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7, =Rcos®+Xsind
ZL ¢ AR Z 1A-km 2o ALAEHV/A-kn)
G-1Lj: WAz 1~n/le 7449 (F31dF) x (A])e F4
cos® : A7 FIAE
WA Fed e BRI A ASATIN AHA B2 075~0HAES AA

sbal dom AgAst Astel= ®BE 085 <l&sta Uth

Olr

5. AT AtA3s A4t
(1) A=A LA
A Eo At 7R AR 3

Z; =0.0539+;0.1704

4

AqAd A=

o

ZL’ =0.3169 +j0.6503

olm g A& 95%, cosy=0.95, siny=0.310]= =
Z; =0.0539 <0.95+0.1704 <0.31 = 0.104
ZL’ =0.3169 <0.95+0.6503 <0.31 = 0.5026

Z7}4 : BZ 65m’
F 44 : ACSR 288
A 4: Cul50m

L=66km
L=62km—
£~39.8km——
—— £:=22km—
gy ==
Tkm
7
Eo=27.5kV| ss\)
L (K) m
v=3km %= |vy= 5| V=2dkm %= =
'?km km|9.3km 8km| 7.8km|3km
e e N iy
Rt et

< &
11—1202[; i3 =80A |is IGOA‘L is =240A
=Dh= Dz= Da= Ds= Ds= Ds=—

10km 11km 10.8km  10.4km 12km 11.8km

® :ATE Yed.  7Z:=0.104 V/A-km Z1=0.5026 V/A—km(60Hz)
cosp=0.95

a9 14, FolEE 9
(2) <lele] A7A Ra{K]e %
A2 AFA ey

. . , X .
ex=7, 3 2 i+ £y jﬁjﬁlﬁwz L(l—ﬁ)xm

i=1

KR E-02040
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={0.104(7 %120 + 22x80 + 39.8x160 + 39.8x240)

+0.5026(1 — & )<8<160}/1,000

=2.07 (V)
KAl oMol Az Aag @

Ex =E,—e, =27.5—2.07=25.43 (kV) > 20 (kV)
(3) HAd H7|A F-8HNIe 45
AxA = 98t [en]
. ' X .

= {0.104(7x120 + 22x80 + 39.8 x160 + 62x240)

+0.5026(1 — 18- )7.8<240} /1. 000

=2.80 (kV)
NAtol QlojA o Hapid A<t @ Ex

Ey =E,—e, =27.5—2.80=24.7 (kV) > 20 (kV)

2
_ 10X V< Zy,

7l

@ = Tooxao0p 1OMVAZIE)
100 % 1000 X Z )

Zigy = e (100 MVAZ|3E)

V=274 HkV]
6.1.1 RF7)e Qo E

Rst71e] AAl dEarh 2

<! AA S W dxE=FEA Fed 2719 &
2R %Z AEstol nFAFE AL
KR E-02040
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%4 g9 ATEs
et o] &= (MVA) A3 E (%)
20, 30, 45, 60, 90 10.0
Het7) o] & &F(MVA) HAA I (%)
0.6307}4] 4.0
0631 ~ 1.25 5.0
1.251 ~ 3.15 6.25
3.151 ~ 6.30 7.15
6.301 ~ 12.50 8.35
12501 ~ 25.00 10.0
25.001 ~ 200.00 125
6.1.2 Alee] dydx
(1) A==
O T ALY ASdII 2 A5 ofej o Aok
%5 3 AedIdds 28
2 A8 A akol w2~ (P.U.)
F = i=4 l LU
W 2 (MVA) e -
34eret X1
Sk S/S 5,734 21.50 0.0041 0.01734
B7] A Ae FF ATSH A dEEF FulE sty df& 120E
o A gan}
PRI P P

7} 154kV 715
Zy, = V0.41° +1.734° = 1.7818(%)

, 10XE*xZ.y,  10x154°x1.7818
s P 100x1000x1.2

n

=3.5214()

100x1000x3.5214
10x154>

%Zg = = 1.4848(%)(=1.7818/1.2)

L}, 275KV 7]<E

, _ JOXE™XAZ,  10x27.5°x1.7818
s P ~ 100x1000x1.2

n

=0.1123(2)

KR E-02040
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2 $AA=AZZ0] 1 54km)
O A% 2 9y g9

Z, = 5.4x(0.135+j0.4931) = 0.7263 +]2.6627 = 2.7600({2)

100x1000x2.7600

%7, = -
10x154

=1.1637(%)
@ 94 d9dx=

Zoy = 5.4x(0.0801+j0.5619) = 0.4325 + j3.0342 = 3.0649 (£2)
100x1000x 3. 0649

%Zoy = : =1.2923(%)
10x 154
(3) 58 W7l
100 ) =
%71 —10X—5—66 .66(%) @ 100MVA 7]+
10x27.5%x66.66
L 001000 5.0411(£2) : 27.5kV 7]
(4) SEW<t7]
Zyr =0.45(02) : 275kV 7]5
100x1000x0.45
Rl = =5.9504(%
AT 10x27.5? %)
6.1.3 1A F{F AL
(1) AAHAA
@D 154kV BUS w82

_100x100

2k =
(MVA) 5 G5 3,776 (MVA)
3,776
3 dEkARE (KA) = ————=14.16kA
. 3% " V3 x154
@ 55kV BUS w82
66 . 66
7}, %A T A~ (%7Z)= 1.4848 +1.1637 + 5 =35.9785 (%)
FHYY] 29 A
100x100
Z]:ﬂo]- = I;]—Y-H—_QLEI: = — =
U ety 225 dE8% (MVA) 0TS 278 (MVA)
- o - 278 ) —
o FHYY] 235 FEAF(KA) = ﬁzm(kA) 1 BBkV 7]+
Q@ GEHY7] 225 T &=
7}, %A W A~ (%7) =(1.4848+1. 1637)X2+&266+5 9504 = 44.5774(%)

21

ﬁ
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= 100x100
GAHY Y = vekg e VA) =— 7 —
. H71 23 &% (MVA) =~ = 224(MVA)
s - 224

(2) RETEA (A2 AL 12.17kn)
- AR AZAS 0 0.0549 +§0.1768(£2/km)
- Az A 12.17(km)
- AAAE o~
Z; =12.17x(0.0549 +j0.1768) = 0.6681 4 j2.1516 = 2.2529(£2)
100x1000x2.2529
10x27.5%
@ 55kV BUS 44 HF
7h. %A A (%7) = 44.5774+29.7904 = 74.3678 (%)

%2, = =29.7904(%)

100x100
thehg ek = =
L}, 55kV BUS &% (MVA) = ——— 134(MVA)
134
t}. 55kV BUS @A F(kA) = ——=2.44(kA)

55
(3) F&Ea (AAAZ AL ¢ 22.81km)
- AR AZAS 0 0.054940.1768(2/km)
- AAAE A 22.81(km)
- AAAE e~
7, =22.81x(0.0549 +j0.1768) = 1.2522 4 j4.0328 = 4.2227(12)
100x1000x4.2227
10x27.5
@ 55kV BUS 234 H
7} %A (%7) = 44.5774+55.8379 = 100.4153 (%)

RZ, = = 55.8379(%)

100x100
oaa ar = Y
th 55kV BUS &89 (MVA) = 070 100(MVA)
- 100
t}. 55kV BUS @zl #(KA) = g:1.81(1<A)
6.2 66kV 57
621 92 AL
(1) FARAL 24 23 gy
%Zs, = 0.61443.176 (100MVA 715)
%Zg, = 0.6144j3.176 (100MVA 7])
%Zsy = 1.82438.779 (100MVA 71)
KR E-02040
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Zq = %Zq x10x (kV)?/P
= (0.2675+j1.3835 (66kV, 34+ 71%)
Zey = %Zgy <10 (kV)*/P

= (.7928+j3.8241 (66kV, 3% 71%)
Zo = %Zq x10x (kV)* x2/P

= 0.0929 +;0.4804 (27.5kV, 1% 7155)
Zoy = %Zgy <10 (kV)* x2/P
= 0.2753+]1.3278 (27.5kV, 1% 7]5%)

(2) FAX=Z
7VeAE 0 ACSR 95mr, 6.2km

Z, = (0.7746+)1.2025) x6.2 = 4.8025+j7.4555

Zio = (0.7746+j1.2025) < 6.2

4.8025 +j7.4555

Zo = (0.7285+2.5132) % 6.2

4.5167+15.5818
%Z = Z, <P/10(V)?

11.0251 +j17.1155(%) (100MVA 7]%)
%Zy = Z.><P/10(kV)?

= 10.3689+j35.7710(%) (100MVA 7))
Zo =%Z, <10(V)* < 2/P

= 1.6675+j2.5887(12) (27.5kV, 14+ 7]15)
Zio = %7, < 10(kV)* x2/P

= 1.5683+]5.4104(12) (27.5kV, 1% 7]5)
(3) 548 W7
30/40 MVA, 66kV/55kV,  %Z = 8%

X/R = 18(15MVA”]= IEEE Std. 141—1993, Page 184, Fig. 4A—1)

KR E-02040
23



(4)

50

//

40 7
g 30
E 20 g
E ’//

10 ]

[

,--""'."

1]

os 1 2 5 10 20 50 100 200 500

SELF—COOLED TRANSFORMER RATING IN MVA

19 15, ¥st7] X/R Ratio

X = 18R, tan 118 = 86.82
R = 8Xc0s86.82=0.4438

= 8Xsin86.82 = 7.9877
%Ztr = 0.4438+j7.9877 (15MVA 7]5)

%Z., = %Ztr<100-15

= 2.9857+j53.2513 (100MVA 7]15)
Z., = %Z,x10(kV)*/P
= 1.2888+j23.1963 (66kV, 34 715%)

Z,= %Z,x10(kV)*/P

= 0.2238+]4.0271
g W]

10 MVA, 7 = 0.45Q (27.5kV 7]5)

(27.5kV, 1% 7]5)

X/R = 16(IEEE Std.141—1993 Page 184, Fig. 4A—1)
X = 16R, tan '16 = 86.42

R = 0.45%c0s86.42 = 0.02807

X = 0.45xsin86.42 = 0.44912

Z = 0.02807+j0.44912 (I0MVA 715%)

Z.. = Zatx100-10

at

= 0.2807+j4.4912 (100MVA 7]1)

KR E-02040
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5 MVA, 7 = 0.45Q

(27.5kV 715)

X/R = 12(IEEE Std.141—1993 Page 184, Fig. 4A—1)

X = 12R, tan 12 = 85.236

R

0.45 % c0s85.236 = 0.03737(2)

X = 0.45%sin85.236 = 0.44845(12)
Zat = 0.03737+j0.44845

Z.. = Zatx<100-+5

at

= 0.7474+}8.9690
(B) AAA =
@O A=A 0 Cu 110mr
Z, = 0.1114+j0.2116[C2/kn]
@ A=
7F. S/S - SP : 29.3km
Z, = (0.1114+j0.2116) < 29.3

. S/S - SSP : 21.7km

(5MVA 7]3%)

(100MVA 7]3%)

= 3.2640-+)6.1999

Z, = (0.1114+j0.2116) X 21.7 = 2.4174+j4.5917
(6) -3}
TA: P = 6,87kVA, cos® = 0.95
Zlt = V<P sind = 0.31

= 110.2888 £ 18.1948

= 104.7743 +734.43765(Q))

%71t = ZltxP/10(kV)?

1385.4455 +7455.3739(% )

(27.5kV, 14 7]15)

(100MVA 7]%)

ZIt = %thxlO(kV)Q/P

= 603.5000+j198.3609((2) (66kV, 3% 7]1)
MA: P = 9,84kVA, cos®d = 0.95

Zlt = V?=P sind = 0.31

= 76.5125 £ 18.1948

= 72.6869+j23.89103(Q2)

(27.5kV, 1% 7]5%)

25
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%ZIt = ZltxP/10(kV)?

= 961.1493 +j315.9145 (100MVA 7]<)
7t = %Zltx<10(kV)*/P
= 418.6766+7137.6124 (66kV, 34+ 715¥)

6.22 AHEHAAL

(1) 66kV 117+

A
%

A 0.7928+)3.8241

THA= 4.5167+;15.5818

7 = 5.3095+j19.4059(2)

U 4, Sgew
s WA 0.2675+]1.3835
%1‘@& 4.8025+]7.4555
F
| Se W | 1.2888+]23.1963 | %@%‘%%71 | 1.2888+]23.1963
s ‘6} | 603.5000+1198.3609 | - | 3l |418.6766+i137.6124

7Z,= Z,= 51252+]8.463
Zo+7Z,+7,= 15.5601+]j26.3306 = 30.5845(Q2)

3E

KR E-02040
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@ 3¢ wFAF
ACE RS
g WA 0.6140+;3.1760
SANE 11.0251+j17.1155
F %
w8 WS 2.9587+153.2513 w48 W7 2.9587+153.2513
5 st 1385.4455+3455.3739 5 Els 961.1493+315.9145

%Zep = 11.7660+j19.4268 = 22.7121(%)

P. = 100P, _ 440.293(MVA)
ST Tz 0.293
P
ISSZ

S
—— = 3.8516(kA
V3 XV (A)
(2) B5kV @A

A5
© W7 2 =
EREEE 0.0929+j0.4804
SR 1.6675+]2.5887
| 348 a7 | 0.2238+4.0271
F
| % & | 104.7743+]34.4365

Zep = 2.2727+]6.7202 = 7.0941(Q)

Isp = ZE =3876.5(A) (27.5kV 7]5%)
sf
Igp 38726'5 = 1938.2(A)

(55kV 7152)

27
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0.2238+34.0271

@ 4 2A g
7F W] 1o A A (1 g9 sd
v Wty 2t & HA
I = S 0.0929+j0.4804
|
SANE 1.6675+j2.5887
|
48 H7] 0.2238+j4.0271 |F 4§ Wl
F
5 8 104.7743+j34.43765

Zsp = 1.9982+j4.8575 = 5.2525(Q2)

E

I = 7= 5235.6(A) (27.5kV 715)
SF
I = 52?;5'6 = 2617.8(A) (55kV 7))

(3) 27.5kV &+

0.0929+;0.4804

1.6675+2.5887

0.2238+j4.0271

0.0265+0.4492

F
Zep = 2.0107+j7.5454 = 7.8087(Q2)
I = —— = 3521.6(A) (27.5kV 7]5)
ZSF
KR E-02040
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L 7] 2t A
g WA 0.0929+;0.4804
T = 1.6675+)2.5887
|
w8 Mt 0.2238+34.0271 w8 §e7] |0.2238+j4.0271
|
- WSk 0.0265+0.4492
F

Zsp = 1.8988+j5.5319 = 5.8486(Q2)

4701.6(A)

WA Aol A 29.3kn A1 4)

(27.5kV 715)

0.0929+j0.4804

1.6675+j2.5887

0.2238+4.0271

0.03737+70.44845

3.2640+36.1999

Zep = 5.2856+]13.7445 = 14.7258(Q2)

—— = 1867.5(A)

ISF ZSF

(27.5kV 7]

=z
)

KR E-02040
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0.0929+;0.4804

T = 1.6675+j2.5887
g Wty 0.2238+j4.0271 wAE WY

0.03737+;0.44845

3.2640+j6.1999

(27.5kV 715)

0.0929+;0.4804

1.6675+)2.5887

0.2238+4.0271

0.03737+70.44845

1.6320+33.0999

Zsp = 3.6536+j10.6445 = 11.2541(Q2)

_ B 2443.5(A) (27.5kV 715)

KR E-02040
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g WA 0.0929+;0.4804
|
T = 1.6675+)2.5887
|
w8 Wt 0.2238+j4.0271 A8 W7l 0.2238+j4.0271
|
@A WS 0.03737+70.44845
A= 1.6320+33.0999

Zsp = 3.5416+j8.631 = 9.3293(Q2)

I = Zi = 2947.7(A) (27.5kV 715)

ARt 0.03737+70.44845 o WS 0.03737+30.44845

AR = 3.2640+j6.1999

, = 5.1737+j11.731 (7] F8), ®isky] 2d) 2%A))
Zo+7,+7, = 0.044344j0.4236+2 % (5.1737+j11.731)

= 10.3919+j23.8856 = 26.0482(Q))

E
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[@))
[\
>
f
E
-
M
o
~
)
(g
e
o
-3
X
=
J
=)
N
o2l

sl WA 0.0929+j0.4804
%Xd‘ﬁi 1.6675+2.5887

| %1%‘*5%71 | 0.2238+]4.0271
I L&%}ﬂ | 0.03737+0.44845
3_'}"ﬂi 2.4174+j4.5917

Zep = 4.4390+]12.1363 = 12.9227(Q)

Iop = = 2128.0(A) (27.5kV 7]5)
ZSF
@ ¥W7] 2t A
g WA 0.0929+j0.4804
TAN=E 1.6675+j2.5887
w48 WS 0.2238+j4.0271 | 58 W<t7] | 0.2238+j4.0271
T WS 0.03737+j0.44845
A = 2.4174+j4.5917
F j<
Zop = 4.3271+j10.1228 = 11.0088(€2)
E ==
[p = —— = 2498.0(A) (27.5kV 7]5)
ZSF

KR E-02040
32



ﬁ
ICR (25t
NATIONAL RAILWAY
__

| |
| NSkl | 0.03737+j0.44845 | w9 Wss] | 0.03737+)0.44845
|

AR = 2.4174+34.5917

Z, = 0.04601+j0.4159
U A, A3 e
Z,= Z,= 4.3271+j10.1228 (Reh7] 20 +4A))

Zo+7,+7Z, = 0.04601+j0.4159+2 x (4.3271+}10.1228)

= 8.7001+j20.6616(Q2) = 22.4186(2)

E
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