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Elecfrical enecgy is genesattd af power statiops or plaats:

G)m/anﬁ'anm] powes /J/&M fs:
a‘) Thermal Exomple® steow turbine 5 G as %W&M&J (ombinesl Cjc[ﬂ.

b Hyoiw .
c) Renewadle: Examplet  solars wino s Tilal-

() =>"TRis symbole Hfor genecator

o Bonus Question:

Whot are the types 5 power stations in Tordon ?A\, b p.S-

1) Fossil fuel power statiorspralatutal gus-fired PR Co Arman East P

f H, P f ',‘}"b“ Thesm ] P
% Som ese PN ar 0;’45}:&!&- ;'{g;,{ P,S’ al £X.

#71l pro aL _
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qu-: QH—Q)/QIZ » Xeflf X"f)(z/nll
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Wen Peg 7 Rey, §.  Xeg 7 Xeg,
However BJ usingy the PU concept
Then (Zeq, & Xez, al He Sowul Jrr
kinj (C‘FICCTLQ{; Yo .

')Z‘;“F Renew the adLVMf’agcs oF PV sy}e,m.
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e o apoear
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=> Ir/cS{)&c{' Ve 010 ’Hte f.'jpﬁ arf Connecﬁaw
cct
'A__ngiE" Ta o Selution PraceaLMC;w(’/ wie PM'PhMC CCMC&P{"
Pka\s’&-

/(/evbf‘ m( .

systor ,which contain o) Fromsformess

‘/‘l"_t?:" For o given powes

Then

1) This system has one base v
o has a base value

hamges according  to

Ap/;a/mf Powreh”
b the volfagc,
Tramsformer Ratio.

alue ‘)DW

2) Howewer each secti
Hiis base value ©

TNus tvation: , M
v
I L .
~ o i :
KV 'N5% y/A b
sgmvh  (/BDKYV (132/33UV
X:BV o ASSUIMME we 'l‘a\(zﬂ—
2 o base value VL"-22KV
Snew |, [Vold Fre base valwe 14 Yhe
ald. r aext trMSFomw ‘EJM
: o as follows -
99K MK
N, 182K

Forthe gives sys e Lol e ve

anol. Meufal onthe HY side. © |
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,zgamf ,\gv.v
ngu L E M Q f‘%’
SoMYV,

33KV
20MVA (l?%/lw)lf\f oYL (22"/’3/3 IZV X=0.2
[ 25MVA  y. ol

X'=10/. (2202)s X =107.

S5MVA '\v
S leo.
: iy ¢
gj ‘KS!V\"j gﬂf@ VﬁlU\.CS %00;1(\‘;;\ e . . e |

of SoMYAs13-BLV X=0.9 +e Se;umcc cct.

Note: the specified PU Reactance of cach compoment 75 Beued

on the fatings F that compeneat,
=>TRese.  considered as dloL Vhlues

SoMVA>\3.8KY => kg Valne

Sylution: Kong= Koldd (Sdm) ( V"'d()
< for Gy .*02(”8) 06

5.8

he TE Tieod (e ——)@
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o Maatwe on stator & Feld on Rstor.
Ra (Ls+m) a X

T
e
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g2

4

%Ejaﬁ/ﬂ’@ﬂf cch of 5o Gen- uvader X /C cadifions:

——

[

-objecf'ive: Find  the E?_uil/a/cnf D

cet. wnder such
Condition. 2

> Under Hhis condition > & very Wigh  cureat  is goinsy o floww

9 This cwirent 3cncfahjs o Of’f“f“j f/u)( fo the main
Felol flux (Z:C Acmature IQeacrL/'an) Cansing  the jwmfeol velfuge
'Tzﬂccrgafc amf/( Cowsezumﬂ% the ﬁw”’ Camsui’ will olecr&ug
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Nt

Ir = Fault Cwreaf in the Avmatu [/(/’I’munj'
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) ﬂ&jliﬁf’&ﬂ-)iﬁcj’ Tr will looW LiKe +he ﬁl{ow»nﬁz

2

I
2 7T " 7Pz’9w e (1)
U@, t i
— X inclenses. pucwrmf 2 S}'caﬁ
state.
K b —p e - )
4 ' called * ,,
Joled: K'f““d: ; "Steagy Uate -
Sub trows ient ”—rm»ﬂﬂ‘&ﬂf-

w ince 1S assumed. that Woload, emf of fhe 3me,m’rar
dagsn’+ chMjﬁ )“ﬂIeM T O\CCOM’[' f‘or cuwcent olecr_easc
9 it s aSSuMﬁd HAa'i' the gen. lQenc{’M(f_’ /lelil\gcs- k
e so called “S ubbransier Reactance X L, F Sromsiont ReactanceX
P ol ”Sfcaﬂ ufe Peactoace 1,

o Tp Onbe expressed, as t

l;p:lEIFCLHE’(;L’?"Jx—)E/ZJ—f/EI (727"'}(7)(_3%&

IE! = RM& value 07(7 the /Ud—/f/owg phasc; Volfaﬂ&-
-C'—;-C_{/E -{TMC COY‘S'ILOM]LS' OF WM(!‘M% puflp( S’ubf:ramr'wf Canplf‘f'l'ong_

%Tf /ll)jufc(’) IS 3“/‘3‘4)%”#6% be_used .Eo FMD( expvﬁ'men‘fa“j

e
— e —

X% X" as fillocus ¢ >
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S = ﬂ f +the ampk 0§ the faulf ewirent s given
VS JEE e @ >Then Q>0 , & con be wsedd to
fe = evaluate X, )(/, ¥’
% - J’g—l' "‘@ ZI IF X;)(/) X”W(’, Kinown )‘mw the e al'vafﬂ"‘f
cet- com b Ffounol and ch?:mm‘ ly
falt conrent :?'/31;6‘/; Tp G be Evaluateol- -
- Equ. cct p > g

% Subousteat wseol M civewit breaKev

x Transient nsedd 1™ Sll‘m'?'l“‘t'j' | |
xS;::al;gfa}c nsed i s*’eawlfj stafe ap{)hcahons-

M&: A BM 71:?'_3_\@/: 3’Ph V. comectedd bO0HT 3@//1@(617"0{“

s adjusted £o give (ted velfage ot o/C - |
:: 3-{Pl1 700101//' /S a.pp)i(jat to ifs o/c {'&(M;nalsp{-\ﬂ,@ C)b'}hfﬂtﬂ(

7@101# cuntedt was o ;e’//aws:
i ’04[” ?/Gﬂ-{ét/ﬁz Jwheve T =200mE5 03 =15mS

EVa/uafC: Xox'5x in & PU-
Qlution: T =gzooms (Tmnsiem‘) A T3 =i5aS (Smhi‘fmsiw”

D"j COM,oaH'nj it with the 9.Ven gonoml expresion
omd Knowing tat |El= B8y ==\X =0 797

P

¢ . paK) d x 703982
\/u_ = 8 e ’/=
Zb:"s};'_m =0.6350 X" = 0.09%6
fer wnit values: )(’: 1-,26 PU
X 0. L F U
X'=0.]57¢uU
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'in 'H»Lc, ouc. oF Y-Y or ALA There 'S -/(/a -phu.rc_ sh}{")t-
M the case of A-Y or YA ARere s o 20" -phase shiff.

= Ta the (onvention 5in the e phase sequat (€  the HV /e ds
LV by 3075 ja ke -ve phate squance the HY lags LV 4y 30°

o tVe phase sequance , i Py :

A a
HV % LV
N n

et

*I//MSf\/aJ"ian: @ﬁ@——lfl Assume.  +VE Fha-fﬂ
A-Y

TF the Line volfaee (12 Rvftoav) sequarice -
L line cwrent af he 10/. 5600KVA
3eq- terminals are Ay & 20 A resf&ﬁ'vc[j >R Ane o gopy by fhe gem-
is 08 loegion . Findl fhe Line Cutent & whboge at 1V side
By wsing PU comopt A\ wsing Base values o £ 12K Vosox VA- D

30 "
Se lution: Ta itk jo

‘f D)
T, = ooxld) II - 28.871. 2 & T £
3 «12 %105 : A :

o) = 22— = [Tal= 0.49]py N
b < BES s

22.8F
Vo= 119/ = ;
ANV Vl" 2.9 - @ 4

/(]00.) ‘H‘L Vﬂ,“&f seeqa Ffom LV: @@ 2\ I,;\T*O-(?)_{if-z??"
NI > G
= 0.95 {324
L SL— ZL_-: VL/]Z\ s ZL": /. 33ﬁ50
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-)& TMSmission Line,'. El

'Objech'l/clﬁ 7€mal UolfﬂjC-JCMmrf aua[ Pawef Re,[ah'onslti S
« Procedure : Fincd  the eguiml&n‘ cct oﬁ Tl & &
¢ Pacsmeters of Trmmspaission Line s
D Resistance. 2) Taductance . 3) Capacitance . 4) Con ductfance .

Vs = Sencline, Ead. Vo lt G i lected.
3 e, 1S neglec
Ve = Receiving Fad '\/ZHS? & g |
( W) ey - Toer

- u : Te o Tope. classifications.
( ) ) r. e * S;fncc the b’n;t ;s made
i T2 o o Canoliecting
- Gﬁ%g ey \_@;}%ﬂ)v& metevial (5.3 A AC)}{CSQ)
i e . oo Tt b \ Goobicly
/eofc o _J_';‘!._ o Qesis‘hﬁl«[&){e_ Aluemi ppm
4 All

However, one. wse Rap - [fac>f?,xc)> which con be Pund
Jrom Stondard 7o bles .

¥ e the line cary ac curent—sb genedlc @ —u &F will induce
avoltage o the Conductr. This is ,qpfe,&,,l@g(,f,j Jis <

C = Used To Represcnt The Gopacifance Effect Betusen phase
6\3:’4%0(, or Meatal

.4 (‘MJL{C?"M‘Cﬁj o«/}'tl'C’fl mp(&fﬂﬂf ‘Hae Lcaléajt ch,f&d— 0\)0”3 He B
inenlators o € the Line dae to  Bollntion 5 it is V&:j sl
awnd. variable.

ﬂé TE{_ fnp&lﬂ{hﬂfﬁ &G{Pﬂﬁl.h‘ﬂfc OF [iﬂﬁg O[EPMO( o 'HiC
ConFijwmﬂom of the Llines.

o] o
06 OR o oo oR
0

(@] (o}
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Y for Cyptlaterl Uines LAC can e i3

ound as )Ca”ade:

=2 %10 4n (&) Hpm. D@D

= g%' 1160{6 mgéa'ﬁfmm’ Racliv sgéwﬂ) ®r-- B ¢ ©

Ffrom standacd “tables -

DE Dz’s%Mce gc’ffwe&’l Lines Z\ Conatdc%ars-

Cn= Copucibmce  Betwean Phase & Neadrol:
FIm iz Radins of the Conductor |

E xownplt le* A 13Km; 60HZ ;5 single-cct - 2-ph line composed 07[) P"//—f"dﬂc |
Conductrs egually spaced with 1-6m - betueen cenfers . Assume
wire tempreful® of S0°C. J—;{nd the sedes impedance
07E‘H’LC; Line P (2e '——\ﬁ"ﬂzbf_':)

Solutions  from Hhe given standard tables @ 50C R,z 0 SFILSYm

;‘or fhis line : R:O?qu ¥ 7%—‘:’- => !E _—;—lle;_ﬂj'
orel Lables 95 = 0. AFFL.

L:Z*HE;/H ["g;) 5)7 =|sbm ) ;/am si’M

7|, At
=>L=29H5?/n (—-—-L'g‘” )5@}‘/’"' file = 1.409Km - J

0.021F y0-3043 ” H___fo.qscm___o.?aqgm t
- For this T-line: L= J.48%10 /8000 |

|
= [[=a.0f9%]| H o S 5 |

2 X=wl =97x60x% 9.019F = F 43N 2(Z =Y. 04 + ) 743 :I

t
XK Analysis: * |
. /f_:'nas (om 2 C/a:sjﬂtd nto * /(_/9_@-. There 15 2

T-L : Topes K lengths-
QMECLI'LW Ling [2044;42qo)pcM. |

Zg
D Slfwr‘f Line Up 1o SoKm. CIa:,q‘qcha'fians for E
i
2) Long Line (4. 7240) Km. |
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| o Shart Lie:
f Hemce  the azpaci)'wlfe effect s neg/ecf.ea( :

R R~ W e er
o A B

I JX Py

+ + V,
aauss T VRN 1 TR
- 5 < 5 TR Cﬂ”tiﬂ(’-
*Voltage P.ejulaﬂm: VRi= lvf?;m.l" Vf?;FLl %100/ ABCD Pa.fumc}m
\VareLl ¢ £ shorf T line.-

= The ‘Lfm: will be Mﬂl'ﬂi‘eal- wa e Tnductie J[apacffl'l/f and :Qesish'vc
(.mollnj Con‘a[l'ﬁans. )(gj wsfn3 the (‘dna‘.‘()f “# /)hasar d"“jfm'/
oHere it will be assumed that [Ve| & | T -)D,')(ea( and the pEis varied-

*j},a[ucf:v’c /daa[.' . % Cﬂfdﬁ;hv& bac{':
Tz gb T K
) ,\.li B T T -

.- 2/,-"\'/; TR
R

* Resistive b:laL: ’7171 " '\é(in&)> V;Cfees)> Vsr(caf)
C, w F

% = K

] ceavin
# Fawwh'-ffﬁcf: 7t is the mcreast in vollagt. occwing at *;"Ci f: . 9
end oyP a )on_g T L abeve the Voﬂ'ﬂlj& at the S&(olhj e,nal anol ‘t;.e— -
pronamceal 0s how much the longer the line & the higher voltage
Oﬁoh'ﬂd)also mort Pronowrceot in wole(jmuna( cables.

./'/{epum L‘M 2= Total Series l'mfeolmcc o‘F the line.
IS Z=RejX Ie Y__:ﬁh(’ shw‘}‘ aJﬁHHDﬂCﬁ OIE ‘Hle ll'ﬁf ':-j(UCL
+ * .
= KL
Vs % .’Z‘ l % \% = Z(Te+Ve L)+
o 7 =R (zy)+ 2R |
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g Subs“fu‘](’, @ ' @f
IS:: ’}/‘[er (‘+Z-§)+ZI@]TIQ'TV ':)2",-,-

= VRI%’_ (!+£%)+EX] +Jo ( 1+ ?2_,\/) =(V@(Y+Z¥)+I,e (1+ %Z)J@

> Re-write @ N @ in Matrix Jorm:
—~ A

f’Z)‘B Ve As re;mirca( D=A. # -
\Z,

Te
D IS =C Vk +)7I(e -"@

VRX e ll/le,ﬂbl —/V,PJFL] *IDO./' => \/R,NL WS :rfa =0

. s e
IVKJFL, it @ => \/R)A/L f;gs\-—
. S0, we sonld. wiCTTRS
o lo\nj Trawsmision Ling, © ver = Wnl-1ler)
. [ Ve,eL

T this Case the bne i repeseated by:
a distributed Puwameters as follocis !

Z = S&’fBS Impcolmcd fer UMH' l&ngﬂq (.S\'/Mi)g)
Y = Shuat Adnitlarce Per unit leagth (S/mile)
«Objectitp: 7 clerite. the eguatins - e V(x) 8.1,

' th Ax
: Consi all segmcnf of the Line. of the lcvrg
G wka:;a(b)rc ?ssawweal from Recei ving ol -

T a1 (%) T
P = - - - e ERE AP

VR

By KVL: V(Xrax) = 7(x) Z AX +V(X)
. 2 Thy = Vxrax) -V o GV g 1(x) ) .0 =
- Ax o x

Lim
AX—hb
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BY Kel: T(xeax) =V(xesx) yax + Ix)

: o T(X+ax)-I(X) _ gy (x+AX) " e 2
| e e 5

Lira
AX =0
£ Diff. Q&0 witw resped 1o X (3]
V oLz dT = 24V
‘ﬁ‘; Ao =70 .
NPT (¢3 AT I
oLrl j%Lf ths Ax? )

* T si \IF let ¥ ﬁzj aaation Con ‘I’M')’
ﬁ Ma(- it is called = Pms-; Claa/aafmsfé’c

@ g

7
% Solie @ 8@ To Fud VEIKIK): e RE
| . ,,M(i‘fions.
| whew A Ay Bk B Constonts to be Found From indinl €
f %Fmo(tnﬂ AdAg: (o) =Vp = A+Ag .”Dqu
} AV _ A xc —Aﬂe => ZI(x)=A¥C e AL
x
Z I (o) :A‘X‘AZ\A’ —'EIR D
. . 5
#Soh’ﬂ@ 5\@ 7o find A& A; . Ao :\E (YVQ; 219.) 3 Lz_(\/{{r %; (&)

X*@.{-,‘ YVR%‘ZIR:—'.ZA.Y =
T
= A= iz—(t/e'fﬁ?fc) => [
 fom @F Ay Ve-Ar = Ap=Va— T (erETe) & (Ay® L (Vo= Z Te) - J12)

£ Substitale D8O mb @: B

V(x) "-‘-(er-ff ze) &+ L(%- zclﬁ)c
£ee £ - C V(x) =V Cosh¥x + Z IRSthx
e (Ee) 2t (B [ R T,

‘ Bj Similaw  Procedudey one Can fMaL B ARy, )33 substifution i can be fouad

B ®
T(x)= R Sinh¥x + Ip Cosh¥X ¢ «.. E‘Il
¥ Ze *
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L@ x=4 (e ALMJJ;L[ of Hhe éim&) @

eipie Wy e
V(L) =V, = Ve osh ¥E'+Zip Sinh¥L:_
(L) =I5 = l%/é;;h?ﬂi-* Te'cosh¥ Lip

el : vifie JA. B W
 Wrifing Vs Ty in Aot P H [C w] Le

N‘\.Cft.: A ____D-:_CDS“XL
B=Z s;“‘.«‘ﬁi‘

(2 =L sin WL

T . 9500 KW
t For the j e of the 18Km Line . TF this Line 'ol.chVef‘S
it ffr ”KC{PW“Z;S 30:3;& Lead . Find Vs & WH&jL &ju!q‘hon when the PF
[

I's 1) o} lajjinﬁ. ,2) um“'_'j . 2 08 L‘.ﬂa(dﬂj

Z I
3 o Y/
Z =24 +j 7Y = 85Fx 6035 : Pf=?

33774
) o8 lag.: T =20KC _ ycies = r= | 64, 02 K237/ A
G-&llﬂﬂz*a-ﬂ

23 subﬁ‘h’ht‘av\ B WMJ UoH’ : @
. 8‘050 Volt.
2) waily g ghooxi? y o 5 [T=BMLE]A V, . 6759 382 |elt
falleio’%]
3) o Lead : T= 250010 \ACOEIOﬁ __;)@:[ _3*9___5.37/‘ - e = 6555 6{10F velt:
(Z $0¥I7 %0 @@

¥ Valfcﬂt ﬁejulqh'm - bj © \VRI= \VS}'VL:/R\ -

Exowple: A 60HE 3-ph Tramsmission |75 miles Long:
Tt hes « tolal sevies inpeclance of Z=36+j140 5 yaud o toka shunt
sdwithance of Y—-fﬂ?aarrm"s The line delivews WMW at 220KV and
o-4 Pf ’“miv‘j'
Findkt &) Vs,Tsmad The pf @ fhe sooling enol

b) ver& M of Hhe Lie.

g X )
Soletin: 3 > 2B % 2 (e

ﬂ) vi =@}’£’.‘,—R+ BeSirts 14 % -r" S
7y +{% ik e+ ek 34 T A 12 4 = [aiio) (Jazono® )

=>¥L = 0.3 ?X-&o always |
1 : ays an
i éf-z 0856?4.8? 00446 .éo-%:{ rad.-

[ ] 7
——
e i ———— . -
iz e
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| 5L x —x2 p”
> € =loyséAE , e 1(.3‘?’_- 6-9563 42 [20]
._‘5 -
A=D= cosh¥l = = cz‘u-w 1= lA-D - 0 AYoF XJ_J
B=Z siwh¥l — ]g: |;5.clx?ﬂ |
A A L )E= 375 %1041

A
Z
2 220 o - 10 co3'0 ):,/—’TZ’?;-

V3 % 220%10%08

83 Su}s‘}il’u‘\\'dn it con be ‘)Eowlp( : [l/s :]30.”&_&3“ M FL’S =119 Z—@
| Pf @ sw‘ir\j end = Cos(o’-i-gz) =l 0.833U| J-caa(r'nj .

|
| - % v é
y) ver = 1%l -1yl Mﬁjv%t o x10
"
*

el o f\&rsg

Mofe : See the mfarf about the Losses i MEPCO.
ideat Com I
Trciden Ponen ﬁea }_ ,,

X Comm&‘lfs . ; C 11811%‘
o T} wes fouwnd that: v V_____R_‘e;I Ze GX% + w i

IS‘XL_ Ve /2. + I exx — VeolZ -Tp E’Xf-
Po¥= ' * 2
le & +Jf? o s IR
where + X = Atlepuation Constant- 50 _C\Kx = g‘.{ - € .
B = Phase shift. ¢* = 2x

o Vs & I Connsf's o?e fnadw*& @eff.’&}col Campanwfs
0 I/) #L& Lne s &rmmaf@l Z’j its Cha{ach{:shc IMPCMCE (:c fc)

& V= T, Zc s Tadiis case,Thece is M0 Reflected
Cam{’mbﬂf M Vs&Is .

> TIn #his Case o The Ling is Called "Flat or oco-line”

% Suroe Tupedanct: Jine & )‘ i
L:?f‘t Chafaale,nfffc :mPeaIMCE 07Ea Lossless Ui S;Cé ZJXQ )X

the
Zr“ .w’c ]
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S

E.
|

|
!

|
|
7

!
?

X Qurjc, Tmpedence loacli@ (STL) of & Trasmissim Ling l; [21)
STL itis Hhe power Su{iphed, bj the line to a pmZ resistive. Load

awhose ngnifuo[c is egua/ to S gL iMf’Ea(MCa-

I
= VI s —
e L = (T oot v =R={%
P=FVIxl =T v L _ s
C 'z "-17—/;_‘ i Lr‘ng Ua”'ﬂjc.

L o lta
YT = (31Vpl

X Eguivaleat Cireunit of»’ a lanj Travsmission Line®
-objective: To represeat by the I —egusa’wa' i "

s
cProcedmre: To Fiol the e;zm'\/alm}s of +‘—>—l—{.—3——l—+‘+
Y Vo

the secies & shunt components. (e Z& ){) Vs T-f?? Ty_=p?
3 kA

-

% For this T-cct it was 'ngp( that :
Vg =~ (14 22_;-’)%/,(-4-21,2 soe iy
*#For long T-L itwas fauadthat: Vs = Coskdd Vg +Z.sinhdt Ig - @

b oA & FEATL - &
< I+ZX - cosh8L = & E'}e" = cosh¥i -1 .=>@

Swbshitute @ infe @ : 3t 5 'z%)z
- i - i

%’: C._———-“L‘X‘L ; = 'T’rl ..]—- = .—l—— (g“ 2 7 ¥yt

Ze sinh¥L FEFE R Z (2 /z+'g§f)[c B dz)

L ,x_zf- &

. Q&0 Com be wsed Lo frad Eguimleml T-cct-
Finol -T—E?u. cet of e I.Ovlj TL inthe previous C)(MPIC?

Exampie

Solution: — :
o it con be fuad that: E: 13504 ¢
174

Bu substifu o
% = .6 i %30

K Power Flao in & TrLine:
.A?‘H’laujld one Con Calculate  power flow ot omy point abng fhe Line 'E'j Woro wing

Voltase, current & P Howerer the objectice s is bo evaluade cuch power

13] constouls .

bj uLSMj the /C\ g
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OPrOCEdU-Q: i+ wWas FUMd« .H,‘a.’-: Ipe
- - - Vi-
A 27 ba

*
B=Wle L Lek:vyaqujxS 5a-1A1 4% per-phase - ccf -

Vo =IVel %< 5 B = IBh(—‘B
5
L L= VGRS RIS ) s-p X =B

[8]4B. gl “ IR
L=l ¥ - !nglmz;p-s AR e (D
18] [B) &L

since (S P @ @ *Apeling @ ko © *

= P=Dellil o €y _ Vol ou/P- "
> (Pe LR cosp-d) - VAIE cos(B-a) ®
@

~ vell%] sin(f-5) - | Al 1Va/? sin (R-&)
I BI 13 .
Hence by using @&@ one May calealate PRA  Froamsmitted by a T Line .

ngafrbn@ con be used 73 express S 3faphr'callj'
IR
Wrg

—
-

. e
8= !VRIIVSI¢8 _( )AL 1Vel? F'i(’\

- Bl e gy T
S)\t{"} {)‘Q 0{9,"{17’/0,-4 f’ll'ﬁf n bO-P"l'ﬂ* o .

let the foad changes by Keeping
Vs| 81Ve| constants. L >
As Be lead chamges by chansing do Yo i L (4K) 15 oing

s wuove D-l"wj aciccle Cmsei““”i’j) P&H owe SOMQ to cijC/-

Pmax will sccwre when R-§=0 -

Y YT
ﬁuax - W '%‘_’ Cos{R-x) Mayx @ Lt?aa[filj qu

X ﬂeadive Cdm,ﬂMSa‘f‘:'on .
At heawy Load, thede will be Lagge volfege drop in the .‘MPEaalancE

O'F'H’L& Line. MJ Cddfégﬂaﬂf/j Hfj}’t value 780( V‘r\)-g{.nCﬁ H,Le M‘jﬂl"
CGM(’OVIM!L 07P'HA£ :'mfedaﬁfﬁ is ,'nducffl/e reeacfamqf (xL)‘ Then Hhis

con be redued by inserting Copacifance (Xc) in secies with #he
1) l/
line This is called “Sedies Compensation .

Ratio o)p,_).<>£9_ is (‘a”u{ ”Se[a'f’,s Coyvt/?mmffdn Factor?
L
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¥ (nder Mo -load or ll‘jhﬂj Leagl Line sthe T

effective Loaol will be Capacilive .
Cm\ﬁnj VE to inccease fo a hl}‘\ value. " I
Load.
o M\
f\’—“K[ s To solve this pw“&“:i‘lﬂ&" M
Load Tnductor 15 PI“CCGC e _””"___.@Lﬁ_—l'
between phdfﬁﬂg\ /Veut‘ffa,-' ,/
— Twe “wis is Called “Shuat /zf“ff'."f'
Vo P '2‘{ Coﬂgfwsa one
C—ﬁ- 00\!'5 Loaa(. Hence s shuaf Compedmfioné BL
Cuwrve. - ';‘“t“' T B
wLe{e: gl‘szrl. 9\ BC':UJC
# To recuce Chaj:‘irj current = gy
- 2 8
P

T : H . —"l\.fi\
h V_ Re IA ‘:‘.V-()UC -a._;J[) = V—J“)C (' ‘@. {:“7_-!;\)
!/1 .

¥ Povometers of Compansation :
eSexies: V= Ve + I X o T sl | x] 1 Ve
§ e o neTg S]) CHIK
! g —- +V by Is o | R
'v,: ki Xe = 2% s Aep=ly B=X 5 C=0
oParnllel:
el Y Y ERL
e 7 %i~18 | &+ IRk
Vs éx v L =Tt R X1 \
& -LA_. _R ; x .)CL & A:V:I 9 B:O 3 C= ’f;
[ i . M I
X?Aﬂ/’hcaflan‘- L b . b ‘—/:ﬂiz-,_)f._r
Comppasativn Conl v g DL] sz DI %
yAl; one of the tequinas i ol o e | i B —s -
;’]/” o given Location in fhe Line. v . 8
+ Ag_; 865 'f'v
"\ls C —2
= — 0 ng
M ¥My
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I, M, it M3 My ,Right. )

A
IS I
LL& 'VS:r j [M;-X‘M} %Mg] l T:/E

Exomple : | 2.ph ToL is 200 mile long andl sexves(supply) o load of HOMVA
with 0.8 pof 1a93ing at sUEKV ,if the Line pasmeters as fullows:

A=D=o08183:2" BT L AL 5 € =o0.001933 450N
- A 59
ﬂWMM'M’ VS&IS? 245 B Subs‘hfu‘l’io/\?@
VS‘A \/_e-rBI,Q # Vfa = —{}.—"4_0. KV VS :2;6'8A22| ([ H’

Ts~ CYetPIR 1= Yoot GIR AR .
Y T ve=2l-\ ﬁ\*m-/‘ %

173

If a sedies Gopacibor bank have o reactance (146.6) - 15 iastaled |
Jjg the i ~point of e Line & the JAZ] conchout fr cach 150mile

we A=p=0-4534 X—-”r‘g-u) B=9033 841"y C = 0-00Jo1Y 4321
he e copeor [ 1 MUSEST 5 Fuol [T P
0 /

IQ E\\ M ._,E“ __l._/vl_?:_ﬁ}- M 1-£
3% i Same [Tt
as ’ A (o] | as M] =

P ‘ 4 Nex 1
E/ (lgO mi) (a,q‘ognsa or (150 i)

5V =A \{eﬂ-lzf,e = (oﬁ‘ﬁ‘_'g &FI??.Z%IO?Z{_E’ ) + (I{Zﬂvg % 554:,,”_—_3_6-8?)

= (Vi =216. 745 Ruelt
s . s 7= 1337
vt = M =

[ Vel
#Comment:  Poamedor  Befce Gepe After Gop.
A=D 0.318 [13 086 12 ._-——-—>
B 1722 /842 M2 LEAB
C 6.001938/%H  o.002 /90]
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=> Tt cam be obsemed Bt the cimajc in As G /s minimal . EZE
> Howeler fhere is a major chamge in B (de B). |

x Since as see in ﬂmoqo(ess[on o‘lP ot ﬁow in the line oi-}g

o Power capabih'fj o‘fp the line increases -
% enol. of }",3} maferial ¥

% Fault Analysis :

hat ] .
' jﬁéﬁhh‘ioﬂ (Fault): THis ow abnormal condlition which ] el 9 the

pawwfjs%em cuch as ofc & /C-
o Tn this comrse one is inf@rsheo( in %/c-

Whj!! \ '
o Objective : Qesulﬁjfm!f Anabygsis con be wsedd n the setfin o
protection Sjsfm components :PT +CT, Qelajs 2 Cicanit Brealler

Howl|
’ S/c Faults Can be Classi F:w{ jmto:

> Qalmced or Sjmmc‘h’:’ca’ (3’—ph f"a«lf)-
use. per” phast Aalysic - r,:7 Slyo

metrical Componeats Concept
VS [/

—-PUnbalcmceo( or Unsjmmdfiml could be:
1) Sz’na\e Line to 5(0(1/!0(. Fault -

2) Line to ling Fault-
3) Line to line te jfaMU( FauH’

¥ Ralanted. Foult —
. | Extemal
To S]La/‘f consider a small SjS”'CM' @l’_ c,,’:,t:,,ﬁm'

aléEgm’VaIm/ cet?

Tip Problem s S/C ocanr at the terming

v | Zext )X:: of the Fault. :
Jiq Y e Objective: 75 fiad I -
4 m

o Rulanced 3—,011 'Em”’occu/@ P-

1/?? = Fre- fault Ve [tege o.l‘roa,‘nf P.
7, = Load Cutvent-
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v 26
z?tﬁlf& fl"téu“' Ej - ILUXJ’/_'_ Zaé)-i”‘{c R @ [:]
E"‘”:VF "ILJ.X:: ¥ e @ o Vs
r Yy zﬁl’% P ,
Aﬁt‘r the FMH: Eq =1 ()XJ ,+ Z"'H) e L jxn, ]
M”'-'-'-I’:, -XI '-.® )’ & "
E JXm o 7 g
wherse I'g/l; J',.’,"E The Contyibution o F the gen.
& motor to fault curreat -
x* gubsf‘i‘}uk @fﬂh@ 8\ @,‘nb @:
T o= T (e T sanlB)
I, (% *Zet)+ V= T (Jx5+ et) 4T L j¥§+2cxe
/2 v N Vi
=% =T J & o I,,.’—J\-%«-IL i)

* Mo for T T T4 L wan @
% Substinte B&KE ilo @:

Hmcﬂgﬁrom@ ot Con Calcula e 'H'-P. Fa,u”' conTen I;’/,'

x By observitg @, one con represeat by o Thewenin Equivalent o Fillowss -
I/ e+t

@ conld be writtn as: 1
sewifth is closedl |

XL I+ Pt
at the jeaul".'-

(5%) (595" Zext) Y

7y

3=k

o en one Cont pse () ov @)
To  evaluale J.}".

EM’_C-'A gen. s connected H..nmgl\ o troashvmer to a syngh. molor » for the same.
base values. the PUractonces ave as Fllowss: Xy =300 5 ¥ =J0.35 5 Zeyt =0l
A 3ph fadt occur at the tevminals 07(’ the motor when the ferminal UO//'ﬁjc
of the gemerator is 0 PV & the autput cwvent is 1py @ 08pf leading

Finol Jj'//J I;/{Q IM// ?
=

Co»qhdn,e_ .

______“___'-_“__-_-“__—.— e
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Sofluﬁon: E),IK £,_, il_cél_n J o J 5ol @

)0:35
TR con be Cafcufafcot Lj uﬂ'nj A )Y
o method L) < thevenin. w_?w V; @ £
o _ s Y

Ej -ILJXJ +L{£
= (1 13627) (015 /%) + (09L2) => m LT
[ = 1-22 477

En —%—IL(EwJX) bale) - (123537°) (045 /%) =7

-10F.1°
I’ ‘ EM - qc'uo—-
5,_. 7[ ..3232;-8[5 I I, = )XM = T )7

- ———

J’é +Zeyt
LIp=Ty S = Tp'= g4 o178 # 55 )y rtat
sl " v 7 Pl
Msfﬂ Thevenin Egur‘mlwfccf- {f' = "ga \47 T i

Zho= (3% + %) (%)
V=Y IL gt =09 £2) = (1 £363%) (Je1) =>|Vp = - 09634707 | |

7[2 z # D ggg_c’q 76(
th 3
#boj cuireat Didsion 5 it com be fownd, ! !T 3-86 -1 J

= 2.7 -1UH"

Metp in mefhod(2) J’,”&L” wte diffecent in valies with mothad 1) due Lo
the load cument - (5/+1) , (Fm-T)

X% Fult Caleulation USMj L Method.: ,
Tis is wsed 4o caleulafe Foult cwvents & volfases due to a balaaced

3-ph fault-
.proceafuf& Consider the f’"""’_‘j ’_‘j"}w @....

The shown Valfajc on the B[&Mwh
give subtronsien b reactmice. - ®

. Objective:
iF as/c occwe be{'wem a busbor

2 e vof evaluate 17} & e volfage E,;
at the busbars.

szu/ew.
xfc €9 lef w Jeult ocour befween bushawr 2 & the fef. Ref.

V;f = Pfd—FauH w,@&- o
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® I-;f’ I‘S alnj to )e}aw jgrom busbar 2 ta the 2670 Then 9e
inside the 55S+BM Cow(rlnj yalfaje Clth&S @ each bus bar” ¥

x Q4 between @) & the Cef (am be Simula ted or ff’ff&»fd”'/'ﬂd bj
2 Viltage sowrces \4" ,f’ connected in sexves.

JTC I&
x—(_j SW Bsufwn ¥ j;c
n /4 i .« o ® V
; Cov;‘i::'h own. B PRk together. F ®-v
t &
if ‘?:EMEA ave Considengd 5 thest represer : )
pr&-—ﬁm” coML!har\;TEM 7@ JovoT Contribute to Ir. %2#
Heace the only sonsce which contribute to .l;( is =V A ,I;”
(a S/ will bCﬁ,([ﬁ)Eé&v:["J (D 'v;
\ \"4 \
¥It- i dwwn be‘)%r& [I] ZL/#]}}s‘-TMAfTJX f :,:__rll

= [v]=]Z]11] -

L, Z) s—mafnx = Dﬁug]

t H\e busbars :
xT $ going to canst VOHDﬂC CJde&S a o .
f ll é'bﬂ AV = Z 2;2 Ei} Zu ” Note thal AVZ = Y;
APP& IAV?_] [2’] e oy -Zzl‘ IJ . M“'l{'.’ - Ma*f"
Q

gl | g = mattlt - 4l
Av, . L2 z - &
e ﬁ I ] [ ll{][—r;] . IJ [ gz,i] :. —v}) 5 1;[’ Zzz'*
22 ¥
A\} 2. 2y2 =
h £ " w :
In Wa’g Jed{ a Bnladtt’d 3-p aull at o s Wgedd EPm_},m”, altage .
H"'ﬁ K‘H‘ bus o %y 5 MC’&#M}' in the
Zhus matriX .
2 b'\f =
AV = - \/jz~ ;‘ 5e ¥¥ Be{,n’rrz(ucc the 3-sowrces
= —\/f 32 quJ f
V; = - 0
AVs }3232 Zzz_ :S'M.Cﬁ ‘H‘fj fresw1L f‘fﬁ")eaMH'~
A= -T2y - - Vp 2
22 V‘I, £ )C @
v 6iak
These  ae The voltages i/;;’ vf_:
dlue o Source T . Vel (v >
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= \él{-ujcs at the busbars = @+@ Q,
Y
Vy

S e = 1‘/}(‘ + [AY] = V;-rAVr
t/’zf :\\\? 4 -VE 0 . AV = Volfhj/: at the ”
2 V. AV, PRI .
\/:f AVy Vf - 1}: A bushowr e to I
% FC(MH" Cu’(‘u’a’}fanS f/;iAj Zéus Egu. cet. :

The prsvions results Can be wsed to deduce the egu. cct pefween ony 2 buses
of intecest by using the gloment's of Phe Z-bus Mattix as Follows :

T »
Z = Zj j ’ - S.

o Reface #wfmﬁ:ywihb\g is open 4~ 2K (i)/( HCH PM
V¢ '=VJ“—\{E (1'-C Pfe—,ﬁull' !/o/fa_gc_)
Atdhe full seitch & s closed

/ @/(7’29{/7‘&7{ ‘g""s
Tien T 05 going to flow-
V;f : Vj
¥ Apply KVL to lower loop 11’//
1;[6' 'Z(j -\p+ If{(?;(,( _,ij):ﬁ

= 4 XAy Vv, K
S VPs vy Z = . Ip = ._{.-
f= o o0 > ‘c@g i )
# 2 T =\ I"’;_ZK.

* *

Example : The Zp,s Mateix of a Y-bus system is as follows « (in PU)

e——

-[o16 .08 o0-04 o.07 hawinj 3e«tamfors@buses@9~@ and. their |
Z“""’:J 008 015 096 o.f| subtmnsieat reactmce are included in 5[
0.04 0.06 .13 0.05 ] =

06F 0.09 0.06 o.{2 the Zbus ;

Find Z)I/'&ﬂf a 2-ph Pult on dus®@ ?/, \\
i3) the cwrent from 9en.2 whose X" =jo: P |

1

|

Y lation:  Solve the problem by using 1) The egm'ﬁ'ans 2) E%u. cct .

= M2 = [553d0lpv. 5 Va=Vp-F Zay = (149) - (813450 (Jo0%) |
z‘l‘l JO-’Z l\é= 025/2;_0.‘“)}]
@

‘%G,,.z R E LT =T e
£

G"! Hhale__
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oleseats oblained from 2y, Matrix.

¥ ( ommwf'- (alm/a’ﬁ'ﬂj 7Baw|’f wa/f,’lf}
withén +the Sjsf'em-
Havine Calculated the vollones
at e busbars , Trey the cured!
f{aw MM Bfa.wk) Soy bafwrx/r
buses 5&5 Com be foumd  by°

= Y-Vy
Evaluate J}q: &) b _‘;mp};ofmci of
The Broac
I. -~ Va- U between 6&)
& impedance befween g8y @J?CCMﬂlp [ it doesat
branch . be 1%14,«10{ from Zb Sma’fflx

(Fauno from Y}, ma‘fr:‘x)

3¢ Ralanced 3-ph Fault o1 T7L
Transmission Lines are exposed to 7-ph Fuualts move han that on Busbors of substafios-

@ — @ %A, e condifion whew osne breaker apen & the

2 Fb 132 ather fails 1o opent 5 under Fhis condition 5 Fault curren?
I_// WS'I‘S"'-
F THeacend Breakler.

e Objective: 75 Buluatt Jj’,UnoL‘W this Conglition.
o Proceduse: Tntroduce a bushor at Point Py 5o Kﬁbus sand  Re-caleulate Z;Nmaffix.

% Heve the concept of Zy4y, Con be used. B
i) 2y between abus &Helef. oR 33) Zy, betueen omy 2 buses.

2y, between Kbus & the ef

Al fousd from By, Mafrix .

Z), = Tupedance Oﬁgﬂwﬁﬂe.
*Egﬂ cct willbe as»)gﬂaws

{ ] ’{/” @

Nk(e the clements o, e RHS (ﬁjkf houd Sm‘c)
of@ &@6‘4 b(? /aowl )D{aM [ZMSI

Ma'llnb(
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- * st tion s

Bj using 2y . of Hhe PreVios epample ;% cpn bo fund ! [31]
2y, b Lus F= 2y =J0;\"

W delwees By
s 26y < Z/A,z:/ =Zy+ Zyy ~21qu ='J' (a-[6+0:|2‘,2.¥0-0"|)

X Tatroduction to G.8 Splecfin : -

IF an industrial consumer or a conswmer do be conpected o a MetworK
sThen the power Aistribution Campcm:f] supply  the consumer I MVA
@ the tegminal of connection -

SC mvAE B * I/Vdminaf Va/fagegKV/ * ’ISC} -xljg o @
Isc = T is fhe RMS coweat in Anpers due 1o o Balanced 3-phfuult
@ the point of fhe comection

iéff#l.e }_?Gdt MVA) MVAE'—'F— X /Barc Va/f?:jc;l(l/) -xll'” ,;m_? ...@
¥ Jf the Base voltage = MNominal Valtage .

=> Pivide @ by @ KcmvA() = L (M- -+ 3)

¥ e Egu. «ct @ s/t
R S
5
5 o

*A-Moﬂ_j the other ﬁ-h/‘lﬁ of (.8 to be selected :
7] Tie. Maximuwn Tns fon oo equs Curent cohicl the CB wust with stand

# Ta ow (a[,cwlaﬁbﬂf ywe have n«eg/ecffd IC comporentsThen *
oF - Total Tastantragous Cwirent= Ip” % Fpofor

% s Facfor >] g\offmm{ an the_Nowminal yltage §Tope a)e C.5
% For Goople 5K il OB | Actor =1-6
g]Cwmf to be in*&rfu,ofwl;j‘ C.B

?m /l’/ﬂXimM Con'}muﬂﬂg G.lff@ﬂi-' :'—"—-_?
Lo i is Relafed 7o Hee Joad - =
7] Taforrupting s mVA o WA & his is Defined as : The cuneat which
Taterruphing KVA = 3 % (KVof The bus to which the Breafer is comected )*é”g"" 15 Gpab
b inf&rm,of &

—
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=2 Mis ialerrupting KvA depends on  the yeed of the Sreaker. 2]

[l'-ﬁ in ferrwpﬁ'/lj t,m) ,usuml\r) MCASME |p chles (Cj 24565--- deﬁ)-
* b SOHE systom = 1= = Wmsec. n Tapesl
| D N5
.]ﬁ'l Aha‘}' 'mﬂ ~‘ 1"9 \'G(K‘; E(&\O(\
it gner9'® a 2
of the fau ,\—-;pccn\" cB & NeC
Bk iy | wiidion |Paai
e | G _} e Ch
i | i
— > >~ L&
!E =% 9 ¥

¥+

¢ infmufh'ftj l:imc"
* Nste: intwiupling time = operatiy time — Atcing time .
e Nate' Arc is infedipted by 2 1) 0il  2)aic 3)xFE 988 4)VacC

3 Valtuge Rowse Fachr (K)- => (K- e

May. operaling volfage ™ o
Lowenr limit afafcfaffnj valtage . /“

E!gﬁ’&’ A C3B }‘lav}vﬂ! Nopigal @a‘h'ﬁj of FY. DKV Continnans (Mr’onfaF 1900 A

> K=1.66. Raled Max velfage 38KV ,Rated S/c cuqront 22KA
@ Rafed Max yoltage. -

@ Finol the Lawer Limit for operating yolfose P = 38/ o = [23.02 KV

- Max. Vs [fage this s the VOHajC below which
K Min Val*uﬂejfkt bf‘eﬂ'(&“ Tripeoil doesn’t work.

K gle’remwnj the fange over chich the product ( Rated s/t x opesating wlh:c)_—.(ons}m t
@ Fed Puled € witort @2203 KV P T. x 22.03=98%22 —_»m\

23.03 23.03

Gyl 167 e W i

[moccule @ point P S

Find : " BMVA  X=10) ’—k—@

“I;e subfrmﬂ'ml' _7%4”‘ aurent 2 Jp ? '3,;_8?; _-x—P—@ 1

(D : Ker A P x=124 (—M) X =204
(5) Sublitm sioat Curent in Bl A7 o3 " A = at bae of SMVA
@'ﬂ:ﬂ Sj,nme}fiad s/c iﬂ/affuﬂ"fflj cuivont in the Juult K the Braker ? <Te%

= l‘mm(aﬁa}g after te foult

 Subtronsionf =
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Salution B4 usiny Buse value of 26000 KVA & 13-BKY 5 Ten Leactance ﬂmjm will be
as #Hows
@ JO, @

L

Blue isa Keacfance -

o TR AR DA [Jo-lzs Jv-o%]
d

[Y] 2 Al Jjo-of5 jeloh
)w ~jl6-6
@ T -JS fno( Contri bution a)?ﬁe« &Mﬂfbr V.Z VJ'E- Z’" V;_
-z,, _)0125
e =‘>V2=7¥— J°;Em->- el
Jog ,gad in P/ ¥
Conftributi aﬁ = Vz U’l-\‘ Vi=o since atVy _ o4-0 _ [
w o s N IR e L
*ﬂemww'nj s Suﬂo“wl JIJ the Y Molors = = "'J8 (—-J[g = f__JL(,
=> 50 Each Mcbor Coatribafes by . =) (5 3
. T @9 B j——F:-%_—);_
The GwrenH’ar@ kuj/: te Baker = -3y + (355) =@ 9_.1%
B o 1o 2 & —
@ Objective: is to Se/ec'f A CB spec;{;(ahan for a Breaker A. , {f?reafar .

-Amonj the Methods to oo #us is the o called E/x method -
= Hore Kegp the same Xfor the Gem. - y Howevetw Sor the Motor use x’
ovl'uck \5 ez“a] t‘o /.5 X!/, .

= In s Case i the Reactance Diagrom )(m': 7‘5*j1 :_j:L;E;
X, Re-Calculate YT —s then [Z] . '
o It con be found : Z, —)05

II-—657 Y , T, = 2£000 " e
F I s e TN o 1= 13m0 A

Accara(inj to the £ Methad > The specificafion Can be 5peoi£m( as f llaws -
ﬂSC’Bd a (B in such awag ‘Hlat' the Vdﬂﬁjd oz’HﬂE S‘ljs‘}‘ClM };”S within !}S

opexa f ) (de

,? Tee. CaJeulated Current < 0.8 of the ratal S/ cunreat of the Breaker
beiny Selected

*In this €9:A YKV C.8 rated @ max woltame of HSKV & K=2.67.

Also @ 1554V rated S interrephng curront =8900A [from DATA 5"‘8}] contiane
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=X ower valtege (@ this selected C-3 = {2565? 58 KV
3 “+Tj Rauge of the solected CB(5.8—»158) KV
che, the o Hage of the sjsfem is 69KV 2 the first Condition Saticfied.-
<o The &/ {n’re(rupﬁ'ﬂj current oféqu is: I, ¥ £.9 = 155 % 8900
> I, =A9927F = L2d0000A XN odded = 159104

Siace 13940 £ o0-8%20000 .. Selected (.8 sahs/ the smmyl athlion-

A\? U/lba M(é’r,l (W:ﬂmﬂc}nml) Faults ¢

, d-
To analyze such faulfs 5 The Mm‘lwna?t/m enls wse

/(wcg,of‘ ﬁ:rjmﬁfffltﬂl (ompﬂu

o Qymmetrical CaM_AmedILF-'HOft’. oy Un balauced VaH?J_gE or curedl Con be tSXPfES'fEﬁ{
as the Sum 016 £ Com,Danan’IS 9 the so (q[[u[ ,’45(0 Sc’z- 5 Ve se;- & ~ve SEZ-
>where these sequaces are (epresenfed by superscript of (o), (1), 2) respecﬁmé‘j'

X Consider Unbalanced 2-ph Wh‘ajcs sThen: \,, = %MM ¥ [4"(" 4 %(2)
Yo Vo + BBy =g o, @

J
Fero Leg.” e i
’ % 1) +Ve 53} '-Ve Sf?
V (e) '\éc U')
— "V n
— W\
—, (0) V(l) (2)
\/tu

# In  this Concept , The Cmpfcr Operator (@) s jtroduced g\delﬂ wed A
=> T s ufraduced b siuplily e process of Caleulations ag Al
e Vip &Ven will be expresed in forms of the symmetrical componedfs

of phase a. .y
V= Vo v(‘) A Slud=[1 1 17 v Al
V(a) (” (2) v‘ { a 2 a \/0, a“=1 X__
R i-Tn i PR ot 14380
v
Vi, =\4,f"’+a Kj)"' o2 %"(z) f‘ l fw
[‘%La]:’ [A] _Vt;ﬂ J

. ZVanzY:[Aji[%‘k]
% It can be shown that: [,A'i]"~ 1 .1 di]w
] Qa

1 6% a
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¥lofe : The Sum  dedinition Com be applied  to Line volfages as g0 3517

V3 (o)
vnb - 1 f 1 "(L) V«L !) 1 | l [ VE l_)
I . . 1
Ve 1 at 4 Vi => Vabm =2 |1 = a2l | Ve
%) [1a 2 |V AL | a2 a]| Vea

- Vab(°)={\4ulw+vbc *%a)*"% = Zewno bj KVL applied te double cobscript potation-

i Line volfuges  therve i N0 zero —seguance Component-
(0)
x"‘x Same  Vefimitions appfj to cumyents: o [ /-\] Tan
Ak st")
. process : Ten Ry )
()

DR i st ol BOENE

D Find de 2-seg. Metworks.
@ The Connection between Mefworks Jeﬂml o the t'fe aF /.;MH'

)
Sxample : When o gon. has teminal o of & other 2 teshinals suffored s/t to ground )
the  symm. componeat of phase @ 5 whese I;w—: €00 4=9" 5 = 260937
wmd T = 350 12 A Fiadk the cutrent between each phase & cureat to

Solution: [,]= 1 1 1 %k 750 Ay ™ aw
b 1 ata || T =600 \
X 1 a a? 1;"’:250 Z‘-‘E "

Mul‘h‘p’l’mh’un it can be Fouad Hat:

jfatma( ?

o 2 0'
me'w\j A '-=f£—f-2° )“’fx—zj

5° - .[6 )‘Ji‘y) - Ip=1 +I
e g 16414457 |1 =90 5| pene X
Ia - ’ > " J;c-:lofo-lﬁf_’

X%me)‘n’mf Compongafs of ALY loads:

Goxcl ' t
_obiective: for o spum. Lsad > ouedl by hsing the concep
befween: @ linf curvont B phose curent for A-laad -

aF I}mm- Companenfs > Pinrl H‘(‘, (c/al’mltios
@ Line voltuye & phase voltuse for Y-laaol -

® _é_'_‘__’_i._&-d’: = . éExprC!I@ by usine  SYme. cvnpcmh'.

) ) @) [ L0 @)
yeckive: find lalio o (gt = (e Al B0 ) @
« oDjecti ‘Tin ;

-1
befween: i o L S STAT [T {C?
gmx 1;5," e u.sinj @ it cam be ﬁ:wwl-‘ I‘\ = .}_(I&-r IL"‘J'Z)"'@
J;m A 1;22) L b T C . By substifubing @,@30 inte ©: T®=o
: : D _ /(o) 0o
Procedare: B9 KCL 20 2 (A Tl 1) - 2)
e Ao NN 2
. y
7-m- &e@ 8 LA R ) @

T <Tea—dbe @ ‘
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GZ‘/:' O, @ () (2) c2)
o (%'=a 5f") + (5520l 5 )= 3000+ 200 ... B8
i cj Similar agproach o it cam be ﬂwwl.' Ib(')1_ @ 0 (2)
> JZO?‘_ILQ) 2I(IJ () ) J& = I;c (1-a)+ Iy, ('-nzj u-@
o e = e )+ B (103 = 2100 ) v 1Y (1)
=azl;(l (1-a) + e J;,f)(:—az) .- Q@
= Solng @& @ To Fud LR ™. =3 30 1;5(" e ¥

Q)
S alL ", al

\——M at.i)= o 2)
® Volod : A F 4R J;i

\ > Express @ inferms o Fsgmm. (ompaneals’
tfi, ) 00 0@ L) 0) . (2) G} 0 (s(2)
5 Wl (el ey ).

Bywig o1l iy - ® 0 ©

=)
Vab = (Ut Verfy) - - @

«Objeche : fonol A
relahion behoeen:

Ve & 0
(¢
ViL : Loy

c

P

Becedute by (VL or Dbl subacphion Bon' i Sul G086 iate @) <> [E=s
Vab =Vant+Vap = Vau-Vhy -« -0 @ UOWD e e
Vs Vigtlae = Vonten =+ -@ 1 W0 R (l ) (M) )
ST Vi o i = sice Y- y Py
) (2)
=> U= (60 - 1) (L ay ) = G (1-0)+ Vo (1-)
; (2)
% Stwilocly + Vi + Y= VO (142) + Vpy (1-0)
It can be shown: Jy
b X ¥x
)?'(&la{'fbnship between ZAZ\ ZY: 2 L -
o (1) 1
= F, = Ve, _ 7 X Vi _ f%u__yzy
¥ 4 T T,0
Z Z J:"UZ “AV Kz_a A
- 4 ] V. (2)
25 Z= 52y OR You Com uge Zp = Jf"g,
b Zb c —7; 06 fﬂ'e Samn £ Pfao?B_

*Pam in 'f&fﬂf GF ?jmm&fﬁ'(‘al CaﬂpaﬂM*Sf
yHrical components are Known dhen one Con caleulate

» ob!'ed’il/d: if Gymm

power as Tallows: T ¥
Ve r* el 5 400 it ER YR Es
5'—' M&"Lbn Ln’f'c’nCn': fdﬂ tn Cn J‘l’" Vbn I-bﬂ
g r VCn Tcn

o
] [U“W'Lﬂ‘ﬁ/"ﬁl;ﬂr = R I\é.ﬂ*{A]T[AT 5oty G ¢
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. - T i
heve : [V = va] 5 [I;l?.—_‘ = }I

emember
aZ. g 240
@*)¥ = 1 o=2¥0- 14110" o
l{ﬂauhﬂﬁ 1 +A + 0| =0

5 see Hat in
(on Pﬁ:.:ar‘ oAlagrom . )

“ JAT gat* - [ s
o o ¢
Subsf‘ﬂlul‘& @ n @:

° (W @ (%
[l/ Vv J : f[; B :][iw-r] I lem}*-rjvmfw*-'—j V_(z}}_m# o)
o o [ 1—(1)* ( in VA)
x if S): 533,95 () 5 Thea divide @b @: s VW wt L V(z)__{gz)*

—_—

L AR i s (B
= HecoCB; in PU Jgac}ar (2) in e;'llaf/bn @ OLISSQPPWS&S ,‘d
Eprle: A Balance Yresistive Load of i have the }eaﬂawwtj Seawinal VOH&&C/SJ
Vﬁb /002{__ V, Vb(‘ 20 z 3‘12 '-I‘f ) MOL CIO 2{——‘0

Asswming there is MO Connection to A/ﬁ“'lml Find.:
17 The Line Cu({bdf from  the Sy Comp- of Line Vaffajeg ?
; Toe (omplex Buwer sugplied by Wsig) sym. comp. of Volfages K currenfs ?

Solution 7)?) KVL: Za+It1e “°)I=’.‘—.’-[I+IA+1'1,°
& s Ja (r) ®_ v
Ic Vb r > Va-v\ }a
;jn-l‘rauhon oﬁ
/\/ﬂt}fai iselation. S 105~ ('J [/4 J[ l{b = 3q 9 ﬁ,__ KL
. I \45(” 1. 16 X-2%" _ bl @
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= \/(2)= \41,(2) _ )16 X296 Q) N
o T B " ———J—ZX__M = [Von 'z EHAEN |

(l) (') (2)
T S [fP 57| pnd T You o o [1P- 0.8y yEoH'|
< The Lin "} ; Ia[ = P By 5 su bstitution :
e (wrreats are [I:g',,} [A] [Ijz) 1; =577 X—_z_g;?
I -‘-/? X 875
; S = 3} CFT I e - 2
ad ] AO”  since it is

a resistive Load -

){(ﬂqnmce Jupedances -
sObjective s 7o fing| Zorsyrve L -ve seg- impedance of the vacious mponeat in powes s(jsfw :

® 3-Ph load : Consider Y- conaected load -
e Rotie e (L L (E10 ) (5

F[ (o) (o)] I Ch T(" 1.(:;7 [1. +If) (2)]
Zn => since I;"L Ib _1_(,, I: = Zeso (Eemuc 7Eej ane
o

a ILL y

Balaaced Phasor-

x let our refé(ence is the jraww(-

% let VsV omd V= The tefminal Va{')LajEf w.rit Bcfa - &KV}' © VazVan + In Zn

}/), = Vi, +In T

= MFILE 1-?1;{')2.4 =\ Vom y
%= 1‘533+31:ng,‘ \\/;; wa —l—fl’ Eﬁ[} Ve=Vea+ I Zn
V = Zy 'f‘fj;
. (°) (o) multiol
£ 55 tiny Sy Gt 3] vw [A] Gt Al Ta T =
,fp) = 4 2) ) JN
> [0 “m —U’I Z*jl [lqla'?- : m m ;
Wl [ l «’a t!] V“J Z"[OJ ...@
z)
P S 38R 10t Ly 0

Vam t 20 G @ fach Eguaion in &> OND i an

‘\//9&) = ;a?z) :: (,)-Ey O mg‘wdwf'e;uafwn 2\(2'8 affd

A = Van = I Z)’ = 2.3 @) Oﬂlj {'0 one SﬁguaﬂfC(}ﬁ 0)“"’(".30(-\/(’,)

O Vse These E;{WILMS f ofeaﬁacc the £gu. CCt.
fum @ | See®7 5

' +e——)—(ﬂD—“‘
. Ty
; (2) ~Ve
: QA SPd -
' _ cet
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=

; ® ];"J
%—;E \éufy S M (21;.)_)0_:]) =
ey PR Al
1 =2

Zﬁ)é?@zlled Fero swve & —ve seg. impedance
of the Y= connec ted | oadl -

R Eorth;
¥ ror 13 Im(’(’dﬂﬂff 0,1\[3 Eff%&/‘ Z@ra - Se;—-CC/'.

L)

Fe €9t if n s isdlated - Zaz=o00 5if n s rolio“j 5fowmf€o{ L Za=0

M: Consider A ~connected Load.-
wline Cwireats CANNOT provide o path to Neatral

a3
7 . o ThRe Egie Y-fagol «il) be :
y o : Fca
be
c-——>—-—‘ZA T
X The Ezu Y— (onnec‘ff'm CM 55 m.SED( J'ﬂ 7‘1’310{
the +ve & -ve cgu. cct - ”
W L O =3
+ o—>—] |— +0
v(l) Zyz%‘f_ Vacz)
a e
X R F s
Vab =Tab 28 3 Ve 2The Za 5> Vea=Ta Za

w For the Zeno seg. ¢

Q+@ + @ : Vop+%+Ya = Zs (1;“1;,(4-1}“) =0
n—
s we if in the previons POIC for TarDytI

> o=2 (37{)=3y"
(o) (o) (o) ("
G :o] 5> L= Ly - T »(E"=0

];(0)
__>m£gu \43:) ZA ’

10 i 2 A, phase conduclors has the same '.’"P(/Méézzau

3 Sequanc € cete o
SQZ'" : Ta__ Zua W sNeutral has impf’o{ﬂwéﬁ=£nn'

*Muta] inductance between phase conducfovs s

/
; B/ (epresst Fed. bj an inpea(ancc =2k
xBetuween Meatral & Conductovs is tepresoated by=2,,

i,
=

-
"”W'!ﬂwwf—.w— -
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o P

e

- S
2T Rywl 5 Zap=Jw M

@j

21 Laa* Ty Cab + 1, Ty, Zan"‘\él'n,’_ (’I;l Z,,:IQZM*IEZM"‘JZ ;—La.n)

*Aeply KVL Vo =T,
7 Va-Vyr = T, (2 o Zan )+ Ty (Zab=2an) + T (b= 2aa) + Tr (= Z0)
. Vou-a% = T (2o ~Zou)+(%4- L) (T, +T) 425 (Zon = Znn) ™ -0 I,
S BYKCL: T, = o (LrTyeL) @) %
Sub. ®&ink @®: Zs ;?M i

V = - ¥ —
an \él'n’ 'I (Z "szﬁnn)'i‘ (ﬁb ZM—ZM*'Znn)(IL*IC

$ - II
79 V _I' {Zaa —2¥M+Zm¢ '*"I}, (245'2 Za'”+
e Th
¢ SRame procedure Can be feffaff’d 96"‘ Vb 8‘; VCV\

)"’I ( ZiL "qun'f'z,m)

701.\40( (VA 'Vb’ /)& (Vcn 'Vc’n
ZH .. .@

I
y ? Can be £ bund haf: Vou =Viyty! =TI, 2y « I Zur T,
Vbﬂ‘yb’n"‘me ' IBZS"'I Zm "'@ Zo = Zan-2 Zan v
- - .'-
Ll A ZmtIy B+ I Z ) 25“25222 ';
m = ab— O nn

e Rewrite Q8B in  a matrix ﬁ;rm?

'\‘ia = VM“Va’n’ = ZS Zm Zm Tu
b -V Zm Zy £, T,

1% V.:n-v p
tn bn Za Ly L1 m”{r”ﬂ
# Toteduce Symmetrical Componeats : By A
o) ) (o)
AT VG | = [Zs Zm 2 %
) ):A] (U = u)
l%"] Zm 2 Z’“‘l 1—(2) \%(2)

2)
Wl (2 B B

L')
(t)
Ia (2)

Ty Zp
IA][-; 7,7 M| %
% z Z

7‘#’& rE.Su”' is ?-Mv‘waﬂa‘f 5,7”“75"”'5’ w—

Ry Maltiplication it con be fouud :
o il L T e A VS = BB B 2
vy 0 Ze-Tm o g “ ,'--~
¥ 0 Sa Mz-z ) Al ?’.")’L(‘)
aa S-LCm 1; (2) g (2) Z?_
% ={(Z‘g—5n)}1;

£ from Hese E?Mfmns mj con bc wsed 7o Ll 56? Ccfs JQ TL

(o) (0]
]; Zo / Ta 2! 5 /

———7 J—> Re—F—1 ——=
HT Vi T

27,'_ =1 Zﬂ.L Zzan'rzmq

v Z2
acS—T T Ta ().)

a)]

£E5 @@m G5

Z=%y

/Jeuf'm’ tm}j Cff@t:{' Zo ;
since. it depead. or Zan

. R _

T e
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X Same (renernl &
ocedure. Con be appliegd e 7€r d seg.
7%( S~ph  Gen. “+ Tvaas former. n 6? g Eﬂ

/X’gef' cct of F-Ph Generntor:

l?:j )Gau.ow‘/\
A9 the fame previous procednre it can b ;
ol S‘elﬁ J.Mfeﬂlmce OP#'E sor I can oe 7%.%.40[ that :

M¢= Mutua) Tncluc tance bet
% etween any Ly oh .
Ls = S/f induclance . S

Zy = Ewﬂwing Tumpedance .
o Zero Spq.t
o Ign(g) s =Ue Seg.- ‘ I‘Sn)

i #
l%fzn e } =W
Zo =R +._jw [LS‘ZM_s)
21':22 =R+}‘)(LS‘+M'§)

x The on’j achive Nefwork is the +ve seg of the Gen.
%Seg. cct. of P-ph Tansfomer

iy g . -ve seg. :
Cach side (on Z,=~'£c; %= Feg-
be Cannecilt“t[ sided side ==
i ] 1 2'
as A orV, — e e
5 E { Ze?—;-ng‘ya/eAl" SNevies J'm,oeJMCC
Y of  the Transtormes —
:_% E . Zexro ,i‘eg.f
sidel  sidel i._", Ilf__zg’?_é 2
2
X Connection Behoeen (/f_,’/) 2,\(2’_2/') ole{)w"t‘ on fhe ‘é@e of connection (c’-(’_ A or Y).

o For y"l'ﬂfe"

! the connechion is made 5 mlﬁffenlﬁdce =@,wk&fc Zn is the CM#‘"@
,',\pea[adce o’f A/mf‘mL.

o For A-lype: ;
| S/C 1 orsmd 3 ko ‘Hiczlgef.- 0 ® 2oy
¥ Z/instvation: — . D°= 4 1+ A = S —
Q0 & =2 ,‘ )/:éx —-[ 2X
A \/L;'Zn =00 f
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XKSQ? Nﬁ}warhﬁs x

Hali/'ﬂ (] |
iy Prochuced Seg: cets of fle indlividuad components (i-¢ ged. ;Toas:, T-L Noad)
e cck Con be iatecconnected to P'ft'-'ﬂt“-f:IE G |

Ve seq.
€9 Networ i ) ~ve seq. We Fuor K. 5 Pedw seq. e Fuor K -

Exmple -
AL ja0n § oo E jT:z F 9
?-'1- MR J | Jw e h;
~ w2 H T ly i%;ﬂﬁ", /b ZoMVA 518KV
133KV 26mva ¥q (2280 2% =0l
Gtp=02 (ayppase | Tk Utasteol|  Zozo.06 |

Zo =006 Bed=trio) 30MVA 520UV
Zn 2.42-_0‘;_2 .
For the ojiven systemt , Find 4 ve >—ch5&°§;¢, @ Jehoorks by using the givea data

& using Rase valne of SomvA 3 3.8V @ the gen() ?
G,’yw IﬂﬂJ(M&+faﬂ'-

¥ e feaclmce (Earthing Leachuce) of GGy =5/
¥ The Zerv-seq. Reactnace of TL is 2008 for B-C & 2505 Fe C-E . -

Motes Al the passive  elemeats ave. e Reactance.

!;" Tz ' $5mVA 2 (220)’/22)’) KV s X=107, 2 Zi=% = &=o-
Mole -.1)Tﬁf; Given PU valnes of each component ave based on the ﬂaﬁ'njs of the component.
Saew

2) Tn this eq Base veltage coesn’f change only S5 change = 2““:20“_-% o1l

§) e & —ve Seg. Mehorks e ideatical Exept that tie seg. has somrce.

S’a,u‘h'M'-
C°_":E°"“f Z,=Zz __z_ﬂg_ éﬂ'—
G a5 o126 o125
Ti 0.2 0-2
Lgc 0087  5.21F
ch 0:103  0.263
T ol oF
G 0.7? 0-083
f'_g 0'2'{3 o-;::ﬂ‘t 0-0689 % Ve 5eqd: Some as +ve seg with
il o
3 o E.-;EZ)EJ rqo’acel bcj\g/[z .
Ze(o Se N : ’ = 5 [
* 7 A 2 3 Jo-?,\?C }a-‘lo@ x jot g
ja-l25 J0:083
%0 #0375

J0.204
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* C°mmwf$ :

1) The inferc H :
7 e jhwno:z:ii.:m between seg- MetworKs  will depond o the 'Ejf’e of Hhe Pult BB

; Tn the analysi g
YsiS 5 Each MetworK will be represented by its Thevean equivaleat pccors
bo ke Location of the Faulf- ) e accorling

For exowmple : in the ai
¢ 9iven Exawﬂe Assume the Fault is on Bus C Then
Yo Fimd Zel seen between Bus € %, Bus Ref. ’ one hes

S Arom B provians Zecomseg et z,z (josizejos) (o258 + jouiF)

S The engalad' cek *’_?j similac procedire ene find +ve d -ve eguivalmf's:
w

rlo) .J.(l) 7
f— e £

Xt Line «jr'owm[ -)Uaulf' :

2= Faitt impedaace..

b S « Geweral fcedute: 1) Jom schewtc Dinggam sFind celation ship for
i 19 Phase cu/fanfs/yalf’agc,;.
. ﬁc 2) Gnve(f' ke sjmmefrz’cul Ccmpanenfs' g
#f 3) Deduce the infecconnection. 9 E;‘ 'j':t,‘;" ;s‘ﬁ"“’"o?
Y) Evaluate symm. Componeats . :u:mh ws ch

L’ _‘ﬂir this cet: f) ZLT-Z.C::O - (%:Z;Z-E}-- - @ Fault condition .
.2) JlZ’w\ eﬁaakvﬂ @: 1‘“’+a’Im+aIw= I‘°’+a1m+ Clzfm é Im(“z"“): J'U) (a*-a)
P— e —

' - = (0 (i 2 Gy Q)
also from @ : x=z0 = T ol = T e (a%n) orapembect o+ulelz0

—-——-—1 '
| Jron equatin @ : G G = 2 (10 2% 2P) L@

substhate @ ints @ : %@{r%fl{f [4121 . ZF*-?IQM —_7 coe @
| 3):. Seg. Mehrks should be. connected ia such awn bo setisFy @B as s

I'_z‘o)

%) [Vabe | = [AT 1 Vas]
ZI;bJ = [A] [Iam-_l

s
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Example : £ flu e S.jglre;, (ie gen. connecled to boas former af Mo-lad) the teminal E‘ﬂ ?

"°'*a3ed.we get is LOKY when & sma/t-lf‘"i[;*"' & gt
Stowrdl fuulf gecurs on the oic HV side o 2

" Ky
'H\L IVMS#OTMN[I'-Q_ Pafﬂ*F) ) GI'YM the l?adt Valﬂes Ia‘oﬁgzﬁ (20)(5/!203(:/)
st the geaenalr 30 kv8. i00MVA > Fiad Hhe phase X=Xy =207

Wireals @ points 6,8 P X257
Salution: ' "
-2 g ol jora ' F 005 G jod je2 Jo-\ o

jok F
e (:_;; +Ve SE?,. ’ -ve segv ] zm—_(ei.) % s

o at the fault Riat: .
. = 142940
_lj(u&f-o-l)ij (6-2¢04) +jo

¢ (&7, & 5
a3 IL] o [A] ) J:;ep?) = 'JTZB?]
I T 0 o For the (ren: . e
TO-)y2q s-90-30 = ypq ¢-120° T = 1yq 201 o | 2475 ¥
m, L2 1 ‘(—-_'500 gL [A] 1-429 /=60 2476 L 90.
A R L Ui e R VA D S o

IO o (frem the cct- cir'ajrm).
kComment: Qase Gureal I3 =(§h::=’20MK =9836.8A - IL|=11) =247 28863 = HM-F A -

¥Commeant '\élfajc gaj (¢-e voltage dip)
freg: let o fault ocowr on feeder D, en o&m‘nj the @+_@+_+g—eg *“fosdlecs®
pexiod taken for l?p to opent yThen nVaHth_ a(fop[t'.e s29) will take ﬁ
u place o the healthy feeders A,B8C - which may cause the g q Y
o jatesruption of seasitive e;uipmuf‘-

¥ Ling - bo-Line Fault:

) I:I;:ol @ E},'—"'Ic[“'@ IVL':VC"‘I},ZH « &= {8)

2) Converk ko sym. comp- !

b : .
; ]Vb 37 ypaeend -y brica] = 2 G20y 6D
2

{ (-)
O - tTie > (1t L) - (Vs V) szp (0% 0 )

Z’t VC > \/w[a‘-a) - V(z)(az-g\) = ch (azI(I)...‘Iw) . @
@ G-k > Tairhar’:- 1%a1"%a7%) o 10 (at4a) = 17 a0)

Qubstitate @) iake ®:

' 0 z (
v(l)(“g_“) ) V‘”(ﬂz—a) :#(alrc_!aru)) = Z‘;I '(az—-a) % e @ @ |

3) iatecconnedtion ;lgoguu be mode 2 suck iy ke MHSFj 8,62.6):

) 2)
s GO (TP T B

A —vl)

S — R e

o) Dadepalival > Dokl <51 %]
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Example: Solve the pevions exomple. Jor Line-bo-line fault. @f

solution: 102 2) —40° :
R 6 hefultt T¥e0 5 LT Do g47d="
11 ; . Jor2tjo3
= A= ZAl ran® [o)
I (o - > @
[ 1:] /Lé?&‘ifj [ 2873&&[ |
2.z XJ—ZOD :

Joes %o-l @ the Gea. Iéc(aj:o ) a[‘1=’a6'7z Ma )1;(“: l'6;z
= Iq = [#) 9 e ,'67 %00
’ f};( W[m A-wz[ o s
} ’-5?2—“—20 ?,?L/ 2‘__‘2"
Jal=17] = .67 %2883 221391 4.
el = 2.2 %2886-8 = 9442 A

WK Line-to-Ling- ta—Jfau-wl Fault:

)iazo]-0 Gkl ® FrZEm7)-0

@ . ; o) ) 3,(2) ) @4
b~ Yoy @ vOharvPar?ydart atvis g ) (@3 a‘
b 2) 2 1) (2) o 3 o Vi gy

c —— @ VR a1, 1 1 )
c o) )
vt 0 {edva)= Z,C ff-r ! -)i-.f m{azfal +I m(a'-mj]

Z
Tt AV Z Jor@-rto 1] B

3

o ] - 3 o ey () (0
O g T, Iu)-.:o = JI(").: —-(J(-,flujjj...@ 5“b@fﬂf0@.- viev —Zi{)f +I ]@ n

3) Connect the sty NefworKs in such anay that @,@&@ are satished:

_ 3

(o)
V1P | pOeTer, L el-fth 1)

8) lvn}ar.] e ),-A] S.\/ﬂﬂ-l ) ):Ik}:c—( 'SZAl {1:”2]

Previons CXW'C for 1-L-6n fault. R (2 _y® -

jq.l @F: (‘)': ILo- N 2.6?ﬁ0 ““ I ‘—_‘:3—87 =a. GFXEQ
J'°-3-+(J°-3//J'0-') g (o) _y0 °

YOy, g2 - 10 Ged =e 2 TE T =24 W

' 2 @G: 1%=0 , 10-2.67-120" , 1P 0.67 x120°

Jo-lt @f: [Ta]=[ o NCG: [Za]= [2:41/B4

= ""H'}"] = )SLI 241 /139 J
z

EWP‘t: Sl]VG the

solution:
—

T | [y 7296 334 40

)00
: 5 n Unbalmcft:[ Fau[f‘ :

lLicai of By matrix &
)beﬁic;?v::ﬂfs ts u?& this iz o Fudsg 20321527 of %Vmgfm.
‘ﬁ)uas foumd that: By "’:Yéusl'i’)\tﬂﬂ. one has ko find D/b“s} wolrix foreach g Ntk

Tieent fiﬁot Zhus ?E’f cack Sez Metwor k. .
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e Tllusyation Consioler fhe }gl]umj Sjsfem:

i o Ex 1A/ + 122435

Joc Hhe QAVEM DATA ythe seq. Nepwer I will

be as follows: ST
e © e'® :

ol JoPs joih - jerad %)0-2 ;) ._)'4.15
v'; 1 +V€, Seq,. * Vf .:_{_(‘".‘_;‘h

—ve seq. Samt as V€ with sowces S/C- [‘_’:L—_"f] I L. ~

£ fse; I\/m] = -'Z‘bo g for -ve seg! T,y;:)s]s) Z{i): 3\'—1%( a.-jf?,: ﬁ;ug‘]-) ZbuS
® for Ve SEF o
bas

y o = . , : . 0347,
& 1 wade Bl 20 Zﬁ” ..[o-l‘f?? o\ 0073 0-05“] 23, = |0:1553 dpet aav;is "

I I

ws o120 01696 o'oY oo73% W07 0.199% 0070
00784 o\oM 01816 o211 o443 0.0f0! 01999 o Yo F

00567 0.0%84 ol 01437 0.02 Y7 ooty 01407 01552

xfor e Consider o L=G fault@ bus@ ¢ (Hhe connection willbe as showr abovt) -
O 0. oo 1A=y 2 (2, FBL] 5 Bi=lEy of 2 1=2s
Z+tr B2
: f,then ccf :Lelhni;{ues
i leulated e symm. co ponenls of o aiven faulf curett 5
*g::A?acCT&::OC t ano(‘j}mk: Faa'};rcwf&ff -Hwougk oy element as illus frated by the

e e (previns syste) © Che LG Fantt @ bus O]
Plieg &3 (pevi 3350 Z R B T el sl by G ®

: @) : £l

fradk 1};5)) I@('u, I Bj wsina Cuareal Division.
! (4]

Ig'):o.?g:('qa I-G(;-): Iéf:) __‘07};‘—-‘!0

< 1 I(” rd :
I&f‘, - d -glq ’qo
2 g =
; = -: }:’( | g .
- 0 _ T e 4=%
, ] = gAl] 2, o e
’ G((Z) °
e TG-, 0.2l xga

©
ks .
; « (ead of secord “makcial} x

s Open-Circuit Fault ¢ " ST o .
I -phasts a o

IFM ofC accwm’ on ont phase or 2-P . |

(for €9 due to o4 accident)  Then the systen © ¢ 2k P:F
becowes Unsymmetrical OR Unbelanced - Fig.1

Then the objacﬁl/e is te ewvaluafe the uali’ajc across the polats PJP,'
’ F can be used -
',_Pfo_.c_@-e' The /&y -VE & Zero sed nefepori(s concepl can 0L use

«This problem cad be simulafed by (@) Removing bhe Line betueen S s
@ Satwoduce S for ofher phases (e 2/t is introduced for phoses adb) -
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*-.\t 2‘ 2 92 we he ”4' iMPeJMC.E“ 07EHA£ line Ag{wem Mg\fb- @i
\\’{MC&:'\\fb re,w\atfal b,f ‘Hﬂlﬁ Line s s-mulafea( bj aaldjnj:—-f”«‘zz 9-20 ;
to the TRevemin ezuiVa]&ﬁf between duses & n sfor the +Es-VE & zero seg:

And. Acbltnj e Fraction of te Lines s follows :
Consicler The +ve X . Thev: EqU-
Hs e? 2 O = TR elements 1n Zbus
of the +ve seq- we pwork
of Phe ah'gr‘ﬂal Sjs)‘cm-

(v
v Z ,:‘)3 'Znn.) zmm

n

Vil= 4ve Symm. compenenl

% we would Lie 1o evalaale: Vigha > Veply »>Verhe of phase a Jor V-

oNofe® the —ve s¢4. Thev. Egu- is the same 4 BUT fep}ﬁﬁfﬂj the sownces by R/

and, superseript (U by(2).
Ferso sed- Taew E;u.j is The sowme, BUT veplacing the soutes by 8/c &_ superscript (1) bj(o),
(B the above cct) 7 findd cunrent injfetions at fhe. basbors

x Use sowte beon s formation

m&n- =
toi 181 48 .M ) ) ses (u vcl)
2 VAU e _V—“(-L % %:mn" ""Za”
' KzA(HOE B o 1
e
™ Tave ¢4 _ve_seg- Zox'a SE4-
. cwrrent o) Vo Vol
.‘njech'ans: m V‘Vz, /Ez R,

e VAl e
% ( % %

n

. Eé_Usi@ Cutreat injections one. cod find chonge of voltages ot bushar m8n

as gxplamc_d b&;ofc-
*ffma( the wefhod JF connection befween - Wetworls one has to figd
“Wenenin Egm‘va!e«f $ur each €4
% ofc Fault cvas s,‘Mmlaf'ed by Cwrrent injed‘i'a
cvaluate, voltage chaages at busbars due bo Fhis Lt

s af bushars méon.

« objective : To
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For e at the L ' chaages  will be as Lllows e
@ (20 2V, -0 2,857 = +/e-Ves et
AV = ((;',f" _%':,/Q)) \b‘%’, oo mpeolb‘ﬂﬁf—s of Tline

(D _ o (2)
6y = (zim ) W%y oo (B)
—
elwf‘ of

7 o9la2 . ( .
] nl«’d‘) W Vam & Va ) as ﬁ)/aods !

by fi
0,080 be sl 25 valal networks befween buses m& n.
; Huo 4ve 5 -ve » 2evo Cpumieal né
ano(:@ Thev equt- foc

v seg 240 = KE [z 20, [+ &

()
) = (Zef

> vy = (Va-Va) A2V
L vam- Z

wiefore the of of the Line, the cwreat Flowing fom m e n is 1 A

. @ & subs}ii’u’ﬁ‘nﬁ @ into B): @

X lf;%-?mﬂar Aﬁ’(oac[« J*’ (on bc}mcl H"“} 1 a:f):“?-é /(afim g ZZ)
2 --Z2 /(%7 ~ %)

@+@=> Ve se¢ Nefuwor K-
@ => -Ve s Metwor k-

g) =2 evo Seq Aetwork. |
*C'IJWL ia‘fefrofecﬁ:n };?W these Nefuworks 5 olt‘.f&wlf on the "gfe "f BMH

! (a.qalucfof- @; pp’ @
= Cusider #e Gase of One. Cpen D pf ¢

A
STICN 10 _5 oo . Jor phase bhe Vi ==0) - 42

x Transpose (19 iato symm- componeals :

() ¢ ] - (o )
V.\” AT T Y, = .3'_ VPPIJQ s @ - a)"—Va(' __%0-)
W31 a al Vol = 0 Vigsa
! az [/ ’ ‘/ ,)G
fo)c'.'-o P’ J
 Connechion befween S‘f"{/d““w“; 51‘“"[“[ 5‘1{“&] %@ 2\11} ? : I ‘
= 0 .0 l ( (ORsy Zy I
ZPP’ Ia ZI’F' I al\
+ +

\4(2)

—

()] (2) (e

205 pr’; 't'm':? Wexe Wa}ua}d fnm Heew. eli- befween buses m&v\ .

Scanned by CamScanner



= From F;j U) :

[l
! ()
IA(I) = \/&: g"ﬂ :‘3 % J;‘lj-:; IP‘"\ zﬂf”) (ZP(}).I' ZP/)
Z,f.'f + ( z,f}’// Zh(;))

2oy Topt

8 o)
w2t 7 B

xFially , Substitue @) infe D@D To find Ay oy,

BYAVE

fo{
EXamBJ_e-ﬁ 7(;( the Shown sjsham'- ;U; P":‘gﬁ‘) 2. . o) @
Zbﬂi p) Zl(u?é ZL(:: are given prye 482 &, 434 in Book:

@_;-cn)—{——l—-@-i—@
ﬁ Y:L_ _ﬁ/ Y:L;_ naﬁu%ﬂ.

' : VA
PV valuss owe according to base valnes 100MVA; SHGK Y. it i;glff'
Detecmine. the chonge in voltages at bs @), when 1oL between Buses @B

uuo'.e(goes“-‘opem—ano(ud’ﬂ( fault ?
s Choose. o base value of 100MVA; 245K velt-

@ ®yy% ®
S‘olu‘HOﬂ'. | ‘ "
o},jeoﬁvc is To Find A\{;‘ = Joadl inour case iS e potor
3 -t
T, .= S0000%IC" f-cos (e-35)
mhl” 3 w20 ¥

=7 iImL2=230GI ﬂﬂA :

é

Joo %l -5 s
5 ~371-8° T Aol Rl => IL-M?.;
T3 = 9304 x-48 )H}-—f;% = |23 = 1379 % A b (éa-?‘lb'-lfv‘o’ E—___]

A
e e E

) g2 _ 0.
o2 Zi 20 =2 aly -2y =)o
’:J f

By similar opproach ik con be fownd *

<%")= Z;;f = jorH2)
T23 =

%

) (o) ;(2)
YLy

R0, 2122 s
s

o ZPP[’ ! w_ e~ w ’ y-24 ]

o) ) ~191.4° - K =14 4 () . 1y-12
AV;": Avgmz 2322_233 Vﬂm =|0.0837 i_ﬂlﬁ ’ AV_{ = Va 0055

| Epro 225 4T
=5, 0296 X~12I-8

PRAY _—_AV}“’+ A\/g(l)+AV3(2) = (LY;=0 2226 XZ8 ) <
xin Cast OF o/t ')(:zu” . ﬁ‘\;zl = f*f'u c e A

: V:/Z = i mse m=2& =3
A , v ] ,./é it 2 O fault between @8 3.
: ; ’ o
avy Z-M.. ..Z—n" :

6
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% Poer $looo (Lood flow) 22|

What I sk |
o Power Flawr: Tt Is The calculation of voltuges at bus bor's for a given
Load condition - ) Plocs 0 )E auvent in Lines.

* (onseguod ys fhe. fullaviey, 063 celodeted E 5) How of Pouer in lLines.
Why 1\ e Se uSOAT jii) Lesses in Linés:
% Power ﬂow MalﬂSiS i$ Uséa

@ poN P]owminj oy IN EXPMSSiOVL-

@ In Opem’rion y te Find e a{)’}ima\ solu'h'dn.
©

How |
U:\: Load Flow Formalation Prob)e'm:
'C"Midf.’f the Z'H" bus in & Wem g#w
Cuﬂcm’f (‘r}jcoon{ M'i’o the /Jd‘warKi Ii:%tu'*):/jzvzﬁ"*){yvﬂ g ,
F busbas. 7]= 197 v

where M= Mumber ¢

HiE

=7

« Complex. Power ,‘,H‘eq‘ed, *info VetwarK FZM bm"sji ; . L Vo Vi X‘_S_L'
- \ =\, I* = =V c s Vy - ; 1]
S “P—U:’)- D ¢ "’x’{g)ﬁj f) XJ=M'J',2(,—§—‘-’
ol IV Sc-83 -5 o low Vy= V] %2
= 0N :‘%JV,HVJH)MM 4 ﬁ%;ﬁmﬁgg\d)' GL(J =

p= JZ__‘IV:‘HVJ'IIWJJ cos (&-8-9) ) @ G“‘”"N b £_]-——

A & 5] silsy -55-66) @ Ty St

=1 ¢
G,G,- P : 2 p
* Equations @ &@ gies he Active, & Peactive power L Cj;" %”‘

:'njec‘feal bo the MetwarK from bus i

% Equations D8O Cant be used to calewlafe H&H; -
vy = 1,0 ale Knownythen they wecaled Bl N Quyeal,

S At oy bushw Fhere ace B—RMWfWS'.

- Pc;-c;, y Gl &ﬂz’? Py = ofe called sdqegl(«dﬁd 3enmh'dn
O (s, ol load atbus -
2 Po, = Demand, OR Loud af bus .

)

i
o B;ch * PG?L' - %z' e @
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. Ta the process df‘ Calculahb"'%, H'\&(C will bC Qﬁwﬂf_ﬂ@ bedween @‘

P":.Cﬂ‘ N Frysch s

2 ém DR =g~ Ccal
=0 (2‘-8_ AP[,'T— AQ( :O) .

%So\uﬁow will be 0“’0’1/‘80( wt‘\eﬂ Pawe( MiSMﬁ‘{'Clﬂ.
Jﬂc:wa[ Hm’r H«?/E ol I{Wawn; Q’@H“’j‘l&jj

24 obsecving @ &A@ it con be
- g pwamd:e(s ond ca]cu’ahis G the other

Hence one has te S(’QCiFj b

. ! variables . ‘ |
s selection depeads on the ijfe "F bus bars ond Clm'fj s fallows ¢

‘D P-@Q o¥ Load Bus “eThis is & Non —3e.aemf'a{ bus. = -

o Py, com be eshmj(eat b for Cast
o Gy, Cow be caleulated bj assuming & cex foin Pf.

were Prgd & Gyl are the speci fred
valaes for £ Q\G_L .

2 @ &E® Con be used To calCulai‘& Vil Ko

j %H"ﬁc’c"ﬂ’ffoned or PV bus:

¢ “This, 13 o 5enera’ror bus. = -
. @ Con be calealafesd when ALl Hhe voltages of the busbors are Sound.

Heace > The Uﬂ}j w Known i s By

PGC.'.'- QG‘,’:-O L

) sing (J(;r e9) “Load

" Pt‘sd«

&hp{@i

hee one  con SPCCiFj Ps; & V2l

E SlacK or &erfenc& Pushars :
. Since one calcalofed phaser voltages dhea one bus bar should. be selecfed

S & f?-e,ﬁrwce. Usmﬂ”j,ms busbar 3:‘vm Nuwmber 1 & s(seci .:‘ed as

Follows ! @:@ . Usually 5 This busbar it is ang’afar bus .

Why (3enefafar bus) 2|
5 g = Z 6 =3P = hass “Ackive Losses in Res
2Q; = 2 Qg -2 g = Qo Peactive losses m Reactive Com(’oneﬁ"?

istive Component .
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sfeciﬂ'g,o[ #OF available #of UnKnguwns
ﬂﬁ’fm stute variables

APEY

Sym= N

w Unnasns e called a(ergml&lf or s fate ?/aﬁab’es.

o Tluskvation: 1f apower system hog a-Yuses ,at each bus there is a load -
(Exowele) Geueralors adt connected te bwses 1, 255,7-
a.4 aeiolewﬁﬂ bus 'fjpes & uwnlnowns te be &/a/ua,'fp( P

Yolution =—\—3P§$\;CK buraw () K Voltage Cantilled or PV bus => @,8)> @

, Load or PQ bus -.:7@,@: @;@J@

Ur‘\\fmcuMS : V"”’ajt Conf’fa”eo[ = 52 ) SS ’ 57— LOGO[ = Vg,\/q 7“/52‘/8 .,1/‘1 .

Gauhere Vy = IVx' ox
[w=3] > o . f equatins = 2£4-3-2 = {3 eguations

4o Since Powesr f/ow e?uah'ons owe. Non-linesr Funclions of the state

% C
% Lommen
i Them Ttesative MeFhodsove nsed o solve Hem

vosiables
=> Hext .Q-meﬂwa[s will be (onsfr}&f@g[.'

1) Grousss - Seidal Ao thod = TWas uses Power Flow eguatt
¢s Puer mismatch (6P54@) to Calodate Valtages.

s to Calculate Volfajes.

Newlor - Raph son Method 1 TRis s

%MMJ’ v
\"{TS is in+foJﬂ£Ci us ﬁ’,hws: M = 'Sfi
VEL =V 2l 8
S’i"'\/iﬁ:bsl*'t L [n=fa4 “ @
N 2 n e
N SR Vi ol
TvE E;X" Uy = %% +.‘§;X'"% L LY Tous meHiX.
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(4] N *
V.::.._..L- g“*_ Igt _ @
R [ ‘/t é‘ V,,‘Vn )‘C‘ V: J* I éﬂ XJ \{J
h#t ‘
i 'P! "'jQLIJWe Coﬁf"cl( "fMSMH}CO(- Fﬂu&f- Mm b&( OJF T/-Mﬁ/hms ?
CHVICE (o) ‘
¢® = initial - @:1@{ -L',{’ Vp =Y =V = 1AS
-l
. (17
J— J':['.H
v lows *
Egnation © is wseol o Calewlate New values £ veltages S followss
«Procedme
@ Spec'\rj o VoH'“jC ﬁ:r the slack bus o V,-_-IX,P.. Kis Valne is quf' (anf}anf'
during calculetions-
@) Asswne. initial valke b voltase for all sther buses. let VJ “Lise fdf)-f; .
@) Qubstitute v, &Vj in D to calculate New values for voltmges VJ =25 s M.
ater on the RHE of @ yene always cubshitute the most recent values-
When all volfages ave calonlofed yfken one iteaation s completed
® At the end oF iteration 5Check Hm* le' -\é-x— | £ E }a( all buses.
€= Sf’ecllaed To lexance eq: € (0
Abfer checll IF—E Yes , Solution s 0 blained -
Nots go te next iteration. o
. To :ilun‘mlfc the appl:caflow af eguahdﬂo Consider 4-bus sysham ywith
bas() s o cJack - @50 &@ as Pa-buses: o
with inifial values gives as VERVCH W Ick Wote: Y, is fixed V=14
( _ Prysch=J Qz,sch y
Vz B ')9—2. v(u)% - (éIW"')ﬁ}v} )-")314 \/qw)] 1S+ f}'@fahdﬂ
o__L -8 i lefed -
Vs -X?g Pi)sc\l;(j* 1,5ch (Y \/'+sz Vzm* ﬁquM)] IS COMP
Wl') = -—-—- P‘bub“JaHJS(l«. V ()
Yoy V.SOJ* (Y‘H :+)’.,2V2_ _\.X’z\{?ﬁ))]
¥ - ichS solution is obi‘m‘nea(-

= Chee: |yLyf%|< € Aeall )03
)_,if NOT 90 to ,2"0( itevation.
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Example A2 past BT 3
Sustem Wt U -buses;2gen-5 Y Lines. _____I -
. : ta for the line : L =l
withh the hllowing fU data for tre Ul
andd buses bw wsing Base valne of
J00 MVA 5230 KV ® ng ®
.Objech'w’.: Use (5.8 metod o evaluafe
= valtoges @ Busbars- L Z=RejX = Y
ng
"26* Line PATA: Yerit Z );=% il _I_Z )%
Bus - Bus R X Charging ); T 2 T
e i gl Gev Bww MR~ G -
| -2 0-01008 0.05040 2.815629 -iqorgi 1025 5.05)26 : ¢ Ca'CM'a‘hm;; |
k—R o.cofyy 003720 D169 ~26.84730% PI5 003875 ¢ 2= 2, 0+01008+/0-0504
0-U  o.ofil o030 Sl -25puTay TT5 00387 B BT
3-U o027 0.06%0 3.0B%5 -15123%8 2 0-053?5.;_ - e
VAR =3V Iy
v i
WNote: (9135 ‘/4 fownd from the Calelations - =2y (YWC)
5, Y2 @ .Ffaw\ HAE gl'VM&C‘a/cufaffcl:; IR VAR E 10-25-*106
v %, values for the Lines 3%’2 3(3;2)2*,05
.;—I ’;z- one Can ew!ﬂa{'e[\/guf. v .Y z
A ots [eF > 2= 1
@ & =Y, = 01026

K s DATA

2ust is slack- 5 BRAGr cuill be caleulafec ‘* ’°()§= 605126 "

¥ ¥ = -
at the emd- I
us GPcuwi'fdé MY Loack Caku'ahf’a{ Ffam ~(Q=p foCc's'o-ggl
P2 Qe P
bk g - = 5o g%c,q o+ specified value.
12 o oy 1635 R ] Tkl assumed valies for the
ok 3 o o s00 123 148 mKnowns .
vt 4 a3 - S0 Y4q.563 [02X°
Livoltnge “iven”
f Control. “=—
f llows If M
oPmceM ) shaet with PV buses et GLat the violated j
for eack bus: Limit:
first Gleulate & eq: iF Q= Glmax
M checK that: 5 The busbar s converted
in< QL Bmax. (Pv) —{PQ)-

use accelemtion

shwrfwith  PG-buses
To calculate v:[g/xé
actor 1‘{‘){65

[ Caleulate V-I
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> for the Exomple
o stut with Busl:
B 5\7‘ [M’_’Eﬁ = ();,\/I+>§3,\/3f°’+>§qvqta))
22 %(a)!—
e Line DATA: (Tere ave Two Lines) Jor
5D

¢ ‘chm
Line 1-2: Yy = 7.815629-j/q.078144
E/, = 5005}26 --@
Z
Line 2-Y: Yoy = 5169561 ~j 26347804
% ~)o08% .-

06

]

- A

Yag -
'0) Yie &
LA T
LR
®

Yop =@+ @+ @+ @ > [¥%= 898N

-j¥4-835953 | _, See the

e——

P2 "J QJ_ = (sz_ PL;_) -_) (QSZ—QL);) =
= [p-jlp= ~1-F+)1-05%5]

gj :Subs‘h}’uhon: () _

Aot e
X Accelefa’ﬁm Factor ()"

ol i’mm’rians,mual{j they use

X RV
=%+ & (-5 O

o)
v" 2acC.

¥

O Repeat the Same procedure for Bus 3.
it Can be fund Hhat: YO =0.952 -jo.066

o Bus Ut (py bus).
= firsk Caleulate Qy-
= Ingeseral! S =V x_ K

s A

PGI' -J QG-[

imaginafj-
= for Bus Yt G
- R Sastitution: [GUT= 1. g5u15 |

oint this exowple t it is assumed that the coliulated Cly
=> 5o Calculale V;}(')-

JACC

(1_ - [VJ"’* [vaz(l)

(0-170) _ . (0-10535)
TR A

{2y o used i order Fo reduce the  qumber

o Ry Substitution: V1) =0.977-j0. 0517

(1) o
+y‘/f VS’;M W X/-y V;I(J]]

Table in
Book_ .

100

—

Q_Nﬂ_he'- 1;1 i&fah'dﬂ
e Yy

is within the Limif
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0) « (1) t
U= o TR SO (gyioe + Yyploee) | = 1017874 jo-orobol |

ac sacl
V‘lw* ()] I?
0] = Lozazs > Vaser = 202 (L.or78e4-joolosot) |
|-017924 N— L‘ > S (-
Co : s an b
e flow this S Co B8 Calulyy, |
Q) ‘

o Y= 102 NE=Y

@ the —;:o[ o 1 iteation s ched for eacht: busbar 2534 ot |
o, : o . . Mext iteqa ot
l\é(”..v‘.”/é G(/*S{Edﬁ'erl Is sa‘hsﬁecf —»if MoT G t I ‘
Tolerance
.AMaNj the Mpuf‘ Jaf‘a ¥ iC Mo( MaX. Mo ofif’@mﬁans.

X Newton - Raphson_Methed 3
Tis ic based on the Taylor’s Exponsion b 2 fanctions with 2 or mof€
vawinbles. Tt is illustrated as Fillows ¢
h,(x‘,xz,u)zb, e o ® 2 ﬁmch’ons.
g (Xi>Xpst) = by @  bisby = Conshaals represeat specified values of h&hy -
U= (‘alled Coﬂffol I/MI'nbfﬁ,Mal t be ien as
CoM‘f’M‘f La"'&r on -
r X&Xg 5 hphy represent Calculated values.

Xy 9 X2 E UnKnown yorrables.

*Hence o for initial assumed valngs fo
o, Dibference between Calculated 8 specified gives mismatch Conseguantly

the. 'Fa“w“'“j B Pmch’aﬂS e i fecdaced :

9,(%15 Xg yu)= hy (06X, w)=by -+ @ 5 oNg ASSUMES ini fie| galuh'onsr

9, (X1 2Xy,u) = ha (X05Xau)=ba ==+ @ X g )(2(°)-

-Ob‘!ec’rivc: is bo find the amount of covrechions A)(.f")f\ A&w lo the assumed
solution sin order to oblain the actual or fegm}'ea[ onsSwers xfﬁ(‘g\ %¥.
stand for Hhe

* v o, ) |
%9 (% X su) =% (x,(uuAXP; X;_(ﬂ.Ax;’,u): o ... Correct ausue,

* ] 0, (] . !
S2 U(' ))G*’M) ‘31(X|(Z|-AX,( )) Xz( )-I'A)(z(o}) IL) =0 wwa @ g
’—?NOUJ ‘raj,df,s B(Pﬂds"on j‘S afp’l‘d tg @g\@ M-ﬁ,”gu)_('. E
5 W) J9, 9 ) 49, < ’

g, 6% = 9, (%) xfu) +Mf)—‘{%-(‘- [+A% ‘%H--- =0 .

|
32(’(1*9)(2*3“] = 9( )G“’,x}”’,u) +Ax® d9,"! Ax$ 49, _ .
\ 73(.,l +8G7 O | -0

@

AL ® |

o ?a{'h'ﬂ’ Decivatives  ove evalnated ot inifial values . {
» Higher Jecivatives  are neglected. ‘
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b) .
?)).’l{f @ b)-f-'i‘ X|-

9 (X.,X;, M) =\’L,[X|)X1,)UL) -

@ D,

-~ da P | ,a Substitufe initial value of 8% to 3:1’5(11

.Re,w(hle, @c?\@ in & matrix 'JEOI’M :

o 9, (u () (o)
o(fin 49, (o) Axl“ ! (Y,(;x‘,f},u) =by-h (X5 %y s) = =A9, N @
dx, A =
o (7 () ,© =
d2 432 X4 —9, (%% ) = by hy (x5 50) =49 |
X 2 s
i =

s wotrix Called  Jacobian Matrix ,(3’)”

from @ :r“')} ”232] Mzw] [+ [:;,] -~

of@is Calculated 5then the correctinns [ﬁgﬁ] Com be evaluated

-4
{ Corrections < € (cerbinspecified blorsace 9 10°)-
—» if‘E,salu+l'un is obfained - \}f'fx(e Yax [

)((') ¥ (0)‘0'4!2(“

A!(l
Ayzfﬂ)

. Since e RHE
= CHECK:

|
|

Ly;f »Calculate Mew Gorrectins

AxY T 49,
1) [ ] e
* o I"“leﬂ}e 'H1€ a{ph(aﬁw U; #lx's P(gc@dm"ﬁ: )VAXZ ] [ :(
see example 4H (page 344).

§ £ , =
LE{' 5|(X.,JQ,|,L)= L'MYZSI.VII|+'O’6=° "':'? k,{x\)x;;“]" L{ U(Xzimx, & b"06
9, (ir¥oru) = ¥ x5 - L{M“xlc"sxl e Jiee =?'.?}‘z(’fu')(z:u)’ Uy -yuXpeest] & by=-03

(o) |

let wn bhis e n=1, X" ko ¥ =1 5€= 10 E

. (o) ‘

© [(d9 da|=|4%0s%  Ysiny, substitate  ¥"=0 i

= | dx Z’_‘l) ' y(“)-_-l L
-d'zgx*% ‘192 ’-le Sin)C, gxz_ll[as)ﬁ (o)

bil

0-15 rad n
0-075 => checK: Correctivon <€
el = So Qe-iterate . r

O

9] H

x‘to} - -0.6
St I
e Mot * The 9ivem egum‘mﬂs {8{918!6-4"

The Rwer Flow Eguaﬁans of the system shown in Fi i99-3- (see the Book) .
% seled e9. epreseat the load - Flows  peoblem of o 2-bus  system  ashlows :

Grm—
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. - -

2
Cocat = 3 w1 wjily) cos(52-518j) --- @ jo26a
™
::vmv,u}g,lm(s,-s.-sa.mwnvzlnézIwS(Sz-%z b <, 5,;,4 el
. lucK
VR N R = R S

025
Byswb @&@ints @t B oni= wv,szlsm § ---@

= 9, = k,cal - Bosch = Bacal —(Py-R) = Bycal = (o-06)= Y[V, 11V sindz +0-6

9 (XsKyyu) = HIMIMaISinEp+0-6
Do the same ivg By replacing B,cal B9 Gz

lgj Subsf fufrﬂj @z)ca' = ,{“/ZIZ N l”V,_”Vt}CoS£2
" Y =@, cal =62ys5ch = Gla,ca

cal & cos Bj sin_in O?u.@.
( = (o-02)

9, (% Xu) = YJup/2- Yl 1 1Vel cosdy +0-3
awe{-;law &?ﬂa {—iUﬂS w:ﬂ@ {MC

= e Guations of 9, Ko, represoat e
um Knowns ! x::—:“/nl A X4= S

* MR Pouer Fleo Solution : Evaluate B Grreckions
? Evalnate Power Mismaich e S
ng":P;’,ﬂh-' Prycal eck Thed :
J?s:vwﬁ &:H’/'afso!uﬁbﬂs‘l . Aa¢ =Aiy5ch - Qiyeal 181851 LE !
For the unk YIKS TP MO
s W;‘an‘ il Evaluate the elements of . PN
Evalnate Dical for (2259 Tucobian Matrix . Go e Next itesation
Qiycal for f=2y-s(H-Na) l _,_J Vum) (K) A\am

As 1€uwra( bedre
Pocul = ;w;w;%/m(s -5j-6) - @ AP~ Bk Poal - @

Qscal = f 1Al cin(&-5j-4j) @ AG; =Gy o5ch=Qpyeal oo )

f e Frmu[ah“. Tacobion Malrix: —
1 Assume Hhat Hele. ot Y- Puses wl@(f_ H is the slack $ de ather 2 buses arve

“Load buses” or "PQ-buses”

e ——
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Ton 207" I

2l ), d e q
ETARETA 3_;%; | 4% - [ ap )

|
)
|

s on BB op oA
Al G vl A3 AQ;
(

d L T )

5 %%r dbu | "l an»u_ £ A o APy
0% 94 28 | %8, 94, o, 1)

35, 96 A% « Jml M I Al% Ad,
6y o6y 8, | & 6y Iy A Vsl

D6, 3% db | o sl Sl A£Gy
By JAy By | Jau & Jay

T T o Sl Dl Gkt

A/a’f‘c E’W*S o F 'Hie %Cab}aﬂ Con De
Bued Frorn D83 a5 wil be shown

Later on.

’VIJ QP: ]Vrl i
For sinplifcaton: each.cloneat 524 %‘:ﬁ;* T > o es). >R

()
g = (11 2 Lfor 7, 2.3, -

=V + AV

~The ﬁ,lluwinj can be ﬂm(:

ot Do) ) Sl Sj-5)  Won disgonal oot

. @D
E—Z Wil Wl 1Y | Sin(Gin+8n=8¢) 7 Diagonal eloments”. @53
b %
nEl
Ja g% = -le'HVl%l Cos (6;+55-5/) Won dingonal glements”. . @5
2 )E WV l1K] cos(Gin+5n780)  “Dragonal elempets?. - @50 a
aid |

’Ji_}..: l‘(fl ‘QP‘ —]V[lVI’V/_;,COS(gu-fSJ 5;) Won ab'agona' elements”. ... @
Vo] ¥ QPC’ < Pg +,VI G? /Dfaﬁonnl elewments”.

T Vil ‘9&‘ = -ljN% ””}‘Smmﬂ% &) “Nan J.l'agonal elevents”. ...(5-62}
vl g_%l Q(-Wz’ Btl 'ﬂbjanal olcowmf'g”.
3
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Mote: in the oase of DV/-Dus yThem there is MO correction fr e valfage @
Doin the

btm
_M_agnifuole (:'-EAVSOJ .also & is Mo T Kaown. Hemce AQ can MOT be.

#4283 Load buses

Calw[a+ed , | I - "
> for exowmple: in The previous systewt f Bus #1 slac
S con not be calculaf‘ed,-

A\/‘i =0 )Mp{. A Gy

& Ta this case: g*“mw 2 5’”‘ gt

'fhue'Faf, in Hhis case Eliwt‘mafe

. Matrix (6x6) becomes (5)(6) .\ fhis €9° Z,*L{——\’Z
. e order of T mateix =2

v R Methed -
Example: Solve the previons 535+W (e-3°|-z) 25 i) Nk
. Find order of 7° J_ﬁconggxg_
oN-Ng-2.= B-1-2=5
. Express ke Tacobion M«W7 ’ _ s
B R 2] A%2 |~
‘gf:—} 26y 9“/311 sl AS3 AP
: Aoy ARy 3(
S e spe lﬁl»l'v‘:l Al 26y cﬂ\\&( $\((F[
-~ o g AQ ot e
(:5: R Ml} AlY| L SJ P K}
:9—$; . —-3[—!7; L h/!l . VCU)-;Iﬁ
: ables : eciFt'ea’-'- ‘/I(QL'ﬁ aSSW’!Ed" Zm 13
, Tailial voltages or s fute variables: s SRWPC V3=

Fiﬂot inifial miSMafcl‘l at Bus 3 ?

> ARVR B 900 =-200MW = =2PU"

: _ " > P L"-'Pg, .—Pﬂoao[:o‘ T il .
o =0 ~f’z,;;h Byal 3 Bysc 5"‘ " matrix 2 Find Yorsps Yeeo Yoy
Pl £ 1451 (8175 )

=l g . (o) — - oloMT! pU-
il ;:;shfufi.g mifial &seeaﬁeaf valfages G 0

3 lal a I +ciﬂ--
M};’ = w o 0.0 foME =~ ZAP;f: -1.94 l Jum’f‘ | misma .
- ¥ < = _12?(‘1\\: - E :
;; % A@g '-"Qg);d,"el;fhf ’ GJ’)S(L\ a @ﬁ&' GZ?)MQA 0 =

i {o)_ u
@ _oHouggal pu. .-.AG?,,—-—&%!%?OJ
as(,u:al"'fIVJ”W”)}j)Sin(é}’sj'%) = Q! — \ ~-0.335
J!

BJ ASing the 3:‘»/&«%;6,“

-

u

/ -—;'7%(\,3"”‘”” aﬁﬂfdad{ ane (an ﬁ‘}m{ AR{ 75& Q\AQJZ ,
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- Fj
i ndl o element of the Tacobian ?

¥* ; S
“ 9" Tuikicl value of the eloment in 2% s & 3% column -

~ The refuifeaf e/meuf s —9_& which 13 Aba ﬂ,'AjaMI e’fﬂeﬂf'

= QA aby
UL &l st (G a-5)

% Tarhal Value of#,e element " 5‘H'fow4( 5”1(0/“4"”'
5 k
dcasmited )fu,”"fri,(.

oelement = (Vi) JG. 2
et el s S Q- 515y

Caleulated”

= The soune procedure o be vepeated o find

S Mow one canm proceed +o calwlate Veltages *

= Galaulate corrections , vepeat ifeution s
Until apP X AQ <6

K x
or -y ¢ .

G~ oy,
"9’:?/?1 y”ﬁ]

all elements G)Q 171 .

2P
AP,
50,
AQZ
Ad,

o
=f 7

#k Elemerts of Tacobion Matix e shown @ fhe bop of Froe $55.

e The. results o § this analysis  are showy m

il
Fig- 94
2Bws A sy ‘- ke
e VI &Y FE @ p
1 1 0 %3 Y6 50
2 odfy -0 o °©  IFo 105.35
3 099 -19FL o 0 00 12294
H o2 1523 23 13143 8o 4958

b3
TRese calulated volfages
Con be used te Fmd Aﬂj wn Kaowns .

o Comment: Having Calculated the voltages at basbars, then one  can :

v Find &G =Pt)G6 @ the slack bus-
:2) Findl Qg at PV bus -
? Line 7010"‘)'
@/]g!_dv’hlakd Vﬂfl'aﬂf-

Dy Shack Bus Sp=Spr&g—r Vowoad or

Loadl at

outy trans milfed
Pa?calc:al’:tf‘eu(

@ the ﬂurﬁaﬁ

wes 94-Y=> Table -

q.5=> Results on Siﬂ]/&"l-""d
dicgepm .

QL —
;l—JFﬂ ')pawmﬁ ]Efﬂm

the bushor.

@ = p tan s pf ]

also 12, 5@s, 5Csry
Ffound as shown ‘
in the coming analysis -

& e —

e
CQ Tiare -
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g, . |
' ?bcaf ] @’)Cal.

L2 usin N
; : e.zﬁw‘“vf“xﬂ cos(&-5;-6};) yehere =1 i cast of slack Bus

By “Sing the results in F?th\-l»{ = V,-]4g 2V =0982 ﬁﬂ'o'qﬁ,lgzaﬁé“lwﬂ
WVy=1o2 x5 il 0 Table@.2 of [Yhus]madvix -
Py was given. Pp=5 .
s P omMw- wh
> =120y = gsmw. > Pp=I36+507 [8EME

. &iMHIdlj one (ua Calculafe @, 4 if can be fownd : Q.=33M’2‘

2 Qp =49 MVAR . S Qo=@+ @Qp = [1Y-5MVAR 5
COV By o ciclbig
Qg ~ @y + Q5 @o=Ha.68MVAR ; |
a7 :|8L"I§ MVAR .
D ely=12).95MVAR %
;] * Ling Flow : |
' |
Coﬂfldﬂf FU/ evj Line bc{-ww buse; {K’g as fhﬂ[a’ﬂ n Fqu'g' !
0—— (il
N/ - eauli
5 ’ ]277 'bliﬁ T egmm!ml PRz G=€12) lgiz
P the 11
% L——l%—,,; T pATA e
L 14 5
O —— V5o 65 o152

o T=T+Ip= Vi Yo (0<% Yo 5% 8 Y dedued frumt ivput D4TA of the Line .
b’ ETELED .
o Sy = V’;r* = 09%%F+jo.619 py = mmv/_\_
. Céi Similor approach oae con fael & entecing Bus# 3 .

. Having Caleulated Power flow in the lines, one i caleulate losses iy, fos lifme.
For €9 L the Line (1-3) ’g'/osge;:[q8°12+J5"2ﬂ'[q;l.oq+j6f.57]
.szj_,ﬂ“mmhbm overall LineSqone €o0 F"'W( the losses /n the ggj’&m
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1 : Hons . N
jiﬁ:_/m;:i?z{( %/::b sljfuo(ﬂ Ww{&’ the A/oma{ of ﬁ/cmff’ Conolff/mf

is Calle] ~Base ?h}fy .
o Check for anv vislutions shere inthe put DATA:
) Specify Talerence for volfwge e 761 2> Yephed
Ta o Y-bus ;3&1Lw,"mg,(e_ wee /Va-%lfgﬁ Violafions.

7)) Pmin$Pa < Prax yTn owr exm,deg Limits were AOT specf'ﬁ'ed.
(%M gG]G, SQma(

i) Capacity o P Lines  foc ey MVA-
xTf Bew is oy violation o p@(ﬁfm /Zg’emiw Anﬂsi;ﬁ.
b exomple . jAo(o(«'nj Lines. 9/40011'&9 Loads.

=[1 006 =096—+1-05

» X * )
Xpif ect Pefefmino.}fon of Zbus Matrixs  “see _,:ZC Dook
Number the. Busbars 8 Branches of 4keg£\(m Nedwor K -

woith impedMCC?_ Fo: .’.@[Vﬂ *La LIl @ @
™ e;uaﬂd“ Con be Gomio(&'a;t as ?ma‘l’ﬂ'ceg ,@acl«. onte . ) EZL
is o ordex (1X1) - %
i, to first bus ov e the Ref.

ted
Jow one add o new bus connec | I
»f( e.j'. l:‘gkt SCCMO( bus (OYMGCILEB{ to EE‘F ﬂlfaujl«. ,MpédﬂI’@CC ::;f-/b

Then ont have fhe FJlawiﬁ matrix eguahms: F;’i]z ;: ZOJ l;\j

page ol /seckion 34

9 dushurs-

2 led
' 1 ' v Cal
() geo[ 'Z’o moo(lp ”16 onjma[ TRis Mah’r . o i
/ mm:’r:"x brraja“y oﬁubwa?q £ browches O(]'SM;!JI f!afnx ; ; j«e m+dli?i ,
, an aT a Dime..
yallwmoaiﬁb FfOCEJﬂ/&S-[SCC 5-1{/)}]1{] gc; adaing ene
which mo be
@ 0{0[49 Zb Jprb,vl o e bMS@ b e (c,@ M’Jﬂ‘{ﬂ oS 76”0‘-»"' ;

1= Vgl 1 7[5 £
‘f) = orginal : () . (1
IYK} : g Ik @ i_fb Co.n‘h'nw Sy

% Jeros Z (LT,

Scanned by CamScanner



/40&7&'13 Zb ‘FfaM a new bus @ te an gx,'j’hy\j bm@ @ -
Thea the watrix will be as Hllavs :
b BT

Zxg = Element of the
4he ""‘3"““[ Matrix.-

O i9inal matrix .
@ '4"u”‘j Z, from exish‘nj bus @ to « Ref. Mide :
a) Create o new fow N anew calumn exactly s in @ v
D) Elimnafe dhe (M41) row & the (Wed) colim , To find each elemeat Zy. (nuw)
in the. agw MoArix os follows - fmq/ L&/M

s @ (v4) 5 the new

fow or column -

) = 'Zh‘-(alal.) - Zhwﬂ}* Z(mn[
ZuK + 2},
@Aawnj Zp between two cxu's‘h'nj buses @2\@

, Feemulate e following mattix : :
W] = ! (where: [Zob = Zij+Ba2 Eik+2b

' - - G . @ &Mol fram ar:‘jinal malrix. g
V Rau)j-ﬂaw- be IF
P .
poed =

 Madify the produced. matrix By usitg. (2, lne) =5, (ald) = Zhiw) *Zetyani (35)
Z1l,

Gfl:fjl'ﬂal-

Example: Find. Py for the given system
Shawn in Fig:] BY using the Building
Algorithm 7 |

Note: S bscripk is used for Pbus at each

step:

9 Starting with Busl = 2,y =[ j12571.

,{‘/ﬁg: all elements have ] so it will | § F.-'j-i. \
nef be writtea in the ﬁ/lawiﬂj Ref . 0E Bus M.
steps - (2) E Browch Wo.
Ccm )ﬁ'm!\t> E\

Scanned by CamScanner



2) Gio to bus @ with s jmpedance of jo.26.

; 125
> Zpua = i [ 5]

125 1.25+025 =)
3) Bus® with impeclaace joM i conmected to Bus@ -
_ | 126 0 Zoriginal -
M T 15 X3

!-55 — I-.G _ F -l-5+aH’:l-a\

‘ = | 0 B"U@ {"o RQ‘F

Lk ot "Mf% % ’J’.er fj:w pus @) t° sbiain  the
Theon one #allaud e1ua‘h’m }o conné

Wit tri ‘
7(3”0 - 195 126 1251 185
129 T I

255 _ITLS ) L gy
Tas e 1% 215 72

Tre crealed new column & new rew BY_, wsing ej,ymh'ﬂw @ :

Zhém ?wuc

R d)- Z1y Zu)
=\ . % (H@d) = Zu[ﬁl el B

Fﬂf €9’ le <:‘:| #M’? ,Krg ;l-ll Z';g'i"zb

-’ - . 5 Cl?
..;? 2 Lnﬂlﬂ)) = ]'25" (l'2 )*(1‘26) —-—*_.? Z”(AW)r 0 ? 2
“ l. ‘. efeﬁ 861 ar “L& e,e' le' 15 2'272]3)&" 22, 222

- ;.°1+I-26=f__;__’_5

Zhi("ﬂ") B au' (""’U B

» e sawml ?racedufc coa b

Z32 Zcri inal-
2 B2 822 361-3? ' r‘ﬂ]q? ..... o.ujso? 3‘%2
= To Guve. .

.m.a'i’fl‘)(v

5) dy[e_ Muj now Aatﬁl r'Mfed.'MCCb Zb=j0-2 ‘Ffpm BKS@ ka Bu\;@ "

(049603
ortginal 1559524

Piusp” o B37

e i s e Y _
| utbo3 o2y ot 0 F 55 Zgt b= 0 76397 +0.2 = 0:95397.

. et

Scanned by CamScanner



e

6). Fu‘nallj one add impednace 7 - j03 25 befween @ & @ -
] Cob | subere: = ZarBuABtE

~ = =

/
Zhus, = 23.«,5 =
Col Y
of
Zhlhé

%5

% Eliminate the 5%(‘0‘0 &5“160,%11 Ig"il/m‘ﬂj Bzuﬁh"m @

zhi (new) = Zpolod) - Eh(g'JLZ(mw 5 2= G
b

# 255 =0. 6?1{21

I
|
I
|
|

—— e e o =

l Roh\z‘ﬂ(’ﬁ’l" UF

zbusaé

for €9 Zulrgs)zo. 7l
2y (p)=0. 716

> Finally e zbus il be as ‘gollms:
5
. 7!66 R 0-5.80
pr(s o J 3 :: :
0.5805 +*** o Fb51 Yxy Mafrix:
X > ¥
E’na( o Jp Mn'{-ﬂ'fl‘ﬁl
% Ry

ge/g{— » ¥ *

Scanned by CamScanner

e



