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Cab

1) line to line capacitance
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%) line to neutral capacitance

= 1.779%x10%f In1/r + 1.779x10°/f In D 1oWu-uA3AD neutral
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e 60 180N dwdsfD Partridge 1191 19AU 20 Y@
3 vnasedt 1 lumanuan @uigudnans 0.642 i

r=0.642/2x12 = 0.0268  ¥#

X = 1.779/60 x 10° In 20/0.0268 = 0.1961 x 10°  To¥iu-1ua@o neutral

C

B =1/xc =510x10° To¥u-ludeo neutral

C

1005190 1 TumanuIn X, = 0.1074 MQ-mi
10013190 2 TumanuIn X, =0.0889 MQ - mi
X, = 0.1074 + 0.0889 = 0.1963 MQ -mi

an 4 ' 1
A uonuaus Lag susceptance TEHINT1YA Ao

X =2x0.1963x10° = 0.3926x 10° Q-mi

C

B 1/xc = 255x10° Q/mi

C

3.4 anhBuaugussaiods 3 e F9emeriam o fu

aede 3 a3 1du B5al r e g du awaaslugl 3.5
U3IUIEHINAEES auaz b ileanszauudnh auaz b fe
V,=1/2Tk (q, In D/r+q, Inr/D) Than
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Fafiansiu 0 ieeeds a waz b NwInmeds ¢ W g My
DVab=l/2Tﬂ< (qInD/r + g Inr/D + q InD/D) Tyan

Tusieasdedaiy v, = 1/2Tk (q,InD/r + q,In D/D + q,Inr/D)
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V, = 1/2Tk (q,InD,/r +q,Int/D,,+q InD, /D, ) 12aM --mmrrmmv (3.6)
dionamenla a Tudumuis 2 ola b Tudusida 3 nazmle o Tuguma 1

V,=1/2Tk (q,InD,,/r +q,Inr/D,+q InD, /D) Taan
dionsmema a lugumnie 3 e b luduwa 1 uazwle ¢ Tudumia 2

V,=1/2Tk (q,InD,, /r +q,Inr/D;, +q ,InD,/D,;) Tyan
IS IFUIMABTZH19EE a 1AZ b 1510911715 transposed A8V

V,=1/3x2Tk(q,InD,D,\D, /' +q,Inr /D,D,D, +q,InD,D,D;, )

D D, D
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=1/2Tk(q,InDeq/r+q,Inr/Deq) Than
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V, = 1/2Tk(q,InDeq/r+q Inr/Deq) Taan
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3
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W59 / 10a5 A9 neutral ------- (3.7)
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q

Deq = 24.8 o

C, =2TIx885x10" = 8.8466x 10" Wi/ was

In (24.8 / 0.0462)
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6 o 4
X = 10 X 100 = 0.1864x 10°  Toviu-1ud

2TTx 60 x 8.8466 1760 x 3 x 30.48
NI A-1.A-3 Tumanuan
X, =0.0912x10° , X°, = 0.0953 x 10°
6 6 4 d
X, = (0.0912+0.0953)x 10" = 0.1865x 10 Toviu-lud @o neutral
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V3 100
= 0681 uwouuli/ lud
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+q,/2(n D,,/D,, +InD,, /D, )]

= 1/2Tk(q,n D,/ Vrd +q,In Vrd /D, +q,In D, / D, ) -=--s-oreeeve- (3.8)
aums 3.8 adweiuaums 3.6 §1 Vid uni r uazfinganiaiesagn transposed
wla
C, = 2Tk W59 /w93 @0 neutral
In (Deq/\/rd)

Taoi Vrd miloufuar D', dwmsumeaauniy  two-conductor bundle 44 r gAY
9 [ 1 a 4 9 b A b Aq Y 1 a o 4
D, dwmsumamannihduaus a1y D’ milou D', nldFlumamamvudauausy

C = 2Tk W59 / AT A9 neutral
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In (Deq / DbSC )

#1151V two-stand bundle DbSC = 4\/(r.d)2 = \/rd

@ M3U tree-stand bundle DbSc = 9\/(rdd)3 = Vid* L

1151 four-stand bundle DbSC = \/(r.d.d.\/2d)4 = 1.094\/rd3
G619l 33 wmanhdansueauavsiae neural vosmodalugl 3.8 011 160 Alawas Fald
et ACSR 1,272,000 cmil . Pheasant 18l D, = D,, =8 a3 , d = 45 1.

2591 119151990 A-1 JUMARNUIN r =1.382 x 0.3048 = 0.01755 1

2x 12

Y/
D’ = V0.01755 x 0.45 = 0.0889 1y
Deq= "V8x8x16 = 10.08 A

C, =2Tx885x10" = 11.754x 10" #hia /a3

In (10.08 / 0.0889)
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2T0 x 11.754
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LUVYUIU W30 double-circuit MUAIDENGANIBVDIUNT 2
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idurguinaNNeUeNVYBIa1d ostrich ACSR 26/17 1171 0.680 117

r = 0680 = 00283 @

2x12

D’ = (V26.9x00283 . V21x00283 . V26.9x0.0283 )

SC

=0.837 Wa
C =2Tlx885x10"° = 18807x10"  +hsa/1was
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VvV, = 1/2Tk[q,(InD,/r -InH,/H,)+q,(nr/D,,+InH,/H,,)
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+q,(InD,,/D,, +InH,,/H,, )]
TuhweuReadn awnsom v, 18 waz v, +v,_ =3 v, dewgld

C = 2Tk W15A / 19590 neutral
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k4 1
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Is R XL Ir
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VS L \/r H Load
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Voltage Regulation ¥edaegas fn 1leosiyuaveus sy Ivihidaienmemedavae
~ S Ao ~ (= ~ v Y [ % Y ~
HTvaapuntuvazi Wi Tvaa Tasnusssudunavosaieassnuiliaan
Percent regulation = DVR!NL - DVr!FL [Jx100... 4.1)

'
QI’ = A v A | 1 lrl 'dT
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Tug1) 4.4 13 phasor diagram Nflvinaussduaznszua lihi lvatdareminu ez

< 1 ~a o A 9 1 ] cisl 1 A
munlunsannszualvan lag useauntarenisvzaosnensaunaunannnnlunsainnseue
Tvaa in-phase u3sundatena wazlunsdiinszualnan lead ussdundateniazaioussdundu

Y 1 dd' . [ d' [ d‘ 1 [ 1 W
nateenNlunsainnszualvian in-phase H3IaUNUAIENMS  tssaunanasouasaIvzInulunn

~ ' s s ' o A ' ! Y o Y

nsdl uamnesudamesuana1ell ussduiianasendedignuandnnuussaulatenia (v,) ae

A o ' . = 4 a ¢ ¢ . ¥y A A
lllWILLG]ﬂ@NﬂH"hJ f11 regulation i]83J”Iﬂ1/]€‘]:ﬂl,3J’OT1’iaﬂNW1’3&'.]@5“‘1/‘]?’1&@]@5 lagging HasuUaeNga 1o

Q

Q) A o = L4 ' L4

'
a a N U A 1

J Load

I, =L+l = L+y(Vg+ R/2)=1,(1+YZ/2)+YV,... (42)
Vi = Ve+ [Z2 = (Ve + RY/2)+ [ L (1+YZ/2)+YV,].Z2/2

= Vo (1+YZ2)+1,(Z2+ 22+ YZ'/4)

Vo =V (14YZ2) -1, (Z+YZV4) oo, (4.3)
AUATE Vi = AV, +BL oo (4.4)
g = CVa DLy oo (4.5)

1wld A=D=1+YZ2
B =7+ YZ /4 | oo (4.6)



C=Y —

AD-BC = (1+YZ2)Y —(YZ+Y'Z /4) = 1
@) lunsaiuvy nominal TT
I, = Y2V,

I, =1+, =1, +Y2V,

S

Vi = Vo +ZL = V+ Z(I, + Y2 V) = V, (I+VZ2) + ,Z ...... (4.7)
I, = Y2Vg = Y2 [V, (14+VZ/2) + L. Z ]

I, =1+1, = I +V2V)+Y/2[V,((1+VZ/2)+1.Z]

S
=V, (Y2 +Y2+YZ/4)+1, (1+YZ2)
=V, (Y+YZA)+ 1, (1+YZ2) i) (4.8)
fiuald v, = AV, +BI,

I, = CV,+DI,

S

1wld A=D=1+Y2Z2

B =Z (4.9)
C=Y+YZ/4
AD-BC = (1+YZR2)Y - YZ+Y'Z 14) =1 toooeoeooo, (4.10)

NNANMST 4.4 uaz 4.5 9209

V= DV(—BI, = DV—Bl, oo, (4.11)
AD - BC

I, = Al - CV, =-CVy+ AL, oo, (4.12)
AD - BC

nnaums 4.4 WeliliTnan 1, = 0, wId A=v,/ Vv, uazlelasnigndn
A Y 1 A A 7 o . A
2995 AB V=0, 1A B=V, /I, mam A TszTerilumsdmnum regulation oV, =
4 S
Vi /A daaunms 4.1 il
Percent regulation = |VS|/ |A| - |VR~FL| x100 . (4.13)

IVR,FL |

fa0619 4.1 aneaa i 3 ola 50 195N 280 Alawns 3 series impedance 35+ (140 ohms

ag shunt admittance 930x10° mho. 918 11 1% Traa 40,000 kw 220 kv wosuNAKBS 90 %

Y ! a a 1 a d 1
lagging WHMTIAURAUNIG , voltage regulation wazdlszansnmvosaeds Tasaadlu (n) aeds

Y
srazdu lagaszana (V) 4UU nominal T (f) 4UY nominal TT

Y
Aad o ! o/
Aaann [\ e NazwertwAal



V3x220x 0.9

= 116.64  Amps.

71 4.6
V=V, +1,Z
= 2203 +16.64 [1-25.84° (35 +140) x 10°
— 137.81 +j12.92
= 138.41 [15.36° kv (phase to neutral)
— V3x 13841 [536°
V, = 239.74 [15.36° (line - to - line)

Voltage Regulation = V -V, x 100

VR
= 239.74-220 x 100 = 897 %
220
qapdelumeds = 3IR = 3x(116.64) x35x 10” = 1,428.51 kw
s1da TWihiiTee0n0Indun1a = 40,000 + 1,428.51 = 4142851 kw

a a 1
chwdqntc\ﬁquanm ax¥et*¥a — AN NNN .. 1NN . NCL &8 0/

R/2 +]jXL2 R/2 +jXL/2 Ir




V3

= 132.57 [12.79°

I = VY = 13257x10 [

C

123.29 [ 192.79

Iy = L +1;

= 122.58 [136.

= V+1,Z2

= 129.91 [l6.47°
= V3x 12991 [16.47°

o A Y Ay 1
1 QVlV\Iﬂ%WEJLGUWIﬁuVI'NﬁWEIﬁQ

szansnnvosagad

Voltage Regulation

o

132.57 [12.79° + 122.

2.79° x 930 x 10°[190°

Amps

= 116.64 [1-25.84° + 123.29 [ 192.79°

15°  Amps

58 [136.15° (35 +140) x 10°
2

kv (phase — to — neutral)

= 225.01 [16.47° kv (line - to — line)
= \/3 Vg I ces Os
= V3x225.01 x 122.58 cos (36.15 - 6.47 °)
— 41,505.35 kw
= 40,000 x 100 = 96.37 %
41,505.35
= 22501 -220x 100 = 2.28 %

220

A=D=1+Y.22
— 1+1/2(j930x 10°) (35 +140) = 0.94 [11.00°
C =Y =930 x 10° [190°
B = Z+YZ/4 = (35+140) +930 x 10° []90° x (35 +j140 )’
4
= 139.62[176.45°
Vg = AV, +BI,
= 0.94[01.00° x 220 V3 + (139.62 [16.45° x 116.64 [1-25.84° ) x 10°
= 130.54[ l6.45° kv (phase — to — neutral)
= 226.100J6.45° kv (line —to - line)
I. = CV,+DI,

R+jXL




(M) AALYY nominal TT

4.7
I, = V/2 VR = j930x 10" x 220x 10’ =j59 Amps

2 V3

= 116.64 [1-25.84° + 59

I =1+1

s
= 105.30 [J4.45°
V, = V+ IR +jX) = 220/V3 +105.30 [(J4.45° (35+j140) x 10°
= 130.41[J6.60° kv (line-to-neutral)
= 225.88[16.60° kv (line-to-line)
I, =V.Y/2 = 130.41016.60° x j930x 10° x 10’
2
= 60.64[196.60°
I, = 1+1, = 105.30014.45° +60.64[196.60°
= 199.52[134.91° Amps
midellfhiseshiduae = V3 v, 1 cos Os
— V3x225.88x 119.52 cos (34.91 — 6.60)
= 41,166.14 kw
UszanSmnvosaioas = 40,000 x 100° = 97.17 %
41,166.14
voltage Regulation = V-V, x100
\%

R

225.88 —220 x 100 =2.67 %

220
A=D=1+Y 22 = 094]1.00°
B =2735+j140 = 144.31[175.96°
C=Y+Y Z=i930x10°+(j930 x 10°) > x (35 + j140)



=923x10" [191.88°

V, = AV, +BI,
= 0.94 [11.0° x 220 + (144.31 [175.96° x 116.64 [1-25.84°) x 10°
V3
= 131.03[16.58° x kv (line — to — neutral) = 226.95 kv (line — to — line)
Iy = CV,+ DI

=923x10" [191.88° x 220 +10°+0.94 [11.0° x 116.64 [ 1-25.84°
V3

= 119.19 [136.63° Amp.

43 d19d9528281)

Is Ir
™\ IEAN | 1 ™\

,
<
)

1

} LOAD

\
|
|
|
|
|
GEN. (" VAV
|
|
|
|
|

1 I~ [ [ 1 1 I~ LY
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wazd1 Ax+0 ald
AV /X = 1Z (4.16)
° a o a ' A 2 A
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1+A1
A1 = VyAx
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differentiate @UMT 4.16 LAY 4.17 NoUiU x 9219

(?12_V = zd_If v

&’ = dx

d’1/dx" = YZV (4.18)

41 = ydv Iz

& dx

FT/AXC= YZI e (4.19)
ﬁNNaNaﬁWﬁﬂlﬂﬂﬁNﬂTﬁ 4.18 ﬁ'ﬁ)

V = A exp( \/yzx) + A, exp (-\/yzx) .................................. (4.20)

dv = yz [ A, exp (\/yzx) + A, exp (-\/yzx)] ........................... (4.21)
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AU 420 RTTUANMT 420 HUHAENTVEIAUMS 4.18 11AZ FUNUAUMS 4.16 Frorves vaz 14
I=1dv = 1A exp(\/yzx) -1 A, exp(-\/yzx) .................. 4.22)
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M3 4.20 ey 422 ald
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\/z/y
unum z, = Vary wazmm A, 14
A =V +1,Z. wag A, =V -1.Z,
2 2
unud A, uaz A, luauns 4.20 waz 422 wazl¥ y = Vyz 224
V=V, +L Z. e + V,+L,Z.e" (4.23)
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1 =V /Zo+ 1, -V /Zo-Toe™ i, (4.24)
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Taodi 7. = Vzly Tao3en charactaristic impedance Yoda1we Y = Vyz 3oni
propagation constant
A1 Y uag z, 1iue complex
Y = o+jp
Iﬂﬂ‘ﬁ o 158171 attenuation constantﬁﬁ‘lj’sﬁll‘]cju nepers AOANEYY
B (38A71 phase constant In1I8TY radian ABANNE

HagauN1s 4.23 1as 4.24 %L”T’Ju

V=V, +I,Z. e X ejBer V1, Z. e .e_jBX .............. (4.26)
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wag I = Vo /Z. + I, M P Vo lZo - 1, M P (4.27)
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lossless line ANANAIUNIY 11aZ conductance Lﬂuﬂuﬂ L8 characteristic impedance AAANY \/L/C
& . A4 A 4 o = A A ] . .
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liithinde uay surge impedance L“ﬂuﬁﬁmﬂi}l} Surge- impedance loading (SIL) yasmoauumas

{1 [ { o .
(power) ﬁmumﬂmqiﬁaﬂﬁzﬂu pure resistance



I, = |VL| amp.
Vix VL

v [ 9y 1
Tagi |v,| flunsadu tine - to - line A Ivan duiuilo Tnaaiilu pure resistance

siL = V3 [v,|.|u]
= [v.f ed
VLiC

A =~ 1 [~ a o J
o [v,| ey dladed

siL = |v,f MW. o (4.28)
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ANNENINAY (wavelength) A 1HU528yNIUDIAETZHIN 2 30 VBIAAUFWANAIS
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M1 360° wie 2TCisiAou 1 [3 1ilu phase shift lunthosdoude lud anwenaaulumiielud
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A =Tt WA s (4.29)
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ANMUD 60 180N ANwEMAAUIzIZING 3000 Tud AMWEIVBY propagation
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vosnaulumiieludaeIui - Aewaguues  wavelength  Tuniise luduazanudlumiiegoin
(Hertz)
<
Ay =tA (4.30)
oanuazanlumstnamnszuauazusauludeds  Tasmsdaaumslugl

hyperbolic function Ao

sinh O = ee-e_e .......................... 4.31)
——
cosh O = ee+ e_e .......................... 4.32)
2

k4
v o

ANUUTAUNT 4.23 Uy 4.24 %znd]u

V = Vycosh (Yx) +I.Z.sinh (Yx) (4.33)
ag I =IL,cosh(Yx)+V./Z.sinh(Yx) ... (4.34)
Wx =1 sl8usedunaznszuafidqunamods o

V, = Vecosh (W) +1,z.sinh Yl ) (4.35)

I, = Leosh(Wl )+ v, /zosinn Yl ) (4.36)



A = cosh (y| )
B = Z.sinh (y| )

C =sinh (Yl )
ZC
D = cosh (y| )
AT 435 Az 4.36 AWTANT V, uag [, Tumeuued v, uag I
Ve =Vieosh (Wl )- 1z.sinh (Wl ) (4.37)
I, =Icosh(Yl )- vi/zesimmYl ) (4.38)

9 o 1 { I 1
dwmsumeas 3 wla ﬁ balanced E‘T?Jﬂ”li"’lgl}Né’]}uﬂiguﬁlﬂuﬂixuﬁiuﬁ18ﬁ\‘l IS AN PN
[ I o
auTrflutuusesdu tine - to — neutral
1 < 1 ! . . . ! !
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cosh (CXI +j[3| ) = cosh (CXI ) cos|3| + jsinh (CXI ) sin |3| ..........

(4.39)
sinh (Gl +jB| ) = sinh (Gl ) cosBl + jcosh (Gl ) sin |3| ..........
(4.40)
n3ouen1ng Maclaurin’s series A9
coshe = 1+62 + 94 + 66 s 4.41)
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uag  sinh (0 +jpB) = eaejBJre_ae R 1/2(60( HJc! 0 0- B ... (4.44)
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1NA1T A8 Rook

z = 0.1603 +j (0.415 +0.4127) = 0.8431 [179.04° Tosiu/ lud

J11/(0.0950 +0.10091)] x 10° = 5.105 x 10° [190° Tewu / lud
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V3
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—
Il

406.4[1-5.48°
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nszuANAUNIIEeds = 33.27 wonull3



mesuNameI NAUNEea = cos (27.78° - 26.33°)
= 0.9997
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waz Y’ + 1=cosh (Yl ) (4.47)
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4.5 maelnn lvarmueeda (Power flow through a transmission line)
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