/
THREE-PHASE LOAD FLOW ¥/
FAST DECOUPLE METHOD */

#include ¢stdio.h>

tinclude <conio.h>

tinclude <math.h>

gdefine
tdefine

gdefine

int
double
double

int

double
double
double
double

double
7 —

main()

{

SP_MAX_BUS 4

SP_MAX_Y T /l¥-=--- For */

SP_MAX_X B /k-~——- Sol_Matrix #/
--------------------- External vValibles for Read_Y_BUS #/
MAX_BUS 3

Y_GC41CSP_MAX_BUS1L41CSP_MAX_BUS] ;
Y_BLA4ILSP_MAX_BUSIL41CSP_MAX_BUS] ;
[phase-x][bus_x]Ephase_y][bus_y] %/

-------------------------------------------- Read _BVPQ ¥/

BASE_MVA ;
CHK_BUSLSP_MAX_BUS]

we
~
e

----- 1slk, -2 pv, 31d ¥/
GN_PC41CSP_MAX_BUS] , GN_.QL41CSP_MAX_BUS]

LD_PC41CSP_MAX_BUS] , LD_QCAILSP_MAX_BUSI ; /#4=Phase %/
pschr41CSP_MAX_BUS] , QschC41CSP_MAX_BUS] ;
MAGNI_VL41CSP_MAX_BUS] , ANGLE_V[41[SP_MAX_BUS1 ;

---------------------------------------- Cal_Del_PQbyVv */

DEL_PbyVL[41[SP_KMAX_BUS] , DEL_QbyVC{41LSP_MAX_BUS] 3

------------------------------------------------ Cal_M %/
M_C41CSP_MAX_BUSIL41LSP_MAX_BUS] ;
[phase_x1lbus_x1{phase_ylCbus_.yl #/

--------------------- Smmmssmmmmmemesommes Sol_Matrix #/
ERROR , ERROR_OLD , ERROR_NEW 3
------------------------------------------------------- %/
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void Read_Y_BUS() , Read_BVPQQ) , Cal_Del_PQbyv() , Cal_MQ) 3
void Sol_Matrix() , Print_VolO) , Cal_Flow-PRO)

auto int LOOP

extern double ERROR ;

clrscr() 3 /k--=-- Clear screen first #/

printf ("FAST DECOUPLE THREE-PHASE LOAD FLOW") 3

Read_Y_BUS() 3

Read_BVPQ() 3

ERROR = 0.1 3

for(LOOP = 1 ;3 ERROR > 0.01 3 LOOP++)

{ gotoxy(1,3) ; printf ("LOOP = [#d] \t " LOOP) 3
printf ("ERROR = #f ",ERROR) ;
Cal_Del_PQbyv() ;
cal_MO) 3
Sol_Matrix() ;

Print_vol(Q) 3
ERROR = ( (ERROR #* 1000) % 1000 ) * 1000 3

}

printf("Press anykey ") s

get.ch() 3

Cal_Flow_PQQO) 3

printf ("Progran termfnate press amykey ") ;3

getch() 3

return(0) ;

) /*--——-—-—-—-—---—‘~-——-————-——; --------------- End of Main #/

void Read_Y_BUSQO)

{

FILE xFP 3
auto  char NAMEC9] 3
auto int Yy, p1, B2, P33, B4;

suto  double  DAT 3
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extern int MAX_BUS 3
extern double Y_G[4]ESP_HAX_BUS][4][SP_MAX_BUS] s
extern double Y_B[4][SP_HAX_BUS][4]ESP_MAX_BUS] H

FP = fopen("3P_Y_BUS.DAT","r") 3
fscanf (FP,"4s",NAME) ;3 fscanf (FP,"%d" ,&MAX_BUS) 3
MAX_BUS++ 5 /¥-—--- Array[4] = 0 to 3 #/
for(B_2 = 1 3 B_2 < MAX_BUS ; B.2+4)
{ for(B_4 = 1 ; B_4 < MAX_BUS 3 B_4++)
{ for(Y =13 Y ¢ 6 5 Y++) fscanf (FP,"4s",NAME)
for(P_1 = 1 3 P_1 ¢ 4 3 P_1+4)
{ fscanf (FP,"%s",NAME) 3
for(P_3 = 1 3 P_3 ¢ 4 ; P_3++)
{ fscanf (FP,"41e",&DAT) 3

Y_GLCP_11CB_21CP_31LB_41 = DAT 3
fscanf (FP,"%1le",&DAT) 3
Y_BCP_13CB_21CP_31CB_41 = DAT 3
}
)
}
)
fclose(FP) ;
PR BT Display * /
clrser() ;
for(B.2 = 1 ;3 B_2 < MAX_BUS 3 B_2++) ,
{ for(B_4 = 1 ; B_4 ¢ MAX.BUS 3 B_4++4)
{ for(Y = 1 3 Y <435 Yid)
printf (" e PHASE 4d__.__ " Y 3
printf("\n") 3 )
for(Y =1 ; Y < 4 5 Y+) ‘
printf (" e [+ TR B_...") 3

printf("\n") 3
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for(P_1 =1 3 P.1 ¢ 4 5 P_1++)

{

}

for(P_3 =1 ; P.3 < 4

{ printf ("C#d%d%d*d,#%8.4f,%8.4f]
P_3,B_4,Y_GCP_11[B_21CP_31(B_41,

3 P_3+1)

Y_BLP_11CB_21CP_331[B_41) ;

}
printf("\n") ;

getch() 5 printf("\n") ;

void Read_BVPQ()

{

FILE
auto
auto
auto
extern
extern
extern
extern

extern

int
char
double
int
double
double
déublc
double

*FP ;

Z, BUS, B, PHASE ,

NAMEC151 3

DAT 3

BASE_MVA , MAX_BUS |,
GN_PLA4ICSP_MAX_BUST ,
LD_PL41CSP_MAX_BUS] ,
PschC41CSP_MAX_BUSI ,

CHK_.BUSCSP_MAX_BUSI
GN_QL41CSP_MAX_BUS]
LD_QL41LSP_MAX_.BUS]
Qsch{41CSP_MAX_BUS]

",P_1,B_2,

End of Read_Y_BUS

-
14
3
b4
-
?

-
’

*/

MAGNI_VL41[SP_MAX_BUS] , ANGLE_VC4ILSP_MAX_BUSI]

FP = fopen("3P_BVPQ.DAT","r") 3

Cscanf (FP,"45",NAME) ; fscanf (FP,"%d",LBASE_HVA) ;

F R e L L L L L Dt Read Gen P Q

for(Z =
for(BUS

¥/

13 Z < 11 ; Z++) fscanf (FP,"#s",NAME) ;

.:1;

BUS ¢ MAX_BUS ; BUS+H)

{ fscanf (FP, "4d",&CHK_BUSCBUS]) ;

for(PHASE = 1 ; PHASE ¢ 4 ; PHASBE++)

{

fscanf (FP,"41e" ,4DAT) ; GN_

PLPHASEILBUS] = DAT
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for(BUS =
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fscanf (FP,"#%1le",&DAT) ; GN_QIPHASEILBUS] = DAT ;

————————————————————————————————————— Read Load P Q ¥/
3 Z ¢ 11 3 Z+4) fgcanf(FP,"%s",NAME) H
1 ; BUS ¢ MAX_BUS ; BUS++)

{ fscanf (FP, "#s",NAME) ;

for(PHASE = 1 3 PHASE ¢ 4 ; PHASE++)

{

for(z =1
for(BUS =

fscanf (FP,"%1le",&DAT) ; LD_PLPHASEILBUS] = DAT 3
PschCPHASEILBUS) = (GN_PLPHASEIL[BUS1-DAT)/BASE_MVA

wve

fscanf (FP,"%le",&DAT) ; LD_QLPHASEILBUS] = DAT 3
Qsch[PHASEILBUS] = (GN_QLPHASEJCBUSI-DAT) /BASE_MVA

we

-------------------------------------- Read Voltage ¥/
s 7 ¢ 11 3 Z++) fscanf (FP,"#s",NAHE) 3
1 ; BUS ¢ MAX_BUS ; BUS++)

{ fscanf (FP,"%s",NAME) ;

for(PHASE = 1 ; PHASE < 4 ; PHASE#+)

{

fscanf (FP,"%41e",&DAT) 3
MAGNI_VLPHASEILBUS] = DAT 3
fscanf (FP,"%le" ,&DAT)
ANGLE_VCPHASEILBUS] = DAT ;

R TEET Display * /

¢lrser()

printf ("BASE_MVA = %d \n\n", BASE_MVA)
for(B = 1

-e

;3 B ¢ MAX_BUS ; B++)

{ for(P =1 3 P C 4 5 P+4)

{

prinhf("MAGNI_V[%d][%d]=[%B.3f]",P,B,HAGNI-V[P]EBJ) H
if(P ¢ 3) printf(" ™) ;5 else printf("\n") 3



}

for(P =13 P ¢ 4 5 P+4)

{ printf ("ANGLE_V[#d1[%d]

if(P ¢ 3) printf("™ ™)
}
for(P =135 P ¢ 4 ; P++)
{ printf("  GN_PC%d1[%d]
if(P ¢ 3) printf(" ™)
}
for(P =1 3 P < 4 ;5 Pi+)

{ printf ("  GN_QC%dIL%d]

if (P ¢ 3) printf(¢(" ™)
}
P++)

for(P =1 ; P < 43

{ printf (" LD_PL#d1(%d]
if(P ¢ 3) printf("” ™)
}

Pt+)

for(P =13 P ¢ 4 ;

{ printf (" LD_QL%d1CL%d]

if(P ¢ 3) printf(" ™)
}
for(P =13 P ¢ 4 5 Pt+)
{ printf ("  Pschl2d1[%d]
if(P ¢ 3) printf("” ")
)
for(P =13 P ¢ 4 5 P+t)
{ printf ("  QschC#d1C%d]

if(p ¢ 3) prinbf(" ")
)
printf("\n") ;

gebehO) 5
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=[%8.3f1",P,B, ANGLE_VCPICB])

; else printf("\n") ;

=(%8.3f1",P,B,GN_PLPILB])

s else printf("\n") ;

=[%8.3f1",P,B,GN_QCPI[B])

3 else printf("\n") ;

=[%8.3f1",P,B,LD_PLPILBI1)

.

; else printf("\n") ;

=[48.3f1",P,B,LD_QCPICB1)

e

5 else printf("\n") ;

=[%8.3f1",P,B,Psch[PIL(BI1)

; else printf("\a™ ;

=[%8.3f1",P,B,QschCPILB1)

; else printf("\n") ;
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R T ittt T T SRS End of Read_BVPQ %/
void Cal_Del_PQbyV()

{

extern double DEL_PbyV[41[SP_MAX._BUS]1,DEL_QbyVL41C[SP_MAX_BUS]

.e

extern double MAGNI_VL41L[SP_MAX_BUS] » ANGLE_VL41CSP_MAX_BUS]

e

extern int MAX_BUS ;
extern double  PschC[4)1[SP_MAX_BUS] , QschC41C[SP_MAX_BUS] 5
extern double Y_GL4ILSP_MAX_BUSIL41CSP_MAX_BUS]

extern double  Y_BL41CSP_MAX_BUS1C41(SP_MAX_BUS]

auto double DAT-P , DAT_Q , DAT_.Y , SUM_P , SUM_Q 3

auto double DAT..COS , DAT_SIN , DAT_ANG
auto int BS.1 » BS_K s PH_P » PH.M 3

for(BS.1 = 1 ; BS_I ¢ MAX_BUS ; BS_I++)
{ for(PH_P = 1 5 PH_P < 4 ; PH_P++)

i

{ SUM_P

0
SUM_Q = 0 ;

L]

for(BS_K = 1 ;3 BS_K < MAX_BUS ; BS_K++)
{ for(PH.M = 1 ; PH_M ¢ 4 ; PH_M++)

{ DAT_ANG = ANQLE_VCPH_PIL[BS.I] ;

DAT _ANG

1]

DAT_ANG - ANGLE_VLPH_MICBS_K] ;

DAT_ANG = ( DAT.ANG % 3.141592654 ) / 180 ;

i

DAT_SIN = sin( DAT_ANG ) ;

DAT_COS = cos( DAT_ANG ) ;

DAT_P = Y_GCPH_PICBS_IICPH_MILBS_K]

DAT_P % DAT_COS ;
Y_BCPH_PICBS_I1CPH_MIL[BS_K]
DAT.Y % DAT_SIN ;

DAT_P

L

DAT_Y

1

DAT_Y

DAT.P + DAT.Y ;
Y_GLPH.PICBS_TICPH_MILBS_K1
DAT_Q % DAT.SIN ;

DAT._P
DAT_Q
DAT_Q

1
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DAT.Y = Y_BCPH_PICBS_IJCPH_MI1(BS_X1 3
DAT.Y = DAT.Y % DAT._COS ;

DAT.Q = DAT_Q - DAT.Y ;

DAT_P = DAT_P * MAGNI_V[PH_k][BS_K] H
DAT_Q = DAT.Q * .MAGNI_VCPH_MIL[BS_K1 3
SUM-P = SUM_P + DAT.P ;

SUM.Q = SUM_Q + DAT.Q ;

}
SUM_P

SUM_P % MAGNI_VCPH_PICBS.I] ;

SUM_P = Psch{PH_PILBS_I] - SUM_P ;
DEL_PbyVCPH_PILBS_I1 = SUM_P / MAGNI_VCPH_PICBS_I]

SUM_Q

SUM_Q * MAGNI_VLPH_PILCBS_IJ ;3
SuUM_Q

QschCPH_PICBS_I1 - SUM_Q ;
DEL_QbyVCPH_P1CBS_I1 = SUM_Q / MAGNI_VCPH_PICBS_11]

/R Display * /
clrscr() ;
for(BS_I = 1 3 BS_I ¢ MAX_BUS ; BS_I++)
{ for(PH_P = 1 ; PH_P < 4 ; PH_P++)
{ printf ("DEL_Pbyv{#d1[%d1=C49.6f1 ",PH_P,BS_I,
DEL_PbyVIPH_PICBS_11) ;
)
printf("\n") 3
)
printf("\n") 3
for(BS.1 = 1 3 BS_I ¢ MAX_BUS ; BS_I+H)
{ for(PH_P = 1 5 PH_P < 4 ; PH_P++)
{ print[("DEL—QbyV[%d][%d]=[%9.Bf] " PH_P,BS_I,
DEL_QbyVLPH_PI1[BS_11) 3

e
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printf("\n") ;
}

printf("\n") ;

getch() ;
J End of display %/
I e e End of Cal_Del_PQbyV #/

void Cal_MQO)
{
extern double M_C41CSP_MAX_BUSIL41LSP_MAX_BUS] ;
extern double Y_GL4ILSP_MAX_BUSICL41LSP._MAX_BUS] ;
extern double ~ Y_BL41LSP_MAX_BUSIC41CSP._MAX_BUS] 3
auto int PH_ P, BS.I , PH.¥ , BS_X, BS_L , BS_J 3
auto int P11 ,B.2 ,P.3 , B_4 3
auto double DAT1 , DAT2 , DAT_ANG , DAT_SIN , DAT_COS ;
extern int MAX_BUS ;
b et LT L e e L ~~ Cal_M ¥/
for(PH_P = 1 ;3 PH.P ¢ 4 ; PH_P++)
[ for(BS_I = 1 3 BS_I < MAX_BUS ; BS_I++)
{ for(PH_M = 1 5 PH_M ¢ 4 ; PH_M++)
{ for(BS_K = 1 ; BS_K ¢ MAX_BUS ; BS_K++)
{ if (PH.P == 1 && PIH.M == 2) DAT_ANG = 120

e

if(PH_P == 1 && PH_M == 3) DAT_ANG = -120 ;
if(PH_P == 2 && PH.M == 1) DAT_ANG = -120 ;
if(PH_P == 2 L& PH_M == 3) DAT_ANG = -240 ;
if(PH_P == 3 && PH_M == 1) DAT_ANG = 120 ;
if (PH_P == 3 && PH_M == 2) DAT_ANG = 240 ;
if (PH_P == PH_M) DAT_ANG = 0 ;

DAT_ANG = ( DAT-ANG % 3.1415928654 ) / 180 ;
DAT_SIN = sin( DAT_ANG ) ;

DAT_COS = cos( DAT_ANG ) ;

DAT1 = Y_GCPH_PICBS_TICPH_M1CBS_KI1 ;

DAT1 = DAT1 # DAT_SIN ;

i
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DAT2 = Y_BCPH_PICBS_IICPH_MICBS_K1 ;
DAT2 = DAT2 # DAT.COS 3,
DAT1 = DAT1 - DATZ 3

M_CPH_PICBS_I1CPH_MI[BS_K1 = DAT1 3

FE TR Display % /
clrser() 3
for(B_2 = 1 3 B.2 ¢ MAX_BUS 3 B_2++)
{ for(B_4 = 1 3 B_4 ¢ MAX_BUS 3 B_4++4)
{ for(P_1 =13 P.1 < 4 5 P_1++)
{ for(P_3 =1 3 P.3 ¢ 4 ; P_3++)
{ printf("H-[%d][%d][%d][%d][%&.4f] ",P_1,
B_2, P_3,B_4,M_[P_11[B.21CP_31[B_41) 3
)
printf("\n") ;
}
getch() 3 printf("\n") 3

} Jheemmmmmmmmmmmem—mmms——sms e oo Smmm oo EmTmEETTT End of Cal_M ¥/
void Sol_Matrix() —

{

auto double  DAT , MULTI , ANSLSP_MAX_Y] 3

auto double JCBNLSP_MAX_YICSP_MAX_X1 3

auto int Yy, 2z, X, P, B2, P3 , B4 , BX , BY 5

auto int P_EQATN , Q-EQATN ;

extern double  ERROR , ERROR_OLD , ERROR_NEW ;

extern double M_C410SP_MAX_BUSIL4ILSP_MAX_BUS] 3
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J R e L L E R R Clear all #/
for(Y = 1 ;3 Y ¢ SP_MAX_Y § Y++)
{ for(X = 1 ; X ¢ SP_MAX_X ; X++)

{ JCBNLYICXI = 0 3

JHmmmmmmm e DelP , JCBN <= M %/

for(B2 = 2 3 B2 < MAX_BUS ; B2+4)
{ for(P1 = 1 ;3 P1 < 4 5 Pl++, Y+4)
S for(B4 = 2, X = 1 ; B4 ¢ MAX_BUS ;5 Ba++)
{ for(P3 = 1 ;5 P3 ¢ 4 3 P3++ , Xt+)
{ DAT = M_[P11CB21LP31LB4] ;
JCBNLYILX] = DAT ;

P2 | W~ Ying JCBN <= DelPbyV ¥/

for(B2 = 2 ;5 B2 < MAX_BUS ; B2++)
{ for(P1 =1 3 P1 ¢ 4 ; Pl+t , Ye)
{ DAT = DEL_PbyV[P13[B2] ;
JCBNLYIC7] = DAT ;

) .
2 e ittt DelP , SolMatrix #/
P_EQATN = 6 3
for(Y = 1 ; Y ¢ P_EQATN+1 3 Y+i+)
{ for(X = 1 3 X ¢ P_EQATN+1 ; X++4)
{  ifXt=1 ’
{ MULTI = JCBNLXILYl / JCBNLYILY] 3
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for(Z = 1 3 Z < P_EQATN+2 ; Z++)

{ JCBNLX1CZ1 = JCBNCX1CLZ1-(MULTI#*JCBNLYILZ1)

}

}
for(Y =1 ; Y < P_EQATN+1 3

Y+4)

{ ANSCY] = JCBNLYICP_EQATN+11 / JCBNLYILYID 3

JE e ittt Angle = Angle + Del %/
Y=13
for(B2. = 2 ; B2 ¢ MAX_BUS ; B2++)
{ for(P1 =1 3 P1 ¢ 4 ;3 Pl++ , Y++)
{ DAT = ANSLY] ;5
DAT = ANGLE_VEP11{B2] + DAT ;
ANGLE_VCP11[B2]1 = DAT ;
)
}
/¥ m———————— pelQ , JCBN ¢= M ¥/
for(P1 =1, Y =13 P1< 4 ; Plt+ , Yi4)
{ for(P3 =1, X =13 P3 ¢ 4 3 P3++ , Xit)

{ DAT = M_[P11L31CP3
JCBNLYILX] = DAT ;5

1031

J R et Ll JCBN <= DeclQbyVv »/
for(Y =1, P1 =13 Y <C4; Yit , P14+
{ DAT = DEL_QbyVCP13L3]1 ;

JCBNCYIC4] = DAT 3
3
P ettt el DelQ , SolMabrix %/

Q-EQATN = 3 35

’



186

for(Y =1 5 Y ¢ Q_EQATN+1 ; Y++)
{ for(X = 1 ; X < Q-EQATN+1 ; X++)
{ if(X t= YD
{ MULTI

JCBNLXILY] / JCBNLYICYD 3

i

for(Z = 1 3 Z < Q_EQATN+2 ; Zi+)
{ JCBNLXILZ] = JCBNLXICLZI-(MULTI*JCBNLYILZ1)

}

}

for(Y = 1 3 Y < Q_EQATN+1 ; Y++)
{ ANSLY] = JCBNLYILQ_EQATN+11 / JCBNLYILY] ;

IHmmmm e Magni = Magni + Del ¥/
fortY =1, P1 =13 P1<C 4 ; Yt+ , Pl+4)

i
o
=
=3
"

ANSLY] 3

DAT = DAT + MAGNI.VLP11[3]

_e

ERROR_OLD = MAGNI_VCP11{3]

we

MAGNI_.VLP11C3]1 = DAT ;
ERROR_NEW = MAGNI_VCP11[3]

s

ERROR = ERROR_OLD - ERROR_NEW ;
if (ERROR ¢ 0) ERROR = -1 ¥ ERROR ;

F T et L L Angle_240 = -120 %/

for(B2 = 2 3 B2 ¢ MAX_BUS ; B2++)

{ for(P1 =1 3 P1 ¢ 4 5 Pl4t)

{ if ((ANGLE_.VLP11[1] % ANGLE.VCP11LB21) < 0)
{ if (ANGLE_VLP11(1] ¢ 0)
{ DAT = ANQLE_VLP11LB2] - 360 3
ANGLE_VLP11CB2] = DAT ;

)
if (ANGLE_VCP11L11 > 0)

-
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{ DAT = 360 - ANGLE_VCP11[B21 ;
ANGLE_VCP11[B21 = DAT 3

}
if (ANGLE_VCP11LB21 > 360)

{ DAT = ANGLE_VLP11LB2] - 360 ;
ANGLE_.VCP11CB21 = DAT ;
}
if (ANGLE_VLP11L[B2]1 ¢ -360)
{ DAT = ANGLE.VCP11CB21 + 360 ;
ANGLE_VCP11CB21 = DAT 3
X
)
}
¥/
L ittt lo bbbt tabebatdet End of Sol_Matrix ¥/

void Print_vol(Q)
{

extern double MAGNI_V[41CSP_MAX_BUS] , ANGLE_VL41[SP_MAX_BUS]

auto int BUS , PHASE 3

for(BUS = 1 ; BUS ¢ MAX_BUS ; BUS++)
{ priptf("\n\n") 3

printf ("BUS____PHASE_____ MAGNI_V ANGLE_V\n")

for(PHASE = 1 ; PHASE ¢ 4 ;3 PHASE++)

{ printf("C%d] ",BUS) ; printf("[4d1",PHASE) 3

prinhf("%13.Bf",MAGNI_V[PHASE][BUS]) H
printf¢” ") s
prinhf("%13.8[",ANGLE_V[PHASE][BUS]) H

printf("\n") ;3

] Jhmemmmemmmm e mmme e e e mm s s esm e — e End of

Print_Vol

»/
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void Cal_Flow_PQ() /% Ppq - iQpq = Ep"(Ep-EqQ)Ypq + Ep"EpYpq2 #/
{

auto int p,q, k, X, Y, BUS, PH ;

auto double FLOW_PL41[SP_MAX_BUS1[41LSP_MAX_BUS]
auto double FLOW_QL41[SP_MAX_BUSI[41LSP_MAX_BUS] 3
extern double’ GN_PL41LSP_MAX_BUS] , GN_QL41CSP_MAX_BUS]

ve

extern double LD_PC41[SP_MAX_BUS1 , LD_GL[4][SP_MAX_BUS]1 ;
extern double Y_GL41CSP_MAX_BUS1C41CSP_MAX_BUSI 3

extern double  Y_BCL4JCSP_MAX_BUSI[41L[SP_MAX_BUS] ;3

extern int BASE_MVA , CHK_.BUSLSP_MAX_BUS] ;

auto double e[41[SP_MAX_BUS1 , FL41CSP_MAX_BUS] ;

auto double REL , IMG » DAT 3

[ m = e ———————— Cal ef */

for(PH = 1 3 PH ¢ 4 5 PH+$)

{ for(p 1 ;3 p ¢ MAX_BUS ; p++)

{ DAT = ( ANGLE_VLPHICp] % 3.141592654 ) / 180 ;

e[PH1Cp] = MAGNI_VIPHICpl ¥ cos( DAT ) ;
fCPHICP] = MAGNI_VCPHICpl * sin( DAT ) 3
}
}
JE R e e e L e L et Cal Flow PQ ¥/

for(PH = 1 3 PH ¢ 4 ; PH++)
1 ; p ¢ MAX_BUS ; p+t)

{ for(p
{ for(q = 1 3 q < MAX_BUS ; q+t)
{ if(q = p)
{

REL = e[PHICp1¥(elPHICpl-eCPHICq])+f[PHICpI*(f[PHICpI-f[PHILqD);
IMG = e[PHICpI*(fLPHICp1-fCPHICq1)~-fPHICpI¥(eCPHILpl-eLPHILqD);
T a— Ep®(Ep-EQ) = REL + jIMG %/ . “
DAT = REL * Y_GCPHICpICPHICq] 3
DAT = DAT - ( IMG # Y_BCPHICPICPHILQl ) ;

DAT = -1 % DAT % BASE_MVA ;
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FLOW.PCPHICpILPHICq] = DAT ;

DAT = REL % Y.BLPHILpILPHI(q] ;

DAT = DAT + ¢ IMG % Y_GCPHICpICPHI[ql ) 3
DAT = _DAT # BASE_MVA ;
FLOW_QLPHILpICPHILq) = DAT ;

Jhommmm e cal GN_PQ Slack bus #/
for(PH = 1 3 PH ¢ 4 3 PH+t)
{ for(k

1, REL = 0, IMG = 0 5 k < MAX_BUS ; k++)
{ if(k = 1
{ REL = REL + FLOW_PCPHIC11LPHICk]

GN_PLPHIC1] = REL 3
ING = ING + FLOW_QCPHIC1ICPHILk] ;
GN_.QCPNIC1]) = IMG 3

)

£

GN_PCPHI1Lp] = GN_PLPHICp] + LD_PCPHICPI 3

GN_QCPHILq] + LD_QCPHILq] 3

it

GN._.QCLPHILq]

Jhmmmmm e m e Cal GN_.Q PV bus ¥/
for(Pi = 1 ;3 PH ¢ 4 5 Pll4+)
2 , DAT = 0 ; k < MAX_BUS ; ki)

{ for(k
{ if (CHK_BUSCKk]I > 0)
{ for(q = 1 3 q ¢ MAX_BUS § qi+)

{ iftq = IO
{ DAT = DAT + FLOW_QUPHICKILPUILq] 3
}

)

ON._QIPHICk] = DAT + LD_QCPHICk] 3
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[ Hmmmm e Display Flow_PQ %/
for(PH = 1 3 PH ¢ 4 ; PH+4) -
{ clrser() 3
printf ("PHASE = #d \n\n",PH) ;
. printf("BUS_____ GLMWI_____. GCMVAR] _______ LCMWI__LLMVARI™) ;
printf("__TO_BUS MY MVAR \n\n ") ;

for(p = 1 3 p ¢ MAX_BUS ; pt++)
{ printf("C[%d1",p) 3 Y = wherey() ;
gotoxy( 4,Y);printf(” %11.7f %11.7f ",
GN_PCPH1{pl,GN_QLPHICP1);
gotoxy(30,Y) ;printf(" %7.3f #7.3f ",
LD_PCPHILpPp1,LD_QCPHILCP1);
for(q = 1 3 q ¢ MAX_BUS ; q++)
{ if¢q = p) \
{ gotoxy(51,Y) ; printf("#d",q) 3
gotoxy(55,Y) ; printf("z11.7(",
FLOW_PCPHICPICPHILQY) 3
gotoxy(68,Y) ; printf("#11.7f",
FLOW_QCPH1CpICPHILql) ;
Y+t 3
}
printf("\n") ;
)
printf("\n") ;
)
geteh() 3
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nagalTNﬂuquﬂqﬁﬁunN

BASE_MVA 100
BUS GN_PHASE_A
P Q
1 0 0
-2 20.00 00.00
3 0 0
BUS LD_PHASE_A
P Q
1 0 0
-2 50.00 20.00
3 §0.00 25.00
BUS VOLT_PHASE_A
MAGNI ANG
1 1.05 0.0
-2 1.03 0.0
3 1.00 0.0
MAX_BUS 3
a
1 .25 -18.75
0.00 0.00

0.00 0.00
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GN_PHASE..B

P Q

0 0
20.00° 00.00‘

0 0

LD_PHASE_B

P Q

0 0
50.00 20.00
60.00 25.00

VOLT_PHASE.B

MAGNI ANG
1.05 -120
1.03 -120
1.00 -120
b

0.00 0.00
6.25 ~-18.75
0.00

0.00

GN_PHASE_C

P Q
0 0
20.09 00.00
0 0
LD_PHASE_C
13 Q
0 0
50.00 20.00
60.00 25.00

VOLT_PHASE.C
MAGNI ANG

1.05 120
1.03 120
1.00 120
[
0.00
0.00 0.00
8.25 -18.75

0.00
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=]

a
~-1.25 3.75
0.00 0.00
0.00 0.00
a
-5.00 15.00
0.00 0.00
0.00 0.00
a
-1.25 3.75
0.00 0.00
0.00 0.00
a

2.9167  ~-8.75
0.00 0.00
0.00 0.00

a

-1.6667 5.00
0.00 0.00
0.00 0.00
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0.00
-1.25
0.00

0.00
-5.00
0.00

0.00
-1025
0.00

0.00
2.9167
0.00

0.00
-1.6667
0.00

0.00
3.75
0.00

0.00
15.00
0.00

0.00
3.75
0.00

0.00
~8.75
0.00

0:00
5.00

D.00

0.00 0.00
0.00 0.00
-1.25 3.75
.

0.00 . 0.00
0.00 0.00
-5.00 15.00
c
0.00 0.00
0.00 0.00
-1.25 3.75
[

0.00 0.00
0.00 0.00

2.9167 -B8.75

0.00 0.00
0.00 0.00
-1.6667 5.00



a
3 a -5.00 15.00
b 0.00 0.00
¢ 0.00 0.00

a

2 a -1.6667 5.00

193

1
b;

0.00 0.00
~-5.00 15.00
0.00 0.00
3
b
0.00 0.00

~-1.6687 5.00

0.00 0.00
3
b
0.00 0.00
6.6667 -20.00
0.00 0.00

c
0.00 0.00
0.00 0.00
-5.00 15.00
c
0.00 0.00
0.00 0.00

-1.6667 5.00

c
0.00 0.00
0.00 0.00
6.6667 -20.00

- - - S A e - = S b R T S TP T S B A S S S S G M T e M S T M S e e S G o e e e

b 0.00 0.00
c  0.00 0.00
a
3 & B.6667 -20.00
b 0.00 0.00
¢ 0.00 0.00
WANITAIUIN

FAST DECOUPLE THREE-PHASE LOAD FLOW

LOOP = [B822] ERROR = 0.010126
BUS___PHASE__.... MAGNI.V_____ ANGLE_V
11 £11 1.05 0
[1] [zl 1.05 -120
11 £31 1.05 120
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BUS.__PHASE____. MAGNI_V_____ ANGLE_V

£zl £11 1.03 -2.85203714

£zl [zl 1.03 -122.85203714

£al £31 1.03 117.14796286

BUS___PHASE. MAGNI_V____. ANGLE_V

£33 £13 1.02475239 -1.94701908

[3] £a21 1.02475239 -121.94701908

£3] [31 1.0247523% 118.05298092

PHASE = 1

BUS____GCMW]___GCMVARI___LCMW)__LCMVAR]__TO_BUS___MW___.__._._ MVAR____

[1] 91.37283 24.069057 0.00 0.0000. 2 22.9719 1.6508375
3 68.4013 22.4182202

£21 20.00000 25.05083 50.00 20.0000 1 -22.5870 -0.4961449
3 -7.4129 5.5469820

£3] 0.00000 0.0000 60.00 25.0000 1 -67.4614'—19.5984560

7.4613 -5.4015434
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PHASE = 2

BUS____GCMW)___GLCMVARI___LIMWI__LCMVARI__TO_BUS

1] 91.37283 24.068057 0.00 0.0000 2

3

2] 20.00000 25.05083 50.00 20.0000 1

£33 0.00000 ©0.0000 60.00 25.0000 1

PHASE = 3

BUS____G[HW]___G[MVAR]___L[HW],_L[HVAR]__TO_ﬁUS_-_HW

L1l 91.37283 24.069057 0.00 £0.0000 2
3

(2] 20.00000 25.05083 50.00 20.0000 1
]

£31 0.00000 0.0000 60.00 25.0000 1

Progran terminate press anykey

MW MVAR
22.9719 1.6508375
68.4013 22.4182202

-22.5870 -0.4961449
-7.4129 5.5469820
-87.4614 -19.5984560
7.4613 -5.4015434
_______ MVAR. .-
22.9719 1.6508375
68.4013 22.4182202
-22.5870 -0.4561449
-T7.4129 5.5469820
-67.4614 ~19.5984560
7.4613 -5.4015434
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ABSTRACT

The paper describes a general three phase load flow
program developed for the steady state a2nelysis of any
electric transmission network under all posslble imbal-
ance conditions such as untransposed EHV lines, single
phase loading, single.pole switchlng, etc.

Input data preparation and output data Interpreta-
tion are made easy for program users by using both phase
and symmetrical components quantities; however, the load
flow problem formulation and solution are all done in
‘phase quantitles (A, B, C). The method of solution Is
the Newton-Raphson method, usingoptimally ordered trian-
gular factorizatlon to take advantage of the sparsity of
network equations.

The progras has several new features to simulate
real three phase operation of power systems and imbal-
ance conditions: For example, the Internal Induced vol-
tages of generators are balanced, while generator term-
inal wvoltages depend on Internal machine Impedances and
the imbalance In machlne currents. Also, the steady state
performance of the voltage regulator Is simulated tomaln-
tain some functlon of the machine terminal phase’voltages
constant, depending on the sctual deslign of the voltage
measurement. Another feature of the program Is that it
can handle all common transformer connections having two
or three windings that are used In HV transmission net-
works.

INTRODUCTION

This paper describes a three phase load flow program
and the models used for representing different components
of the power system [1]. Of particular Interest Is the
mode!l for representing generators. Exemples are given
to show the degree of imbalance that can exlIst under nor-
mal operating conditlons.

Previous work on this subject was done by Tarsi (2],
but his program used the bus impedance matrixwritten with
symnetrlcal components. This ceused severe problems In
the modeling of ‘generztors and transformers. The work
presented here circumvents this problem by using the bus
2dnittance masrix written Inactual phase quantities. This
has the added advantage of making data preparation easier.

For most purposes in the steady state analysis of power
systems, the imbalance of a power system can be ignored
and single phase analysis is adequate. However, some con=
ditions such as very long untransposed lines, large single
phase loads like induction furnaces and traction motors,

Paper F 75 4234, recommended and approved by the IEEE Power System

or slngle pole switching make more detalled analysls
desirable. Although single pole switching Is primarily
a dynamic problem, It is deslrable to know the imbalance
that exlsts before operation of the breaker, and also
the steady state condition that the system will approach
while one phase Is out.

Unbalanced
Negative sequence currents may cause overheatlng of
machinery. Ground currents {zero sequence) can cause
Improper operation of protective relaying. Zero sequence
currents greatly Increase the effect of Inductive cou-
pling between parallel transmission lines. This program

could also be used tostudy the effect on system voltages *

of various phase arrangements on transmission lines.
HETHOD OF SOLUTION

The three phase load flow is handled much like, 2
single phase load flow ~ each slingle phase voltage,
power, and current becomes a three element vector; and
each single phase admittance is replaced with athree by
three admittance matrix. In additlion to this, some
equlpment Is represented In more detall than would be
used for a single phase study. The famlliar Hewton
Raphson method [3,4,5,6] Is used for solution of the
system since It has been quite successful for single
phase analyslis, and It Is most sulted for handling the
equatlions representing the generators.

To Improve computational efficiency, sparsity-
directed triangular factorization is used for the Jaco-
blan matrix [7?.

Transmission Lines

Transmission lines are represented with serles and
shunt admittances lumped to form a pl clircuit as shown
In Flgure 1. The cffects of ground resistance can be
tncluded In the admlttances [S]. ’

Fig. 1: Pi Model for 1 Circuit Transmission Line

Slnce the transmission line isabilateral element,
the matrices are symmetric. For the general case of an
unbalanced line, all entries in the upper triangular
matrix will be

different. Since this is

currents can cause serlous problems.

e s

Engineesing Committee of the JEEE Power Enginecring Society for presentation st part of the

lhr' 1EEE PES Summer Mecting, San Francisco, Calif., July 20-25, 1975, Manu-
script submitted January 31, 1975; made available for printing April 28, 1975.

true, the symmetrical component transformation will not
diagonalize the matrix. Therefore there isno advantage
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in using symmetrical components, and actual phase quan-
titles are used. This also simplified representation of
unbalanced switching, e-9-, slngle pole opentlons.

The bus admlttance -atrlx for the line with respect
to ground Is shown in equation (1). Each entry of equa-
tion (1) Is & three by three submatrix.

Load Buses

For three phase analysls, each bus wlll consist of
three single phase buses. The program has provislons for
reading elther balanced or unbalanced loads, shunt reac-
tors, or shunt ‘capacltors.

The voltage magnitude and angle for each phase are

L4 Q to be found, therefore six equations sre required for
cach bus. These equations are for the real and reactive
3 N bus powers for each phase.
YoUs = e " T, e e
. Generator Buses
T . .
. ¢ ("l,q) Ypq * Ypo,tec In single phase load flow studles, generators are

()

For two parallel transmisslon lines, the Inductive
and capacltive coupling can be consldered as shown In
Figure 2. Eachelement In Flgure 2 represents s three by
three sdmittance matrix..__The bus admittance metrix for
these two llnes Is shown In (2).

1 4

Coupled Transmission-Lines -

Flg. 2:
YBUS = A s

(4 Q s Pyl R
' T Thete T . s Trursde ] Toem
t r,d ' LRR - v
g v Tete Tre.rs s Trunte

0 v

] Uperrs * Tpaursted | Ehpqes) Yos * Vrste - T

. LI ~yF
4 Croqedd (".-".yﬂll.“, v, Yei * Vo 2e

(2)

constructlon be-
introduced at that

In the event that a line changes
tween stations, & flctitious bus Is

point. This fictitlous bus Is then Included in the bus
sdmittance matrix but ellminated during the Iterative
solution.

The bus admlittance matrix for the whole system Is

constructed by combining the bus admittance matrices of
Individual 1lnes as described in [8].

Transformers

Several common types of transformers can be repre-
sented. The program at present does not handle off-
nominal taps or tap changing under load. The transform=-
er representations are shown in Figure 6.

60

commonly represented by Injected powers with 8 specified
bus voltage magnltude. If the effect of imbalance s to
be studied, & more detalled model Is needed. Therefore
generators are represented by three, three phase buses
connected by generator and transformer reactances as
shown In Filgure 3. Bus INT Is an Internal bus represent-
Ing the Internal Induced voltages. All voltages at this
bus are balanced, so only phase A Is used as a varlable,
making the unknown gquantitles EINTA and SINTA.  Total
power (PA ¢ PB ¢ PC) generated by the machine Is Injected
at this bus.

IRT cT 4
[ b 3¢ |
| 3
v Y
EREG >
. Transuiss{on
4 System
Voltage
. -r 1 Regulator
Fig. 3: Geneutor Hodel

Bus GT represents the generator terminals. Thepro-
gram assumes that there Is no load at this bus (toad 1s
at bus P), therefore the Injected real and reactive pow-
ers are zero. The six unknown quantitles at this bus are
the voltage magnltudes and angles.

Bus P Is the high voltage bus connected to the trans-
mission system. This is treated the same as any load bus.

The generator representation used requires that the
steady state voltage regulator actionbe represented. It
was assumed that the voltage regulator maintains the aver-
age of the three phase voltage magnitudes at EREG, how-
ever other representations can be Introduced by making
minor changes.

For the internal! and generatdr Terminal buses, the
elght unknown quantities are three phase voltage magnl-
tudes and three angles at bus GT and the phase A magni-
tude and angle at bus INT. Eight equations are written
for these elght quantities: three reactlve and three
active powers at bus GT, voltage regulator setting and
generator power setting as given in Table 1.

For the slack generator, the phase A voltage at bus
GT is at a_ constant magnitude and a phase angle zero.

This wvoltage'Wis maintained becasue it was felt to be
more realistic than regulating the internal voltage.
Since there are two fewer wunknowns for the slack

generator, the equations for the total power and voltage
regulator at this machine are deleted.




Table 1

.——~Equations -and Varlables for Generator Representatlon
Varlsble

gt
st

Equation
« gREGw 1/3 (g6 + £GT® + £6T7)

_ % PHCH=EINT EGT YG cos (90 + 66T - 81KT) —

: QGTA-fOA(E.G) EINT
et foa(E8) T30
o1¢ = £ (£,6) ect®
paTh =, (€,6) sinr®
peT? - fop(£48) ser?

s’

c
PCT" = £, (E,8) '

% For the slack generator, these equatlfons are deleted
and EGTA and GGTA are held constant.

EXAMPLE

The load flow program was used to analyze the eight
bus systemshown In Figure &. Two generators are Included
with thelr assoclated transformers. The seveh buses
numbered greater than 500 are flctitious buses to
account for changes In llne construction. Figure 5 and
Table I} show the dImensions of the different llne con-
structions used. L

A

3

C
\

N
(LK X))

@Shd Generator

g

The solutlon for thls example Is given In Table 111
and IV. The bus voltages In Table f1] show some Imbal-
ance. Negatlve sequence voltages are as high as 3.4% of
the positive sequence voltage.
were as high as 2.8% of the positive sequence voltage.
More important for relaylng purposes, the currents show
conslderable Iimbalance. Hegative sequence currents are
as much as 1023 of the positive sequence current and the
zero sequence currents were as high as 303 of the posi-
tive sequence current as bus 504. This might be large
enough to cause operational problems.

The currents Induced In the generators are shown In
Table V to have negative sequence components of k3 and
5% of the positive sequence current. This Is of great
Interest because of its effect on heating of the rotor.

PROGRAM LIMITATIONS

Although the methods for three phase load flow anal-
ysis can Include all the features found In single phase
analysls, the present program does not include more ad-
vanced features. "

Presently the program will handle & system of up to
thirty buses with up to ten generators. A total of one

hundred transmission system elements (1lnes, transformers,.

and coupled lines) can be Included.

At present no facilitles are provided for trans-
formers with off-nominal taps, or phase shifting trans-
formers.

- CORCLUSION

A program has been -developed for unbalanced three

phase load flow analysis. The example glven demonstrates -

that significant imbalance of 1ine currents can exlst

durlng normal operation of a power system.

O
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Zero sequence voltages
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Messrs.

[ll

[2)

{3

I4]

1s]

{6}

(7

8]

le B ——p!
o= . Tebla I1  Trensmtssion 1ise dimensions {n feet. See Pigure 3 for
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Table 111 Bus woltages and loads Table IV Line currents and power flows

S V(ABC) V(0. 1.2) FAEL) DA C) LINE LENGTH  TYPC LINE FLDUS
M CnILES) 1A 5. C) 1¢0:1+2) PLAIBIC)  GCAVBICH
1 1,02, -72.4 L0172 -93.8 49,30 37.00 - -
1.06/-127.0 1.80, -7.7 49.30 37,00 e- 3 40, A 3.817 -11.4 .80, <7.4 111.96 10,92
L3 1.037 1114 L0 1429 43.30 37,00 3.10--123.6  5.57/ -8.9 111.5? -3.78
= 3.35 108.7 .34/-132.9 11717 8.96
g -1.05, -S.8 .01/ —£3.4 0.00 0. 00
1.08/-125.6 1.83 -6.1 0. 00 .00 - 3 40. A 3.85- -10.2 T2 112.90 §.74
1.05/ $13.1 .03 138,27 0.00 0.00 |- 3.137-127.0  5.35/ 9.1 111,91 2.83
3.26- 110.1 L14/-117.3 114.22 5.95
3 1,03/ -10.6  .03,-102.2 140.60 19,30
1.08/-129.3  1.82/ -10.2 140,60  19.30 7-505 17,2 6 .50- 18.4 LG4s -47.4 12.93 -9,7?
1,047 103,0  .047 141.3 140.60  19.30 597 —67.5 .75, 43.9 7.7 ~19.5t
.30/-171.3 I YV .47 ~10.04
4 9%/ -20.5  .0S-112.0 164,60  -3.30
1.08/-136.6 -1.79, -19.1 164,60 -2.30 7-506  17.2 G 3.26- 153.1 \32/-1T4.4  =104.13 -15.23
1,02/ 99.% .06 132.2 164,60 -3.30 2.64- 35.3  S.36/ 133.0 -99,52 -15.82
3.177 -65.1 177 81,2 -104.34 -19.23
5 .§9 17,8 051139 54,00  21.00
1.08/-134.4  1.77/ -16.2 -%3.00  21.00 - 2 45, B 1.617135.7 . 067 164.8 -49.30 -37.00
1,017 §02.8 .06, 143.4 -54.00  £1.00 1.737 6.1 3.09/ 135.4 ~49.30 -37.00
1.797-165.5 .02/ 48.8 -49.30 -37.00
€ .99/ =19.3  .05/-107.4 147,30 4,60
1.077-135.9  1.77/ -18.0 147,30 34.00 2-502  82.1 E 2.417 -10.7 N2 R &2.66 .25
1.017 00,9 .06, 149.7 142,30 34,00 £.33/-120.8  4.21/ -2.4 §3.905 -12.41
2.58/ 109.8 .33/-138.8 68,97 ~1.12
7 .98/ 18,7  .03--115.3 95.30 32,00 - -
1.07/-133.8 1,76~ -12.7 5,30 32,00 s02- 4 31, F 2.477 -23.§ .18 7.e 62.53 .  8.00
1,007 101.3 . .06~ 146.8 95.30 32,00 2.30--136.4  4.22¢ 1. £3.23 - 1.92
2.56, 96.4 S S £6.93 8.68
8 1.027 -11.4 .01/ -98.1 7.66  -2.00 . .
1.06/-131.0 1.80/ -11.7 7.66 -2.00 4-503 S1.5 F 1.6%~ 165.9 Jt1s-1€62.2 ~53.358 6.89
1.037 107.2 .04 137.9 7.66 -2.00 1,49/ 43.2 2.727 164.5 -33.73 -00
. 1.3/ -73.9 .11 171.8 -51.96 3.79
S-503 14, B 1260 4.1 .10- 23.8 s4.01 -21.03
1.61/-113.2 2.94/ 5.0 $3.98 -21.00
1.737 124.1 .08, -73.4 S4.02 -20.98
4- 6 4. F .85/-178.9 .05/ B4.5 -26.03 10.33
J86s 69.6  1.30,-173.6 -27.87 13.60
Tsble V Machine Dats AL N L), .£9/ -31.8 .09 76.9 ~26.73 14,39
S04- 6 E5. T .46s ;;; .187 §e.9 11.14 ~10.41
Slack Gen Cenerstor .26/ -73. .38, 27.1 4.30 -8.17
at bus 2 AL TH ] , .30/ 1334 .06/ ~24.3 8.44 -3.77
504-505 3.5 B .;2:-1%2.; "2’"5’%’.’, -n.;a 10.4;
1.072/ 0.0 1.04/ <S5.2 - 106, .38s=1%52, ~4,30 8.1
B3C - .30, —44.6 .06, 155.7 -8.44 8.77
V| 1.09/-120.3] 1.07/-125.4 4 € .
Terminal 1.07 . . 506-507 1.3 B_3.24/ 155.7 .31/-174.9 -106.19 -13.51
. /118.11 1.05/ 113.4 2.63- 38.4  5.317 133.8 -99.75 ~12.24
Voltage B > 3.147 -86.4 .16/ 73.5  -104.83 -16.96
012 S07- & 53.6 F 3.24s 155.9 L31/-174.9  -106.21 -13.37
v 1.87/ -.5} 1.82/ -5.7 2.83/ 38.7  5.31/ 13%€.1 -99.74 - -11.93
.02/ 136.7 .03/ 137.5 . 3,147 -86.2 177 73.3 . -~104.86 ~16.77
8-509 19.6 F 5.29, -17.3 7. 2.3 178,94, 15,49
asc| 773/ -15.3} 7.93/ -17.7 ’ 4.63/-129.8  6.747 -16.1 163.84 -3.39
c I 7.73/-131.21 7.8%/-132.% 5.25/ 99.4 .48/-136.7 179.20 24.40
urrent
£ 8.20/ 106.8 | 8.52/ 105.1 $-509. 6.6 F 5.37/ 138.5 L72/-178.7  -176.43 -6.68
Tom 4.62/ 44.7  £.787 159.2  -164.88 . 1.48
Hachine 012 0 0 .26~ ~53.0 .41/ 46,3 -175.33 Z18.12
1 13.65/ -13.3 | 14.04/ -15.0
- .55/-133.2 .71/-132.4
8 265.34 267.46,
P 275.60 278.06
Generated 287.32 294.47
Power
(MW & MVAR) ABC 72.67 59.09
Q 53.21 | %.m -
61.68 42.23
-
Generator |[XGO .0105 .0105
& XGl .0402 . 0402
Transformer| XTO .0267 .0267
Reactances | XT1 L0138 .013S
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Discussion

W. O. Stadlin (Leeds & Northrup Company, North Wales, Pa): As a
_matter of application interest it would be desirable to compare the
results of Tables 111, 1V, and V with those of the single phase equivalent.
Perhaps the authors would care to comment on this comparison. Bascd
on their investigation of three phase unbalances’ what are the authors’
conclusions regarding the need for a three phass State Estimator?

Manuscript received July 31, 1975,

Luke Yu (Fluor Utah, Inc., San Mateo, CA.): The use of phase quan-
tities (A., B., C.), or phase coordinates in solving problems in electrical
power engineering field appears to be an appropriate approach. This
method has been introduced to study fault conditions instead of sym-
metrical components.

The application of phase quantities in the solution of load Now
probletms as contained in this paper has proved interesting.

For a precise representation of a transmission line, 2 hyperbolic
function can be used to include the distributed parameters of transmis-
sion lines. This may contribute to the accuracy of the result while a long
transmission line is involved.

1 would suggest the authors include additional information con-
cemning various electrical element representations such as reactors,
condensers, synchronous motors, induction motors, cables, etc., which
are always g part of the electrical system in question.

Manuscript received August 1, 1975,

P. A. Rusche and S. C. Bah! (Consumers Power Company, Jackson,
Mich.): The authors’ choice of actual phase quantities indeed simplified
modeling of rotating machines in three-phase simulations. Our own
studies using the method in authors’ Reference 2 have confirmed that
the assumption of a balanced voltage at a system bus unrealistically
_constrains the simulation to the extent that it may inhibit solution. The

_ synchronous machine model.and voltage control as suggested by the

. authors will, in our judgment, be required for every bus at which volt-
age control by a synchronous machine is to be simulated.

A three phase network model incorporating rotating machine
simulations would be an effective tool to check propagation of steady-
state unbalances, including negative sequence currents critical to syn-
chronous machine capability. >

Previous work by M. H. Hesse(2) identifying unbalances in un-
transposed transmission lines has assumed balanced phase voltage drops.
For a doubdle circuit 345 kV tower line with-common tcrminals, ap-
proximately 80 miles long camrying a per circuit load of about 360 MW,
we found the per phase voltage drop to vary by more than a factor of 3

& indicated in the following table. .

Table of Phase Voltage Drops

Sending End Receiving End Phase Voltage
Phase Voltage-pu Voliage-pu Drop-pu
X T 1.037 1.034 003
Y 1.039 1.03§ .004
Z 1.039 1.029 010

We assume the authors have found similar results and probably
have quantified the impact of such unbalanced voltage drops on phase
current unbalances. .

Field experience and subsequent three-phase load flow analysis
has demonstrated the potential for a serious unbalance in parallcled
double circuit lines as a function of a phase arrangement in the un-
transposed lines. The ground currents associated with these unbalances
affect transmission line protective schemnes and can causc line trips well

Lircuit X T Cireult
n ”
1 x T
b4 T 2

Circult X X Circuit
n ”?

{a} (b}

Fig. 1 Phase Arrangements of Double Circuit Tower Line (a) Existing
Configuration (b) Mirror-image Configuration

Manuscript received August 18,1975,
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below circuit ampacitics because of reduced relay loadabilities. The
following example of an actual 345 kV system consisting essentially of
two parallel circuits connecting 2 1850 MW prmped Storage hydro site
over a distance of about 75 miles to the network illustrates the severity
of the problem and the importance of the three phase load-flow
program in analyzing it.

There are 12 possible phasc configurations(2) for a2 double cireuit
tower line which reduce to 6 when the two circuits are symmetrical
about the wvertical axis(3). Figure ta is the existing configuration;
Figure 1b 2 mirror image configuration. Figure 2 shows the per circuit
ground currents for the two arrangements as a function of line loading.
Relay scttings’ haye been superimposed and illustrate tripping of the
existing configuration at about 50% of the 2000 A circuit thermal rating.
The corresponding ground currents in the.mirror image configuration
are negligible.
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Fig. 2 Per Circuit Ground Currents on Tower Line A 2s2 Function of
Line Loading B

The potential for this problem in paralicied double circuit tower
was originally identified by Hesse(1). A network model is required to

analyze propagation of such unbalances. Do the authors concur with.

our findings that the indicated ground current problem is unique to
multicircuit lines with common terminals?

REFERENCES

[1] M. H. Hesse, “Circulating Currents in Paralle! Untransposed Multi-
circuit Lines: 1 — Numerical Evaluations,” IEEE Transactions on
Power Apparatus and Systems, Vol 85, No 7, July 1966.
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IEEE Transactions on Power Apparatus and Systems, Vol 85,
No 7, July 1966.

Transmission Line Reference Book 345 kV and Above, Electric
Power Research Institute, 1975, P 100,

12)

131

K. A. Birt, ). J. Graffy, J. D. McDonald. and A. H. El-Abiad: The
authors wish to express their gratitude to the discussors for their in-
terest and most welcome comments and questions, all of which are
deemed valuable additions to the paper.

The discussion by Messrs, Rusche and Bahl reflects their great
experience with three-phase analysis of poweg systems. Unfortunately,
most of the authors' work to date has been in the program develop-
ment rather than anzlysis of systems; and thercfore our comments 2:¢
based on limited experience. Obviously the imbalance in the per phase
voltage drop depends on the amount of imbalance in both line
impedance und currents as well as the degree of Joading in the linc. The
cxample given in this paper shows that the per phase voltage drops on
line 3-502 (82.) miles long and carrying 255 MW) is as follows:
Phase Voltage

Sending End Recciving End

Phase

Voltage — pu. Voltape - p.u. Drop - pu.
A 1.030 1.005 0235
B 1.082 1.088 -.006
C 1.037 1.025 012

Manuscript received September 22,1975,
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A better phase véhaxe drop comparison would be between the
phasor quantities. For the above line these are:

Phase Voltage
Phase Sending End Receiving End- * Drop
A 1.030{-10.56° 1.005/18.27° 0.139/6525° -~
B 1.082[-129.26° 1.088/-135,11° [ARYYES M
C 1.037{109.03* 1.025/102.13° 0.125/-169.93°
The phase relationships are [a b = 124.34°: /b - ¢ = 130.84°;and
le=a=104.68"

In other words, the imbatance in phase voltage drops is not a3 high
as would appear from comparison of voltage magnitudes at both ends of
the line. Also, the imbalance in phasc angle relations can overshadow
the imbalance in magnitudes. The example by Messrs. Rusche and Bah!,
relating ground (zero scquence) currents to phase arrangements,
illustrates one of the intended uses of our program. We are unable to
comment on whether or not ground current problems are unique to
multicircuit lines with common terminals. However, it seems advisable
to check this possibility whenever new untransposed UHV lines are
added or whenever unbalanced Joads are expected (eg. single pole
switching, large single phase loads, etc.). Also, other considerations
besides ground currents may constrain the phase arrangement choice.

Mr. Yu suggests that a hyperbolic function can be used to include

the distributed parameter effects of long transmission lines for better —~

accuracy. The user of our program can accomplish the same thing in one_
of two ways: d
1. By representing the long line by several short segments in series.
2. By representing the long line by its equivalent pi matrices [1]
as follows:

Z, =xZMSM?

=EMTM'Y

and KY, 2 R

where |
Z, = scries impedance matrix of the equivalent pi.
Yy = shunt admittance matrix of the equivalent pi.

_x = length of the line,

Z = series impedance matrix per unit length of the line. -
Y = shunt admittance matrix per unit Jength of the line.

M = a matrix with the eigenvectors of YZ asits columns, - -

inh(w:
S = adiagonal matrix with .SL(‘_VJ_’.‘.). as (hej‘h
Vljl .
diagonal element. )
WX
J
T = tank -)

a diagonal matrix with___ 2 asthejth

wj = square root of the ith eigenvalue of YZ.

diagonal element,

The program also accepts any scrics or shunt, balanced or un-
balanced lumped impedance to represent such things as reactors,
condensers and special loads. Synchronous motors can be represented
in the same way as generators. There is no special representation for
induction motors. However, in Joad flow studies, it is customary to
include the induction motor with other loads represented as copstant
active and reactive powers.

Mr. Stadlin asks about comparing the results of the three-phase
load flow program with those of the single phase equivalent. Of course,
if such & comparison is made, we would find close agreement between
the values of positive sequence variables and their equivalents in the
single phase case. As a matter of fact, it is highly recommended that
single phase studies always precede threephase studies and that the bus
voltages of the single phase study be used as the initial values (assuming
three-phase balance) for the three-phase studies. As for the need for s
three-phase estimator, we believe that the effort and cost would be too

“high to justify its development af the present time.

‘AUEN & REFERENCES

f1) Sarosh Tafukdar, PEREC Reports No. V-a and V-b, Users Manual
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Fas_t-decoumed three-phase load flow A

Prof. J. Arrillags, M.Sc. Tech., Ph.D., C.Eng, F.LEE. and B.J, Harker, M.E,

1

1

Indexing terms:  Load (electric), Modelling, Powertransmission lines, Reactive power, Transmission.ne -
calculations PN . -

Abstract

Using 2s 2 seference the single-phase fast-decoupled algorithm, this paper describes the n.lodiﬁuﬁom Tequired
produce an efficient three-phase fast-decoupled load flow. The compound-coil concept is used in the reprey, ¥
ation of powersystem components, and the effect of automatic voltage regulators is modelled a3 part of 3

reactive-power Jacobianimatrix equation. Jt is shown that the three-phase modified fast-decoupled Joad g%

displays all the characteristics of the original single-phase version.

List of principal symbols

{7} = vector of nodal injected currents
= vector of nodal voltages {1 Ve
[2) = [R] +j|X] = matrix of impedances
1Y} = (G] +/[B] = matrix of admittances
APP = real power mismatch at busbar § with phase p
AQP = reactive power mismatch at busbar i with phase p
(PPYYT = specified real power at busbar § with phase p
(OF) = specified reactive power st busbar [ with phase p
|VIf = voltage magnitude at busbar { with phase p
6L =6f — 6 = angle between busbar f with phase p, and busbar
. kwithphasem
GR™ = value of matrix G relating busbar { with phase p, and
‘busbar k with phase m

1Vliney ™ voltage magnitude at the internal busbar of the jth gener-
ator y
8inty = voltage phase angle at the intenal busbar of the jth ™
generator
P::n.l = gpecificd total power output of jth generator
Ve 4 = voltage regulator specification for the three terminal

voltages for generator f

number of system busbars, excluding generator internal
busbars .

total number of system busbars

number of system generators

nb

n e
g

1 Introduction

Accurate models of powersystem components using phase
parameters are available in the literature.® Two recent public-
ations** have integrated such models with a Newton-Raphson
method for the solution of three-phase Joad flows. In balanced studies
however the conventional Newton algorithm has been displaced by
the computationally superior fast-decoupled method. Because comput-
ational requirements (time and storage) are more demanding with
three-phase models, it would appear that the conventional Newton —
“method should give way to the more powerful decoupled algorithms.

A preliminary investigation carried out to assess the applicability
cf the fastdecoupled algorithm to three-phase studies gave negative
results. Owing to the greater degree of representation used in three-
phase models (transformer connections, mutual inductances etc.), the
simplifications made in the development of the single-phase fast-
decoupled algorithm could not be justified for three-phase load flows,
and convergence was poor.

A deeper investigation into decoupling techniques and three-
phase power system components indicated that, with suitably modi-
fied simplifications, an efficient fast-decoupled three-phase Joad flow
could be achieved with similar characteristics 1o the single-phase fast-
decoupled method.

The development of such an algorithm is described in this paper,
emphasis being placed on those features peculiar to the three-phase
case.

2 Three-phase power-system modelling

The compound—oil concept provides the basis for 2 system-
atic modelling procedure. Linear transformations can be applied to
compound coils by simply replacing the single quantities of ordinary
networks with appropriate admittance matrices.*

Poper 8098 P, first received 17th May 1977 and in revised form 23rd Jonvary
1978

Prof. Arrilloga is with the Department of Electricol Englneering, Univernity of
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The network is first subdivided into subsystems (e:g. genery
transformers, transmission Hnes), with the restriction that g
should not be mutual coupling between the branches of differeny o
systems. With this restriction the subsystem admittance matriceg 3
be combined as follows: B
() The self-admittance matrix of any busbar is the sum of of "i

individual self-admittance matrices 3t that busbar  AURY
(b) The mutualadmitiance matrix between any two busbar i5'ggt

sum of the individual mutualadmittance matrices from of gad

systems containing those two busbars. & s
A transmission-line subsystem may itself need sectionalising to
for transpositions, changes of line parameters, series capaciton g
such cases, the parameters for each section are first found od B
combined by matrix multiplication to obtain the overall »
parameters. E

2.1 Tnmmisﬂo‘n lines
For power frequency analysis, s three-phase transmiis
can be modelled by three lumped w circuits, with mutual
between both the series and shunt branches of all three circa
is illustrated by the matrix equivalent of Fig. 1a and its ca
coll equivalent of Fig. 1. "

The subsystem of Fig. 1b can be represented

Ul] [Zunr' + ["tl]/z = [Zn,]-l

] —{Zal™

o~ vvd
The effect of earth wires and the influence of ground &
included in the self and mutual reactancés of the phase conds
For 2 long line it may be necessary to consider the line 1o
of two or three lumped = sections in series. ;_‘\ EAe

L%
by matrix eqn.

Za)!' + (Y2

|12 Yoo | Yon | Yee
'CO Y(b vﬂ:
3 o
i1
i 12,.}
\C;D PN
1v,) tv 12 Ty, b2
b

Fig. 1
Transmission-line model

& Mairix representation
» Equivalent circuit using three-phase compound coils




{uanycouplea tnree-phase lines

—z ,. ’
. is common for up to four transmission lines to occupy the
ri; . of way for a considerable length. Their electrostatic and
d‘C"o",.;..-1|r:lic coupling must then be considered.

Applying the method of linear transformation for compound coils,

E d sscuming bilateral mutual couplings (ie. ¥y, = Yf, etc.), we can
é' rite the following matrix equation for the case of two coupled lines,
&:M in Fig. 2: - ’
E T Yi ¥ Y| Yia Yy =Yy —Yy
> ]
gf_ A Yh+Yh| Yut+vYa - Yy
bt =
Ie =Y ~Yu [ YtV | Y+ Yy
—
Ip -4 ~Yau | Yh+YL| Ya+v,
R’
2% 12

-

"
B
—

“)

T o LN L R O el e Y
1=

2)

oupled three-phase lines
Ay b~ poasd
i the combination of pairs of coupled 3x 3 coils a5 a single 6x 6
tpound coil, the matrix equivalent of Fig. 3 results.
4 !h: corresponding matrix equation is as {ollows:
Va
Vg
"c]
Vo
(3)

3‘,9_?‘ has the same form s eqn. 1, the series impedance {Z,]

upf a¥nittance [Y,] matrices being of orders 3x 3, 6x 6,

7+ 01 12x 12 for cases of one, two, three or four coupled three-
. YJSpcclivcly.

Y

25" + {Ys) =z

=1Zs]7 | 1Zs] +1[Ysi)

1 Y12 |Y22
626
\/
¥
33 s [ J Yss | "5 [v ] [vc]
'1 Ys 1 32 o
Y V“ 6x 6 YSG YSG 6x6 €26

22 Synchronous machines -
With reference to Fig. 4, the synchronous machine is re-
A A 1 . . -

pr by & ct coil Y, . which interconnects an internal

busbar of balanced three-phase voltages and a terminal busbar. The

three terminal busbar voltages are used to control the balanced intemal -

voltages according to some prespecified relationship,
The following matrix equation applies:

lylfﬂl - lylcnl yl
= 10
~{Ysen} [Yeen) Ve

where Y., is £ 3% 3 admittance matrix derived from the sequence
component impedances of the machine.

internatl Y
busbar, | | terminat
l busbar

it
voltage regutator .~
Fig. 4 ./' L e .
Synchronousgenerator mode! LT el T
o~ A G ~.
T~ \j' + 1
23 Transformers . it
In general, any two-winding three-phase trafisformercan b /
represented using two coupled compound coils [Y,, ], [Y,,],l.e.\d
| (el [ | [V
- S 0)
el [ | [

This procedure is carried out for the common connections in Refer-
ence 1, and it is shown that three basic types of submatrix result. For
each type of transformer connection, Table 9 in Appendix 10.} indi-
cates the appropriate submatrix 1o be used in the corresponding
position of the nodal admittance matrix of eqn. 5. The generality of
the model can be increased by modifying these submatrices to include
primary- and secondary-winding off nominal taps, which is achieved
by .

(a) dividing the primary self-admittance matrix by o’
(b) dividing the secondary self-admittance matrix by f?
(¢) dividing the mutual admittance matrix by ofl.

where a and f are the primary and secondary tap ratios, respectively.
In the p.u. system, a delta winding has an effective tap of V/3.

3 Newton-Raphson solution

To find the state of the system (i.e. the voltage magnitudes
and their phase-angle relationships) so that the specified conditions at
the busbars are satisfied, a Newton-Raphson solution requires the
following mismatch equations:

(i) For cach of the three phases (p) at evn; toad or generator terminal
busbar (i),

AR = (PEYST —VIP .". i. VIR {GR™ cosaf™
+ B singfr )
AQr = (@Y — vy .)'Z illvn" [GA™ sin6 k™
s
- BR™ cosBL™) )

(ii) For each internal busbar of each generator, where the nodal volt-
ages are constrained to form a balanced three-phase set, only two
cquations zre requited for the unknown voltage (11°f;,, ) and un-
known angle (8, ). .

3

¥ VI IGE" cosofi™
ms=|

®

3 n
APpny = Py = L Whayy T
p=t k=)

+ BE™ sin 85"




S ———

p

)

L\lrlnl.l - [Vl;‘:,,,,_,’”’lunu.l(l V]")

where 11 are the three terminal voltages at busbar /. .
The simplest equation results when the voltage regulator monitors

one phase ([ 1/1#) only. ie.

AW,y = VeIV . (10
These scts of nox;iinear équations are expressed by the equation ~
AP 4] E]1 11 M a9
AP, Bl 111 VI W B84ns
ag €] (61 Kk 1y} - avinv
BV |ey o] 1 Ll R AlVlne Whae
an

The righthandside matrix is the usual Jacobian matrix of partial
derivatives. Eqn. 11 is solved iteratively for the right-hand-side vector,
the corresponding variables are updated, and the Jacobians are then
reevaluated. The procedure continues until the left-hand-side mis-
matches are within tolerance.

4 Decoupled algorithm

In decoupled solutions, the efiects of A8 on reactive-power
flows and A|V| on real-power flows are ignored, i.e. we can simplify
eqn. 11 by making

N=pM=pl==0

- and
i[c1=1G1=0
Moreover, it follows from egn. 10 that
D] =[# =0

Eqn. 11 can thus be written in decoupled form, i.e.

[Apr ],—[W IEI] [Aor ]
AFgeny (8] (A Bbne g

fori=1,nbandj=1,ng—1 (excluding the slack generator)

(12)

Rl
A‘Vlngj [L'
fori=1,nb and j = 1, ng (including the slack generator).

The coefficients of the Jacobian submatrices for eqns. 12 and .13
are given in Appendix 10.2. -

17} [Awu’/mr ] &5
[R) AV lne j1V hins g

5 Three-phase fast-decoupled algorithm

The basis of a fast-decoupled algorithm is the use of constant
Jacobian matrices. Approximations similar to those used in the single-
phaseJoad-flow case are justifiable in eqns. 12 and 13 as follows:

() at all nodes
or <BIT (IVITY
(b) between connected nodes of the same phase

cosfp™ * 1
and
Gp™ sinfp <BF™

The three-phase Jacobian submatrices in eqns. 12 and 13 require a
further approximation to remain constant, namely, ignoring the
phase-angle unbaldnce .

O = 2120° for m#p

The above ‘procedural’ approximations, however, must not be con-
fused with the ‘actual’ phase-angle differences or degrees of angle
unbalance that the algorithm can handle,

Substituting these values into the Jacobian submatrices of Appen-
dix 10.2 yields

736

‘where ME™ = GR™ sin6™ — BR™ cos 8™

" The matrix [M] is the same as matrix {B], except for the o i

1Y i sz v

J
APpeny [ Z. IV hinegMA™ | Vb."‘]
b ’-

[ ):—, Vif ME™ IVI:.i.:]

i i lV'l-lJMer‘Knl.l]

m=f P=t

.- -

J
WV EME V] [): WM,

(2] 10]

agQr

AlW)epy

AR nve

AtV 1V lnes

L

All terms in the matrix [Af] are constant, and their v:lues
by substitution of the following: e

o =0
on™ =0

and 2
o = 2120

for m#p

terms that connect nodes of different phases, which are modif
allowing for the t 120° angle, and adding the GR™ 5in 85" tew
Eqns. 14 and 15 are then modified as follows:

(i) The lefthandside defining functions are redefined a3
VB, [BPrensllViinry) 2nd [AQPNVIF) .
(i) In eqn. 14, the remaining righthandside [V] terms are)
p.u., removing the influence of reactive-power (MVAs) flows
calculation of Af and Af;,,. iy YN
(iif) In eqn. 15, the remaining right-handside | V] 1erms are cang

with the corresponding ones at the right-hand-side vector. ¢

This yiclds 3
it/ 3 -

[arPNVE My LM

i Y 3 3
L [APun IIl Ve I] }: Mﬁm Z Z Mﬁm
=l P=) m=)
15°)

[ 3

s0P/VIF ME™ L oMEn | |aviE
LAI Viegs i) (0] AlVliny

187 . -
where [B'] and [B"] are constant approximated Jacobian MITRL
ety b
v\q,"\

5.1 Modification of constant Jacobian matrices A,

The decoupling process is completed by further
matrices [B']and {B”] as follows. o
It is important that the constant Jacobian matricts
reliably approximate tangent slope to the conespondingsl
pendent of the minor changes in shape that occur during
process. For the surface defined by [Ap/V], these changthers
can be viewed as localised deformities of the surface. The ¥
ities are most pronounced along the axis that concspon!{.’_ 317
bars where shunt admittances are present. If the |¢rm‘§ )
these localised deformitics into the tangent hyperplane 21X,
1eliably approximate tangent slope is obtainabie. Thi BL\H :
done in single-phase fa2si-dccoupled load flows® by femoi gl
[B'] the representation of the network elements that P! 3
affect reactive-power (MVAr) flows, Raladl
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Q& [n th modelling of some three-phase transformer connections (the

ost Lonvion example being the stardelta connection), large shunt

B dmiltaecen are effectively introduced into the system. This is
Justratcd for the case of a star-delta transformer in Fig, §.

When the shunts are excluded from the [8°] matrix, convergence

;e r fnhibited. With the inclusion of these shunts, an excellent con-

sergence is obtzined, consistent with the usual single-phase load-flow
3 wcleﬁslia_

- Y
5; a ~B A
%
“ ¥
Yy
-Yln- 8 yl:
=t ey g
X - . y
. Yo
: iy
N Y c
e Yln-
o' W
peimary secondory
..‘ . -
S rg§

Lquivalent circuil for the star-delta transformer

. The diffzrence with respect 1o the nommal system shunt elements
“§ purely « = of magnitude. The shunt admittances from the trans-.
B2 Frmer mo.  are extremely large (20 p.u. for 2 5% leakage reactance
§sformer), and will therefore alter the entire shape of the multi-
g &ocnsional surface defined by [AP/V]. These shunts must be in-
ed in [B') if this is to be Tepresentative of the tangent hypes-
to the surface; All other shunts should be excluded from [8°)
oid the localised-deformity problem discussed earlier.

2This yields the following two three-phase fast-decoupled matrix

Ons:

] = 5] [5,]
= B”
Arltu.llyllnl. Aol»l.

&
. ¢oustant approximated Jacobians [B},] and [85;] correspond 1o
w3 approximated tangent slopes to the multidimensional surfaces
%ed by the right-handside defining functions. Eqns. 18 and 19

ey solved successively, as in the single-phase fast-decoupled
Bod, fe. according to the flow diagram illustrated in Fig. 6.

BR]

(18)

80; 1

L1145

av| ]
(19)

AV e,

Calculate {40/ v],uv" ]
no

T3 19 ond update (V] [V ]| @
yes

< werged
2 yes

o basic jterasive procedure

B oy, 8 AUGUST 1978

o]

The solution of eqns. 18 and 19 is carried out using sparsity tech-
niques and near-optimal ordering,
bifactorisation® technique.

In decoupled load flows, the multidimensional surface defined by
[AP/V] is considered to be independent of the values of [V].
not strictly correct, and the

. changing V] values will slter the sur-
face defined by [AP/V]. S

Rl N -

6 Test system

The developed algorithm has been applied to the power
system shown in Fig. 7, which includes synchronous generators, a
synchronous compensator, a section o four mutuallycoupled three-
phase lines, star-deltaconnected transformers with earthed neutrals,
and both primary and secondary taps,

generator

section )

line & {lined

section 2

[y

INV220

TIw220 . A

synchronous condenser

Fig. 7
Single-line diagram of the 1est system

Fig. 8 illustrates the system divided inta.eight natural sybsystems,
cach in terms of 3x 3, 6x 6,and 12 x 12 matrix blocks, representing
the various elements and sections. The nodal admittance matrix is
formed for each section, and these are then combined a5 discussed
carlier.

The matrix blocks are formed from the input data illustrated in
Tables 1-3. Because the input data for the coupled lines consist of
various full matrices (up to and including two 12x 12 matrices)
representative data only are given in Table 3.

To investigate the convergence properties of the algorithm, the

“{ollowing studies were compared:

(2) Balanced operation of the balanced power system
(i) with the generators effectively exclud J by setting their sequence
impedances to a low value (this is the three-phase equivalent of the
usual single-phase load flow)
(ii) with realistic generator modelling
(b) Unbalanced operation of the unbalanced power system (with
busbar loading conditions as shown in Table 4)
(i) generators effectively excluded
(1) realistic generator modelling
(c) As for case (&) (i), except with the 30° phase shift Juc to the
transformer connections ignored in the starting values
737 |
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a5 \“.\ulanccd system under abnormal operating conditions
-, (d} ::“ ““:,u' danced real-power loading (as for' case (b) (i), except
T DB W wtnch now has 300MW in phase 4 ) ‘
for L ‘o o alanced reactive-power loading (as for case (b) (i), except
; !“)I\‘\“: ‘:“ which now has SO0 MV Ar reactive power in phase A)
> :::) 'I;n;\'- wvalanced real and reactive-power loading ((d) (i) and

I () (b hoadit )

Discussion of resuls

A ktpn

¢ conditions applied together).

MR A |
= qhe number of iHerations required for the maximum mis-
matches to be within the specified tolerance is shown in Table 5.
These results and the suthorcs’ experience with other cases leads to the
following conclusions as regards convergence properties of the de-

veloped algorithm:

(i) For a balanced system, convergence is similar to that of asingle-

phasc load flow

(i) The inclusion of genenator plant and the modelling of the voltage
1egulator does not cause any significant deterioration in conver-

eNnce

(iii) gmru‘ng values are not critical. Flat voltage and angle initial con-
ditions are perfectly adequate

(iv) Convergence is schieved even in cases of extreme unbalance.

The resulting system voltages and angles for cases (b) (ii) and (d) (ii)
are given in Tables 6 and 7, respectively, and the line power flows for
case (b) (ii) in Table 8.

In addition to the significant unbalance, the following features are
noticed in Tables 6-8:

(c) There is an approximate 30° phase shift due to the stardelta-
connected transformers
(b) Balanced voltages occur at the generator intemnal busbars

Test system exploded into eight subsystems

Table 1 Table 2 PN

GENERATOR DATA TRANSFORMER DATA

Generator Sequence reactances Power  Voltage Busbar names ROX220-ROX011

Name Xo X, X, P /AN Connection Star delta

MAN14 0-050 0100 0010 6-900 1.045 ' Leakage impedance 0-0060 + j0-1164

TIW 220 0-050 0-100 0-010 0-000 1-020 Primary tap (%) 0-022

ROXO011 0-050 0-100 0-010 slack 1-050 : Secondary tap (%) 0-732

1
Table 3 * >
LINE DATA: INV 220-TIW 220 DOUBLE CIRCUIT (Z,) SERIESIMPEDANCE MATRIX
a b c a b
¢ 0.0069 + j 0-0440 0-0045 +70.0209 0-0043 +/0-0219 0-0043 +0.0212 0-0045 +/0-0185 .\0-09(43;"[
- . LI -y~

b 0.0045 + j0-0209 0-0066 + j 00441 0.0044 +j0.0207 0-0045 +0.0185 0-0046 +0.0182 *O(()O“ + 7041y
¢ 0-0043 +;0.0219 0.0044 + j0.0207 0-0065 +j0-0442 0.0043 +0-0182 0-0044 +j0.0167 ":@92‘1‘;*/
[ 0-0043 +0-0212 0-0045 + j0-0185 0-0043 +70.0182 0-006% + j 0.0440 0.0045 +0.0209

[ 0-0045 +j0-0185 _.0-0046 +70.0182 0-0044 +j0-0167 0-0045 +/0-0209 0-0066 +0.0441-

c 0-0043 +0.0182 0-0044 + j0-0167 0.0043 +0-0163 0-0043 +/0-0219 0-0044 + 0-.0207

{Y,] shunt-edmittance mstrix

a b c . @ b

a j0.0152 —j0-002k —j0-0024 —j0-0020 —j0-0009

b —j0.0021 j0-0142 -j0-0022 — j0-0009 ~j0-0011

c —j0-0024 —j0-0022 j0-0147 . —J0-0008 - j0-0004

a —j0-0020 —70-0008 ~{0-0008 f0-0152 —j0-0021

b - f0-0009 —}0-0011 ~—j0-0004 —j0:002] j0-0142

c —j0-0005 — j0-0004 —j0-0001 —j0-0024 —j0-0022

Table 5

Table 4 NUMBER OF ITERATIONS TO CONVERGENCE

BUSBAR LOADING DATA Case Maximum Convergence tolcrme:‘
Bus name Phase 4 Phase 8 "Phase C study initial o1 0.01

P Q P P mismatch® A . -
INV220  S0-000 15000  45.000 14.000 46.300 16.600 AN L4 S L
MANO14 0-000 0-000 0000 0-000 0-000 0000 4 (i) 2.45 2 i 3 K
MAN220 0-000 0-000 0-000 0-000 0-000 0-000 «(ii) 245 2 1 4 3
ROX011 0-000 0-000 0-000 0.000 0.000 0-000 b (i) 2.51 2 1 4 4
ROX220  48-000 20-000 47000 12-000 51-300 28.300 b (iD) 2.51 2 1 4 4
TIW220  150-000 80-000 157.000 78.000 173.000 72.000 ¢ 10-34 4 3 6 5
MAN.GN 0.000 0-000 0.000 0-000 0-000 0.000 d (i) 2-88 4 4 7 7
TIW.GN 0-000  0-000 0.000 0-000 0-000 0-000 d (i) 3.14 6 6 9 9
ROX.GN 0-000 0-000 0-000 0-000 0-000 0-000 d (i) 3.14 6 6 10 10
*Tolerances and mismatches are in p.u. ona 100 MVA base
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o Toble

ILTAGES (V) AND ANGLES (DEGREES) FOR CASE b (if) -

g SYS1! _—
4 '/usb; same Phase 4 Phase 8 Phase C Generation
- Voltage Angle Voltage Angle Voltage Angle MW MVAr
- —v20 1021 29.447 0
e (V220 0 1.022 —90.520 1.026 149152 0-000 0-000
L3 -’MNOM 1045 11.235 1-046 — 108-873 -z ~o-1.044 131.112 0-000 0-000
3 MANHO 1059 35-399 1-083 —85.244 1-042 155.267 0-000 0-000
=+ goxoll 1050 -1.573 1-051 —121.550 1.051 118412 0-000 0-000
*. |OX22° 1038 26646 1-048 —93.247 1-035 146-354 0-000 0-000
B w220 1020 29164 1.018 —90-908 1-023 148.845 0-000 0-000
- JANGN 1 22-584 1111 — 97416 11N 142584 690-000 288-124
&= 1w GN 1056 - 29.033 1.056 - 90967 1-056 149-033 0-000 114641
. roX GN 1078 0-000 1078 - 120-000 1-078 120-000 93-065 89.246
—
= Toble 7
2 SYSTEM VOLTAGES (V) AND ANGLES (DEGREES) FOR CASE d (il)
. © —— .
R pusbar mame Phase 4 Phase B Phase C Generation
= Voltage Angle Voltage Angle Voltage Angle MW MVAr
R 10y 220 0-884 28.782 1-162 —97-506 1-190 152450 0000 __ 0000
BF w220 1-020 27-345 1137 —94.500 1.142 149.480 0-000 0-600
¥.°30X220 1013 25.944 1-084 — 94405 1-070 146-723 0-000 ~ 0000
K pox011 1.050 —1.849 1-050 = 121.239 1-052 118.190 0-000 0-000
‘e'; MAN220 1-057 33.828 1-104 — 87-051 1.095 153.583 0-000 0-000
1-045 9.280 1-047 — 110-561 1:049 129.263 0-000 0-000
1049 21416 1.049 —08.534 1-049 141416 690-000 30-021
1-382 27448 . 1-382 —92.552 1-382 147448 0-000 1174450
1065 0-000 1.065 -~ 120-000 1-068 120-000 105-447 43-534
& POWER FLOWS FOR CASE (b) (ii)
Receiving-end Sending end Receiving end
busbar name MW MVAT MW MV AT
MAN GN —2]5-188 —47-660 214.317 94.689
-~ 236-239 —32.027 239-036 83-135
—238.57? —57-358 236.651 110300
TIW GN 1.022° —48.856 ~0-943 50-603
13-968 — 39.879 — 14459 41417
— 14.990 —21-861- 15402 22622
ROX GN —31477 ~32.397 31.380 34123
-27-102 —26-447 27056 27-870
~—34.486 —25-625 34-62? 27.253
INV220 61-717 — 0-449 -—59.95¢9 - 3-060
63-923 8-780 -63-029 -12-528
. 55.-884 9433 - 55-938 -12-8%90
R IP!VHO 60-104 5 3.148 - 58-834 —6-633
’ ) . 60-697 8-862 .—59.913 —12-893
55-386 8-308 —~55.251 —11-644
TIW220 50.372 4.489 —50-036 -10-361
45.195 8696 —44.865 ~ 15661
45.399 — 2050 —44.387 -4.002
TIW220 50-280 1.766 -49-601 —17-803
. 71.183 =10.392 —68-015 5177
66-716 21.838 —67-520 -25.218
TIW220 25-141 4.940 —25.740 - 6-486 °
29-094 12418 —29-016 -13.818
22.994 8.775 ~—23-049 —10-464
TIW220 25.755 4.932 —25.227 —6-494
29.094 12-418 —29.016 —13.818
23.008 8782 ~23.035 —10.456
ROX220 17.294 ~15.180 -17-761 7742
19699 —13.417 —18-814 8668
16-931 - 9.624 ~16-981 2118
MANO14 — 222495 ~ 8.953 215.204 47-661
— 240.999 —15.945 236-242 32.027
—223.842 —37.530 238-620 57.358
ROX011 —30-247 - 27.743 31473 32397
—28-193 - 20668 27-099 26447
--34-329 —30-418 34.487 25625
g s 24ion 7830651 MW 4920122 MV AT
: T69-6000 MW 335-9000 MVAs
s 133693 MW 156 1125 MVA;
) Q0959 MW —0-0006 MVAL
€.~ 125, N0, 8 AUGLST 1978 739
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2 Balanced angles occur at the generator intemal busbars | ihe t v
::I)) There is an apparent gain in active power flow in any one phase. ~ admittance matrices are as follows..

This power flows through the mutual-coupling terms between Y,
phases. The overall active power shows & net loss as expected fora - --- -1°f :
realistic system L ihiaiahentaais AR iR B )

(¢) For the synchronous compensator the individual phases myeany. . .. .. Y
real power; although the total three-phase power always sums to~ i
zero.

2, | =Y -1
. Ya=|=-Y |2 | =Y,
ions ]

7 Conclusion —v,| -] 2,

The high efficiency of fast-decoupled algorithms over the

conventional Newton-Raphson (roughly six fast-decoupled iterations -%,1Y,

are equivalent to onc full Newton-Raphson itesation) method has :

heen extended in this paper 1o the solution of threc-phase load flows. Yin = =YY

Such extension is not straightforward, and various modifications to y -y

the basic algorithm have been developed to cope with mutual effects ! ‘

between phases and between parallel transmission lines. Also, the
presence of large shunt admittances in some transformer equivalent
circuits have been found to influence convergence, and need to be
included in the active power-mismatch Jacobian matrix. Sparsity
techniques and near-optimal ordering have been used to provide fast-
repeat solutions. The algorithm provides fast and reliable convergence
even with extreme conditions of stcady-state unbalance.
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10 Appendix
10.1 Submatrices for different transformer connections

Table 9

BASIC SUBMATRICES USED IN NODE-ADMITTANCE FORMULATION OF
COMMON THREE-PI{ASE TRANSFORMER CONNECTIONS

Transformer connection Self admittance Mutual admittance
Bus P Bus § Yo Yes Yrs. YIp
Wye - G Wye -G "1 Yy -Y

Wye -G Wye Yu/3 Yul3 = Yu/3

Wye - G Delta Yy Yu + Yy

Wye Wye i3 Yu/3 —¥Yn/3
Wye Wye Ynl3 ¥Yn Ym

Delta Delta Yo Yp - Yn

740

102 Jacobian submatrices
Coefficients of matrix eqn. 12 are as follows:
G [AR") = [darf/aer] |

where

AfP = WEWIT I sin 6F — B cos 0F"]

I except

R R e
(i) (BR] = [38Pcen /06T

1Y
H

3 H
- = I WlingIVIT [GF" sin O — Bi{" cos O )
[ 4] .

@) [EB] = [PAPP[3S1aer)

= )"_ Ve (VIF [GET sin 6" —BE™ cosﬁzi

where [Fp,] =0 forj# [ because the jth generator ha; 10 com
! with the hth generator internal busbar

and

3
[Fu) = )E -Bpm i -Q;n‘*' Y ,):,W'ht.llt

where
K

except
Ko

@ (LR)

n

and

) {Ral

[GE™ sin 6f™ — Bf™ cos 6§}
Coefficients of matrix 13 are as follows

6 [Kgm) = VIR RAQFBIVIT)
lyl:‘ ”,'f lel:- sin of."’ -—E.P.’" cos Gﬁnl
-—B:l.lﬂ

IVIT [33, . 01VIT)
where L}, = — IVI} where k is the terminal bushar of the fth

- r
Whoy S IVIP [GP™ singE™ — BE™ cos 80
ine.l ) H]

Wi +or

LR = 0 otherwise

@) [PR) = V1 04 [0AQF 1V lari)

0 forallj!
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The characteristic submatrices used in forming the tranyfy e






