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60 Hz3,5 250yl Jaill doglad e cbild e (V —)) Joos

kV s S
Line Voltage kV

vio Yéo \YA
¢ Y \ s Jeal eMo sl suc
Vva\ ot W\ to Vot g._d.m\‘zﬁ.uj&w‘ dde
1.424 1.165  0.977 (in) Juosll ,1u3
AR 0.0386 0.0329 (ft) Jo gall wtid) adl daiugia
Yo e vy (A) Jio s JEa (iall 5Ll dagd
Y YY VL YY..0 (ft) dastly dasatl oy daleud
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D=3/D, D, .D; (1.3)

. 2r
b ~ Yy D/ D

- ~ / '\_
D, . D .
-3 yde d oY1 G S das edlo g o Lol — (4 ) J==d
SN { 7]
28l el (y3Ea Laaie 53 yde 5,510 a1 IS Ja5 dasnt do g JEad Blonl| (v
.60 Hz a5 el Jeasg 1.5 em Jogll Jhad canig S m aMws ga (o
2 Jdl
P 1+L b
"2z Y)

—4EX10_7(1+L 500)— 12.12 x107 1/
"o 4 Mis) m

X =0.L=377x12.12x 107 =0.457 Q/km
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T e LAl 108 Lag® CaBeTiy ¢ il HLi (B3yay Jeamdl aloadl e Lasie
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Taaall 0208 5505 ygling ¢ JAI| agn s oo Liaylo 350l 038 Coual i G Ale Ll
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2Tme,
C,=2C=—% (1.4)
Ll’l?

F/m olasgsyobe Jlsb¥liasyl db,esstliaddl o C @ dus
€= 8.854 x 1077 F/m. ¢1,4l0 i3l yessll imlocd| o &
(M) lasgiyude Mol u daledl D

(M) Sl g 5y0ie ol Juoge ylad Cand T
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(5 -V) Jsodn pad ge 5o Leso Alilatia pd daddl Do g o ALl (95 Lasiic
b et Al Gl aie HLae V12 i Jll i3Mall dgasd | Lol ol 2 g5 4l o
dazll

D=3/D, .D, .D;

C3yda dx ¥l IS 8 dad cdbis ge (o Bl pesstl Landl — (S -Y) J==

sl (31l delaa o7 Capacitive Reactance Lygacudl dalall (o8 eIy Lleg

o Legs dasl Jslo e JIsbY!
1 1

X: =
“ owc, 2nfc,

Q/m (1.5)

Capacitive Lgecddl dmaled) @l Lgacdl Uelall jugssas ol cslia Lo Gllayg
dx oYl WS 15Y dast JIeb¥! sus ol Digandl dmaladdl 953 ALy « Admittance
:g.\:' LA& JJ.&.A

1
Y =] X—=j oC,=j2nfC, siemens/m (1.6)
C
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1Y - Jie
200 Km atgbs 53580 5,500 dx g3l SIS (5 dadd dox g S D gaadlima Lal | Cocen |
60 Hz s3y0 Jeasg 3 cm Jooll jhadg 5 M diMis go (y A8Leudl 9520 Lanie

1=

D oa do g JEal slosdl dad g Jus s JEo o L5l peEall dacdl

2mey  2mx 8.854 x 10712

= = = = —-12
C,=2C D 300 9.577x10 F/m
Ln? Ll’lﬁ

Do daidl Jalend ao g J2a sl | dai g Juo 5o JEo o 2l pgall Lal
Db A g JEnt daselli gacd dle Lol

C,=9.577x 10712 x 200 x 103=1.915x 10~° F.
1 1
we, (377)(1.915X 10°)

=1385 Q

C

Y=joC,y=j377x1.915x 10° =722 x 10° L_90°siemens
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Classification of Lines t ol oS S| laglad i

(80 km) B_madll Jaill Lo ghanl) audi Lgild 40l gl Jaill bl olal ddslid

bl Jall laghid (80 - 250 km) Abhwgldl  Jull lghig

A 235 A sl e Taldie] 400 sl Jai) Lol ity (250 km oo )
Sl (B dadl

Short Transmission Lines tpadll ol doglas: Y - -

Sl @dlalas Jleal (5may Eo 80 kM s gl Lo 3] ruad dasdl e
R Lol Leglatly dads olaiesWy (Y Lgacdl dmaled! o C L8b gt dadl ) ozl
delaag dagliay yunall Jail dad JiaS oy U Lleg o« dazell X, Liad) delally
pesd 5 dad misg s (1 7)) Sy e 5o Lo dag Jat Il le L
- Jasly sl iaa o dao g

L~~~ &

YY) -
C | M T |
j v 5 ‘;"{ e "‘?_ﬁp‘ :'
L p

r” )
PROACW . . | .
S L’—VWW Y Y Y | l’(

Generator .. Transmission line 5 Lo Load (et

Sending end . ;¥ dga Receiving end Ly iga

cJemdly ad gl dasme o da o da gV S pad Jaidas — (1 ) U=

lal 5,500 da e oy Sy 0la il dasd D5 o oY1 e Jamdl J5lait |03
Jla¥! sigs edlalas s JLllg ¢ (V=) JEaid 3y a0 dagll Gl 3,50 )
Lo less dazll Jlal,
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Generator _ ' Load

Sending end Short Line Receiving end

4}3;‘2” (:,EMJMJE_'M Col==] 33).5.“ 3)3‘..\.” —(7-\)@

Sending end voltage per phase
Apparent power at sending end
Active power at sending end
Reactive power at sending end
Power factor at sending end
Receiving end voltage per phase
Apparent power at receiving end
Active power at receiving end
Reactive power at receiving end
Power factor at receiving end
Line current

Line resistance per phase

Line reactance per phase

Line voltage drop per phase

Jlay¥ dgx> e dxoll uga
Jlay¥l e & palladl 5,051
Jle,¥1 e Dleall 50|
Jleay¥l e ddelall 5,031
Ol e 303!l Jales
JLELY) dga wic dagll g
JLa Y wie i yalistl 5,031
JLEie! e Ulaall 5,0l
Jla ¥ de dlelall 5,0l
JLai 1 die 305t Jales
da sl s

Aoy Jenl da 501 iaglis
do g JEnt dasell il e Latl
g =t dasdl le ugandl g
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LY Y alall Ll Emas (V -)) JEmd 2 i ol dadell Zalendl 5,510 cya

Pl ¥l dgs e daoll ugx

V=V + AV (1.7)
L AN a1 2 do gl Gl (S

AV=Z1 =1 R+jl .X (1.8)

-~

Line Impedance a9 Je=t dasl L3glas o ZL=R+jXp

oLl (udd 2 gy dasell il Laglall yoe agadl 2 dog ol 5o IL.R
Resistive Drop in Phase with I dasaSl LS
e Ioalaia (fmng dasell 2 dadl Llelall oo ugadl 2 Log oIl 5 a L. Xe

Reactive Drop in Quadrature with I} dasJdf L35 ol

2 Leso jaall da sl 55000 paleall ailgaeill dalaies @y vy (1.7) Uolacll s
(8 - J=adl

adll dasdl 5,510 faleatl Phasor Diagram culg=idl dalaza - (A -)) J<=i
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D b Lozl (S OMA sl 31 @ils Gl lae by Goleadl JEm 2l (e

OM?*=0A’+AM?*= (OK + KA)* + (AC + CM)*

OM= \/ (OK+KA)*+ (AC+CM)?

VS=\](VR coS @, +I; R)*+ (Vg sin Pp +I; . X )? (1.9)

D Oly¥l e dxsll dgn Uiy el 2 dosugll A il degdll olundy @
e Ol ¢ Lud B s OF  OM s J5o 0] 25131 o ey

L Of e laay Luys OM = OF sl Lel
OM = OD + DF = OB + BD + DF

V=V, +BD+DF=Vg+I Rcosp +1X sino (1.10)
Pt el 2 sl Ay aull el s s e g

AV=V_ -V, =1 Rcosp +1X sin¢ (1.11)

Ao 5lB Jluy ¥ e dagll g clligny agadl 2 o gugl! Llasll Loyall Ciluumly @

Aed gl ga iS5 L g=s  Complex  Numbers i1l sl V|

o>V alessll Lilgyll wlwsty Reference Vector as yo dxinss VS|
Lo ye @b ) da il lidans J€o Jsod (A =) J€mi 2 sl cilgmill dalanl

Pk s
V.=V [ +j0=[V [ L0° (1.12)
Z =R+)X =|Z|L6°
[ =|L[(cosp —jsing )= I_—(pRO (1.13)
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2 L) oo less Lidis Jasdl 950 e g Lagging | sl Lol (gean Lasde
s I il gl 31 eEm (¢ Balead Jem Al

AV=Z .1 LO-0) (1.14)

b,y ¥l e da gl aga (959
V.=V, +AV
Vs=Vr+Z . I.L(0—0Rr)°
Vs = Vg +|IL| (coser —J sin @r) (R +j Xp)

VS = VR + (R ILCOS(PR +XL IL Sin (PR) +j (XL ILCOS(PR -R IL Sin (pR) (1 15)

2
Vs:\/ (VR+R I, cos ¢y +X I sin (pR)2+ (XLIL cos o, -R I singy)

V= \/ VR+ZiIi+2 Vg (R cos @, +X I singy ) (1.16)

LI &gly ety Ligaas Jamdl (y95my Lot Leading Leaiie 5,0l Jolas (5
POl ALy e ge

I = [I| (cos@r + j sin @r) = [I| L @r° (1.17)
N e A STt

VS = VR + ZL. IL L (9 +(PR)O
Vs = Vg +|I| (cos@r +j sin ¢r) (R +j X)

Vs = Vg + (R Icosg - X I sin @g) +j (X¢ I.cospr + R I; sin ¢r)  (1.18)

2
V= \/ (V,+ RL cosQ - X I sin(pR) (X I cosp + R ILsin(pR)2
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[
Tl S SR SIS _ LU sglallg muaald dolad! 3yfa¥ !
s Il aie 50l Jelas dagly (9=
¢s = @r + Os (1.19)

dg> O gl il gag:Line Voltage Regulation dasdl Lle agat! @edail o
Dok oo JLa W igs wie Jadl uga g o DU

VRNL - VR,

Ve -V
x 100= —R
R, Vr

VReg% - (1 20)

e (delal)) :\J\.uﬂ‘)ﬂ.c E)._.\.EJU Jlaatl E).J.E.ﬂj Lﬁ\.’aﬂ E)._.\.EJ‘ (_\Luu} BT D=
s AL Bl e (31 gl B3l Jles Y1 Ul 2 LWy Jlay¥l ig>

ZJMJ?‘M%MSJM‘ ®

Ss=3 Vs I| =V3 Vg I =Pg +j Qg (1.21)
Pg =3 Vg I cos g = V3 Vg, I} cos g (1.22)
Qg =3 Vg I sin o4 = V3 Vg, I;sin g (1.23)
: Il I e 5ouall @
Sk =3 Vg I =V3 Vi, I =Pr +j Q, (1.24)
Pr =3 Vg I cos ¢, =V3 Vi, I cos ¢, (1.25)
Qg =3 Vr Ipsin @, =3 Vg, Iy sin ¢, (1.26)

550al (e deSo olazs 2. X dasell Lisdl dlelally R daglall fpe J&s iy
5yAal a2ty ¢ HLall g e pe 5yaall 2 0aal) 10e Colily Eo Ulaall jl 55050l Uladll
dazeld 8ot e lall Jle Qposs Dladll pud 5 y0all 0aas Laiy dasdl deglia Lle Ppogs dlaall
Pl cladlal iy uBlall ods Gl yEsayg ¢
Pros =3 RI* =Ps-Pr (1.27)
Qross =3 Xi IL2: Qs - Qr (1-28)
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Al S a1 OIS _ B pgladg maaad! dolat)3yla¥!

2okl paasy @l da sl gl ol Lelss agandl o) @i 53588l 550811 (e Julaillg
a3 e Y Alenl (oliasal 1 o350 Les a1 LAt LoLadY cllasdl 3gus
umaiy Lon zya¥ e i g aiioall Jo sl pladie i Lius Ja5 5Ll b Lels 45
et JElie ¢, 51 igadl 2 Lebilay Lyl oiia of ¥ ¢ daell dles W1 alenal e
2 Lzl l 8 ye Sl J3lsalls claally 5 5ga U Sl el J3all (g5ene 53103 59 i
ALILg 2,31y el sl (s Clearance o bl clllas 51335 9 dasll @l ga 3lad
CJsbl Lo pariaall ¢ 31 eeal G g 5T o ol o d8lewng el zl 2l gllas

Jied s Transmission Line Efficiency Jadl dai selacs ols 3o Lo J] A8l
5o sll idlaatl 3 y0ally clgiadl ) Juad Silly dasdl ole gl Dladdl 550t o L
Al Ml e Lgabeas yeman Jlay¥l e

P
N %= — %100 (1.29)
Pg

: el Jaid lack! ABLSII 3 I Culgs) @
Short Transmission Lines As A Tow-Port Network
iaelsy Laleaa 5,50 ) pnal! dasell Loalentl il yeeatl 5,500 Hlaais | (s
g e HLilly agatl) o ya g (i)Wl igs e HLailly agadl) ol culd ol LY
ST FERP. JP O JEE SYINPCSEN | PUY FOVG [JERJOF- DA & FOURY O (W00
(A ) J=h 2 misge 9o s dall sl

IS IR
e B

Vs A,B,C,D Vi

Jaitl dasd delall el —(4 =1) J&ad
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i S i S _ ZBLL ygdaty eaeiald Aelali 3ylaY!
Vs= AVr + Bl (1.30)
IS = CVR + DIL (131)

¢ puendtl i da s il yn 2 it call el Ll s il il 02ia iy
¢ ayanall 1 dag bt 25alent 550l Lally sgandl e¥alas 1 gyl o Snan
b b Less dasl 1 Aaladl ol g1 oleas L

Vs= Vi + ZiIx (1.32)
Is =1Ig (1.33)
A=D =1 (1.34)
B =7 (1.35)
C=0 (1.36)

A=D, AD-BC=1x1-Z; x0=1

~ AD-BC =1 (1.37)
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Al S S SIS _ 2O glally eunialt dalal! a1

L (7]

11 kV aga wie 5 MW ol 15 km algls o ij‘émwébﬂ&ﬁb
Blome g daleall 5,05 (e 12% dasdl culsgie p3nlie « A 5,08 Jales sic 50 HZ o33,
Sagadl @ulaiig Jlay¥l uga as9f . 1.1 mH/km/phase dastl

g EN )
Pr=SMW ; Vx=11KV ; {=50Hz; cos@,=0.8lag ; Pp,=12% Py ;

X;=(1.1 mH/km)/phase
Vs=7?7kV | Vgeg % =77

VSZILXR +j ILX XL+ VR

V= x R+j I x X+ 11x10°
=]y X X
s—IL JL* Ag 3
P 5%10° 1
I = = =328 A ;cos ™ (0.8)=36.8—|-36.8°

V3 Veosg, V3 x11x10°x0.8

e PLoss _ 12% (PR):O.12(5><106)
I 3xI 3 x 3287

=1.859 Q/phase

X =2nfL=2x 7 x 50 x1.1x107x15 = 5.184 Q)/phase

11x10°
V3

3281 -36.87° (1.859+5.184) + 0
. .859+5. NG

2V, =V3 x Vg =7995 x v/3=13720[7.21° V

V=T (R+jXp)+

3
=7921 V[7.21°

(Vg-Vr) (13720-11000)
Ve 11000

“Vieg % = 24.73%
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Al S S SIS _ 2O glally eunialt dalal! a1

1 -V JLe
Dilmag 5 Q dagliaat 50 Hz 033,35 ¢ gVl U5 pond Sl yess Jaida s
(3L 0.8 5,038 Julacy 1000 kKW o5luze as gV 3 Lylgia Dhas (26s « 30 mH
bt ¢ dasdlgdasdl o 11KV sga s

bW Ay wie 5yuall Jalaag agadl -

sl lises —o

Cdaxl sl @ulal

ol cilgil] dalades @yl

f=50Hz, R=5Q, L =30mH, Pr =1000 kW, cos = 0.8 lag, Vg, =11 kV
V=72, cos@=7?, N%=77, Vreg% =77

s JlEi Y e ds ol ugs

b JLao¥ dgx e dnll g -1

VS:VR+AV :VR+IL.ZL
e B (R+jx

V3 3VRCOS(|)R( 1 X0)

11><1o3+ 1000 x 10° | -cos (0.80) (542 % fL)
= -COS . T

V3 ; 11><103(08) !
V3 '

11 x 10° 1000 x 10°

i L -cos™ (0. +i 3
/3 3x6350x(08) o (0.80) (5 +j2 m (50)(30x 103)

11 x 10° ,
= T+65.6 L -36.87°(5+]9.4)=69881.2.4° V

V,=V3Vs =V3 x 6988 = 12100 V. = 12.1 kV.
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Al S S SIS _ 2O glally eunialt dalal! a1

S | PR DTS E SR :1 ) Y P P
¢s=0@r +0s = 36.87+2.4 = 39.3° lag
cosps = 0.774 lag
s dasdl Lle sagaall Dlaall 5yl
Ploss = 3R} =3 x5x(65.6)2 =64.55 kW
b Jlay Y g wie Wlasll 5,05l
Ps=Pr + Pros = 1000 + 64.55 =1064.55 kW

s dast s lass —o
%= R » 100 = x 100 =93 4¢.%
N707 by 106455 70
s dasl le agall @ulan
Vg-V 12.1-11
Vieg %= —2= R % 100 = —>—Rx 100= ———x 100=10 %
R N 1

V, = 6988V

0, =2.4°
Vg = 6350V

I, X, =296V

1] gylay o

Vg, 11x10°

vV = = 6350 V
3 V3

: JA:J‘)LJS
Py 1000 x10°
b 3Vpcosg, 3x6350x0.8

or = cos’ (0.8) =36.87° lag
L=l Lgg® = 65.6 L-36.87° A.

I =65.6 A
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Al S S SIS _ 2O glally eunialt dalal! a1

:das ) d4lan
Zr=R+jX =5+727mx50x30x% 107 = 5+794 =10.65L_62° Q.

g JSot agadl 2 byl

AV =7, .1, =(65.6 L_-36.87°) (10.65L62°) = 698.64L_25.13° V.

S PPy [ R VESNE AP IRVE
o

Vs=Vr+AV = 6350 + (698.641_25.13°) = 6988L2.4°V
V, = V3V, =+/3x 6988 = 12100 V. = 12.1 kV.

N LJL"")}" :\.@} .JJ.QSJ..LB_” J.AL!.A

¢s=0or +0s = 36.87+2.4 = 39.3° lag

cosps = 0.774 lag
s dasdl e 53gaall Dlaall 5,08l g
s
Plos= 3RI? =3 X 5 % (65.6)* =64.55 kW
b Ol Y G aie AILedll 5,0t

Ps=Pgr + Pros = 1000 + 64.55 =1064.55 kW
N M‘ 3;\.&5

P 1000
T]%=P—><100= x 100=93 1¢.%

M‘UJ.CJ.GJ'J‘M ~o

Vi

Vroo - Vg-V 12.1-11
VReg %0 = i —— % 100=

= % 100 = T><100=10%
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Al S S SIS _ 2O glally eunialt dalal! a1

:0-\‘_]@0
I3la A=D=1L_0B=11.18L63.43 Q:iJlull dalall coldll 4l dx¥ S35 Jai das
A Ol Coe el iyl wie 15l 0.85 lag 502 Jelas wice 7.5 MVA ol ol
Gyl e ey O0F cama ol Dladdl yud g Ulaall 5,0al ol 33 KV el Cay Ll

Sl
e |
A=D=1L0,B=11.18L63.43 Q, Sg=7.5 MW, cos ¢, = 0.85 lag,
v B3 kV
Y3

Pg =777, Q=777
Ps=3 Vglgcos @, Vg =72, I =777, cos o =??

Q=3 Vslgsingg, V=727, 1g=777, sin@ =??

. 33x10° . Sp
V,=AV, + BI=1L0 x———+11.18L.63.43 x
V3 V3V

Ry

7.5 x 10°
V3 x 33 x 10°
=19053.6L_0 +11.18L63.43" x 131.216 L_-31.85"
= 20.318L2.17kV
2V, = V3V,=v3x20.318 =35.192kV

=19053.6L0" + 11.18L63.43°< ) L -cos™! (0.85)

[ =CV, +DI
=0V +1L0 x131.216 L-31.85=131.216 L-31.85 A

cos o = c0s(31.85 +2.17 ) = 0.8288

sin @g = sin(31.85 +2.17 ) =0.5595

AD-1 1-1
AD-BC=1=>.C= 5 —=0

2Pg=3 VIg cos oy =3 x20318x131.216 x 0.8288=6.629 MW
2Qg=3 Vglgsinpg =3 x20318x131.216 x 0.5595 = 4.4749 MVR
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il S A SLSd _ adLL) pglalig maaaid delad! 3ylaY |
Medium Transmission Lines il Jadl doglas t Y -) )

= ¥ e 80 — 250 km oy 79l adgbs lss 13] Uavugia da sl yitiay
idazi2 Loy iain do o dall Y dige wdl dmaloall of C il yesstl da ol Jloa)
oraay Jlda = Xy, il Uelally R Gl daglall e J 55 @ueudiy dasell cawaiid|
R Laglall oy J=2) omll Laglan 3y 59T (dadell T Jia3) da 51 il Sle onbileia
Lga el dmaliadl o7 480 yesd) dacall @iy cawatid| ddazi 2 dasell (X, Ll delally
el (e s ey o (dail] T Ja3) dadull Gylghy Tl e abilta cndusi J] daell
P b s ptanyb cus b dawgnl! il das

:Tiﬁgﬁ&hﬂd)dﬂ\kﬂ&l&d\ﬁj‘ﬁ\ °
(Nominal T Model Of A Medium Line)
i Oy a3l Caatin B 556050 fuge ] Alelall Hliel 2 Zanball oia Jien
Jilaat iy T Cays Jom i dSaleatl 5,51000 o tany Les dasell il dle Lally doglall
5,50 1 dazell £alentl 5,500 daeuss oy S ails Jaill dasd B dog¥1 Lo Jasd
5o Laso da el JLat ¥y Jlay ¥ g cidlalas iligs Il ¢ 53,40 a1l dpsla
(O ) Us=dh msge

, R2X2 R2 X2 I
b i I AN Y Y Y'Y i AW Y Y YY i ! >_|
! A 1. |
| V C i
\-" S |_ egi 1 XC i \"YR |_ eR

| | '
| | l

L | v L L

Generator | Medium Line i Load

Sending end | I Receiving end

T iy Jies do g1 L35 dacugia J55 dasd 2alentl 55,500 5,500 — (V- —)) J<ad
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Al w1 Ja SISl _ B pgladg maaad! dolat)3yla¥!

da gl da 35,5000 falentl calgamill dalaiee oy oSy Ol Lalenll 5,50l e
LY - =it 2 e T das ey el

v N
L1\ __—%0.
| e R =
_.._--:""«‘_—".' = aEmali 'Y
~ 1Y ]
x-\\"‘] J ?;.I?:i"‘._‘
NESEN
s
&

dacugill sl 3,510 slestl Phasor Diagram culg=ill dabhzes - (VY -)) J<=i
T ias ey il

2 gl alemill dadaay (Vo =) JEn s 2 G s gl dasell dSalenll 3,501
Skay TR JLaed (gHls g oame Golow Jlay ¥ dgx wic HLall ol paany (V) -)) J==i

:‘_!.\:s s o i
Is = Tp + I (1.38)
IC=YV1=j03CV1 (139)

s AL ol e Js¥) Caanill e agad! 2 o Il ol (g

Z  R+jX
AV = — 1 = 1 (1.40)
R 2 L 2 L
PO il e wgadl pla clh Ule g
V= VR +AVg = Vg + 2 I (1.41)

31



Al S S SIS _ 2O glally eunialt dalal! a1

L A o d il e 3 Candl] e agad| 2 do g1 La

V4 R+jX
AV1=7LIS= +2J L, (1.42)
: e deams (1.39), (1.38) ettt 2 (1.41) Aslall e pasgsilly

YZ
=Y Ve + (1+—1), (1.43)

Ao gl 2 bogully Al jue dgatl foame g Jlu)¥l de> e sgall o L
:&,Jqu&LIaiUgi\fd\Ml\

YZ YZ
S)VHZ (1)1, (1.44)

VSZVR+AVR+AV1:(1+

Nominal T Model Of A Medium Line As A Tow-Port Network

Jlay ¥ g wie 5Ll Uslaag(1.44) Jlap¥ dga s agandl Lslas g9 1L

ol 01 s s (131, (1.30) cyetslal] Jomds e esSbolall cosi s (1.43)
: Lj“f Lass ozl dalall

VS: AVR + BIR
IS = CVR + DIR

YZ YZ
Vs=(1+—2L)V+Z (1+—=2)1

2 4
YZ
Is=Y Ve + (1+—2)1,
YZ
A=D= (1+—%) (1.45)
YZ
B =2 (1+—)I (1.46)
C=Y (1.47)
L YZY YZ\
AD—BC—(1+ : )-zLy(1+ : )_1 (1.48)
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Al S a1 OIS _ B pgladg maaad! dolat)3yla¥!

H&ﬁ&s&;&d\dﬂ\hﬂ&\&dﬁj\m °
(Nominal IT Model Of A Medium Line)
Crdal N Lgeedl e lall @i 2 da gl Jad) doglas e 43y, ods Joo
g e AL Caadlly Sl dga wie da sl il 2 Jo¥l caall) s gy S
il 5 )5l S laay Les do gl 2 4 fisdl e lally daglall 350,50 Lein JLidiw!
B a4l Jaill da s A3 dx o¥1 e el S5 laly « T oy Jms
e Malas iliss Iallyy (535de dnsll dpalad 5,50 ] daseld 2 Saleal 351001
O ) U= o ge 9o e dasell Sl ¥y JlyY|

I || |
A | i A
i i { n
Vel 6 | i Vel 6y
| I I |
| i l
v i 1 L i L Y
| i
Generator  ° ' Load
Sending end Medium Line Receiving end

T 3z yhay Jrea da g¥1 I dacugin Ja5 dasnd Bl 53,810 3,500 (VY -)) Jesi
da 315,500 el eatl aalgoeill dabazes @y (S 458 d%aleall 5,500l Lads
COY ) Jesmad 2 s T G ey fiell dau gl

dacgill dasdl 3,510 cslestl Phasor Diagram culg=ill dabhes - (VY -Y) J<=i
B | PU-TRN ARy vNY
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2 ol algmilldatazay (12 -)) Jsoi 2t gl dazeld Zaleall 550001 2
: u—‘:’Lﬂ&ICl Jla Y o, e
L=I+Ia (1.49)

IC1=(;> Vi (°°2—C) Vi (1.50)

Y (o C

e~ (3) Vs (57) vs (1.51)
B Gl dail e gl 2 ogidl ol s
AV:ZL.IL:(R+jXL).IL (152)
b oy Jl) ¥ dga e wgadl pla lld Sle
VSZVR+AV=VR+ZL.IL=VR+ZL(IR+ICl) (153)
ole Jeasa(1.53)atskatl 2 (1.50) alall opa (oargasdly

YZ
VSZVR+AVR+AV1:(1+ ZL) VR+ZLIR (1.54)

Y Y

IS = IL + ICZ = IR + ICI + IC2 = IR + (E) VR+ (5) VS ( 1.55)
o ole Juasa(1.55) walalt 2 (1.54) Uolad!l e (gl

YZ YZ
=Y (1+—) Ve + (1+—2)], (1.56)
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Al S S SIS _ 2O glally eunialt dalal! a1

zH%ﬁ@sdﬁ«M,&dﬁhﬂ%Mi@@! °
Nominal IT Model Of A Medium Line As A Tow-Port Network

SV dga wie Lall Dslaag (1.54) Jlap¥ dga sie agandl ioles ] gL

el 31 s s (131, (1.30) cyetslal] Jemds e esSbolall s s (1.56)
: g“f Less daz !l dalall

VS: AVR + BI
IS = CVR + DIR

Y Z
Ve=(1+ ZL)VR+ 71 Iy

YZ YZ
Is=Y (1+—=) Ve + (1+—2)I,
YZ
A=D=(1+ 2L) (1.57)
YZ
C=Y<1+ 4L) (1.59)
L YZY YZ\
AD—BC—(1+ : )-zLy(1+ : )_1 (1.60)
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Al S S SIS _ 2O glally eunialt dalal! a1

1 -\ Jike
g« 60 Hz « 80 km alsls ples 131 ax ¥l S5 a5 dasd daladl cal il aa o
admittance 1L, dmslwdly 0.15 + 3 0.78 Q/km g5 d3glaa

Y =j5 x 10 siemens /km

1=l

Q
Z1=0.15+j0.78 -— x 80 x 10°km = 12 +j62.4 Q
m

siemens

Y=j5x10"° x 80 x 10°km= j 4x10™* siemens

: in nominal T model

1 1
A=D=1+ 5 YZ =1+ 5 (j 4 10)( 12+]62.4 )=0.9875+j 0.0024

1 1
B=7Z x <1+Z YZL> — (12+4§62.4) <1+Z(j 4% 10%) (12+j62.4 ))

=(12+62.4)(0.9937 +70.0012)=11.85+j 11.91 Q
C=Y=j4x 10 siemens

.(mnominal © model) T &, ) loy Gabed! JULI U aelzys yad
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AN (+7)

200180 Q Zlen| M55 dslas 41 60 Hz( 150 kim alsbscan s¥1 331 J& das
Jox ol dail ols 1] cadmittance Y= 0.0013 L 90 siemens Lib ygsll sl g
bl conl 220KV gl oL Lele -4 ,3150 80 MW ol ie

Jad! dasd deladl colgidl =T

dasdl 3503 Jalasy Jlay¥l dg> 5L 9 Sy ¥l B)le ngr ~
d.:u_” das selass id

1l
Z;=200L80 Q, Y=j13 x10™*siemens, Px=80 MW, cos ¢, =0.8,

220kV

VRm T

:in nominal T model
-
1 1 . -4 o o
A=D=1+ 3 YZi= 1+ E(J 13 x10*)(200L80 )=1+0.13170
=0.872+j 0.02257=0.872_1.5"
1 (e} 1 [e]
B=7 x <1+Z YZL> =(200L_80 )<1+Z(j 13 10™*) (200L80 ))

=(200L80") (1+0.065L170")= 200L.80°( 0.936 +j0.0113 )
=200L 80 % 0.936L_0.69'=187.21_80.69" Q
C=Y =j 13 x 10™*siemens

«d
V.=AV_ + BI
(0.872L.1.5") <220 < 10° LOO) +(187.2L.80.69") < Pr L -cos’! >
=(V. . ————— . . S -COS
V3 \/3_VRL coS @y r
(0.872L1.5")( 127000) + (187.2L_80.69") ( 80 10° L -cos™ (0 8))
= (VL. . . . -COS .
V3 %220 x 10°x 0.8
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=1107441_1.5 + (187.2L.80.69") ( 262.43 L_-36.87 )

= 110700 +j2900 + 35446 + j 34015=146146 + j 36915 =15.074L_14.8" kV

2V, =V3 V=3 (15.074)=261 kV

I =CV, +DI,

220 x 10°L0°
V3

=j165.1+228.841_-35.37"=( 0+ 165.1)+ ( 186.6 - j 132.46)

—189.43 .9.92° A
cos pg=cos (14.8-9.92 )=0.9964 lag

= (j 13 x 107 < ) +(0.872L.1.57)(262.43 L_-36.87)

-C
Ps =3V, 1 cos g =3 x 261 x 10°x 189.43 x 0.9964 = 85.33 MW

-n% 2R 100= 22~ 93,68 %
Pq 85.4

.(nominal © model) T &, ) lay Galed! JELI U ae Tz yad
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Al pSH JER LS _ 2O glally eunialt dalal! a1

f e U e daugio Ja3 dadt LYl agag o ddl Hls @

Jasell i gacadl e Lall (Lo lawwgill doglasndl Jiiad 2 L0 yeeall daadl 3am sl ka3
¢ Llame pd 3,50000 ¢y pen Lastie Lol g Jluy ¥l dga e LeuZie o 5L5 daas X
2id 3y o Jlay ¥ e agadl (e el JLEiad) e agandl (yssay Al ola 2
doladea g iZalsnll 551000 mus g0 g8 Lass Ferranti Effect il p0 6 yalls @l 5 palls]l
(V0 =) (0 =)) JlesaYI 2 Cagydall sia e dazll gl

L | |
A | i
\-"'YS L BS i E
i i
i i
v i
i i
Generator _ _ ' Load
Sending end Medium Line Receiving end

T i oy Jiee Jamme st dacugio Ja das — (V6-1) J&sd

XLICl

R Iqg

Jema ye dacugia 183 dast Phasor Diagram culg=d) dalazzs — (V0 -)) J==i

Vo= (Ve -Xe I )+ (R1c)Y (1.61)
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Al S a1 OIS _ B pgladg maaad! dolat)3yla¥!

Long Transmission Lines pdbighatl Jadl boglas: & —) )

Ll Jlad| rsaa ¥ G 250 km s ST ddgls ()L 13] Mogle dasatl yiiay

e Lo idaidi 2 Lajes i ycaa Y Loy ¢ daxll Yigaadl ixalad! o C L8l pgsnll

Rl Laglaall Lol Sl 1oy da sl Jobo e albail Lganyss @i Jo ¢ da il

oo ke Jaul da s B s gV e Jasd! Biled 1ylatg « daselt Xy, ddiondl dlelatly
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