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SUMMARY

1. Title

A Study on the Insulation Coordination of 765kV System

2. Period of the Study

A. Period of the Total Study : 1992.7. ~ 1995.12.

B. Period of the Entrusted Study : 1993.1. ~ 1995.10.

3. Object and Necessity of the Study

To meet increasing power demand, the 765kV transmission systems 

are under consideration. As the power system voltage becomes higher, 
the cost for power system insulation is much more increased. The 

765kV transmission systems become the basis of power systems, and 

they have to have much higher reliability of the 765kV systems. 

Consequently by the methods to limit overvoltages effectively, the 

reasonable insulation design and coordination have to be accomplished.

The first object of this study is the analysis of the transients on the 

765kV transmission systems. We will examine temporary overvoltages, 

switching surges and lightning phenomena. We will accomplish the 

reasonable insulation design and coordination of the 765kV transmission 

systems.
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4. Contents and Scope of the Study

A. Analyses of the Temporary Overvoltages

- Single Line-to-Ground Fault Analyses
- Recommendation of Temporary Overvoltage Factor

B. Analyses of Switching1 Surges
- Fault Surge Analyses

- Closing Surge Analyses
- Operating Surge Analyses
- Recommendation of Switching Overvoltage Factor

C. Analyses of Lightning Surges
- Examination of the Lightning Overvoltages in CIS

D. Insulation Design of 765kV Overhead Transmission Line
- Insulation Design for Contamination

- Insulation Design for Switching Surges
- Insulation Design for Lightning

E. Insulation Coordination of CIS
- Ratings and Location of Lightning Arrester

- Switch Impulse Withstand Voltage ,
- Lightning Impulse Withstand Voltages,

F. TRV and High Speed Grounding Switch

- TRV of Circuit Breakers

- Ratings of High Speed Grounding Switch
- Zero-Missing Phenomena of High Speed Grounding Switch

- 10 -
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5. Results of the Study and Suggestion for Application

A. Results

- Recommended Temporary Overvoltage Factors

Item Factor [p.u] Note

Phase 1.2 SLG Fault

Neutral 0.3 Isolated Neutral

- Recommended Switching Overvoltage Factors

Recommended [p.u] Conditions

Line P-G 1.9 • Closing R < 1,000 [12]

P-P 3.5 • 2 Line Fault - 2 Line Open

S/S P-G 1.8 • Reclosing Overvoltages

P-P 3.5 Without Closing Resistor

- Recommended insulator design for clean area I

Kind of Insulator Number of Insulators Horn Gap Length

Altitude 1,000 m 1,300 m 1,000 m 1,300 m

300 kN Suspension 30 31 4,800 5,000

400 kN Suspension 29 29 4,800 5,000 ;

Tension 28 28 4,600 4,600

500 kN Tension 24 24 4,600 4,600

- 11 -



- Recommended Tower Clearance

Description Clearance [mm]

Altitude 1,000 m 1,300 m

Horn Gap Length 4,800 5,000

Standard Air Gap Length 5,380 5,600

Minimum Air Conductor-Lower Arm 4,530 4,650

Gap Length Conductor-Tower 4,900 5,040

Phase-to-Phase Distance 8,420 8,640

* For suspension string

- Recommended insulation design of transmission line against 

lightning

Items Insulation Design

IKL 20 days/year

Length of Arm for > (Arm Length for outer most phase conductor

Tower Footing R. ; is a

Flashover Suspension . Tension

Path Horn for String Horn for Jumper

Horn Gap Length 4,800 mm 4,600 mm

Standard Method 1.115*Z + 21 (Z : Horn Gap [mm])

Air Gap Length Sunpension Tension

Length 5,380 mm 5,150 mm

- 12 -



Recommended Voltage Rating of Lightning Arresters

Nominal Maximum Voltge Rating Note

765 kV 800 kV 576 kV

144 kV for Neutral

Recommended Ratings of Lightning Arresters

Use for Nominal Dischargs 
Current

Discharge Class

Phase 20 kA 4

Neutral 10 kA 1

Protective Characteristics of Lightning Arresters

Residual Voltage Lightning Switching

576 kV, 20 kA 1,440 kV 1,310 kV 1,200 kV

144 kV, 10 kA 343 kV 312 kV 248 kV

Recommended Withstand Voltages

Item Std. Withstand 
Voltage kV

Switching Impulse 1,425(1,500*)

Lightning Transformer 2,050*

Impulse CIS Bus and Switchgear 2,250

High Speed Grounding Switch 
Shunt Reactor

2,250

* ( ) : ANSI Standard for Power Transformer Insulation

- 13 -



- Results of PTRV Analyses -

Fault Type . Parameter Max. Value
3 Line to ' '" ' Peak [kV] 1,650

Ground" Rate-of-Rise [kV/ps] 4.4

1 Line to Peak [kV] 1,319

Ground Rate-of-Rise [kV/ps] 3.6

- Breaking Current and TRVs of High Speed Grounding Switch

Item Recommended Value
Breaking Current [kAmJ . 8

PTRV Rate-of-Rise [kV/ps] 1.30
Peak [kV] 600

- Zero-Missing Phenomena of High Speed Grounding Switch
1) The zero-missing phenomena can be caused by consecutive

faults. ;
2) For the reasonable application of high speed grounding switch, 

further examination should be accomplished as follows :
• Statistical Study on the Zero-Missing Phenomena
• Countermeasure Against the Zero-Missing Phenomena ,

— • Reclosing Sequence When Consecutive Faults occered

B. Suggestion for Applications -
- Improvement of the Insulation Design and Coordination of the

Existing Power Systems -
- Basic Data for Amendment, Supplement and Establishment of 

Relative Standards
- Basic Data for Design of Power System Apparatus

- 14 -
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XII 3 § 765kV 711521 7NI 444

*4 4 #4 11444 4* 7fl4 44*4*, *}&)

144* 444, 444* 4144 444, 444#4 144* 41
444 1 444*4 444, 441#4 1*4* 44 444 5-4 $14. 
345kV 444 4 #4 4* #1 444(44 444 444)4 44 4444 
44 44 444 1 44 4444 441 1*4* 4444 3.44 1443 
s. 141*4 434 31444 4xr 444 444, 766KV 444 4444 
4 44 4444 4# 4444 42E4-E 44 44 444 44: 444 1 
44 4444 4# 4444 *1 4444 4# 44434 #4 444 * 
3 &4. 444 4444* 44# 4444 4# 4443 #4 43414.

*ll 11 *M ^1-f- § 2-2) *g-i£

dl 3.1>4 7E4 444 44-§- 31 4#& 344134, 4 4# 44 
33* 4-S-4 14 34414.

1.

44 444# #44 W# 444 *4t *** 3##3 $)333, #1 
43 34 414 44144 44# 1% 444 44. 444 4444# 
711^ 4444 1# 434 -§-#44* 434 144 #444 Ml 4 1 
* #4* 4#3#(EMTM4 JMARTI 3* SEMLYEN 31)4 44 
765kV *4431- a#414.
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5.4 25-4I 1 5-4 3
150 km40 km

2. Hi

3.1>4 5.1 1¥41 ne 4&4 41 2.44$4.

- 1#4 ¥7]-4€4 444¥ 1444414 4s441 1 p.u 
(7-H44S14, mi 1S:1 800KV) 7} 5)^ m Sllll.

- ii 44-8-in 4-s-n 47> 5.1m.
- ¥4 m d]3g ¥i4$a4.

- GIS, 441 £4 44 ¥1 11-8-1 44 5-1 4 114: 5-1
4 0.1 /*f4 1# i-ym.

3. *m

11 411 14 111 si 4m, 14 in 0-10521

114 tfl4 ls.414.

4. ^Eh7| ^ W ^i-Ei 52!

4411 ¥1¥ ¥1 144 1-8-1 14 ¥11 44s, 1
4114 ¥11 44 14 44¥ 6-16 ms4 cflsfl 1S1-&5.4, ¥11
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2] *%44 *5* *&4444 1 mss] M441- 4* 4**5# 45 

# 4*4.

44712] s>4 *4*, 44714* /}*44 ** 4*4* 34* 44 3 

444 444# 4443., 4444# 4## 4*4# 44 34* *44 
21 4# 4444 *44# 4443, 20 - 30 ms 44* 44444 4* 4 

444 4444# 44444.

*0 2 4 7# 4^ <8*

44 765kV *44*4 4 4# 4 ^ 444^* 44 7fl4 444 4*(# 

44) 44* 4**4, 4**4 54 4 44 4*4* 44 44 54#4 
444 *# 5.45. 44444 4*4, 44 44 765kV 44 4*4 44 
444 4* *4 *4, 4# *4 54 4 *4 442] #^4 4*4-4 # 

7l 4*4 444* 7114 44# 4* 44# 44*4, 434 7}*44 # 

*44 4**4 45 44* 4*44 <5. 3.1>4 44 *4 765kV *44 

*4 44 44* 4*(#)# 444*4.

S. 3.1 765kV *94#4 7H4I 42* 4*(#)

7H444* 4*(*) [p.u] 5 4

45 *444: 1.9 • *44# 1,000 [12] 44 4*

44 3.5 • 2 4442*4444 34

445 #444 1.8 • 44#*#44 7^*44*

44 3.5 *4
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?M *M*1# «SM 44 g##@ 27]]

- 44 JL^-A] #^5]# Aiq- 444,

- 44 JH# 4**4 #45)# 4# *)4x] ^

" **4 #3. ##4 ^5)# *4 444

4 37>A]S. ### * 4*4, *4 4444 4*4* #3-4 ## 44-7} 
44- ** #444 Ala.# *** 4 #14* 4*4 444* 4& fft 
*£ *4.

47144* 31#7||l-444 7]) 3144* #1*#* EMTP * TNA 
(Transient Network Analyzer) * 4*44 44# ^4* 451 4*

4 44 7l #51-^4".

1. X|2+ U\0\X\

#4#a.4 443*4 ^^i-y, 4447} o]i- ^-xisi-37 x}#44 4#

3**44 4#4_o& Tilf-Aa-^B] #444-, 3**44 x}*7i4 *44
44 31f-^-S.#4 #4471 #4 #14* 4# 44 4-5#* #44 3*
&7l##4 4^%#* 4*7) #4 ^44#4 &*4 44 #14* 7H31 

4444 #4# 4=#* 3.4 t)1 44. 444 4 #3* &4##4 45#* 

44 #14* 444* 7H31 44*53. *#44 44, 44* 44 444 

4 44 44 44** 345kV 444 41-44* *4 444(4*4 444 
5#)4 4# 44*4 44 3 3.717} *t)]4AS. #7) 4*4 33)44 * 

43 5)4, 765kV 4*4 41-44* 4*44, *44* * 444 #4 4 

4* 44 3^4 444* 5453. AMI* 44# * 4* *4 44 
^1 #4 4# 44* #54* *4 *4 4*4 44 4444 4# 7)131 4
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4*4 ^-<g 4444 44 44*3* *4 *3 *4.

444 4444* 44344 4* 4* 4444 44 44** 44, 4 
3* 334 765kV *44*4 7fl4 44* 4# *£44 44 43**4.

<£ 3.2> 4 <z%4 3.2>4 4*3***4 4# 44444-4 44* 44 
48*4, 3*4 4:4 150 km 444 45.44 4 30km 444444 100 

44 *444* *4 4**&34, 2 4443.** 244 *444(444 
4*44)4 4* 4*33. 444.

s 3.2 %l*3*#*o|| 4# 4**4*
[p.u]

*44 3 44* 2 44* 144*

[km] EMTP TNA EMTP TNA EMTP TNA

0 1.60 1.52 1.54 1.52 1.54 1.54

30 1.74 1.84 1.74 1.60 . 1.74 1.74

60 1.88 1.93 1.84 1.74 1.86 1.72

90 1.86 1.85 1.74 1.68 1.74 1.70

120 1.72 1.81 1.68 1.67 1.58 1.63

150 1.78 1.70 1.60 1.59 1.42 1.60

* 1. *44* 34 2 3*4 34 3 *334 44

2. 2 444* *44 4*4* 44* 4*
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431*4 I'M31 9 is* 49 ;D 31449 31*4 49 3199* 4431
9 s 44.

£ 3.4 765kV #9 31 #4 x|#3#oj| °|Ei 999 31*

* *

94499 [p.u]

til 3 (3 4)*3199 99

7}*43 1.9 .. 2^ • 2 99 4(94 99 4)49 34

493 1.6 23 • 3 99449 34

2. eg % *neg ^o\*\

*443* 4M31 431 *<?m 41 914* *14444 44 449 

*, 4444 *1 44 444 *1 94 4 *4 -9-431 4# 49 444 

4 44-7} 3.4, *4 765kV 944 31*319* 7H 3)4494 *4934 9 

4931* 4444 *-9.99 435. *991- *4 499 44 *94 9* 

49 S94 4*444.
4944 *931 441 914* *9 499* 49 31*4 *4*4)3] 4 

4 4331 444*4, 99935. 31* ***-3)7} 49499 449 94 
99s 99999314 *9*7} 91935. 94 91 4494 37] 7} 9 

4931 94. 49314* <39 3.1>4 31*- 31*314 3* 2 4 3* 3 49 

4 9331 319 *9 3 31*9 4493] 4)*fl 444934, 3)*4 34 9 

9* 4*4 44.
- EMTP : 434*494 1 [p.u] 7} 43* 37)34* *994.

- TNA : 9 439-9-4-3] * 9 1313 99 3494.

- 44 -



<5 3.5>, <5. 3.6> # <ol% 3.4>44 3.7>44 45. f ^

# 7W<yA]^ 44* #4 445.44 ^ 765

kV 444*444 4°d 44#* <5 3.7>4 4°1 #4# 4 #4.

£ 3.5 765 kV #4 4 #4
lp.u]

* 44 44 *3 4# [O]

* [km] S4 0 200 300 400 600 800 1000 1200

0 TNA 1.476 1.204 1.127 1.121 1.204 1.268 1.320 1.362

EMTP 1.650 1.300 1.250 1.350 1.450 1.500 1.550 1.600

4 50 TNA 1.915 1.288 1.231 1.297 1.453 1.515 1.627 1.705

4 EMTP 2.150 1.450 1.400 1.450 1.650 1.800 1.900 1.950

4 100 TNA 2.007 1.389 1.296 1.382 1.520 1.652 1.762 1.833

4 EMTP 2.100 1.600 1.400 1.550 1.700 1.800 1.900 1.950

150 TNA 1.702 1.461 1.314 1.429 1.542 1.620 1.655 1.672

EMTP 1.700 1.600 1.500 1.550 1.600 1.650 1.650 1.700

0 TNA 2.436 1.922 1.945 2.024 2.120 2.181 2.225 2.277

EMTP 3.000 2.250 2.100 2.200 2.400 2.500 2.600 2.700

50 TNA 3.107 2.079 2.050 2.158 2.375 2.551 2.659 2.735

4 EMTP 3.350 2.350 2.250 2.400 2.650 2.750 2.900 3.000

4 100 TNA 3.309 2.079 2.129 2.267 2.524 2.738 2.870 2.954

EMTP 3.750 2.600 2.300 2.500 2.750 3.000 3.150 3.250

150 TNA 3.253 2.186 2.199 2.369 2.673 2.893 2.999 3.060

EMTP 3.350 2.750 2.500 2.700 3.050 3.150 3.250 3.250
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[p.u]5 3.6 765 kV

433 44 [n]

■n" [km] Ei1 0 200 300 400 600 800 1000 1200

0 TNA 1.667 1.488 1.463 1.433 1.403 1.393 1.368 1.344

EMTP 1.750 1.550 1.550 1.550 1.500 1.500 1.550 1.600

50 TNA 2.703 1.553 1.517 1.472 1.420 1.527 1.625 1.701

4 EMTP 2.400 1.800 1.550 1.550 1.650 1.800 1.900 1.950

*1 100 TNA 2,007 1.389 1.296 1.382 1.520 1.652 1.762 1.833

EMTP 2.100 1.600 1.400 1.550 1.700 1.800 1.900 1.950

150. TNA 1.802 1.592 1.537 1.506 1.518 1.594 1.634 1.658

EMTP 1.750 1.650 1.650 1.600 1.600 1.650 1.650 1.700

0 TNA 3.120 2.589 2.492 2.413 2.322 2.246 2.204 2.246

EMTP 3.450 2.450 2.350 2.200 2.400 2.500 2.600 2.700

50 TNA 3.107 2.079 2.050 2.158 2.375 2.551 2.659 2.735

4d EMTP 3.350 2.350 2.250 2.400 2.650 2.750 2.900 3.000

100 TNA 4.633 2.448 2.266 2.286 2.540 2.729 2.864 2.917

EMTP 4.500 3.200 2.750 2.500 2.800 3.000 3.150 3.250

150 TNA 3.566 2.636 2.398 2.374 2.632 2.849 2.963 3.054

EMTP 3.450- 3.250 2.950 2.700 3.050 3.200 3.250 3.250

- 46 -



3.0

2.5

V 1-5
'Nr
o* l.o
mh

0.5

0.0
0 200 400 600 800 1000 1200

[ohms]

—•—TNA (P-G) 
EMTP(P-G) 

--*--TNA (P-P) 
--X-- EMTP(P-P)

ncl 3.4 tigdbm

-r-^ [ohms]

—♦—TNA (P-G) 
-1- EMTP(P-G)
- - *■ - - TNA (P-P)
- -x- - EMTP(P-P)

HU 3.5 ti^Ot|A-]o| soj^go).

- 47 -



ga
)-

##
 [p.u

] 
[p

.u
]

;--------
\

- - 5 e - - - 5 e-- — 3
-------- 5 ------

i-' . ........... t

h — —i 1-------- 1 t— -------- 1

-

0 200 400 600 800 1000 1200
t!" [ ohms ]

—*—TNA (P-G) 
—■ — EMTP(P-G) 
--+--TNA (P-P) 

EMTP(P-P)

nU 3.6 WMS#

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5 
1.0 

0.5 
0.0

<> ' *
\

%\
* XA c •5

\ VVn c-'.'l L........ ...
. i r

L i §- — j V----- - j

- - -

- -

0 200 400 600 800 1000 1200
^ # [ohms]

—♦—TNA (P-G) 
--M- EMTP(P-G) 
--+--TNA (P-P) 
- -X-- EMTP(P-P)

ZLU 3.7 gso]|A-|o| A|l^.ojjl[g°}-

- 48

*>.A/



K

w
ta
Ik

cd

W tf-J 
of *

ft Ts
l\ tN
TtJ ft
1i< ^K"

M mini 
njo w|= 
ft V
ft ft 

rim|m ^
o -gr
^ J|J
II

£ *
$ a

II

K tf|o
ft ^
nH -
f £
N° K° 

M

T W
0* h:
mh jK
J|J tN 
T o| 
ft ft 
Uljo ?
w ft
ft Ts 
'lio r\
o" rrl 
> r|

U|o Ijo"
w

^j
w
lioJ
of

*K>
53

JU
ŵ0
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s. 3.8 765 kV #37j|#o| ]%&## gJ xFEi^Aio|| ^#xl-Ei3il-g°l-

[p.u]

3H

■n* [km] 3LG-3LO 2LG-3LO ' 1LG-3LO 2LG-2LO*

0 TNA 1.642 1.612 1.454 1.51

EMTP 1.627 1.569 1.526 1.700

30 TNA 1.821 1.832 1.586 1.596

EMTP 1.872 1.724 1.641 1.762

60 TNA 1.979 2.005 1.746 1.681

EMTP 2.044 1.870 1.686 . 1.828

*1 90 TNA 2.138 2.137 1.944 1.883

EMTP 2.022 1.918 1.690 1.871

120 TNA 2.083 2.05 1.894 1.855

EMTP 1.810 1.794 1.625 1.828

150 TNA 1.639 1.631 1 1.592 1.611

EMTP 1.608 1.553 1.480 1.646

0 2.859 2.878 2.606 2.570

30 3.129 2.975 2.714 2.917

60 EMTP 3.244 3.083 2.816 2.922

90 3.165 3.080 2.840 2.909

120 2.994 2.992 2.761 2.861

150 2.819 2.823 2.625 2.703

- 50 -

V.
X k



[p
.u

] 
<y

- [p.
u]

3.5

7}^*15. 71-^5.

ZL^j 3.8 765 kV #S7||#o| xlEl^SSl

4—EMTP
-1- TNA

0 30 60 90 120 150
#^3*1 [km]

3.9 xlEtoLgoj- -^5(2LG-2L0, 4Mx|:t»

- 51 -



- zs -

-fobHiT Ifck (bI? wioto fir-fa |o#k(3:^ A>iS9Z 01-£ laC 

k Iy kktbk

0>

'-hk k<01'£ fe-n> kk#.# Mkk #kk gr# to 

kkk Ifctk ^kgr# tbirlk kk A1S9Z tb-t #-§-tb k#k kk

nr |r -fo Bin: Ik Hz m io [o' i7

iair k-kk-k-fv- £-4a kk £ • 6"Z UI ?kk

tair kk kk-k ki°y k-kkkfcfo • 08 61 -gkkk

(k IT In kk kktkk k A

' [n-d] kkkkk

kb kk lo#ki5# AW 68 5



XII 4 s 765kV 7^12! sa±£|
k|J!Fgy

##34 #^94c 44##f f##&4 ### 44447} #
##35_4 ^##3.2] 4#####f 3.711

- 44 #4 : 7}l##o] i42jOS 5]2]-§- f§}3 4# 4 AJ-
£44 4# 7}4#3a.4 444#7} ##% #f4

- 4## : 7}^## £xr ##4 7}6fl# 444 44 ##4 ##7} #

^44 44 4-#f4 #44 #444 44447} #343. #
#41% 4 fa. 4-#f #4.

3514 ## 765kV 244 M#3.2] 7}#x]# 44 4f &4 ## 7}4 
7i] 435. 4f#4 44##-f 4444 44 #444, #f f kA 4 4 
4##7} 4-511 #44 44 ### f #34-, 44 4# 44##-f 4##4 
44 #441% 44##4 44 #3# &-& 7}4t1] #4.

44441% ##3 #e ##(##4 ##) ^-444 7}4# 444 ### 
4 44 ##35. ##4-4 ##41% 44##4 444 44#-#4.

*(l in tfl^ ^ ag-g an

##3 44 ##41% 44##f
- ##41% 44444 #4
- f##3 ##1-21 ## ##

- ##34 714 44 4 f#
- 34 7l7]2] #444 4# -e-ff#
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3. 7|7|#£| 5LS\

<SL 4.2>i 5.2] 3] 5] 7] a] 44-4# #4# OL^

4.8> 4] 7]S. tfi^T-d.5. 4S# B #44 #4# ^4444. 7]5).
7] 7]## ^4^ 44°1 nfl-f ^7] 44 4# 7034144^

s. 5.2]§H^ ^44- # #4# #44-4 &xr4. ^044 4~§-4 4# 7]7] 

l-s] ^4 703044^ ^ 4w4 44.

- 44-7] : 9,000 pF (#4 a#)

- #5- 444 : 2,000 pF (#4 &#)

- #4 =400 pF

a 4.2 5.1 711 #00 H&£ ZnO e|5|7|°| ggj-2# ## (44 [kV])

4#

#4

1
[mA]

1
[A]

0.01

[kA]

0.1

[kA]

1

[kA]

10
[kA]

20

[kA]

35
[kA]

50
[kA]

70

[kA]

A 815 989 1,018 1,084 1,185 1,345 1,418 1,491 1,556 1,629

B 844 909 931 996 1,098 1244 1,309 1282 1,440 1213

C 785 829 851 909 996 1,127 1,178 1236 L287 1,345

D - 914 950 994 1,080 1,330 1,418 1,530 - -

E - - - - 1,126 1284 1268 1,468 - -

F - - - - 1,161 1,324 1,401 1,515 - -

G - - - - 1243 1,450 1280 1,760 - -

H - - - - 1,337 1,595 1,730 1286 - -

I - - - - 1283 1,416 1,474 1285 - -
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2. « my ^7iix|(oj.)

44 Mi 4# #4 stfls <5. 4.6>i
A*fl M 7]44 2)4 4M4(4)& A#4^4

2 4.6 7|7iw sii N^ggKeh)
3X]S)7l 44 4 4-^*9: [kV]

^rS5]iB] 7TMW1, M ##7]

1 2,050 1,790 - 2,080

A 2 1,890 2,020 1,710

3 1,970 1,810 2,160

1 1,900 1,680 1,930

B 2 1,800 1,900(1,850)* 1,590

3 1,830 1,740 2,000

1 1,710 1,530 ! 1,760

C 2 1,700 1,720 1,430

3 1,660 1,640 1,860

* 0 4B JL444M44 44^4M"9-^a4, 
o]^7]5]^ 15 Dm] «MS ^4## 7]-

4 4 7]

BAS. 4^4.
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S. 4.7 {is £!£!•¥- s|5]7| g*|$i*|o|| [4# f-W 1)

S)3]7l [kV]

*£*)%*) #351^^^ 7HW si jL

© 2^43 3,022

® 2.053 3.150

@ 3,380 1,424 x = 4 m

(D,® 1,897 3,022 «ZL^ 4.10 (7})>#&)

©,® 2,300 1,391

®,® 2,049 1,391

®,®,® 1,895 1,391

©,®,® 1,894 1,490 x = 10 m

(D,®,® 1,892 1,365 x = 15 m

S. 4.8 {d5. °l£j# s|s|7| ^x|^lx|ol| ccJ-B 2)

S]S]7l
'g *14*1*1

44-#^ [kV]
tilJZ.#3.51 ^El^ 7BW

2,108 2,046 y = 4 m
® 1,802 2,140 x = 13 m
® 1,440 2,186 y = 4 m
© 2,337 1,482 y = 4 m
© 3,380 1,424 y = 4 m(SH. R 7^)

®,® 1,364 1,346 y = 4 m
®,® 1,801 1,326 x = 13, y = 4 m
®,® 1,592 1,341 x = 20, y = 4 m
®,® 1,962 1,334 x = 6, y = 4 m
®,© 1,777 1,466 x = 13, y = 10 m
®,© 1,772 1,533 x = 13, y = 15 m

- 67 -



V;

-# H° rfiu 
^ ^

a-s e
ov, °!i, A2,

^ Jk 
ink o|r iiiti, 
oji, o|i, JfL
N m ^
_o fliT J2.

* £ S'
J&

JH,

-2,
;rSL'
.'ria

* f

a
i
is

jy, 
Hu j& 
kl JE

u
dE

Ok
Hu
r°
Il£

3 +
nk ±i 
H> B
-M ~ok ink

X
ok 
a

r|ni
iL

ok
EO

ro

r-lit Fjn:
Hu B,

o

[kV]
cn i

to ©
© © © © © ©

11
B —

1,830 1 I

2,502

2,477

f#
Hu
JE
j&
EE

JE
it
no
I

1,560

1,473 t g 1,560

1,694 o$
r#

HH
&

rk
Hu
n°
K°
He
w

jiu
vj

ruk
d°
J±
2.

B
r|m
J£
it
1°
ffi
nk
H>
-U
ok
&



#5 44 ti}#### # t $14.
54 765kV 44 4 #4 5 23)^1 #5.7} #-§-# 4# #4, 23)# 7}5#3. 

4# 44 #4 442-4 ### 43)4444 #2##4 44 44# 44 

44 4-3.7} ##44 #2# ji$7)]5))S7} 544425, 44# #-4#* 

4##4 44 #2-4 #4, # ji^44^44(HSGS : High Speed 

Grounding Switch)4 4-§-4 #2# 9^2 44. <2# 4.12>4 ##& 54 

2 44 2^44^44 4-8-44 ##45 44-44" 44 #4# 24 #84.

o* 1000

5 10 15 20 25
4444 (Y) [m]

ncl 4.12 2^34^444 ^4-b 44S#

#5. #49-4 5:4-44 44-44 S.M 444^ 44# ##2 9-44 
4442 ## 4444 #4#25.5 5##4, #4 7}^ ##59-4- 7>5 
#5.9-7} $7))44 #5 #42 9-4 1 44#- 7}5#&4 7}$###54 4
<99- # 7D##(9-5444# # 2##4$44# 2#) 454 25 444 

# #4# #9-4# ## 44-### ### 9=#4#2 44# 9= #4.

(v
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3. Mt§ 2| Sl 712]

czg 4.13>°1] 4 (<?>) 4 tflsfl 2.43°)] MM4^c 24

44<y-i: S.4^25. ^7i]e}7l 44 31)5171 ^444 ^s. 44^# £A]s]. 

^2.4, <5. 4.10>4|4 <2 4.12>?M 4 (4) °1]_ 44 4444
44* 44444.

4?M4^ 7>4 7^4 44 dH 4.13>44 s.4d°H l
444 #444 4#4il, o]# ^ 2=144471- 4^4# 4422.

444.

T/L #1 T/L #2 T/L #3 T/L #4 T/L #5 T/L #6

(7» 44^ 44 1



T/L #1 T/L #2 T/L #3 T/L #4 T/L #5 T/L #6

T/L #1 T/L #2 T/L #3

(4) 44 3

^ 4-><4- : 5]5]7l -+><+ : GIS -§- 3|S)7] '
®©0®: s)5)7l 44 44 415. 4471)

® : 7H47l^- (14^4 ^444 414E# 41)
* 444 44^4- 4.10 #2/

zl4 4.13 s.4 Mi# s|si7| 4444 25E.
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s. 4.io ad 3i|s]7| 4# 44M D

3\S\7] 43.24 4W4
3-4 # T/L# 44-## [kV] til 31

1 2,252

2 2,285

Q 1 3 2,260

4 2,145

5 2,130
6 2,192
1 1,598
2 1,805 x = 4 m

© . 2 3 1,975 y = 4 m

4 2,217 z = 4 m

5 2,308 (Cig 4.13> %2l)
6 2,267
1 1,609

(D,® 1 2 1,676

3 1,620

1 1,591

®,© 2 2 1,679

3 .... 1,658

1,711 x = z = 4, y = 10m

1,752 x = z = 4, y = 20m

®,© 2 2 1,730 x = z = 4, y = 30m

1,710 x = z = 4, y = 59m

1,758 x = y = z = 15m



3. 4.11 M fii§ 3I|S|7| [cm JrlalRggh (919^ 2)

3)5l7l mm
M # T/L# [kV] ti] 31

1 2,495
2 2,632

Q 1 3 2,609

4 2,096

5 1,921

6 1,659

1 1,678
2 1,926

© 2 3 1,995 x = 4 m

4 2,763 y = 4 m

5 2,705 z = 4 m
6 2,486 «zi^ 4.13> #&)

' 1 1,653

©,© 1 2 1,853

3 1,883

1 1,642

2 1,867

©,© 2 3 1,898

4 1,891

5 1,865

6 1,665
1,871

8n>.
xfiiNIIX

©,© 2 3 1,917 x = z = 4, y = 15
1,912 x = z = 4, y = 24
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4. @2P| Mi§ E|S|7lS| *dx|#|x|

### 4 3# 4#4) #4# 444# 44)4# #44## 4^51
# 4444# 3:4433 ### 9 &7) ### #47) 35# 444# # 
—7>] #44## #4

#44 35# 447)4 #47) as 3:4# #44# 447)4 ## #4 
-## #^4 #444 444 44 44444 7}# e 4#& #4 €4.

##4 35# 444 #4453# 4.15># 4444##, ##5
9^ 1 4 ##5 44 3 4 7}3## 2.4 4 244 444394 7}9#3
* ##44 #447} #445.5. 7}9# 444# #4 #44* 35-5}# 
#4# 44 43443#, ##2 9# 2 4 7}2###3#7) 214 ##-4 
7} ##45.5 GIS -g- 4444 44 #44# 53:44 #4# 44 454 
#4. 5# 4574 7f4# 2## 4444 44 44 ##2# #4 44, 4 
4 2# 4 #4 #24 #4-471- ###4 455 7M##5#, ##5 9
4 1^2 (1M CB 3# #4) #4# #4 44444 44 4 4-47> 4# 
44# 4-4^4 44) 3# #2 # #4) #447} 4## 44# 4433 # 
#3, ##5 9# 3 (2#S# 4 BUS_TIE #4) #4# #4# 3## 43 
3 3# #1 9 #41 #447} 4 #4# 49# 4)433 4-44.K3# 4.5> 
44 <3# 4.7> 44 4-2)

4 #45 9# (4) 41 4)4), ##2 433# ^ #44 35# 4444- 
#44 #4 #44441 4-# 4# 4444 4)4 #4* <& 4.14>#4 
<a 4.16>44 4 <5.# 4.16># 4-44)44.
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e 4.14 d

3)5]7l
44^21 [m]

4444 
a°j T/L #

w
TR. #

a^-7]^
4 *9- [kV]

1 1,539

1 2 1,644

3 1,781

4 1,932

1 1,488

44 2 2 1,741

3 1,834
4 1,920

1 1,725

3 2 1,586

3 1,799

4 1,816

30 1,843

20 1 4 1,763

10 1,684

<>M7M
5.419 ^

1 8 m 7}i|^

(7» 7>9-g- 3] 5] 7]9^ 1, 3)
: 7>9-§- 3] s) 7]

(4) CIS -§- 4si7] 4:1*14 4 
9-9 2)

: GIS -§- 45]7l

ZlH 4.15 a^-7| fii§ s|S|7| a 4 SI 4 g

- 77 -



4.15 2)

3)S]7l

[m] :sig t/l# TR. # ' [kV]
1 1,495

2 1,403
1 3 1,372

4 1,354

5 1,549
- 1 1,444

2 1,476
2 3 1,422

4 1,395
15 5 1,553

1 1,436
2 1,484

3 3 1,326
4 1,476
5 1,521
1 1,534
2 1,583

6 3 1,389
4 1,372

5 1,404
10 1,520
20 6 2 1,635
25 1,678
30 1,718
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5. 4.16 fflgPlEh 44S# (£3# #3 3)
444 4444 44- ##4#

4444 [m] $14 T/L # TR. # 44-4# [kV]
1 1 1,866

2 1,840

10 2 1 1,870

2 1,847

3 1 1,859

2 1,860

1 1 2,011

2 2,012

20 2 1 2,022

2 2,004

3 1 2,024

2 2,005

444 ^^7l 5.5;# 4444" ^#7l #4 44447} i^x] 

711 4# 4444 4# 4444 44 1^ ##4# # # $14. 444 

4 #4 M# 4444 444 42] 4444# 7}#f} #4# 44 444 

4till, 44# 44 1 ^ 44 3 (4)4 44717} 7}rii4440ll 44 4444 

#3. 7}44&# #41 4444 444 444 4444# #4# 44# 4 

47} 4=711 44. 44# 9-4 2 44# 7}^444#°114 43 4447} 4 

#4hs. ol44 444 #4 4444 44# 4 441 44 4444- ##4 

44 4444# ##4 ## # $14.
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- 3)554 3 : ^<y-7] M-g- 3)5)71 ^444 4£ 3)5

s|)#g3}o)] 0)5^ 3)-^d) ^0)7)7)4 3.7)7} 4-0}*)^ 44^4 444
4# 434# c)], #4 4^0] 40)44 4444"4 #±£.$-7} 4 3# e 

#35. 444-55, 44# s^t)]#*))# 4# 4444 #4 44 #44 4 

W 44 44 4^* 4-4% 44 44444.

3 4.17 443# 3SMI 4# 4432}

444# 4444- [kV]

443 (4S ,W, 4354 l 3)354. 2 3)554 3

?4 37] [kA]) #55)44 71)44: £-4# 4444

1/70, 170 1,895 1,391 1,676 1,932

1 2/70, 170 1,736 1,318 1,497 1,804

1/70, 150 1,848 1,360 1,590 1,864

2/70, 150 1,643 1,305 1,350 1,557

1/70, 170 1,801 1,326 1,898 1,583

2 2/70, 170 1,513 1,285 1,540 1,511

1/70, 150 1,741 1,305 1,774 1,559

2/70, 150 1,331 1,260 1,330 1,356

1/70, 170 1,830 1,560 1,734 2,024

3 2/70, 170 1,643 1,354 1,409 1,839

1/70, 150 1,793 1,496 1,691 1,902

2/70, 150 1,567 1,363 1,414 1,523

- 81 -



6. 3l|£|7|

<£. 4.18> * <zz_4 4l7>i 4444 #44 4# 4444 44 2:4# 

4-4-4 ##4, 447] #4 A # %7i] JEC-203 444 4444 $1# 500 

kV 4## 447] #4*** #4 765kV 44 4## 4444 4^4-A

5. 44 4#4 444, 447] #* B 4 C * 47]] 4s]7] **4 #4 * 

4# 44:44 44 7}## *4(4# l.OOOkV 4# 4 £4 4#4 4:4.)* 

444 444. S4 447] #4 D * 44- AEP 765kV 4#4 4##4 

444* 588kV(IEC *44# 4444 #* 444, IEEE if4

4# 444^41* 444 444444.) 4444 44-4#

#4# 444 444. 44^ 9-4 2 4 4 #4# ^ 800kV * 4#4 4 

*** 447>4 444 #44 4# 4444 44- 4 a.#447]]47] 4* 

44 4444 44# *7}^ 4 £4*4.

##444 444 -f#4 £#4*# 7>4 444* 4*44 44 444 

4# 4* 44# * *£< #4 4444 44 #44££ s.Sl#t1] 4* 

*5.5] <4 4 4*4 #4 71414# 444# 444 4# 2:444# * * 

44. 444 765kv 4*44# £2:4*4 4*4 444* 4*4££ £ 

44# 44 4# 44444.

EHV £# UHV 4*4 4*4# 4444 4444* *5- 7M4444 

44 44444*4,4444# *£4 ££ 44^ #4 2 444 4444 

4 44 444 #* 444# <a 4.19>4 4-4-4#4. 4444-4 444 

££4#4 4*. * #44 #44*4 44 444*4 4* 444# 44 

4 4* 443L4-# 444-4-, 5.4- 4* *4 444# ### **4*4 

* * * *4-.
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3. 4.18 E|3|7| tisMI 4# 443#
____ /______________________________

44^z 444

4^

444# [kV]
43.S4 1 4&2%4 2 3)S2:4 3

#^444 71)44* 2.4-t-* 4 #4 4*

1

A 2,050 - 1,793 2,075

B 1,895 - 1,676 1,932

C 1,712 - 1,532 1,763

D 1,930 - 1,659 1,937

2

A 1,899 1,741 2,015(1,835) 1,711(1,710)

B 1,801 1,678 1,898(1,757) 1,589(1,577)

C 1,702 1,585 1,721(1,625) 1,429(1,422)

D 1,822 1,665 1,877(1,741) 1,596(1,599)

E 1,792 1,661 1,867(1,739) 1,563(1,557)

F 1,826 1,688 1,916(1,774) 1,613(1,608)

G 1,921 1,742 2,007(1,852) 1,740(1,739)

H 2,025 1,790 2,061(1,917) 1,893(1,897)

I 2,081 1,778 2,081(1,877) 1,753(1,751)

3

A 1,969 1,567 1,805 2,160

B 1,830 1,560 1,734 2,024

C 1,662 1,550 1,636 1,864

D 1,860 ■ 1,556 1,725 2,031

* £g,€{°J{B\7} -gx] 4*H1 ^44 4^4

3l4#7l^444-§- 444 ( ) 44 444 ^

f4 &-& 4442- 44.
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7. H-zfr *13-21 g#

<5 4.20> # <3# 4.18> 4 #44 #4 ##4 4# 444# 4444 
* 4#q)#34, #4444 4444 #4 44444 3.715. #434, # 

-§-44 44(44 20 a 44)44^ 3 <83=4 4wir 4 4 #4.

5 4.20 #44# ti#0j| 4# 443#

444# [kV]

446 #44# 45.54 1 3)5.54 2 3)5.54 3

44 [fi] #54^4 7%## 344 ##7)4

5 1,886 1,382 1,638 1,897

1 10 1,895 1,391 1,676 1,932

15 1,904 1,397 1,703 1,956

20 1,910 1,401 1,720 1,974

5 1,788 1,322 1,861 1,580

2 10 1,801 1,326 1,898 1,583

15 1,810 1,332 1,925 1,586

20 1,818 1,340 1,943 1,589

5 1,825 1,543 1,722 1,998

3 10 1,830 1,560 1,734 2,024

15 1,836 1,569 1,743 2,048

20 1,841 1,574 1,750 2,069

(V
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 ÂS

9A
 (h-k

 kf
t 'k

 

^k
 kk

-k
# -

ta
-k

 [b-S
r H

r.
iS

H
k k

#k
# -

kf
r 

*k
kk

? m
?k

 %
S '

&
&

 Bi
k k

Pz
's:

 kj
&

?k
 -R

^k
kk

fo
 kk

k k
M

R
»#

?k

IB
S ]o

-^
{3

|o
lir

fo
 |yH

oh
v Fy

eE
TF

o 
fir

-v
H

^

U
m

m

2000



GIS <9 A °) ^ [ohms]
nU 4.19 4&M gjz|o|g^o|| ni-s o^uiy^ 3

5E 4.21 GIS 40M gjz|o|g^:Ol| 4#

[&]

[kV]
1 2 5]5.M 3

2-4d-¥-

1
50 1,916 1,569 1,895

60 1,898 1,621 1,928

70 1,895 1,676 1,932

80 1,892 1,695 1,921

2
50 1,575 1,624 1,594

60 1,695 1,826 1,598

70 1,801 1,898 1,583

80 1,889 1,888 1,562

3
50 1,823 1,476 2,046

60 1,835 1,624 2,036

70 1,830 1,734 2,024

80 1,817 1,808 2,007
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9. m#

<& 4.22> 4 <ZL^ 4.20> 4 4¥-¥4- 54444 a.44 4 ¥4 4^4 

4 €*9- #4W* 44^^^-4, °] 4 ¥44¥ ¥¥¥4 4*9- 4-5.4¥ 
653.197 kV (= 800 X V2/V3) 63. 7^^^, 5)4¥ ¥¥¥4 HfHPO" 

4jla]^6]] zM4¥ 453. 2-44^4.
44444 444, 44453. 44444 2f€t°l ¥44 4¥4 44 

4‘9-4 444711 IPS44. 4# 44 544 44 4444 ¥44 ^44 
44453. ¥44 h¥¥44 4^4 7>44 &44 4¥ 44 44& 4 4 

$14.

S. 4.22 4#¥4 lf3°9 #^oll 4# 44S#

¥¥¥4 4444 [kV]

44^ h¥44 45.64 1 452:4 2 452:4 3

¥4 ¥444 1 ¥5.444 54¥ 44-44:

¥4 1,895 1,676 1,932

1 ¥44 1,424 1,376 1,321

4444 2^68 1,879 1,587

¥4 1,801 1,898 1,583

2 ¥44 1,636 1,411 1,330

44144 1,758 1,962 1,756

¥4 1,830 . 1,734 2,024

3 ¥44 1,416 - . 1,472 1,571

4444 2,034 1,534 2,450
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io. ## git
M 444 44244 lH}4fe 44444 4#* 4 4 31 4^ 44#, 

7}#43.4 444 44^# 4# (= soo m/s) 22 7>444 tfi* (2 x ^ 
4 [m] / 300 [gs]) 444 E]^tii], ^ i ## 4444 4# 44244

4-44# 44444 4^4# 44 4#4 414 44 4444 2 [^s] 4 
47> 4hs., 14 144 300 [m] 444 41 11, 444 44 4424 
#1 44414 43-44 4% 44 14 44.

5 4.23 4 1 1#4 4 #144 >|e|o|| 4# 4494

4 1 #1<4- 4441 [kV]

442 4#lf4 43-3=4 i 43.2:4 2 43.24 3

44 44 [m] £-24444 2.4# 44714

50 1,861 1,691 1,919

1 100 1,895 1,676 1^32

150 1,909 1,682 1,896

200 1,916 1,606 1,831

50 1,757 - , 1,956 1,587

2 100 1,801 .•_. 1,898 - 1,583

150 1,808 1,734 1,559

200 1,805 1,526 1,564

50 1,806 1,705 2,096

3 100 1,830 1,734 2,024

150 1,838 1,743 1,998

200 1,841 1,741 1,958
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765kV 7)14 eil&4 €4 lie 44 400 [m] 111 €13 

5. 11455, €4 111 41 4414 37} 14^ Si: 135 fll 

4. 35)1 1 1 ##3). H€4 14 t)s)i 1134 4414 €1 % 

4 1114 €14 117)1 435, inn 4 i m l-fi-n 14 

7)5] €41- 50 ~ 200 [m] 4 44) 1134 4414 €1 °Hi 1544 

31, <& 4.23>1 414 €4# 44444.

4)4 144 441 4) 1 €44 4-n-€9-l 15)1 4# €4 4414 1 

41 3.44 a.x) 434, ns 44 2 4)x)^ 5.144 #44^ 4414 

1: 7)5)7)- €417)1 5)1 €1411 441^ €-&€ € 4= €4.

11. ^ i|3l-S°j-o| e^S-

<3l 4.23>°fl, lid: 44 2 41 45.5)411, 7>s€l 5.14 € 1 
4114 7>411 4414 44 4# 31444.

4144 4# 4-314 1€€ 44!!%: 44 4#1 441 4fe4, 4 

€ 15.1 111 is. 5)111 €441 44141: 4¥11 1 us 144 

4-f 4# 4^#€ €7)1 41, 7>^ll 5141 €14-^ 44141: 7>s 

€1 514 €°)7> 1111 4-^lrl 4141fe 44=4 3! 3, si 14 

111 €144 44144 4444 4= 2 ps 1551 14 4114 1* 

#1 43 1414 4 ^ 44.
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1. 7| 2

4##4- 4-# #4 tfl# 2.4# 5 -§-71^ <9 #44 ^

4. 47}# AM 4 7M&44 431 #54, 47}#44 5# 4 44

#55. 444 444^4 a-4 44=)^ 444 44. #4^4#

444 454 47}444 Jumper7> S44 4# 44 454 444 '454 

#, 4 44# Clearance 444 4445# 44

444 44444# 4414 444#, 5##4, 4444, 44444^ 4 

444 #4 44 3=4 #5 44 47}5.# 7>7l (Porcelain) 47}, #4 (Glass) 4 

4 4 5#A}#4(Polymer)47} #4 °)o_4, 5 ^^44# #44444 #5. 

44431 4# 7}7HtM1 444 4£4 444#5. 42. #^4444 #4 

4-S-431 a# #4444 444 45 484. 54 4 #4 44 #4 444 
4 41-4 8525. EEC, ANSI, JIS # 444-44# 4^444.[20’21'22'23^]

444 ^-##44 44 454455# 5#54 #444, 4^}4 44_&e 

#4 4 5#4 4# 44## #4 854, >14 444 444 4444^ 4 

4#7M[24-261i- 4^44. 45484. .

444 44444 44 4£44^.5.# Clean-fog'##4 4#5#4#4 7> 

4#4414 44 4444 4 4^>4 44 444 444 #4 #4 44-. 4 

44 #4## 44-4 414 4 454414 4-4- 4-5.4, 765kV 45.4 4# 7} 
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4#44 45484.
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4 7}s.[28-291i- ol#44 45484.
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L-k £>j :

a) 5£44##
5£44##4 765kV £##5 44 4444 ##4 #44

44 4®J|4 «g#£ 4^ #4^2. #4 #4#4 4# tU-t- -2-#'

4 ## 44# #44# 4# 4844, <& #2.2>4 -44W 5£44## 

#44 4444# <& 5.1>4 4°1 "44 i%]^» 91 "44n44"55 4^4 

4 45484. 54 <£ 42.6X44 ^-o] 44^444 1414^^ 4 

#4 85# 444 #4-^1 44 45.4 44 45.4 $144 #44 44, 44 

44 #°fl 44 #44 4442.5. a. 444# #4 4M4# 4#4# 4# 

4-t- 4 #4. 444 # 45.44# 444 1^141 444# 24 44 4#

455. 484.

a 5.1 ££#^oi| ctj# sidj mn

# # #4 I 44 n A B C D
#44##4#5

(mg/cm2) 0.01 0.03 0.063 0.125 0.25 0.5

* 12# 44 484 8# #445. 44

(2) 5£4#4 #&4

°444 tifl# : 1.2 (p.u)
°4#4 #S4 : 800 x ^ X 1.2

4- 19^711

(1) 4444 45£ 44 55

###44484 44 55^ %M## <5. 5.2>8 <I 5.3>4 #4.
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= 555 (kV)
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ifi, z& 
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nE »

s£
3
B-

,-gf
fgiE|l

-u

Fill

530S
400S
300F
300S
530S
400S
300F
300S
530S
400S
300F
300S

O 5 §

4,637
5,698 %

101.7
119.7 g lg &

oM

s? 8 s? S3 5

6,146
5,041
6,394 55 g

110.1 i

0.03
m

e/cm
2

ohL
oE
a

83 8 83 8 5

6,711
5,357
6,920 55 S

103.6 g lj >

£ 8 8 8 5

7,303
5,681
7,582 55 1 $

OO
£
to |i to

£ £ fe 5

8,055
6,052

g 55 1 <1 1 0.25
m

g/cm
2

o

BE
 lo^Ho^^ 8'S

 3

400kN
M

l”

300kN

530kN
if-

400kN

300kN
iL

f-
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JSi /
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(2) 44*14

44444 44471-4 <5. 5.4>4 44. i
447] 44 ^-2-i^ t^ 4 44^71- T* M4 4^44^ ^ £4 

&4 4414jl 4x>4 ,2_##44^- ^44 %4. 47}4 4444^ #444 

4 ^>7l°l]X>7> #A_2.S. #5l °)l7>4- 7>7l i7>7> ^tj-.

H 5.4 L-H&OHXFS r^SLOHXBd^

A 7} # 4 1 42# 54 #

555kV

44 i;

m4#4N44": "”■’ 71 (kV/m)

4 ^1 4:4 4 14.5 (kVAU) 17.0 (kV/7%)

&A^7}^4(7D 39 33

44 n

m44^1444 78.5 (kV/m)

4 Tfl xfl 4 4- 16.0 (kV/7i]) 18.8 (kV/7B)

dt^ol]7}^4(7l|) 35 ' 30

; f- .

(3) 4N-W 4444 4# ^444 ^7^[29]

4-§-^4 44441 44 ^714444(444 4444)4 44 4^4^- 4 

444 4--OT Gap4 44444 44 Gap K# 444 44-

44, 3l 444 <5. 5.5>4 44. 4 4 444 Gap 41 ^r# 44 CRIEPI4 

Gap 414^°!
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Vso = K-1,080* ln(0.46d + 1) 

4 K = 1.26 (£4-44)

(5.1)

= 1.44 (£4-£4)

Vso x 800 x Ki x Kg (kV) (444) 

Vso = V2 x 800 x Ki x Kg (kV) (44)

B 5.5 44 5414 ££714

4
# 4

4 4 4 4 4

l,000m°l 4 l.OOOm^M- l,OOOm°) 4 l,000m&4

Ki (7145.34^) 1.165 1.201 1.134 1.160

K2 (4441*) 1.099' 1.099

Vso (kV) 837 862 1409 1443

d (m) 1.85 1.93 3.21 3.32

(4) w 44444 44 4444 tijH.
<5. 5.6>-6r 44144 ^ 33 II44444 765kV ^444 44 500kV 

€44(44 l.OOOkV €44) ^ 44 345kV #44^4 4-if444€4 4# 

44 4;H44 4444# 4^4 765kV #44^4 4444444

4434 44 l,000kV4 4*44, #4 345kV 4445. £44 &4 4 £5 

4-4-)M.
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e 5.6 4HWMayoii me oiw ems eeaysi uia

^ 4 4 ^ & ^ 4 I • 4 4 n

(mg/cm) 0.01 0.03

OT444°Jh (kV) 462 (800 * V3)

765kV 300kN 29 37

S. # ^44°J-(kV/7B) 16.0 12.5

-a £

500kV

W444°a (kV) 318 (550 - V3)

300kN 44^4=(;H) 20 . -

ti. # &###(kV/7TI)' 15.8 , —

* W444*ti- (kV) 210 (362 f V3)

_300kN 47>^(7TD_ 16
345kV

^44°a-(kv/7iD — : 13.1

* 345kV 4# 7]e

4 24 7)|#14444 4% 4444

1. 7n s.

-^4 4# parameter, %=r ^ 44"47}4"4 #4 444^4"#^, 4d
<2-£ ^ 4444-€4 7^14-4^ ^4-4^4 7H442.& #4 &4.

?.!• 77*7i7.SMir-7;S
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7:444*4 44 *4**4 **=* #* 333* 7fls]]44*4 4% 4 

#, *44 ** * 7}^m 44 * %4*%* *44 %#, #%

*44* #4 *** #2.33 4 4*47k*4 ^* 44 2 **-#%*
4=711 4444. *4*4*** 444* 4** 4*33 4°H #3444 4 
44, *344* 4%444 444 44 *%* #*#. 4# Air Gap 4 4 
444 7H3$il444oi] 41% *##** 4444^1 4444 #34, 444 * 

444 3*4* 444 44.
*4*3 444711* 4% 43.* »E4€i 44 4*4*433* **#2 

*44 4*44* 2-44 *42. 442.44 4444* 4444 44* * 
*2.7> 44. zl44 4o)i tfl% 4-44 444S-7> *444* 43.44 #42. 

2.3 * 434#* 444 4*44* 4*44 43##4. 4*11 44** 

“765kV *4*444 ** 4*"44* 4*44-444 44 **4*4 *3 

4 *444, 4 4*4-71]7> #344 44 765kV *4* 3*4 4443* 

#** ** *44. 34 765kV ***34 44-4* ***** 3* g 4 
*4 *4 44* #4-42.3 3* 4 4*4444 44-4*4 44 #4*

*4 4443 44" 43# 4*44 434*4.

2. 765kV #9*1^21 7H4I4S^ @#*!4I

7k 7HEl|2ra^ l«S^7l| *A-1

7:444*4 44 #4*34 *4*4* Stress^] 444* 44# 4*4
* 4443, 44 44 Strengths* 4 Air Gap* Gap Factor* 4*44 4
* 44714* * 330^4*#* 4*42 4* 4343s. 4# 444. <2

* 5.2>* 44 31*31- 444 444.
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4! 4 44 4 41^m&zz.^

(Gap Factor)

7M4444=r 44 
I - ,(4144, #4)

nH 5.2 7H^|Ji|-ggj-ol| mth lti-841

5 5.7 1S-84I 3E4

9- e -8 41 2: 4
41# 43. 44 800 kV
7H4444 441 41714 : 1.9 p.u, 4 4 : 3.5 p.u
& JL l,000m°14, l,300m44 4#
4# Gap Factor 4# CRIEPI 4^ 4#
4-§- Horn ## 83% 44-
44 44 ^ ###4 444 444414 #4

44 33 144 4-8- (ESDD 0.01mg/cm2)

ck ms°j- #SX| -

7M44444 414 ^ 50% 4444# 4#44 44

V50 = ^ x Vm x n x Kx x K2 (5.2)

444 Vm-& 41 #4 3-44, n-Sr 7M444m, Ki# 7l4iL441#, K2# 4]

ms
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#7)1*44. <5. 5.8>* 7flf-45L4#4 800kv°l JL 4##4)4^1- 1.9 p.u#

4* Vso 444 444.

BK n± g?m<£ £27F|

7)144144 44 3-8. Gap* 4 (4 34 444)* <5. *3.l>4 CRIEPI44 

4 4&* Gap Factor* 1*44 4*44. <5. 5.9>* 441 Vso0)) 444 

44441 13.1 3E Gap 14* 4*4 1444. 4444441 Jumper 

* £4* 4*4 3:7)44 Pipe44 444 43444. &4 41*441 

Gap Factor* 114* D/dl 4* 444 *144 1443* 4* 1* 4 

144 4*414.

E 5.8 765kV *4431 71)2)1 50% 4441 41

51
* *\

1,000m 44 1,300m 44 u) 51
71)3)14 4 H if 71)3)144 3 if-

T (°C) 13.5 11.6 (4 *3.6)
t' rc) 16.8 15.8 (4 *3.7)

P(mmHg) 675.5 651.7 (4 *3.3)
5m 0.909 0.883 (4 *3.2)

Vt(mmHg) 11.6 10.3 34**7) <3-
Hm 7.606 6.800 (4 *3.8)
khm 1.022 1.032 1.028 1.041 (4 *3.3)

khm/5m 1.125 1.136 . 1.165 1.179 _

kh /5 1.155 1.186 1.195 1.229 (4 *3.9)
d (m) 4.770 1.850

(3.210) 4.910 1.920
(3.320) Horn Gap

9 0.548 0.898
(0.7,35) 0.531 0.890

(0.722) <3.4 *3.6>

Ki 1.082 1.165
(1.134)

’ 1.099 1.201
(1.160) " (4 *3.1)

Ka 1.176 1.099 1.176 1.099 (4 *3.10)
Vsolll 1,580 837 1,605 862 CRIEPI 4Vso * 1 2,910 1,409 2,956 1,443

* 1) l## : 4)4 1.9, ** 3.5
* 2) ( ) *44 4*
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S. 5.9 3M4SSWI qj# g7|go474E|(0H%^x|)

Gap
Factor 1,000m 1,300m ti) 31

p.u - 1:9 1.9
.VsoOCV) - 1,580 1,605 ,

% T,
4444

 -r

£4-444 - 1.19 5,260 5,410

£4-444 3 44 1.30 4,530 4,650
4 44 1.28 4,650 4,770

£4-4 4 - 1.24 4,900 5,040
Arcing 

Horn Gap - 1.26 4,770 4,900 D/d=1.2

4 4 
4444

(£41
Jumper)

£4-444 - 1.31 4,470 4,590

£4-444 3 44 1.34 4,310 4,420
4 44 1.26 4,770 4,900

£4-4 4 - 1.24 4,900 5,040
Arcing 

. Horn Gap
°D 4 1.43 3,880 .3,980 D/d=1.3

Jumper 1.41 - 4,100 4^00 D/d=1.15

4 4 
4444

(Pipe - 
Jumper)

£4-444 1.24 - 4,900 5,040

£4-444 3 44 1.32 4,420 4,530
4 44 1.24 . 4,900 - 5,040 

£4-4 4 - 1.22 5,040 5,180
Arcing 

Horn Gap
4 4 1.43 3,880 3,980 D/d=1.3

Jumper \ 1.34 4,400 4,500 D/d=1.15

V 4 
4444

£4-444 __— " 1.29 
(1.19)

4,590
(5,260)

4,710
(5.410)

Arm#-:
2m

#,( )fe 
7m'

£4-4 4 - 1.24 4,900 5,040

£4-444
i 1.28

(1.24)
4,650

(4,900)
4,770

(5,040)
Arcing 

Horn Gap - 1.28 4,640 4,770 D/d=1.15

4 4
44 444

p.u. - 3.5 3.5
Vso (KV) - 2,910 2,956 1 -

44451 - 8,420 8,640 CMEPI^l
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<5. 5.10>e 4^4 4 44 <571 all- 44^

444.

£ 5.10 7Hul|2^g°hoi| cue S7|lti7-la|(ySds §J E^5j-#)

4 $
Gap

Factor" „l,000m 1,300m til JL

444 7H4 444
p.u - 1.9 1.9

Vso(KV) - 1,580 1,605

#4^444
4#4444A 1.23 4,970 5,110

CRIEPI4
4#4444B 1.17 5,420 5,570

4^4#

£4-h4e.xii - 3,900 4,000

<zl^^-3.21>

£4-4 4 - 5,600 5,700

£ 4

4&#

d=3m - 4,300 4,400

d=6m - 4,600 4,700

4 4 '- 5,100 5,200

□K ^M^it W Sil^l

<3.^ 5.3>-S: 4 44 44€4 #44(d)4 Horn# ~ 444i-¥-Ann44

44(D)4 4711^-4 jL8.°H4-#4 4 S44i- 4*4^ 4H4 

444Sfe #4 S# Horn ~ ArmlM € t $1^-4, 4# 34 Horn Gap 

711 f 4 D/dsl 47)14^44, 4^ D/d4 4-§-§Rr Kit 44# ;H44

2] ft $444 #44;11 44. s# 4444$ K4 d-2) ##4js.& 4

^ Vsoir K4 d4 It, 4 D/d4 ite 4$7j- #7)14711 44. 4# D
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D/d 4#

(1.9 p. u.)

- 300kN : 195 mm
- 400kN : 205 mm
- 500kN : 240 mm

t) 1. m* S311# $#4 13:44* 33, ir= 1.68exp [~^d)

2. Vl* S3114 $#4 1344* 33, K314"* f#3 21 3-1 #S
3. 41£°fl tnsHfe, lf=2.17exp(--^-)

4. 8S31] 13#4 t|]43*, lf=2.25exp(--^-)

5. 43 s !4<M 343*, nr=2.12exp (~^)

nH 5.3 D/dcHI B|°h W oHx^bn s§5E
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2] 4# ##:f?-# #o]S 4^51^ ####

444 444 #& Vso# 4#4# 4 ##44 #4## ### #-§-#-Jl# t\ 

# ###4 44 444711 &M 4 4Til 44. s. ^g.44^ 4#
#4 44# 444t11 ¥3, D/d 4# 7j#44 44 #4711400# 4444 

4#3L^# s-5. Vso# #44# $44 4 #7}#4& 4#4#4. #&4 a> 
#4 ###&# 47}4#s#- 444 ##### ## 54 444#4.

<& 5.11># #S# S## #44 4 4^4 #-g-#-;n.# 44 44# 80 ~ 

83%# 4#4# 7H4^ £4## €■ #4 4^1-### 3M4 444.

S 5.11 #444 ^ooHX^at

47}##
4 #

300kN 400kN 530kN

4# €# 44 44

1,000m 1,580
(kV)

# 4 #
(mm) 4,800 4,800 4,200 4,100

4#4t 30 29 25 21

1,300m 1,605
(kV)

# 4 #
(mm) 5,000 4,300 4,300 4,300

47j## 31 29 26 22

V4 Jumper#444#, #4[28][33] # ##44# 4&44 S.4, D/d=1.10 

44, ### 63% - 80% #£# ##4a #4 ZLB]g.& a. #SA]# 44# 
### 44# ##[33]# 43:44, #44 4# 4# 4^.5. 44 D/d=l.l ~ 
1.3# ##4 444 #44 #44, 4##4 ^ ###4 444 4S4^4. 
<3% 5.4># V# Jumper#444# 44# 444 444, 44 7fl#(4#-^- 
4a}# AJ4# 4)# a## 4444 4## 44# <q^ #-§-##
# 43:44 90° 3. 7j#4^4.
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(n-1) x H

ZLU 5.4 VS gtl|-X|X|S-7:|o| zpg

^#4 444 500kV4 4&44(^# 70%~75%)1: #&44 A

4% 44 <& 5.12>44. '

£ 5.12 VS 9ti|.x|x|§-x|o| §J ^SoHx^at

300kN
! •

210kN

#44 (mm) 444(^#) #44 (mm) 44^r(#^#)

1,000m 4 4 4,400 31 (72.79%) 4,400 36 (71.90%)

l,300m°] 4 4,600 33 (71.48%y 4,600 38 (71.21%)
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4 4, *44 4**4 431* 4*4 44.

D = (2,265 + n x H + 544) COS(45')~ 846 + 70 

D + 776

n  COS (45 ~) - 2,809
H

44°1I44*H *-§-4* 4# V50* 3.71 5 D/d* 44
*44 #44* 4**4, 7M1^ 44 *4 ^5.7> 44*]#o.5. *

35., 44*# 44 d4 444 #** 83% 44* nif4r 44^44 €4. 
<5. 5.13># 34 444# 4 443 444#4 444 D/d 4 #*#*^ 
4*4 &^.44 *4* 4*4 D/d=l.i5 4 #*# 80%* *#^3. ^44 5 

44

S 5.13 §n|-4S- sjs. LH§-oij 44** ^44 W ^SoHx^at

4 *

44*4

4*-^ 44# 5-4 44#

#44 (mm) 44^"r #4* (mm) 444^r

400kN
1,000m 4,400 27 4,000 25

1,300m 4,500 28 4,100 26

530kN
1,000m 4,400 23 4,000 21

1,300m 4,500 24 4,100 22

<5. 5.14>* 4*44 444444 444444 44 *4 ^44*4# 
444 444.
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s 5.14 lhsoh^®2|

■—--—5b44 4*
4 4 1 - 1.9 p.u

444 *£l 1241kV .(sOOkV x -^-x l.g)

• 4 4 * M 24 44 34 44 44 44
4 1 * * 400kN 530kN 400kN 530kN 400kN 530kN

441
(l(XWcm)

m 1
44444 154 (kV/m) 136 (kV/m) 119 (kV/m)
44444 

(kV/4) . 31.57 36.96 28.29 33.12 24.39 28.56
“A 4 * * 

(4/4) 40 34 44 38 , 51 44

44n
(50 Uti/cm)

m 4
44444 176 (kV/m) 156 (kV/m) 136 (kV/m)
44444

(kV/4) 36.49 42.72 32.39 37.92 28.29 33.12
47}*4
(4/4) 35 30 39 33 44 38

<4 JL>
* 444 4441-4 44 0=10% 43 44 I4444* 3a#
44E4444* 444 7M4444 40.2.3. 20# 2.
4"5>$*.

*4*1)117 4*444 7^144^41*43^*4 2
€ 4)4414 *4* -fHMlW 3 *44*34*1441 *435. 1
*14*.

* Jumper Horn $ Corona Shield Ring# 4*4 4** 4# 4414 °H 
4* i;M *44.

^13% 41#

1. n &
114 Ml *441 4113* 4* ZL 4*&

111 *111 43.* *l7l* 11W-3, M4# Data* 4*44 4-3*

- 112 -
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## 444 5 tils, Silas# A}j7-§-o] 5&A}a# 44 414

4.5=4 Ifls]cflai4 7^§>3I h.

#444 i|oll 2]*} A}ll5 7>#44#4 454 444£4H U-

47} 44 £154 545 £5 4A}4# 444 414 1444 544a}il 

4 14 £4 7}-444 544H1 45]7> £444 1444 445- £4 444 

## #44 4445 4444 44. 4# 44 44 a>jl# 444-44 15
444£5. 4444 1-7]-#4 A}44 444, 144414#1 444 54#

A}#54 44 7}#4 Afi-o] 14.

44444 44 444415 44 44 4#45.2] 4444 #54

a## 444a., 7>#44 Arm44, 44544 4 4444 7] #2] 144 4] 

#a>jl5 45# 4£44 45a>j75# 45444 4444 4447117} £)£ 

# 45 444.

5 45445 444 #4# 4a44 44 #44 454 4£-4 5, 45 

44#445dh4 44a# 457114:4# 4las. 54 44]4as 71114 

"KLFOR"(1995) Program# 4#54 44444#(SFF0R)4 4444a# 

(BFOR)# 7114544.

4A}a#4 4#aaa^5 IEEE4 "FLASH" 4 #54 44#444^4Al 

7ii#4 aszL^o] d}idi #4411 #44# 7]las 54 7fli4 “flash" 

S45 #441 4£# 7]las 71114 CRIEPI144 #4 #44£4 45 

4571144 4#£7} 5# las 1444, CRIEPI544 ££a4# #;H5 

4 5a 14 4414 as ££a4# 7111514. KEPRiaaa^i 414 ;H 

414 4# 444 145a 445a 15 4544: lasA] 114a]a 5 

4 sszz.^55 44 41a 4415 444# A}#e}a 14. 444 #44 

o)] 444# la#5 444# a.714 441 EMTP# 4#54 44514. 

44] aaa44 44 44445, 154 l.OOOkV 1 500kV4 £l 114
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444 444 4# 44 #44 tilH-BM 44# ##44
4444* 4^24 345kV *44^-4 442.** 4* 4444 2 *444 

4574^4. 44# 44144142* 4 44442*5.44 7}*- #444 4* 

44 4#4, *44 4 444#* 44444.

2. 765kV #g*!S.2| N4SEM #1# #^41 

7k ^@^41 &S

44-4*011 tfl# *4444 *5. 42** *#42# 424 4# 2^# 

4444 425.4 42*4 4444 *4* <24 5.5>4 44.

444442* 44
(Shielding Failure)(Back Flashover)

(BFOR+SSFQR)

IKL,*#*e>l, 44#44,

4444* #244

4444* #24*
444*4 2444

- #4444#4.

nH 5.5 kjAl-n# o||#3l4 *Ai
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L-K ±\nm°J 2saa|

44444 4% 444444 44 ^45 <S. 5.15>4 44.

s 5.15 wa^-oii cut}- ly-yTii 7|s.3Ey

4 4 2: 4

44 (IKL) 20

14^4 <3L# 44.22> #S

4 # 4 85m

4 4 4 ACSR 480° x 6B (Cardinal)

7> 4 4 4 OPGW 200°

4 4 4 5 31 44 450 m , 53L 800 m

4.

(1) 45 4aLi:^ 44

4544 44 345kV4 44 500kV4 1.0(s]/100km/year) o]S>, ^ 

4 l,OOOkV4 0.33~0.39(S]/100knVyear)4£5. *}JL #4.[161 °1* 4#^ 

765kV ^44^-444 4^4 4_&44 44431 44 4^444 ^Ut 45. 

4* #444 44 43144 44 l,OOOkV4 444 4444-4 4

4, 345kV 4&4 4443L44 4# 44 431444 4444 44 43i44 

44444M 4 4-4 #^.5. # 444.

(2) 7>444 Arm# 4 4 44

444 44 4-31# W14443Lfe 14^44 444 7^4#4 4444
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°)1 4^43 #444. # *344* 7}#*#* 44*** ###.###4 

*## 444 444 7}#4#4 *#44 5.4 **141*0.4, ^-#^o]* i,m

44 4m*4 0.5m *433 #*44 4^1#J4)43#* *3*33* 4## 

7}*4# Aims'll- #44* *^# 4*4*4.

<3# Jf4.23>4Ai **4 i,000kV *##4 4# ^444^(IKL=30, ## 

44 3.5m)4" #** **4 44) €4)## *347) 4*4* 4**4 4# * 

#44* 2.0m(IKL=20, 4*#* 4##4##4 4# ##44 1.0m)3 4*

4. 444 444443.*# 4 1.0[#/I00km • *]o) 44.

(3) 44# 44 * ## #44*4 44

44# 44 4 ** 444#* 444 4# 4444-34 444 4#* * 

* 3JL34, 44# *4* *444 444#* 4# 31:33 44*33* ^ 

4 4* 43* HTil 4344 * *4. 344 44# 44* #4* 33 4 

444=4 *7>44 444444, 71)4444 #4431- 44#33 *3471 
4# 44#4 #44* 447} 44. 34 444** 444 3###4 44 
444* #334 4# #33 4*4* 44* *47} #4. 444 #5. 4 

3## *#4*4 4#* 44# *4 * ## 444*4 #44 #344. 
<3# 5.6>* #4444** 15[Q], 7}*4*4 *#44* 44* tfl4 1.0m
5. * 4*4 765kV *4*3* 443*4 345kV *4*4 4)4 4*3## 

444*44 ti)H* 444. W 44444 103, #44^4*4 4# 15[Q] 

: 10[Q]# 8 : 23 7}** 4* 443## 4 3.9[*/100km.*]4 44, 345kV 

*4*4 4* 4*3*44 4* 344* 4*4# -S44 43#* o.32[#

/100km • #3433 4**4.



LFOR
(1 OOkm/year)

765 345
VOLTAGE LEVEL

B888I BFOR rmSFFOR

765kV*&9Sl

43tK
W

BFOR 0.2350 0.2910 0.2630

SFFOR 0.1161 0.1423 0.1291

LFOR 0.3511 0.4330 0.3921

nn 5.6 345kV Si 765kV

(4) 4444 'S'S'i?ll ^4

<>144 44* 765kV ^444 444<>H rflfk 4447}] 43j- 4

44 7>^l4d Arm 44, 44 4444 ^ 4-4 S 444 4444 <5. 5.16> 

4 44.

&44 44444 44 ?7l74014l,000kV4 4% 

CRISPIN A)% 44 1.05Z(m)4 44444 ee# 4-2-3. 444:-2-4, 765kV 

4 4# 44^44: &-2.E.5. 444-& 4444 4444 ^>-§-44 1.115 Z + 

21 (mm)4 4"ir 4444 4#444.
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S. 5.16 765kV ^4-

4 4 4 4 14

7>#41 Arm 44 444 44# 4-5.4 lm ItI]

4 4 4 4 4 4 15 0 \

4 3- 4 5.
% 4 4 4 4 4- 4- 4

4 4 % Horn Jumper Horn

Horn 4 4 4,800 mm 4,600 mm

5. e 
4444

4 #44 1.115 Z + 21 [Z : Horn 4:4 (mm)]

4444
% 4= € 4 4 4-14-

5,380 mm 5,150 mm

^144 765kV 4^-as^l *l£4WI

1. .SMTil gy-Al-si-

765kV 111444# 4# 14441: SOOkVS- #M, 4-§-t4

444# 44444 ls44 1.24, 71144-44# 44444 4-3-44 1.94 

t- 4 #444 4^-44-44 l,000m4 44- l,000m&4- 1,300ml 4

4 #7J4 ^-fs ##41 4^444.
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£347K-4 ##-& 4# 44# 4444 ###41- 444, 4
444# /1]##4 441444- 44E4435 ###4 4 s#-##-. 4 #4 
44 ###, 44 ## 4-44^4 &355 44-4 4#44f#* #£3}# 

#-8-4^4.

#7] 4444 (Clearance) 4 ### ##^4-4-4 44 4", 7H 4 44 44 4" 4 4 

#35 444 £#4 444, ## CREEPH4 44# 4# 4-8-44 4#4 

$&#-. 44 4 4444(se#444, 4£#44:4, 4444444)4 4-8-4 

# 4444 #7il 345kV 45.4 4443. 44 #444, #4444444 

20°(44 15°)44# #44 7H4444 444 IMS4 #447] 444# 44 

4# l,000kV #4#5 4-8-7Hy# #£#4, 20°(44 15°)^4# 4£#444 

& 444 4 4444 Clearance6!] 44 4-8-## 43.5 45$4.

-8-447}# 4-8-# 4-f £344^4# 7fl4444 4 44444 4 #4# 
44# 444 Gap factor #4 4444 4-8-44 #4# #444 4444 
£34-44 44 4-8-# 4 #54, #-8-^44##4 444# #447}# # 
5###4 44 ###55 #55 45. s}^4.

2. #ZM W ^2. o|]x}4-a} {4#

#4#4 £3. #44# 7H4 4 4444 444 #5# #444 47}# 3 
4# 4# 44# ### ## 4444 4444, 3#44 4#4# #444 
### #444 #344.

#4#4 £347}=### 4# 4444 444 351 4##5 £34^4 
4* ##43 zl#o)]a-i 7}# 4# 47}### 4#44. #444 #4 144 

444 3#7]44# 4##444#4 4# 3##4°M 47}#44 444
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4, 4-M445 455444 445554 54#501 4444. 444 45 I 

44, 44n44 5 #544,4544## #554 ##54#5# 4#4# 

44 5444. #4 44 14454# 1^ 4 44444 #44 444£ & 

#55# 5=4 4445.5. 444 4144 #45 -2.454.

7K #54 W @9 I %I4 #2 oHx^Bb 

45 144 ##54#5# 5-0-#5 444, 44444 4 44444 44 

444 ##4# 54#5=# 4 #54 44 5# 4-55 44. 4# 5444

44 44 ## #54 4444 444 454 4#4 #51-4 444 D/d 

4 #4 4544 4#4 4 55 441s.-##4 <4 5.12 4 5.13>4 444

45 44 44 5#irir 5444# ## #44 4 55 #54 4^54, 5 

44 ##55 #54 #54 455# #45 4###5 4# ##55 #5 

4 #444 4-0-4 4#5 5# 45## 54#5 4 #444 44544.

54 55444 44# #4 4544(554, 445)5 45, 54 445 
#4 55# 444 44(pipe, #4)5 45 44 ## 54#5 5 #445 

545 454## 4# ##* 4# 54#s. 444. 4#4 <# 5.17># 4 

41445 44 4# 5 44 4#4 #44 5'55#5# 4#4 444.
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E 5.17 S3 I ^SoHX^at 74SE(S#, 44)

4 4##-
300kN 400kN 530kN
4 # 4 # 4 4 4 4

4 #
# 4
44 ^

JL # 4 -g- ESDD 0.01 mg/cnf °] 4 (44144)

4 44-4E4 555 kV fBOOkV x x 1.2 )

47]
44

4 4 444-
(kV/7H) 19.5 20.5 20.5 24.0

il44
#4 (711) 29 28 28 24

44
44

^4444-
(kV/m) 97.4 101.7 101.7 101.7

^E44 
#4 (4) 30 27 27 23

4 4 
444-

444-4E4 1,241 kV (sOOkV *|xl.9j

Vso (kV) 1,000m4 4: 1,580, 1,300m4 4= 1,605

dzEHorn
44 (mm)

1,000m 4,800 4,800 4,200
(4,400) [4,000]

4,100
(4,400) [4,000]

1,300m 5,000 4,900 4,300
(4,500)[4,100]

4,300
(4,500) [4,100]

ik44 
#4 (4)

1,000m 30 29 25
(27) [25]

21
(23) [21]

1,300m 31 29 26
(28) [26]

22
(23) [21]

4
444-

4 4 4s. Horn 4
Horn 4 4

(mm)
1.000m
1.300m 4# : 4,800 44 : 4,600

Horn # # 83 % 4 4
ik44
##(7H)

1.000m
1.300m 30 29 28 24

'4 # 
-a 4

4# Horn 
44 (mm)

1,000m 4,800 4,800 4,600 4,600
1,300m 5,000 5,000 4,600 4,600

444#
(7H)

1,000m 30 29 - 28 24
1,300m 31 29 28 24

* 44^71% g-s-.gf
* ( )E 44 444^14 4-0] z ^-ti>i]]5. A]-g. ^4-
* [ IE 44 °1]44*14 5,41 444$- 44

- 121 -



§! 2£xM £2. OHXHr^

<5. 5.18>4 ^4n44 5 5.^] 6)1 ,rn% ^zk444^&" 44"d 9144. 

4 4 .£.£4444a] ^s.444^44 444444°J4 4#-.2-£9i4

4 aw mm., " .::: ;
i 1 i

' S. 5.18 #@ E%I4 ij 2^X| ej ^2-OH XHrlKt^, 4#) :

4 4 •'
~-_______ESDD(44) ^4n

(-0.03)
A :

(-0.063)
B

(-0.125)
C

(—0.25)
D

(-0.5)
300kN 4M44#(kV/4) 15.0 12.9 - 11.2 ' 9.6 8.5
& # ^^4444^(4) 37 44 , 50 58 66

4 400kN 44444(kV/7H) 15.8 13.6 , 11.8 10.1 : 9.0
& # ^8-4444= 36 " ,41 , 48 55 62

71 530kN ^4444(kV/7ll) 18.5 15.9 13.8 11.8 10.5

4 Ji # ^4444^ - 30 35 41 48 53

4
300kN A44444(kV/7H) 19.5 16.8 14.6 12.5 11.1
4 ? dbS.4444^ 29 1 34 39 45 50

400kN 47ll444(kV/7ll) 19.8 17.0 14.7 12.6 11.2
4 ^ £.8-4444^ 29 33 38 45 . 50

300kN A47il444(kV/m) . 86.8 _802 73.2 66.5 -

& # . ^4444^ 33 . .. 36 ■ 39 . 43 -

4r
400kN ^7ll444(kV/m) . 90.3 82.7 .  76.0 . 68.9 J -

51 iL # ^8.4444= 30 33 36 40 -

4 530kN ^7]1444(kV/m) 90.3 82.7 76.0 68.9 -

4
S. # ^fi-44441 26 28 31 34 -

300kN €4444(kV/m) 110.1 . 103.6 97.8 91.7 -

4 4s- dhS.4444^ 26' 28' 29' 31 -

^) *e 7W14^-y- a) 44 307ll(l,000m44) ±£l%



□K vs %-m m 4#

#3344 V# <%*}%*] #H} ^1^1 ^H1 tflSL S^W^S vs Ltl

S4 ?#-& 7)1^1 # 44 334 2.S 75%3£S 4M# 3-?-, 3-B-4 <5. 

5.19>3 #3.

S 5.19 W344 £2 OIJXHMKVS SuFx|x|xi-x|)

——_JESDD(34) 33 I 
(-0.01)

33 n
(-0.03)

A
(-0.063)

B
(-0.125)

C
(-0.25)

D
(-0.5)

3- -&
T1 4 
33# 
4 4

43#3&3 555 kV

4
71

*4m 
# # 
(kV/7ll)

300kN 19.5 15.0 12.9
(16.8)

11.2
(14.6)

9.6
(12.5)

8.5
(11.1)

2 A
^ 3 300kN 29 37 44(34) 50

(39)
58

(45)
66

(50)

■n*
3

344 
3 # 
(kV/m)

300kN 97.4 86.8 80.2
(103.6)

73.2
(97.8)

66.5
(91.7)

-

2 A
4 3 300kN 30 33 36

(28)
39 ,

(29)
43

(31) -

711 4
33# 
3 -a

31 #22 (m) 1,000*13- 1,300 *13

il VsoCkV) 1,580 • 1,605
di2S33

(mm) 300kN 4,400 4,600

2-2-43 300kN 31 33

. 3
33#
3 #

333^ V23| impulse -S3:

S 3 3 4,600mm (433-34 ##)

S 3 # 75%

300kN 33 (corona shield ring 33 l7fl #3)

3-g- M3 4,600mm

3 -§-
f 3

1,000 m 300kN 33
3 3^3 iir t

1,300 m 300kN 33
* ( )fe 41-?-°# 3S4.
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4# #2] sy&4 44 £^®i Kxxuo/cmiyy,

44i4y, 50(uo/cm)yy 44n4y.2-5. 4-OT. <a 5.2o>^ aa

-S_44 4—5., 444#-& 4-§-4j2. Corona shield iing-& 44# 4

44 4# 4444 4 4##414 4 4#4 444 l?m 47>4^4 «.

2k ,

S. 5.20 4-M^M i-HS-oHxi-S ^SoHx^at

4 7} # 4 400 kN 530 kN

4444&4 (kV)

m4 14144(kV/m) 71.0

4444 
4 4 4

441 4^^44(kV/7fi) 14.5 17.0

39 33

m4 444(kV/m) 78.5

44n 47ll444(kV/7ll) 16.0 18.8

£.8-01)4^(71]) 35 30

4 4 445^1 (kV) ■ 1,241 (800 x Sx ls)
i^.50% FOV(kV) 1,773 (1,241 / 0.7)

441
m4 4 4 4(kV/m) 154(24), 136(341, 119(44}

7fl 4 
444

4^H44(kV/7fl) 31.5(28.3] {24.4} 36.9[33.1]{28.6}
dz^47}=r^(7li) 40[44]{51} 34(381(44}

dh^.50% FOV(kV) 1,552 (1,241 / 0.8)

44H m44 4 4(kV/m) 176(156 {136}
4^N44(kV/7ll) 36.5(32.41(28.3} 42.7(37.91(33.1}
ii“|7}t^(7fl) 35(39] {44} 30(331(38}

4 -§-
-4 4

4=

441(100 uU/cm) 40(443(51} 34(383(44}

44E (50 uO/cm) 35(39](44) 30(333(38]

* 29 44 71^44, [ ]4 39, { 14 49 94°d.
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3. SQZJ- % ±53. E| >4#

7 k 1^4 tit

4=r444 ^ 4)4 Jumper-^ 444- 4#4 44-4 44 444 44.[381

(l) 44^444 444" 4#4

0 = tan -l Ww

I + Wen

Ww = -|- • Cx • p • V2 • d • n (kg/m'

4, Ww 

Wi 

Wc 

S 

Cx 
V

44 44444 #4 (kg/m) 

414-44 #4 (kg)

442] 44444 #4 (kg/m)

4 4 (m)

44444=1)

: (m/s)

n • 5414^
P : 0.125

d : 44 44 (m)

(2) 44" Jumper2] 444" 4#4

<P =

or

C =

a ( 1 — C ) 

tan"1 ( Ww / Wc )

2 • (coshB — 1)
B • |sinhB-

Jumper2] 444"

&.Q

B coshB —sinhB
a2+a3

44"

444'
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4, A — 2d / Lq ,

Ax = Wc • Lq / (El • F)

A2 = k • L0 / {El sin2(yS+r)} ,

Ag = siny / {sin(/?+ 7) • cos/?}

B = VAj Vl + Po , Po = Ww / Wc 

k = + 1.115 4 +

444 d : 4444 44 44(m)
Lo : 44 4444 ^(m)
El : 444 444 S-^E-Ckg-m/rad)
F : 444 444 (m2)
k : 4444 E4E(kg-m/rad)
0 : 444 fM 4=4 4(72°)
7 : 444 444 44 44444(8° )

4 : 4444 44(m)
a,b : 4444 444 4444(m),
T : 444 ^4 44 (kg) 3

(3) 44^444 4 44 Jumper4 444

504 47144 44444 40m7s 44 1044 4^444 3.82m/s4 44

444 444 4S4 99%°14°1 15~20m7s 444 $14 44 5E4, °1 4^4 

4^4- ;M444 4447} #4# 4444-. 4# 4m 44

l.OOOkV T/L4 4E4444 44 444# ^=r 20°, 414 15°E #31 4 

A4, 444 44444 44 60°, 40°e 444-e $14. 44, 44 4444
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l-K 52. S7|l«S7la| " ; -

53 (Clearance, 1441)4* 45 1444,4
14 4 <£44 ^ 14 14444 454,*444* 4*1 7>7l41
7M 1*4 4* Gap factor ^ <41*44* % 155 44555 4* * 
41444* 1* 4*1 4 44.

(DM1444

44114 44* Mi14444 1#4* 1.115Z + 21 (mm)5 4-1*4 

444 44455, 4*144 1* 43*444 4*4* 144455*4 

4414 14 #7M 44 *7>4»l 44. 44444 1** 444 44 4

* *4 44444 4444. 4*444 VI* ^44 SI* 44 14# 35 

41 44414, 4444* 1&4 *14* 3.444 1155*4 4* 

1,905mm'#4# 44[“765kV *1* 14 141 4 41 &4* 7fll” 13]44 

M1444* *44* 435. 444. *44 4 4*4 44 4444* 4 

444, 4*44* 15° 4444, 4444* 5° 44 Ml444* 4455 

4* 3(ST0* 34 4 5* 1314444 444* 5* 4544 31 ** 

4 4* 1445514.

(2) 151444 ;
llTlsl* "7^144*4 44 14” 4*44 4*4 41* 4*4454, 4 

*44* 20° 4144, 4441* 15° 4441 44444 44 4 4444 4 

44 444* MO* 34 Ml444 4 444* ±4 4344 4 *55 

4434,-V14 4** *4*4 1444 1 1^14-4 4435 444.

(3) 1141444

1**44144 445* *4444 4* 4141444* 4*354 4 

4 4444, 1*14* 60° 44414, 4114* 40° 4444 414144 

44 414* MO* 34 4 54 4514414 414* 3* 4344

* 455 444.
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(4)

44444% 2-t craEPiti<M°il % 4#44# 4^0.^, ^

4 4-§-4c 44%, 4% #f-, f^4 4 7l7i]^ 4##

jL^@M4 44.
<& 5.21>-& 4 ^7]4443(Clearance)!- .8.44 4°14.

S 5.21 S7| 1°4 0|^7iE| (Clearance)

4 ti 4 5L 4
1,000 m 1,300 m

4 ^ £ 4 =4 °fl 4 4 4,800 5,000
4 3 V & V s ^ 4,600 4,600
Z (mm) 4) 4 444, 44M) 4,600 4,600
&e 44 4 =4 4 £ 5,380 5,600
44 £i 

1.115-Z+21 
(mm)

V & V S Ll) 5,150 5,150

ifl 4 444%
Tumoer# 5,150 5,150

■563 >-
24 ~ 444 

£2
4,530

(4.650)
4,650

(4.770)y. t £4 ~ 44
£ 3 4,900 5,040

£4 ~ 444 
£2

4,650
(4.900)

4,770
(5.040)

%44
4 4

(mm)

V 2: £4 ~ 44
£ 3 4,900 5,040

£4 ~ 444
£fi

4,590
(5.260)

4,710
(5.410)

£4 ~ 444
£ 9

4,310
(4.770)

4,420
(4.900)

4) 4 £4 ~ 44
£ 3 4,900 5,040

JE4 ~ 444
£ r 4,470 4,590

444 4444 £4 (mm) 1,850 1,930
4-4444 4 £ 5 (mm) 8,420 8,640

1. 25 ( ) 4)# 44"9"9 %°J.
2. V^e Ann 4 2m 7}$°]*\, ( ) Ann# 7m °J ^#<9.

- 129 -



K
Kt-
Kh
tull
m

< 31 *t- # *l >

K
Kh
KI
SH
m

< ^ ^ >
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011 49 949 44 *9* 4* 3]5l7lsl 49# Ufl^ll- 4^-55. *
9*5.5., 4# 44441-4 4*994^# 4444 994* 44 4* 

€ 2)Sl7l2l *9 ^ 444471- 99 44444 W.
4444* ^4 765kV 7>>i9494** 7|o] &* 4 3)7)9

949 5:°!] 999 5.* *94 cflsfl IEC 99-4 (Surge arresters Part 4, 
1991-11)* 71*0.5. 4*4-44-.

1. ^[|5j7|

95)4 9499(Rated Voltage)*, *44*4944 444 *94 7ft
* $1* 44 @1* 9-*** 95:9 49^*4, *4 7]l*oii 9^9^ 9-*

,*4 94944-(9444- 949-44-)* *7)5. 4999.
“7il 2 4 765kV 711*4 4**4 44444” 44 4#% 4**

765kV 4#* 45171 4444(4)* <3 6.1>4 99-49*4, 4M3i4 

4 800kV 4 44444 4* 1.2 4 0.3 [p.u](494 *44 7fl4 *44 4 
4444 4# *44 44**) 447>*4 45]4 4444* 44
555 4 139kV 99-9 4, IEC 99-4 41 444 396 ~ 756kV 444 4471 4 

444* 24kV4 tifl** 44431, 96 ~ 288kV 444 4514 4444*
12 [kV] 4 nil*!- 444-5.5. 4* 4*44 *4 765kV 4** 45)71 4 
444(4)* 9-544* 576kV, *444* 144kV7} 44-.

3. 6.1 765kV 4#* 447| §494(4)

711**444 4#43i44 444-44 444 ti) JL

765 800 1.2 576 IEC 9444

0.3 144 444 *94*
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2. SSSj-gg-# % 2i)

33713 34444#(Nominal discharge Current)#, #37l 33 63# 
46-36 ^55.# 3 3 #5 4#3 4^.4& #3-##, #347} 7}4:el % 
6 44#636 4444 ##7} &#-.

EC 444 4444 4444444 44 564:55., 15, 2.5, 5, 10, 20 

kA# 7i443i 454, EEC 44 444^1 &# 44444 56 3-44-4 

4#33 346 <5. 6.2>4 44.

5 6.2 337| 563442S33 44440EC 99-4)

5634444# [kA] 1.5 2.5 5 10 20

4444 [kV] #4 < 36 < 132 3-360 360-756

444 3# 765 kV #3# #-g-2g #3)4# 34444## EEC 44 4 

4431 46 5634444## 4# 46, #571136 20kA5. 44# 6 
45#, 4471 #444-6 10kA5. 44# 6 46#, #44 43716 44 

#44- #h4 444 44# 34) 444# #444 35.5., 44644# 
45.4 #6 #463-# 7fl4 #4 £ ##4-44 #543.

#3713 4144 4-4#4=6, 344441-7} lOkA 56 20kA4 #344 

#34 45.444455. 4444. IEC 44 34#5 46 45.44446 

3644 45# #3 #37l 4444# 46 455.#, <5 6.3># 45-4 
4443 4636 44 464:# 33-# 43.

<6 6.3>55. 6446 44 46&63 #3## 45.444443 33 
7H 6436 334 w # 3444, ‘ '

- W = Ures*(UL -Ures)*l/Z*T

4, Ures : 453 33 4#5 4## ##34 3#4# [kV]
5 4#-.
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5 6.3 10 Sj 20 kA 5i|s|7|2| W 2] T SI

4d 5. 3}-JLAl£}
«ys]d]ni>h uL

'd's' s"h' Z [Q] T [ps] [kV, d.cj

10,000 A 1 4.9Ur 2,000 3.2Ur

10,000 A 2 2.4Ur 2,000 3.2Ur
10,000 A 3 1.3Ur 2,400 2.8Ur

20,000 A 4 0.8Ur 2,800 2.6Ur
20,000 A 5 0.5Ur 3,200 2.4Ur '

* Ur :

'S" H

"o' H

0 12 3 4

nu 6.1 *|£|7|o| ti|o||L-lx| s-A^Aj
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2 4 6 8 10 12 14 16 18

nH 6.3 E|3p|°| 4444 y-gx| s^r 444

##54*. “4 4 # 765kV 7]-5*4 44##" 44 4*#

44 #4, 45. #4*, 544- 4 4444 * 444 #* 7H54 444
7|- 44455, 44- 54, 54 444 4 #5*44(4*4 54) *##4

4 4* 44 4 4 4 4 4*4#. 444 45 4¥4 4 *##4 4444
44 4s]7]7> 7># #* 4-4444* 44-44 44.

<54 6.4> 4 <54 6.5>4 150 km 45 4*44(4#*4#4) 45 * 

444 4444 $14 4444 #44* 4 **444* 100 44 4* 4 
*55*4 5*4 44* 544^54, 44- ## 544 441 #444 4 

4444(44 &* 4# *4 7fl4444)4 44 444 **444 

* *# 44 *4 kj 455 4#*4#44 711*44 4# 444 #44 
44 ##4 #* 4:55 4-###.

4 4 #44 4** 444 #444(#)44 #5# ## *4 #5 44 
44* 45 2 54 44471- #4455, 4* #**# #4 #5 4*44 

*#* 44471- ###4°> * 444#* <5^ 6.5>4 ##4 44 #4 
4 1/2 447]- 44.
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44 345kV Tfl-f-i 4445 5-Hr 4444 ^4## 288kV, #44" 

### lOkA, 4 °J€^ 5.21511# 690kV5. ESB

153-261-282 #2:)45 o]# #4 4-g-§14 4444 576kV, 4

20kA 4444 ^ 4 #5: 5.:M## l380kV(4 4 #5 

## git!: aM ###4-5.5. E445.5. ###4 S7jo]

4-5.# 5]4, ^^###47} 714711 44 ## 5.21## 5E ^4711 45.5. 

4* #4:4-# ^#####4 #4^4 4 4#5 5.2:511## ^4# »«t 

5. #-## T 44-.)7> 4^4, <5. 6.5>o)l 4-4-4 4 41^ 5.&### 

l,310kV°l—5., o)±- %&g 345kV 4-F4 4444 44 444 44 444 

4 44 °1 4 95 %(100 * 1,310/1,380) 5. 444 444. ^.#4 44 

44^-4^ 4444 ##4 &4# 44 ## ##44^5, ## #-§-# 

4444 5.2:511## <5 6.5>4 315.4 #4 ### 45.5. a>s.4jb.5., 4 

4- 444 t>4ir(44447J-J£ / 5.2:4## 5.4 &7il #5.# # 4# 4 

44.

S. 6.5 765kV 4## 444 fiS^(2!)

# e ##4-
4444

4 4#^
5.214 #

7114 41^
5.2:4#

576kV, 20kA

(4£44)
l,440kV l,310kV l,200kV

144kV, lOkA

(#^^#)
343kV 312kV 248kV
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5 6.7 cHs 4S°j- 4gA| 99

4S 44# # 4 & 4

7114144# 4#Jf-##44 Allf-444#

444#

4441- 170 kA, 1/70 ps

444414 4144444 444

4#444# 15 0

44^44 2 #5.4, 1.5 4444, Full CIS

47)44^

- 4 2 #4 45- 44-5.44, #44# ^ 2 44# 3l#4 #44-4 ^
44-^# 31444444 444-44 7}4 ^7fl #4-#-#, 44^ 4
es] 444-14 ZLrfA] ^ $1#.

- 4r#4- rflz 4-4#(7l)44-4#) 444 4-4^4* 4#-!-# #44 3 

4" AHf#4-4#(4^4#4# 0.8 p.u)ir 4"4##44, 47fl 4M#4 
44 4-44)^# 4 314^4711^71 44 41-4 44 4^43% #5. 

2.5. 4-t ###-# 94&44 44 71-s:# M5.5. # 4 $14.
- 4444- 44 ^444 44444 170kA, 1/70 #s 5.5. ^#44, 

44 44 44^4- 444 4# 4^44 f4#4 t!4 2)4-5) 5 
4* 44# 4f& # 4 44-.

- 4144 4~§-4 EMTPCElectro-Magnetic Transient Program : #-§- 4 
441- 4-^#4 4)4 =^3i4)4 44 4#^# 447)7)4 2.5)4- 

#4 44 4 #4 4 4# 4# 4 #4 #5.2.5. 4# 41-# 44 4# 
££ 4f ^-4-31 # f $14.

1-4 4-n-s. #27))^# 1 s tu ^4 44# 45.5 a>s.44.
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4 2##2 4# * 3*4, 434 *#4 4543 4* 2:5# 4447]- 
343 3347]- 324, *34 *#4 4*43 4* 244* 3 2** 
** # # $14.

434 **4 43 3443 3332* 43 7]7]a] 43 #5=4 ii-§- 
4444 25:43 34 333 32:4] 44 444 nr 3*4, IEC 4-414
4]342. 33 *44 4^3 434 **4 #43 7]44 44 43 42 

3 444 22434 44 3343 44 3324] 444 1.15 33, 4 3 
324] 4#4 1.25 333 71144jl 34.

34 324 765kV 71-2433424 44 33 32(3)(334 *#4 
#43 7]7], * 3334] 44 44 33 32)4 444 25413(3)-!: 3 
5: 3243 <5 6.9>4 33 334 3343 4242 3#* 3 # 34.

2. 6.9 447| 22511^4 3371 §4 13 32(3) "12

# * 343332(3) 2243(3) 33* ' ‘

44 432 l,500kV l,200kV 1.25

4 332 l,050kV l,310kV 1.56

413 4 765kV-§- #44 4^

343 334* 333914] 44 3*43,

- S*33(Uniform Insulation) 337] : 2* 34-4 43* 3*441 341 
4 334

- 7]-*33(Non-uniform Insualtion) 337] : 444] 43422 2# 33 
422 3*4* #34 34-4 43* 3-2*11* 34-4 3324 34 
344 334
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*11 7 § %
543*17flufl7|

4-55144#-# X>y:7]7> 5#4## 44# nfl x>y-7l 4#;1 ^4# 45 

4## #4# 4554 4444 444# 3g7H #5# 5#o] 455, 

765kV #41#1 4 #4 444# 4447] 414# 44 1#1 #444 

4-544444 4# 457]- 4141# W.

5447]7]]47](High Speed Grounding Switch, HSGS)# 445#1 a]# 2 

4 4a# 4# 4411 5^41 #445# 4#44 1##44 44 4# 

4# 4554 447] 4 #44 #4# 44 #4. 54# 4 7]] 4 4# #14 # 

44 4 #44 #44471 4444, 5444 7]] 3]7] #44 #44# 4-544 

4] 44 ##4 A}4 45# #4 #4^# 4444# #4# 4#4 #444 

4 #4.

4444# 765KV 44 7)1#°)1 4# 44# 51# 4444, 51 4#44 

4 4-5444# #4# 45##54, 5##4114l 4^# 444# 4 

4-54#4#4 4 4#4 444 14 15.4# 51# 444# 454##.

4 17i 31-S-45-S|4^0^

1. sal a ea-8

7K 5##£s|#4# 8°|

441## 444# jl#-144 1471# 54451 41^1 n#### # 

41#55#4 4441 #4447] 44# #44 4444 4

#4## 544# 57] # ##441 447] #41 #7>4# 4-544441
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4§0 4*44 4447} 4** *444 4# 4** 44# 4*o)l# 4* 

Sl *3# s)34 *44°1 ## 4*4*4 444 *44# »>H7> 1H43 
3. 444* o)z]^. o}h4 sltb 7^±* ilt=r ##o]=n]. 444 *

$14.
444 447] 4444 4 44444 444 7} 3*4* 4444 #34 

43. 3**3 434 44444 <3# 7.1>4 44 444 44

44 4444 444 4443 4444# #4444 44. 444 44# 4 

#44(Recovery Voltage)44 44 4 44# 4344 4 ###4##33 

**7}*44. 444 &4 4344# 444# 444# 44# 43444

#(Transient Recovery Voltage, TRV)#5}3 4444. 444 435)44##

1) 4I#4 #4

2) 3.4-## 4 #4
3) 444 s] #4

#4 444 3 43)7}- 4# 44433 4444 3# #4* 4## 44 4 

47] 4# 4444# #4 44# 2), 3) 4# #444 #3 ##4 4# #4 

4 44 435)44## 4*4 #344 #4.

444 4433 #4 344^(34-44 4# 44)* 44-4# 4443 4 

*4*4 ## 43S] 3#4*(Prospective Current)* 4444 4**44 4 

444 444# *34*4#* 3**34#4#(Prospective Transient 

Recovery Voltage, PTRV)33 4444. 444 444# 4444 4* #4 

o)14 447] *4 #4434o] 0 oi]x] *443 *4 444# 4444 #3 

*4# *4**## 444* 4444. #, 447] #44*# 44 4*43 

4°)1# 4444 #4# *44 3*43444## §11443 #4# *444 

u]h #34*40] #44ol4.
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(TRV)

xx/xxxxxx
(7\) 4447^4 444 44

TRV(Translent Recovery Voltage)

i(444^-)

04) JL-n-TRV 4^^#i
31F43S|4S4(PTRV)

4. 21^21-ESl-e-gM 44^ &

344 7}444 44444 34434444

4 44444 #9|] 3. 444. d]B^ J7». 4E44444:

3.711 37)444 43-^43^ 447^444. 3-B-4344444 37144(^1

4444 444 4^4 44s. 4^ 43)444 444 44 4344 4
4#3 444 s] <g.4 444 4 (Thermal Failure)7> 44 €4 $13, 434 

4(1 ~ 4ms)444 4443444 444 444 7M43& 4444 44 
44^4 444^# &444 44 4444(Dielectric Failure)7> 4^44 4
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iYTrlk-BfB-lx |o |^f=r|Y 3 L [hE
[VAFi] d #

(srl/A^)

*

&
A
a 
x

4
■•bts ^rHb 0 k&&lk *Td

a-0-% Mstfr lb a kwik R, %a # w Ta kikHk
%% -blsc ••kilo^h Ufe-fer^ R,^lk#% lo#^& -To^t?^ 

-k-U-IT tinppTd zi|Hr& P> 3 loHrlrlk 9"Klo "ti% 4- #%

*Td R.^-0-% pp^r ^rkteb IbS grWlk H^ziM* # TJ #-§-%

Ip v kkWlk ^kPi-b? R. Ta lo^ik^-tx klb<s% ^%z>
'« -k-eti Sl-IshIh Ip o ‘a V lo

kt&lk TTIp Zq ‘Ta -tz-tz [oFHrlkIMM* tolz^{x ^ [p-p: -k<S% BTT>

IpM 3:1b H/ 9-t UH klz% k# -&=&-§-# 
i^ 3-fptx-^-|§:3-lE-Q-ir IM° B k [o [y-§- -^{a [p (kH> = [VAIAt] X [srVAXD -U 
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lo-alo ~^r -R> 3klb<3X BeT> Ip pzzrIkiS-tM.^ Ip l^ia-lz -^p/ET £Hz p- 
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iz Blzlz #ln(p in(Aa)lz"Er-^r -fppr^t^^-tnr-^-ir Iy lb-§"R ETpr la-jg.'S'# [o
(sd/A%)#^&&&3-k ^klb^k^ kk# fe-fec Ppk-kt?3-tr-kir k-ta-tn

'-hft «&aW *0S&%



nH 7.3 4I##^44 m\

2. M SSAi-g-

7k iM ^sij-2.1- ai

f~§-44 4471 44if44 EC-56, ANSI C37.06 4#44 44
^ *Req %7l 44 if 4* 44 if 4 44 4444
444-3- 4ir 4444. 44 ¥ if44 4&44 %4 4"444 ^im 4 
44 u. o]-fHr EC if 4 4 % 4444 -FHH4R4 44 3^4 ANSI if4 
4 4444 444 44444 xis. 441: #- s> 444- EC 4 444°)] e 
4# til 444 ANSI4 5.44^4 44 4444 e4# 43. 44 4144 
4-. EC §i ANSI if4 4 e€-44 4444 444 #4.

- 41&441 : ANSI444 72.5kV 444 4#4 4444 44413 
5.44 3.4447]- 4444 44443&(l-cosine 4%), 121kV 44*4 
4#4 44144 44-7] 4 444^4 44 3.44#7> 4^44 4# 
44(exponential-cosme 41)35. 7M#35_4 444 4^4444" 4
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TO 4*423 444*2 i4.zz.44 IEC 44* *44*44 ® 

*423 &*#* $1* 44* 4* 44 4^4* 44* 4444 2- 

parameter 2* 4-parameter 44 4 4# 424*44 440* 444-2. 

$14. 444 ANSI 44* 44#44 444* 4444* 4442 

IEC 44* 4444* #4*422 41: * $14.

- TO* : IEC 44* lOOkV 4TO 4444 44 424*44 TO* 
(Rate of Rise of Recovery Voltage, RRRV)* 444 4:23 if442 

$144 ANSI 44* 4444 ^ 44444*4 44 42 TO4 31 
23. *442 $14.

- 4-244 = IEC*444* 4 4444*2 44/4444*4 44 1 

44 4-244* 444* 44 ANSI *444* *4 44444 44 
42 44 4-44*4- 4* 4* 42 TO* 4-244* *4*2 44.

- 42*4 : 44423 *4 444*4 444 ANSI 4 4247}- EEC 
*424 44 *4 2 »!** * *444 44440] 44 44*2 ANSI 

7} 444* *43 4*4 TO EC* mm 4TO *7] 4*^14

4*44 BEC/ANSI *44 7]*4* 444* 4##1*4 ANSI24* 

IEC*44 4414423 4 244 44$124 *4*** 44442 4*4 
42 *4-44 2* TO4 44 444 44*44 ESB-150 *42 BBC* 

2413 4444 $12 TO ***4 362[kV] 444 4442 EEC *4* 4 

*444.
444 44 800kV* 4444 424*4* *42 EEC *4* 42* 4 

4 4*4442 *444. 4 4* **7> 4* 44* EEC *444* 444 

* 765kV* 444(31**44°*735kV)4 *444 $l*e 800kV* 444 

(4**44*:765kVM 44 44* *444 4*4* 444. 244 444 

2 4*1*4 EEC *44 **444 424444 TO#4 4* lOOkV 44 
4 4444* **44(2.0[kV4is]:l00% 44444), 4242 44444 *
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4*11^4 7111 4 44t11*(447ll*:L3,444m-1.5) 4 4**(4**44 4 
44 1.4-1.7)# *44 5*1145-5. 800kV* 4444 ^.*4-^4 *4* 444 
IEC if444 4444 4^*4* 7>^4el4ji ^4^4-.

4. IEC 4 4E5I4S4 if4 4 7H2.

(1) if 4 4 57-1

IEC if44 44444 5* 4^4444 4454* 444 44.

• 2.444 : 34 442.4

• 414 4444 :

- 4444 < 72.5kV :1.5
- lOOkV < 4444 < 170kV :l.3 (4444) 44 1.5(44444)
- 4444 > 245kV : 1.3 (Duty 1&2 444 1.5* 4444E4)

• 44*:
- 100% 44 444*(Duty 4 & 5) : 1.4

- 60%(Duty 3) 4 30%(Duty 2) 44 44"4* : 1.5
- 10%(Duty 1) 44 4444 : 1.7

• 2-B-4-E4444 4-2.4:

(4471 4444) x (V2/V3) x Ml 14- %45) x (4**)

• 4-^2)444 4**(kV/ps) : 4444 lOOkV 444^1* 44

- 100% 44444* : 2.0[kV/|as]
- 60% 44444* : 3.0[kV/(as]

- 30% 44444* : 5.0[kV/|as]

- 10% 44444* : 5.5 - 12.6[kV/^s]

• 57-14 *445. 2.4-4(SLF)4 44 45.*44 :
- 45.4 44 <y44dh : 450 Q. :;.

- 4** : 1.6
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V (kV)

(7» 2-parameter

V(kV)

2 t(s)

(4-) 4-parameter 
ZLU 7.4 I EC —I



(2) 43 &4ii

14 4 £ 4 #45^4 EC #444# 3i#4-544-41 44# £444 

444 4444" 72.5kV 444 £# 444# 4444 lOOkV 444 10% 4 

444444 314)4# <^4,7.4 (7»>4 1# 2-parameter l#, S4 lOOkV 

444 100%, 60% 4 30% 44114#! 4#<>11# <3i! 7.4 (4)>4 1# 
4-parameter 4-§r 44431 44.

(3) 444 •
EC if44 4444 1# s.# 44441 4£4#41 4444 I3144 

(IEC-56)# 4S44 444 444# 4£44*4 441# 4441 765[kV]l 
4471 s] 45.4441 144 #44 4^4441 H#4 43144 444 

4441 <3. 7.1>4 44.

3. 765KV 41# 2kEs|4sj-*j°J- 31

7 k 444-y-7j|# gJ 44^4

(1) 414#
7.5> 765kV #44#/<3i4 7.6> #!345kV £14#

, (2) 314##
3144-314 1 H44-3I1

(3) 32.444

765kV 2.4 1 444 45.#

- 155 -



S. 7.1 765[kV] X|-Ei7|

Duty No.
RRRV

(kV/|is)
tl

w
Ul

, (kV)
t2

(ns)
UC

(kV)
t'

(|iS)
u'

(kV)
td

(pS)
Duty

4&5(100%) 2.0 406 812 1,218 1,137 205 406 2

Duty 3(60%) 3.0 271 812 1,220 1,218 137 406 2

Duty 2(30%) 5.0 162 812 1,215 1,218 167 406 86

Duty 1(10%) 12.6 114 1,434 52 478 14

*1) Duty 4&54 100% 444444^4 4444 444 4^(Duty 5),444
444(Duty 4)»S 4444.

*2) tl(S7l 4JLA] 4),U1(S7] 4J1 ),t2(3l-al4 *])

*3) Duty 14 2-parameter 4^ °)3- 4444 4-parameter 44-

*4) RRRV = = h
t'—td Ul

*5) %'=-%,(Duty 2-5) 44 -wc(Duty 1)
2 3

(4) ?M444
(7» 44 444^4 ^<y-7]s] 4 ^4^4 10% 5. jlb^H

(4) 4471 2*># JL^-Ajo)]^ 4£S|4^<y- 4^6)] ^<y-7] ;#M

4t 444 ^-4 4-^s]444 44#4 447]4 i-

BANK# 44-444: 4 444: 4# 4444^* 444 4°] 7> 

44-44.
• 765kV #44 Step-up 4447.5>A 765kV S/S)^f47#44^:



- CHGCi#%#-c)M)= 70[nF]
- CLG(^^^-tfl^)+ #^7] ^#-§-4= 500[nF]

- CHL(3.^^-xi #%)= 60[nF]

• 765/345/23kV 7.5>, B ^ C 765kV S/S)¥^
- CHGU<?M#-tfl*l)= 10[nF]
- CLG(^°d-M-tflx])= 8[nF]

- CTG(3 Wii-tfl*l)= l40[nF]

- CHL(M^)= 60[nF]
- CLTM 44^-3 4^<d)= 40[nF]

(4) 7.6>4 345kV ^-t- 345kV
4 765kV 3L^-^=.7> <zl^ 7.5>4 ^

4S# #*j4&4.

C 765[kV] S/S B 765[kV] S/S

4-BANK KDX^-@
2-BANK

ZLH 7.5 765kV

A 765[kV] S/S

-cnws
^71,^71 3-BANK

C 765[kV] S/S B 765[kV] S/S A 765[kV] S/S

--------------  :345 -ids.

211 7.6 345kV ili-711
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2] 44 44714 ^4^711^4.

- 4471 1^}# = 765RV 447)21 l%}#(765kV#)44 3-44

444 421 444 4s# 2.44- 421 444 ;H444

765kV# 44471- 444444.

- 4471 244 jl4 : 765kV 447121 2^}#(44#M4 3144 4 

44 4-f 444 4421 44^4r "H^l 4^4444 44 

#* 44^44°1 44444 4 4-¥-5. 765kV# 4447} 444 

444

765[kV] 2.-9

##/34Ka#
Xxxx

-nT'

(7}) 5.42.4

765[kV] 2.-9

765[kV] 2.-9 765[kV] 2.-9

-Q
-Q

O
-Q-

„JL)—

'XX7X

(4) 44414# 374 (4) 444 2 ^}# 374

31 cl 7.7 4ESI4-S4 §H4S°W 31444
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TRV4ji*l [kV]

A
1500 

1400 -

1300 -

1200 -

1100 -

1000 -

<%2^> CBl:800[kV],40[kA]^7l (- 
CB2:800[kV],50[kA]T;>^:7l (-

: 1^-2.^-

W€#[kA]
(7» 3^5= 4-## 4^1(3 ^ 5L&)

TRV-y-^-EtkV/ ns]
A

12.6

5.0 -

4.0 -

3.0 -

2.0 - 

1.0 -

4*

i
** * *+*+*

if

CB1
CB2
+
*

800[kV],40[kA]^7l (-
800[kV],50[kA]^7] (-
3^-Z.^- 
l'S-jl#

*

5 10 15 20' 25' 30 ' 35 ' 40 ' 45 '50 7}%^[kA]

(4) 4^44-^^ ^#(3 #/l ^ 3.#)
nU 7.8 x|-Eh§#2|.

CB2
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TRV4 ji*l [kV]
A *A r <#&> CBl 

CB2

#
+

#2 |
1100 H ### * #

1000 -

#

10

+
*
#

800[kV],40[kA]*}3:7] (- 
8001kV],50[kA]%7l (- 
4.444^ 33% 
4€444^ 50% 
44444^ 150%

-H-
4

*
+

T T
15 20 25 30 35

CB2

4444[kA]

(7» %-§-^=T@ 4-^4444- 4^1(34-514-)

TRV44#[kV/ ns]
A <#&>

12.6

5.0 -

4.0 -

3.0 -

2.0 - 

1.0 -

*+2
*

*+
# i
$|*+ . 

$2+2+2

10

CBl:800[kV],40[kA]447l (- 
CB2:800[kV],50[kA]447] (- 
+ :44444^% 33%
* =44444^ 50%
# : 44444^ 150%

4
*
*' * > ++2

+

15 ™2o" 25 30 35

CB2

4444[kA]
(4) 4444# 4^4444 444(3 4-3.4) 

n^j 7.9 ^^##4 4Es|434
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TRVJfca*l[kV]
A

1500 -■

1400 -

1300 -

1200 -

1100 -

1000 -

1 10

<#&> CBl:800[kV],40[kA]*M2r7l(------ )
CB2:800[kV],50[kA]T;>y:7](------ )
+ 200%

100%
* 200%

150%

+ + 
+

15
~T~
20

~i----- 1------r~
25 30 35

CB1

40

CB2

T -
45 50 %^#[kA]

(7» 4^1(3^-^)

TRV^-^-EtkVZ ns]
A

12.6

5.0 -

4.0 -

3.0 - t
*2

2.0 - +
*

1.0 -
-4 5i«

<#&>

+2

"To 15' 20

CBl:800[kV],40[kA]^7l 
CB2:800[kV],50[kA]^7] 
+ :TR<y3]y^ 200% 

^€^3)^ 100%
* :TR<g^ti^ 200%

150%

CB1

25 ‘ 30 35 40 45 50

(----- )

CB2

*Ma:%l-S-[kA]

(4) ^#(3^-2.^-)
nw 7.10 ^JEsl^-Sgj- #^CTR §j g^S7|-°jE|El^y^)
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2 7:3 ?tiS-Sg3EZi W 314#4

M
44#7>

444^ (%)*d
765/345 TR
44 (%)*2) 31444

1 100 100 3444

2 100 100 1444

3 33 100 , 3444

4 , 50 100 3444

5 150- - 100 - 3444

6 ! 100 50 3444

7 150 50 3444

8 *3) *3) 1444

*1) <ZL^

4 A
*2) <3L^

4°i ]
*3) 3 #33

**

7.5>44 4 #4 #4
S/S4 step-up' TR.(3
7.5>44 B(2-Banki

100%

-444.4-23)444 
9-4 14-314

44«3l4 7.8»4 4447}444^

-Bank-44)0] 100%
2:4)4 C(4-Bank44)765 S/S 44&

431 ^]7} <g. 7.2>4 444# &44

■ : 3141MH #44-4# 44 4S44# »>ti 4-443-4 765kV 2. 
43144 765/345kV 444# 447]7} o]o)] #444

4# <ZL^ 7.5>4 444#44 444# 433l4440l 4€4°1 44 
431 444 ^3zflAi^2| 44444 #44 4^4,#4 #4^ 42.



44444 4^4 447]5.4 44. 444 44#4

A 765[kV] S/S

3#3L# \
765/345 TR.

(A) 765kV #44#44«Z1^ 7.5»

. \f
765/345 TR.

A 765[kVJ S/S

(B) e# 345kV 7.6»
ng 7.12 eH44^-7||#W TRY 44 w|m

: 3L%44 444# 44 444 4# 4^44444 444
4 447]

- #N-M l A l B &4 4444 4^444# 4444
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(A%#(kV/ps), B:4^KkV), C:^W#(kAims)# 

-M(l-7):<a 7.3>4 ^ 31%##

B 765[kV] S/S

- 765/345 TO.

A 765[kV]S/S

(A) AJB.C : Z0°,iz-120°Zl20°

A 765[kV] S/S B 765[kV] S/S

765/345 TO.

(B) AB,C : Z-120°,Z120°Z0° 

nH 7.13 % Sequence oil ## u|ja
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A 765[kV]S/S
*4

cnxD

#1-1 0.9 1279 5.8 #1-5 0.8 1130 5.0
#1-2 1.0 1030 5.8 #1-6 0.8 1251 4.7
#1-3 1.5 1247 8.7 #1-7 0.6 1119 3.9
#1-4 1.2 1228 7.7 #1-8 *1) 1030 5.8

*n#i-iw imw

A 765[kV]S/S

■ -p-(2>®

#2-1 
#2-2 
#2-3 
#2-4

1.0 1283 5.8
1.0 1047 5.0
1.4 1251 8.7
1.2 1199 7.7

#2-5'
#2-6
#2-7
#2-8
±

0.8 1127 5.0
0.8 1251 4.7
0.6 1095 3.9

JiL 1047 5.0

B 765 S/S 
#2

A 765 S/S
#1

\r
xxxx

-D o

#1-1
#1-2
#1-3
#1-4

1.2 1114
1.3
1.4

964
111.2 #1-5 

#1-6
1258

1.3 1139

12.7
26.8
18.5

#1-7
#1-8

1.0 $171 8.2
1.1 1105 10.0
0.9 1232 7.5
•1) 1030 31.0

*n#i-3W imiw-

B 765 S/S
#2

A 765 S/S
#1

HZ> -O-

#2-1 1.6 1107 in oo

#2-2 1.7 966 5.8
#2-3 2.8 1331 10.7
#2-4 2.1 1210 7.7

#2-6 
#2-7 
#2-8

*1)#2-3S]

1.3 1187 4.6
1.4 1169 4.7
1.1 1287 3.9
*1) 966 9.9

A 765 S/S 
#1

■o-

*1) 102635.1
#1-1 1.0 1276 15.1
#1-2 1.2 981 15.9
#1-3 1.4 1256 31.6
#1-4 1.3 1099 24.3

#1-7 
#1-8

*n#l-3 , *2)#l-l-fi

#1-5 0.8 1256 11.0
0.7 1230 10.3
0.5 1161 7.0
*2) 981 15.9

ZLi 7.14 765kV A TRV

- 169 -



A 765 S/S
#1 /-x-x x-N

s=

1/1-1
#1-2
#1-3
#1-4

2.3
2.3
2.5
2.4

1150
1130
1211
1183

3.5
3.5
4.0
3.8 #1-8

#1-5
#1-6
#1-7

2.1 1193 3.3
2.1 1155 3.3
1.9 1250 2.9

He! 7.14 765kV A TRY

c s/s# B 765 s/s A S/S#

#1-1 0.7 1255 2.5
#1-2 0.9 967 3.2
#1-3 1.1 1221 6.8
#1-4 1.0 1231 4.7

#1-5
#1-6
#1-7
#1-8

0.6 1266 1.7
0.7 1225 2.5
0.6 1266 1.7

C S/S# B 765 S/S A S/S#

#2-1
#2-2
#2-3
#2-4

0.7
0.7
1.1
1.0

1257
974
1191

2.5
2.6
6.8

1200, 4.7

#2-5
#2-6
#2-7
#2-8

0.6 1256 1.7
0.7 1256 2.5
0.6 1263 1.7

C S/S# B 765 S/S A S/S#

#31
#4 a

V

g#l

m-
GD—

765/345 TR.
*1) 1213 3.6

#3-1 0.6 1246 2.9 #3-5 0.5 1112 2.3
#3-2 0.6 1223 2.8 #3-6 0.6 1239 2.5
#3-3 0.9 1475 4.7 #3-7 0.5 1283 2.1
#3-4 0.8 1650 4.0 #3-8 1116 4.0

*11 #3-4 . *2)#3-32] 1-M^l#

Hg 7.15 765kV B TRY



B 765 S/S

-o-
-o-

A 765 S/S 

#2

■o -o

#1-1
#1-2
#1-3
#1-4

*1) 918 26.9 765/345 TO.

0.9
0.9
1.4
1.2

118916.1 #1-5
95216.8 #1-6

123329.0 #1-7
112824.0 #1-8

*1 )#I-3 , *2)#l-72:

0.7 1153 12.2
0.7 1194 13.2
0.5 1304 10.3
*2) 1038 10.9

B 765 S/S

SLA-O
-o -o- -o-

■n™GD—

765/345 TO.

#2-1
#2-2
#2-3
#2-4

1.0
1.6
1.7
1.4

1190
972

1279
1177

2.5 #2-5 
3.2 #2-6 
6.8 #2-7
4.7 #2-8

0.8 1161 1.7
1.0 1163 2.5
0.8 1273 1.7
*1) 993 7.2

*l)#2-33 1*1*13-

C 765 S/S B 765 S/S

/\£L

-O- -O

765/345 TO.

#1-1 0.9 1081 15.6
#1-2 0.9 95: 16.8
#1-3 1.4 108: 31.0
#1-4 1.1 115- 24.6

#1-5
#1-6
#1-7
#1-8

0.7
I

11.6
0.8 1141 13.2
0.7 1202 10.0

B 765 S/S

«

-O- a-

765/345 TO.
1319 3.5

#2-1 1.3 1278

00oi #2-5
#2-2 1.3 1240 to bo #2-6
#2-3 1.7 1522 4.6 #2-7
#2-4 1.5 1497 4.0 #2-8

*l)#2-4

1.1 1276 2.2
1.2 1223 2.5
1.0 1296 2.0
*21 1288 3.8
1-54*13-

-e-sfs-
B 765 S/S

o-

LJ_HU—

A S/S

-o
-o-

-CH3D—
TndD—

#i 765/345 TO *11 947 27.
#1-1
#1-2
#1-3
#1-4

0.7
0.8
1.0
0.9

121314.7 #1-5 
105015.6 #1-6
119829.2 #1-7 
112123.1 #1-8

0.6 13651 11.0
0.5 1208 8.4
0.4 1197 6.0
*2) 1060 12.2

*ll#l-3 . *2)#l-56

c-s/s-
. B 765 S/S

-D----------------
-O----------------

HZKID—
— z7V.765/34S TO

A S/S

-o
£3-

#1-1 3.4 1244 6.2 #1-5
#1-2 3.3 1140 6.3 #1-6
#1-3 4.3 1151 7.6 #1-7
#1-4 4.0 1135 7.2 #1-8

3.0 1200 5.4
2.8 1142 4.8
2.3 1243 4.0

nU 7.15 765kV B TRY
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C 765 S/S 
#1

B 765 S/S

—O 
___|--- 1—

765/345 TR.
*1 1045 4.8

*1-1 0.7 1378 4.0
*1-2 0.7 1118 3.7
*1-3 0.9 1382 5.8
*1-4 0.8 1568 5.2

ffl-5 
If 1-6 
If 1-7 
ffl-8

*l)#l-3 . *2)#l-4-Sl

0.6 1200 3.3
0.6 1234 3.5
0.5 1225 2.9

*2 1188 4.5

C 765 S/S 
#1

B 765 S/S

o- 

o-

0.6 1215 3.3
0.6 1228 3.5
0.5 1223 2.9
*2) 1126 4.0

5.8 *2-7 
*2-8

*2)#2-4^ 14-1*1^

C 765 S/S 
#1

B 765 S/S 
#2

-o

765/345 TR.

*1-1 1.3 981 12.0
*1-2 1.5 845 14.5
*1-3 2.1 909 23.1
*1-4 1.8 1034 18.7

*1-5
*1-6
*1-7
*1-8

1.0 1002 9.0
1.3 108410.3
0.9 1163 7.9

C 765 S/S 
#1

B 765 S/S 
#2

o

765/345 TR.

*2-1
*2-2
*2-3
*2-4

1.3 1257 3.9
1.2 1167 1.5
1.7 1466 5.7
1.5 1455 5.1

1.1 1114 3.2
1.2 1255 3.5
1.0 1245 2.9
*2) 1242 4.3

*l)#2-3 , *21*2-431 14M^

C 765 S/S B 765 S/S

— 765/345 TR.

*1-1
*1-2
*1-3
*1-4

1.0 115213.9
1.2 96315.4
1.6 103224.5
1.4 107620.4

*1-5
*1-6
*1-7
*1-8

0.8 122S|l0.8
0.6 1087 8.3
0.5 1113 6.4

|

C 765 S/S

765/345 TR.

B 765 S/S

3.2 115' 5.4
2.9 1105 4.7
2.4 115C 4.1

ZLU 7.16 765kV C TRY
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*11 2 4 765kV ^ *)1 f-^1 2.4^ ^1 *H 4 7l

^443°0 61-3. 4 4 JL^-o] 4-444 2)51] 344437]- 70f-5.5.

^4 £e)5]»I 44444H o\3.7\ ±t£S\E.£., x}#?} 70f-4°0 4*fl ^4 

435. C 214*.
3.51 C]] 3]M#o] ^dj-^jL iq-Aj- ^ y-Aj- 7050^ HVAl o] ^-§-5)^ ?]]# 

iA-]^, dj-3. ^l^Jl^-o] %7]ol] 2]31] JH^T-Al 3.7} ^E)5]o]^ E]-

Aj- ^ E]-5|4(2 5]4 AlS.^ 4t)35.-¥-E]4 44^5.4] 4# 43(2 4 o>3.)

7> 44444M1 3444 &-§-35. 4*0 44 &c 70^4 ^7} #/g# 4

£ 214.

^ 765kV 70S] 4 #4 4^ 2 44. ^4431- Axel'll, a.44 44 70 

# #2]# 7f^4 #44 4*0 4-4 7M1& 444 44 44435. 4 34-3
2135.5., 24 434 2]3|] 70305. 4^0] 70# 443* 4M4 4# 44

35. 444 7^44 214.
44Ai 4-4 765kV 44 44444 14^05. g-^, A]^ tH 24 43.«- 

3444 ^ 21c 5444 70 47l (High Speed Grounding Switch, HSGS)4 4
-§--§- #4435. 4343 21333, 4444^ 3^4470307]2] 7]St)01

34 444 44444 4344444 44 434 444 4#434.

1. JI^gx|7H5]|7|o| ^xt-

<3 7.4>°0 34447044 4444 7050 s. £4* 344-44-.
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2. MM

JL^^7fl3]]7l^ ^24## 44444^)4#, 444- 5 444433#
E)2) #24 S)# 4#2) 27) ^ #34# 444 JL#^^]7l)^]7]S) 444
4 #44# 4-35)444-4 444 #34 44.
44 2-#^A)7]]2^]7)S) ##441# 45.2) ^A}5£ 4444 4-7)4 4 

443.# 4447)1 5)35., #4437} 5)44 44443 244°) 4344 
4°) 44444. 444 47)44# 2#447)N7] #4#4 44 4 44
44 #4 344 444# 4## 3444 434S14-.

2^447^)7)2) #4#4# 4447) 44 4)4 4## <24 7.17>4 

44# 44 #4 224 4#4# 44444. 2^447^)7)2) s.4-440)
4)443 444 444 7} 71)44 44 °)3°]3, 44- 4 43)44 4#, 4 

4 4 34 4°) 2#44 7M 4 2) -§-4-011 4## 44t)1 425., 224 4# 

4-fir 4)44#33 4-4443 7}#4 2# 24## 344 # 44.

44 44443# 44##4 4# #7} 45)0)42S#e) 4-444 32) 

44#4, 34444 444# 10-50 [kA] 444 44 24## 2444 

444434, 44-4-4444 3fHr 3-6 [GW] 444 43444.

24 4344# 30 - 200 [km] 444 4M 434^4.

2W 7.17 24f*jX|7H3|7| #4#4 43# 3# 7l|#
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3. JI^X|7HlEl|7|o[ §J 2|-£S|^-go}-(oj.)

<5. 7.5>°fl 4^ 765KV 44 4341 44# 3^4 4 7)) 4 4 4 *4-3^# 

4(4)# M-SH&4.'

17.5 X| 7HEil71 °|; 3^*4 (2»

4 4 4 4 %(4) «) 3

4 4 4 4 [kAnJ 1 8 - HSGS 444 44

4544 44# [kV/nsj 1.30 14443444 44

44 , 4-3*1 [kV] 600 - 4544 : 30 - 200 [km]

4. 3.^gx|7M7|S| W &&

7K 2I^gx|7HEl|7|o| xl-^g-W-

JL^xl7fl3^]7|7l- *}444 *** 4-3 444 JL#^^]7H^]7l7> *44 
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-2] % 7.34>°ll 44'$. 42.

444 *)*H x]^^7> a.4, 4-44 zjMiM- ^§1 (M 442 :n.434 

7)13117] 7> 444^ $%^ 44 M4 4423. 0 4 44&2, 4

4714 44447> 4^4' 4 4 $14.

44 4 4
■\\\\,\\\\

*1

€

Is

© 2/434
<? ,7fl^l7l

Ihsgs

c 

4 c

777 777 777 777
nH 7.33 2Wr@X|7|M7|o| @4^29# g£ £l
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■£
 4>

(4) 4-^5£-b 444)(7» 444)

n|! 7.35 44

44 <^4 7.36>4 444 3)# ^ H^-7> 4444 M.*r 444 ^4 

4^44# £4^6.4, zl4°)14 # ^ $a^4 s-Ai 447} 44£M5L jl 

447^17)4^ 447)4 3)^ #4447} mtH 44^11, 44 4444 
4^447} 44°) s|4 4^71 4144 4^-5. 4-s.##.

nH 7.36 s|m- #4340)1 me 344£3
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<3^ 7.37>4fe 4434 3.^^711^71 444 47}f-34#4 44 4 

4# 4347144 # 44 zj3^-7}- 344## 4714-3, 4# 4

4# 444## 5.21471 44 4^ a## 4714 444 34^4711^171 
7} #4471 44 44-n-34## 344^#4, 44-4## 344# 3-44 

^211/10 5.^4.
34°114 44 14 4# 444#4 44 434£4 444# 4444, 

44 2 4 344435. 441 344#4 44 4344:4 4444 4444, 
44 34 34444 4-44-17-4- 444#4 44 #34#7> 444# 44 
44. 44 2 44 34, 44 # 4 #44 344 344#4 4^44444 
M4 7}#4# 4 4 434, 44 21-sfl 34^ 4 ;H 4 4 4 434 4 444

3 4444444 1M)€ 433 f4# 4 44. 44 3 44# 44-44 4
4 44-H-344-4 44 4444444 444 #4, 44-43444 444 
4-4 214 #34#2M 371 444 21^(1 -4^44444 444 444 4 
33 444 4 &4V '

441 44 2 44 3

§j 43##4 3#g#oi| °|oj- 4%1#3@
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UK 2.1711 soilA-|o| 2I^gx|7Hul|7|o| g@fO|S#

<3^ 7.17>i 344 3.^x1711^71 444^4 4M44 44 S-lTllS 

444 o§^ol444 tflsu 3m##4.

4#4 44 4°] 4:43.44 #444 34447M17M1S 2 7>4 #S4 

4^44444 #4# 3 33. 44# 4 44. 4 4434444 3444 

4 44444 44 44f4€44 34^44 43444 4444444 

4 44 4444444 2 7>4# 44# 4 $14.

<34 7.38>°ll <34 7.17>4 3# 711444 443444 4 4)tH 44 

444444 #4 4# 344^44, 344^-4 44 4444444 <3 

4 7.37>4 344 444 4444 4^43 434. 443444344 44 

7K^43L44 #^4 44 444)4 444 f4 44444 <34 

7.37>44 4# 444 43 44.

p2: ^42.41-44 4444

3H 7.38 ^43Soi| s|# 34S47||b||7|o| 3x^53
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d^g 7.38>°ll 444 §1^1^ A1 #4 JL^X]7]i^l7l7> 44 44M1 

4, 2-41 2 ##44 Cl 4#1 4424-9] M3M 4 6f7i 42 24-4#7}

2247}, Cl ^ 447] 7} 7]]tij-5|^ 4## 2^% 44°14.

2.^717^17]7> #4#4 A1 -^Ml 22# #24## 2i2] 4# 4#2 

#4 4#°] 444# 4 <n4 7.39>°)1 4 44] 22#

4#4 °H Al 4-4 #24# 44#24## 244^24, d4 

7.40>4 d4 7.39>4 444 4 4#44# #44 44# 24444.

d4 7.39>4 d4 7.40>22#4 d*g 7.38>4 4H4444 d4 

7.37>°fl 444 44421 444# 444 44 44# 4 44.

- 2 444 412 4442 $1222, #7} 44 144 44 24 24 

#4 44^4444 244## Cl 4 C2 #44 44 #44444. 

444 44 4&4 44 4 ##4244## Mt d4 7.37>4 

444# 24444 44 #2444 444 444 444.

- #4^244444 42 44 4447} #4o)l #444 #222, 42

4# 4447> x>44 #42 C2 4# #§11 4# 44 2#44 24 

4#7> ##44(## 4 44# 244# 42 4444#7> #7}4 

22, 44444 424# 4444.). 444 44 4444 4#4# 

44 44 #7>44 42444 4#4444.

- 24 ##2444 4444, 24 144 24 224 2## Cl 4C2 

44 4444 4#7} Cl 4# #§H 227]] 5] 22, C2 422#4 # 
25]# 4#4 447]] 1 #444, d4 7.39>i 444 44 44 

44444 444# 4#4## S44t11 44.
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- 4 23kd 45.# 4444 4 W°1 Tjjl-syo] £45] 4, 43:44 

4 eM]5|3.g., d^ 7.37>°114 4 442] 4#&44 4#44 44 

44 4# 44# 44 44.

44 d^ 7.17>4 2.144°114 4&44, 4 44 44 4444^

4 ^143:4# 4444 444 44^ 4^4 444 45-4- d^ 7.38>4 

44 444 444 44 44. d^ 7.41>i 4s. 4444 4444 44 
4 44# 44-4&44, 45. 444 #444 2.4 ^4o]4^£ #444 

44 3l44#7> 7]44 42.5. 443144442] 44#4444 4444 

44 4=44 5.43L $14.

d4 7.42>44 W3Z.4444 4# 4 4#4## 44# ^44£44, 

44=3.44 #5. #4 4544 444 445.4- 45. 4=4 444 444 4 

4 4444444 4 #4 491, 44 45. #4454 44^-44 44 2] 4 

45. 4445.5.44 3i44#7]- 3:5.7]] s]4 3i#447]]^]714 4^2]4 4 

44 4S. 4312]4 3:4-7]- 44-4-7] 444 45.5 45.44.

- 195 -



43 £4 3 3

A2

Cl: $ 4 % 3 3

ZLU 7.39 Aioj| £

^A/vvm^VWWWW\AAAAAAAAAA/^

WiAAAAAMWWWWVWWWVWWi

\AAAAAAAAAAA/W\AA/WVVWWWW\;

WWWWWWW\A

- 196 -

, ...
SiSW

'A-:
i#



A A/N/N /\ A y-N
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241 1 2 4i 2

100 km

5 < < <

777

2/9 l 2 41 2

"5^
50 km / 50 km

777

2 41 1 2 41 2
,y\/\A /v a a
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777

2 41 1 2 41 2
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777
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7^

2| 7.42 443341 x|ol| cc]-# SS4o|S3
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4>
 A>

4. if assHotf!- a(-°j-

&4 4^4 44 44 31^4 4711314 7} #4#4 4# E# 43 4 4 f 

3i4°l 4# 44 41# &4, f43i4#^44 4 #4jl44^H1 44 n 

^47114171 o)] <34i444 1HM 41444. 44#4444 43] 3-44 

47H4141- 44# 4441 4444 #441 44, 444 7flf<M3l3. 44 
<3 #4313. o]63515.5. o)6\] *};§!*}. rflajo] 4^440]: fj-tj-.

444 765kV #44^41 JL4447M14# 4444 444# 4# 44 

#41 44 444 #7} 4S7> 4#444 4 4-5-5. a>s.44.

- 44#444 44 4# (<84 #4 4 444 4444 S4)
- 44 <34 44 44
- 44 3144 41-4 44^
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*ii 8 § a

■& 7l## #4 765kV 7^15| ## #4 4#

4 #44 #%* #433 #3S}#333, £E 765kV Til #4 343 4## 

## #3#, ##471 43 3# 4 71^471 7}isfe #317} 7}## #35.

^#€4.
#4 765kV 7^15j 7]]f-(# 7l#4 4# 4#)#, M#3 4 ##^#4 4#4 

7ie ## #1-4-# 4e 24# ^433 4#€ 4444, #433 4-4 #44 
4& 3444 444 4# 765 kV#4# 4443 #4 #7}34##43
(Full CIS)* # 4435. 4443 #335., #5. a}%v # #4 444 4# 4 

4444 3### 43 4# 444 4 435. 4444 444 4# 444 4 
e 7}3* 3# 5 444 4 #335. 714471 A}^Ej 43###.

4 44 44 41-44 4443 44444 444 e)4 7H4444 444 
#44, #4 t 34 4433 #44 #4 44#3}4#34 344 3#41 
#444 #444#4 7}4#4 4-b}##. 41##4## #44 4444 1 
4 4#44 4441 44 44433 #4# =4 #3, #44-443 #44## 

4~§-#4 #3 #4# 1# #3# #44# 4-0- 4-0-4 4-4-#4 4^-4 44 

4-0-4 4# 444-0- 4434# 4447! 444. 444 # ##44# 1# 
4## 4-0-43, ##4#& 3444 4# 4# 3433 7Hail### 4#* 

444#4.
#43 ###4 ^ ###34 4^4 4# 444# 4144 #44, #4 

444 4# #3.7} 41-44 4#4 ####* 7}# 3# 444 4#4## 

t-ll, -44444 #44f#l# 444 714:4 ###4-4 43 4 44444 

#4711# 44-4# 4## 4# 444 #4& #& 34# 4, # ##44 # 

4# 44 4-f 7}4# #3.3 44-44, #4 444 4# #4# #3
7} #344 4* #### 3# #4443 44471 44-4#4 4# ##^
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** 1. gg soi g°i w eAi

(EEC 71-17]#)

7K #0) §2|

4# 7)14 2) &#-& 2)471 4*1) 47) #4 47)15)^ 4# 441-2)
42)4 4M, IEC 71-1 (Insulation co-ordination PartPDefinition, principles 
and rules, 7th edition 1993-12) # 7) #2.5. 765kV 447)144 444
##4 #444 4 #444.

1) 2)-if 44 (External insulation)
7H44 Ml 441-2) 7)# 7)4 4 4)7)4 4#4 &4 7)s) 

* 444 42.M, 7)4 4 -2-4, #2, *1)4 1- 2]# ^42] 444.

2) 44 44 (Internal insulation)
44 4 7)4- 44 M2) 4% 44 iLM, 7)7) 442) 314,

44 4 7)4 44 44#

3) 4-71 44 #4 (Self-restoring insulation)
44 44 4, 44 44 44 444 44441 4#44 44# 4444.

4) 447) 44 #4 (Non-self-restoring insulation)
44 44 4, 44 44 44 444 44441 4444 #44, 44# 4 

4444 44# 44#4.

5) #4 4# 44 (Insulation configuration terminal)
#4#4 44 ^MIM 7>sH # 4# 2.# S44 44# 14# 4 

2.5.4, 4#4 44 #444.
- 4 44(Phase terminal) : 7)11-2) 44444 74U4# 47} 4 #14 

4 #7)) 7)1-12) #444 7M44 44

- #1 44(Neutral terminal) : 7)11-2) #14 5# 44 4 #4 44
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- 41 ^KEarth'terminal) : 44 414 14 4*4 47}

6) 44 l* (Insulation configuration)
1* *4 44*4 5.* 47}# ^44* 4414 444 11-414 1

** 44* io_34, *4 #1^1 % s.* -s.^(44* 4 ^i*)
* 4*4 44 **44.

- ^-^(Three-phase) 44 14 : 4 M, 44s! *1 *7} ^
444 41 47}* 44 l*

- 441(Phase-to-earth) 4* 14 : 2 44 4 4*}*- *44^., *1 
4 1*1- 7)14431* 41 47}7} 144 44 44 14

- 44(Phase-to-phase) 44 14 : 1 7))4 4 4^}* *7]* 44 i<y

14A&4, 414 1*4* #1 47} 4 44 *7}£ *7i%4.
- #**(Longitudinal) 44 14 •' 2 71)4 4 47}s} 1 44 44 y-4 

* 4* !4^3*1, 2 7)14 4 47}* 3 4 4*471 44 4 4* ;H

4444 4# 41 ^0,5. *444 *143i, zi 44 44 44 4 7fl
4 4 47}* *71 s* 1144. *14 1*4 2 7H* 1 7114 4 4 
7}* 14 44.

7) 7)1* *144 (Nominal voltage of a system)
7)1** 14444 7II44 44) 7}*i# 7)1414 44-^3 1444.

8) 4* 43144- (Highest voltage of a system)
7)1* 44 444 lioiiA) in 7)46)1 1414 *4^46))x) 417}*

* 7}4 ** *444-°-3 1444.

9) 7) 7) 13144 (Highest voltage for equipment)
44 7)7) *l<7))xi o) 440)) 4314 4# *1 * 444, 7}i) 44^ 

3l144 *41471 44 7}4 ** 44 45:4*0.3 1444.
10) 7)4 314 t)1* (Earth fault factor)

41- 41*417.-1, *44 1* * 16)) tflsu in Ho;) 4x34. 14
24 41-jlI-xi, *o)4 41 o)) 4:11* 7}* ** 44*4 4**4 44
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44 444 ti]Al-J7Al 44^ 4**4 4444 4444 ti]5. 4 

444.

11) 444 (Overvoltage)

7]7l 43444 434* &44* 43.4* 4* 4444 s* 44 4 

4* 444.

12) 44 4 444 **

(Classification of voltages and overvoltages)

44 4 444*, 4^ 4 4*444 44 4* *43.5. 4444.

- 4*(4**4) 44 [Continuous (Power frequency) voltage] : 44 4 

4^44 444 444 4*43.5. 7^4* 444 44 4**4 

4&4 44
- 44 4-44 (Temporary overvoltage) : 4443.5 4 4*44* 4

* 4**4 444
- 43. 444 (Transient overvoltage) : *4 *44 4443., 4*44 

4 5* 4*44 4* * 43.4, * ms 444 4* 4*44* 4

* 444
- 44 (44 4 4s.) 444 [Combined (temporary, transient) 

overvoltage] : 44 (5* *44) 44 444 27114 * 444 44 

44 *44 47M* 27B4 44- 4** 4* 4443.54, 4*4 

s4* 4* 4*4 44 **44.

4 **44 4s 444* 44 4*4 4°1 4**4.

- 444 444 (Slow-front overvoltage) : *4 44*4* 7144, 4 

*44 20 /ZS < Tp < 5,000 IIS, 4444 T2 ^ 20 ms 44.

- 4*4 444 (Fast-front overvoltage) : *4 4444* 7144, 4 

*44 0.1 ns <Ti < 20 vs, 4444 T2 < 300 ns 44.

- 2:4*4 444 (Very-fast-front overvoltage) : *4 4444* 714 

4, 4*44 Ti < 0.1 US, * 4*44 < 3 ms 44, 30 kHz ~ 100 MHz 

*4* 444 4*4 *444.
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13) 5£# 49" 4^ (Standard voltage shapes)
Kit 49" 4H# 414 14.

- &# 444 #-§-#4 44 (The standard short-duration power- 
frequency voltage) : 60 344 44444 48 Hz ~ 62 Hz 444 #4 
t» 4# 114 44

- IE# 7H4 44— (The standard switching impulse) : 4-t-# 250 us, 
444 2,500 us # 4# 913 44

- &# 4 44— (The standard lightning impulse) : 4#4 1.2 us, 44 

4 50 us # 4# 913 44

- IE# 44 7H91 913 (The standard combined switching impulse) : 
#44 43.4# 4# 44 444 27>4 4^4 49 g 913 44 

334, 444 4## &# 7^1 9^3, ##9 4## 4#4 4 4 

444 444 34 #4 ## 7fl4 9133. #444. 44 444 

434# 441-4 434# W 4:44.

14) 45. 444 (Representative overvoltages)

###4 447M 394 4 an #47}## #44 ##4 4444 44# 

4 44# #4*114 %44 #44 34# 444 # 43# 7}4# 4443 

39, 3 ##4 5# 41# 4# 4435. #444, ## 34 #4# 51 

1 # 9# 44 4 3# 44 4# 3# 414 4# Hi 441 # 94.

15) 444 Til# 44 (Overvoltage limiting device)
4444 4344 4#44# 4tt # 4# 44# #44# 4334, 

44 #4 (Preventing devices, 4 : #944) 3# 33 44 (Protective 
devices, 4 : 4471)3 ##44.

16) 4(3# 7M1) 913 33 911

(Lightning (or switching) impulse protective level)
#44 34 444 4 (3# 71191) 9137} 7M4# 33 #44 444 

444# 44 4# 4343 1414.
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17) 1* 7] ft (Performance criterion)

114 7H14 11 S45j]S7l-, 7l7]2) 54 1*11 **4 1#

& 11 4= 14 ##*, w i *** 11# 4=e 44s wi 3 
# 1453.4, 4* eTis. ll*o} 1114

18) 411 (Withstand voltage)

*1* 4=1 41 114 1*14 43 11H1, *1 si 444 l7> 

44 41 11# 4444 1554, 444 14 4144.

- 44 7>4- 411 (Conventional assumed withstand voltage) : 4-§-4 

4 41 41 44=7} !4s, 11 4** 100 % 7} 14.

- #44 411 (Statistical withstand voltage) : #1 44 1*4 14 

1 4* 41 41 44* 7}44, IEC 444 #1 44 4*1 90 % 

3. 14.

19) 15. 411 (Co-ordination withstand voltage)

14 ** 5141 14 I #4 #144, 4 11 *14 41 11 11 

4 411 4* 4414.

20) is 44= (Co-ordination factor)

4S. 41141 is 411# #471 44 *414 44=44.

21) 5.4 7)1 51 (Standard reference atmospheric conditions)

5* li si* 4*4 14

- *5 : 20 °C

- 11 : 101.3 kPa (1,013 mbar)

- 14 : 11 g/m5

22) 14= 411 (Required withstand voltage)
14 #* 51 1 14 *# 11 *4, *41 4*4 41*4 4# 1 

4 14# 1*1# ti.1471 M if 4^ 1141, 11*4 1=1 1 

441 44 11 1144 14= 411* Is 4114 #11 41!* 4 

14, 4* 1*11 4# 111 54 411 111 5# 51# 1114
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23) 7H> A 4 31# (Atmospheric correction factor)
a# 7)# a44 *31 W 7l# S443 44# ^-s}7] 4*0 3)

443| 4*4# 3)#S, 4# 443)4 4*44.

24) 44 31# (Safety factor) 1

ae 3)4 -a]^ s44 431 ** &4 44# S.4471 4*1), 4A.4 7)4 
A4 3)#* 4## *, 12 3)4431 4#4# 3)#s, 44 3)44# #4 

7) 4*0 4*44.

25) a* 3)44 (Standard withstand voltage)
a# 3)4 413) 4#4# 41 444 a# 4A.S4, 44#4 44&4 

4, 44#4 *>4 444 €# 3)443) 4W# 4-4-44-.

26) 41 4# 31# (Test conversion factor)
a# 3)444 4-e 41 as. 444 4#3), a# 3)4 41 444 *>4 

4# *4-7) 4*0 4# 3)4431 4-8-4# 31*44.

27) 44 44 4 A (Rated insulation level)
44#4 #4 *a #4# 4-43)# a# 3)44#4 44# 444-.

28) a# 44 4a (Standard insulation level)
4#4 44 44 4ss«), 7)7) 4431 4314 a# 3144AS

43)444, <a #l.l> 31 245 kV * 3:44# 31*3)44 EEC 44 a 
44 4a* 443)44.

29) a* 3)44 41 (Standard withstand voltage tests)
44#°1 444 a# 3)44# 7>4a 4## 4#44 4*0 #4 &43) 

4 #14# *4 4144 EEC 3)4# 4# 41 #4 a#44 44

- 444 4**4 41 (Short-duration power-frequency tests)
- 703) 4# a 41 (Switching impulse tests)
- ^ 44a 41 (Lightning impulse tests)
- 44 44 41 (Combined voltage tests)
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S. -¥• 1.1 I EC 4 55 1°4 #£. a #4 (7|7| gy- > 245 kV)

7l7l^jL^<y-
[kV], ^SL^l

&e 44 4##

44# 
[kV], 43i4[kV], 43i4

#444: 
[kV], 4314

#4
(#44444 4)

300 750 750 1.50 850
950

750 850 1.50 950
1,050

362 850 850 1.50 950
1,050

850 950 1.50 1,050
1,175

420

850 850 1.60 1,050
1,175

950 950 1.50 1,175
1,300

950 1,050 1.50 1,300
1,425

525

950 950 1.70 1,175
1,300

950 1,050 1.60 1,300
1,425

950 1,175 1.50 1,425
1,550

765

1,175 1,300 1.70 1,675
1,800

1,175 1,425 1.70 1,800
1,950

1,175 1,550 1.60 1,950
2,100

* 444 ## 4^44 44^ 4 #4 %
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L-h

3^7)]# 4^1^ 71]f4# 7]7] ^ ^ti]S] 4^70V£l- ^

^e}7] H£s] 44## %I4# ^^-4, IEC 71-1 7M Mi 4# 
#4^2 Mi(43 2# &e ##42 #4 «£)!: <M ^-1.1>4 M- 

44^4.

M 7:M]# M

M ^1.1 S4ls Mi
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1) 45 44# 44
4#*4 7M4* 4# 4 44# ^e.511^, 4* 4# 4# # #4# 

#44, H7l, 44 # ^14^14^.5. 4#£)°K 44, 4# 4444* 44 
# 7]]# 444 4# 5:4ir 3# #4# 44. 44tV 4# 44# #44 4 
444 #44 44 45 4444 44444 44, 4 4 *#*# 44 # 
4# 3.4444 44.

45 444# 4# 37>4 44 4 44 #44# 4 44

- 4# 444 3*
- 4344 44 £*

- 4344 444: #4 #5.

7># 4447V 45. 444 444 4« 4#4#, 45 44## 4#4 
44 44444 44.

- 4##4 4# 4#4 4tV 45 4# : 4 7}4 #44 4*4* 44 
##4 4# 4 34#4 #%4

- #444#4 4tV 45 44# : 4#4 #444#4 7>4 444* 
V2 s. 4# 44 *34# 5* 4**4 #44 4#

- 444 44#4 4tV 45 44# = 444 44#4 7>4 4444 
4344 4# 44 4^2-4* 4* 5* 7fl4 #1^

- ##4 44#4 4tV 45 44# : 4*4 44#4 7>4 4444 
4344 4* 44 434* 4* 5* 4 #il^

- 34*4 44#4 4tV 45 44# : 4# 444 44 153. 44 
tV4.

- 4#4 #4 44#4 4tV 45 44# : 4#4 *4 44#4 7>4 
4444 4344 4# 44 434* 4* 5* #4 ;M

- 444(5* 4*4) #4# 44#4 4tV 45 44# = 5* ?M
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(2* 4) 342# 4**4- 3423. *44* 44 3423. l!^ 
*4, 4 4# 444 4-24* 4*3* 7>4 4444 43, 34* 
4-2*132]- 4##4- 3a.*] 3* **H ^#3 44 #4* 4*4-.

2) 12: 444 44

42: 31344 444:, 4444 *# 24444 45. 4444 7MH4* 
4 4* 4## 44# * 4* 43 444* 444* 444.

44*4 42 4444 43* 4*4* *44 45 444 434 43, 
34* 45 4444 32 4*# *44 *4*4, 32 4** 45 44 
4 37>4 444, 444 *54 434 2* *44 37> 4 44*4 *4 
4 3-5}- 34-34-.

32 444* 4=4 7>* 444 2* *44 4444 44 444 * 4 
*4, °1* 44 *4 ^ tg^ 444 4*4 44 33* 4*4-.

44 45 444* *44 4351 44 *44 32 444* *4*4 
*4, 4* 4-44 444 444 44 *4* 4*4-4 4-3** 341 37> 
32^4 7>*5fl44.

3) 4* 444 44
43*4 4* 444 44* 32 444* 5# 43 244 4442# 

3432-3.4 3*344. * 5* 444 43 244- *4* 244 43# 
24-4-71 44 4** 32 4444 *4224 4* 444* *4 * 44.

32 44422*4 33^ 444* 2*4-71 44 4*4*,

- 713 2344 43

- 4# #44 #44

- 43*4 #4
- 44 *3 #34 43* 43-
- 44- 33= 23
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M 2. ^#^4 UAI^StfOl 

CHS UStiTti

1. oHXj-oj ^aj ^

7k 0HX(-o|

44] WSU safe W EEC £ ANSI^ fl-2j4r 4-g-4ji #

^.4 765kV ^44^.4] 4-§-7kfe4 300kN °)^4\ jl^S. 444 444fe EEC 

44 4444 44. <& #2.1># EEC Tf-44 # 4£4 4-B-€ 4444 4 

44444 444 44^ 444.

S. #21 0HX|-O| ^2{ §J 7i|=]

4 fe
4 4 
4 # 
(kN)

4 4 
(mm)

4 4 
4 4
(mm)

5. 4 
t444

(mm)
ti] JL

EEC 44

* EEC-305
(1978)

* EEC-383
(1983)

U 210 BS
U 210 BL
U 300 B
U 400 BS
U 400 BL
U 530 BS
U 530 BL

210kN
210kN
300kN
400kN
400kN
530kN
530kN

300
320
320
360
380
380
440

170
195
195
205
220
240
255

330
370
370
525
550
600
640

4444

* NGK 
Cat.No.14B 
(EEC-383)

CA-589EB
CA-545EB
CA-590EB
CA-855EC
CA-596EA
CA-865EA
CA-597EA

210kN
210kN
300kN
300kN
400kN
400kN
530kN

280
320
320
400
340
420
380

170 
170 
195 

• 195 
205 
205 
240

370
550
460
690
525
720
670

21# 44" 
21# 4-t- 
33# 44" 
33#
42# 44" 
42# tfl# 
53# 44"

4444

* SEDIVER

F300/195
F300P/195
F400/205
F530/240

300kN
300kN
400kN
530kN

320
380
358
380

195
195
205
240

485
690
530
620

33# 44" 
33# 4]# 
42# 44" 
53# 44"

#) i. 400kN f-s] 44^ 4&e#s.& ^44°d 
2. 400kN4 4^.e#4e 530kN4 ###.
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L-k

4-2.1 44444 1444 f-444 7^44 214 s.* 4ok444.

-2,ti4 4|ti5.*44 444 ti]^]sH 4^44 414 4^4, 441 1 

# 14* 4M 21 Map# 4444 4>4xr 44 4-4444. 44444 
44 2ti 44ir 444 814 l€#4 874 12144 44 4444 414-2. 

s. #44 Pilot 47k* 4444 44441 -2-til- 4#("44444 444 

444 44 44”, 4441444)444.^ 414 2114 441 <5. 4 
2.2>(“14 4444 1031”)°]4—4, #3.2 44 4 IEC4 -2.4 441 <5. 

42.3> ^ <1 42.4>4 44-.

S 42.2 44Wti4 #344(4S) 5 #2.3 o|*s| 21*4

4 4 4 4 4 (mg/cm2)
^ 4 ~ 0.03 44

A 0.03 A4 0.063 44
B 0.063 24 0.125 44
C 0.125 24 0.25 44
D 0.25 24 0.5 44
E 0.5 24

4 4 444 (mg/cm2)
Very Light
Light
Moderate
Heavy

0.00 ~ 0.03
0.03 ~ 0.06

. i 0.06 ~ 0.10
0.1 44

5 #2.4 I EC 8154 #4 44

. 4 4
Salt Fog 
Method 
(kg/m3)

Solid Layer Method

ESDD (mg/cm2) Layer Conductivity(us)

Light 5 ~ 14 0.03 ~ 0.06 15 ~ 20

Medium 14 ~ 20 0.10 ~ 0.20 24 ~ 35

heavy 40 ~ 112 0.30 ~ 0.60 36

Very Heavy 160 44
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<8. ¥2.5>* ¥444 4 ^4:4 4* ii**** 42]# 4-4* 444-.m

£ ¥2.5 #2lW £**3W 7HE|

4
¥***^-\ * 4 4 4 41 4 * 4 4 4 * £

A 9 km °1* 12 km 4* 5 km °1* 8 km °1*

B 3.5 ~ 9 km 3 ~ 12 km 0.5 — 5 km 2 — 8 km

C 1 ~ 3.5 km 1—3 km 0 — 0.5 km 1—2 km

D 0 ~ 1 km 0 — 1 km 0 — 1 km

4. oHxf-2-l

7M&4444 444 A¥¥* 44"* 444 4 ¥4 4444(4^4* S; 
m, *4* m# 4 mm)4 *g.*^44 444 *^*
4, zi 4¥¥ tf-g-4 44.

(1) # * *

4*, 4*** 44s¥44 4** 44* 4444 *¥444-. 44* * 

¥-2-¥°14 44 7>4 4* *^447> €4.

o]7> 444 4*, **£¥44 *7>4¥¥4i?£¥ <zz_4 ¥2.l>4 4

4 4*4 45**4 3*4 44*444 44*4. * 444 *7>4¥¥4il 
£ W(mg/cnf)4 144*4 *5** V(m/s)4 44* 4*4 ***A& 44 

* * $14.

W = C-2V3 (¥2.1)

444 t : 4*^¥44 4*4 4*44 (h)
C: 44** 4 444 44] 444* 4*

[(mg/cm2)/(m/s)3 h]
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44
# 

(4
44

4)
' O • : 250S (o}4)

O • : 250F ( " )
A A : 320F ( " )
V T : 320DCF ( " )

. 9 ■ : 420DCF ( " )
50%aj\

5%a]

4--"V

13 6 .12 ... 18
^ 7l (4)

ZLH %2 ^42£oi| °|th S4-¥-4l!22.| u|# 
(2^71vH^oll cHth H|#)

(3) 7144 2e
£>H4s1 _$_£-4# 4142^ 4442 5^444 4H4 4# #42^4 £4 

4 4tb 442=&, 2# 4 #4 4W 2^4 44. 2e#4 444 #4 44 

444 444-4 4s.ji, #4 4#4 4#ol 4# 4-444- ^7>44-4442 

7} ^<^442 442^4 444 #-& 444# 44 44. 444 4 444 

44 ### ^44 4*344 427} $14. 4444 444# 4444 #7}<g 

4444 714 5444 #242, 44 447} #7}<@e#442 

4 44# *34# 44 42S 7^4# ^ $14.

- 223 -



(4) 4##4454 44 444 443:4
444444 445444 4# 444 #44fe ^mD4£fe 44 #4 

4 44 4^4. <3 #2.6># 12# 4444* 4#55 4 444 4 ##44 
£ tilirir ^#44 444 444. 444 <3 #2.6># 44#4454 44 

# 444 ^43:45-4 44# 4 44.

3 42.6 4#oil44 4##4W5 ulH1251

4 4 4 # 4 4-45# ^45#

12# #444 1.0 1.0
21#, 33# 4544 44 0.8 0.8
21#, 33# #444 0.7 1.0
12#, 21#,33# 4444 44 0.7 0.8

2. <ot°i m

45#44* # 444 4## 444 5#44#44 44 4^4 43.4 
4. 4# 4444 4 444 44 435_#4# 4 444444 4444 5 
#44ir 444 445#4#4 44444 #4.

4. 21S2# Al^ofl °#

(1) 4# #4

445#44^44 4415 4444 444 43.4 EEC-5074 444 a

4 3.44 4 4 (Predeposit Method 5.-4 Solid layer Method)4 444 (Salt Fog

Method)4 44. 5# 544444 #4114 44 (Clean Fog
Method)4 ^#l(Wet Contaminant Method)3-5. ##44.t301
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Method)4 ##4(Wet Contaminant Method) SS #444.^
<& #2.7># 4#S# 4^4441 4^ ### 44^ 4SS.71 ^ 4S4I 

4c 4^^^]4^1 $l£°M &44 ### 7>4 54*4 SS %44c

44 ^7j-s|& 44##4(mm#4,m)4i 44 4 ^#4# ^j-a-W4.

S. -x-2.7 4gS# 414114 ^=1261

4 4 44471-4-4 til JL

4. 4 
444
(Solid
Layer)

3. 4 5£ 3L ^
(Clean Fog Method)

444*84 ##441 444 47>
(44##4)

44444 ###41 444 471-

# # 4
(Wet Contaminant Method)

44444 ##44)414 444 47}

444^4 ##4-4141/I 444#
(#7l-##4)

4 4 4
(Salt Fog Method) ##441 444 47}

(2) 444 44444- ^44

44144c 4444 44#4 4444 44444 444c44 44 

71- SA4I4-4## 4#4c4 44 ##% #&44. 44 44 444

44 UHV# 44-444 44 444 44444 44444 44# &44 4 

44 4# <0.4 42.3> 4 <3.4 42.4>4 444 Si4 

4444 300~400kV7> 4c 4444 44s. 44 4c 44 171144 44 

4# 4eoj= cfa 4oi5i 414 171144 4444 4## #4 44, 444 

0.95-1.05 4 444 #3., 47>4 44-4 444# 5% 4ss jl444 zl 4 

#4 1.041 7^711^4. 4^41 44 800kV(4444 l,390kV 44)444 44 

44 44444-4 4144 444441 44MI444 44# 444. 44 4#
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 414 (kv
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0.0059-

zo 30 _ 40

>114-4 n zjo] (m)

oM ¥2.3 0HX1-21 gaaoM Lt|g°J-

/<999|
12# 44(#)

444 41 14 (m)

ZLS -t-2.4 S¥0HX|-°| yasolfil- 4¥2 ¥#msgj-
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# 5#44 ##, 4^1-4 ## 3 5#54 44 ^4 4 444. 444 W4 

##4 47}44# 44- 1444 444& 4-8-44 4 444 4444# 4& 

4 44.

(3) 4 #4-4-454- 444

<54 #2.5>#4 <54 42.7>44fe 4145^4 44 4#W454- 44 
44M4444 44* 444 444, <54 4-2.8># 4#5#4 44 444 
444. 4#5#444# 4*W457l- #71-44 44444 4*W457l- 
45 45 444 44 444:4 45 5 44&# 4-@rW45.7l- 0.01 mg/crf 

454 4-44 4444 44#4. 44-4 444 44 #-fr&4 4* 4@-4# 
4-8-44-44 4*4 444 4444 &555 4#* 4144-5 4*W45
* 471-4-5, 4^4 444 4# 4W4 t ^18 4M 5M W4 

##4-4544 44.4# 471-4-44 44-.

44, 45: 44) (mg/cm2)

5U #2.5 i§0Ux|.°| §°]*§ 4S4191
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35
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0=
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?
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#
v
w

25

50

/5

/O

• 42# 44
7}3L #4 #4 #4
O #441 4#4
A #2] 41 NGK

: spray# ti

X-

X o
N -nA- 18“

% oo

■444414-4

aoos ao/ 003 o.o3 ojo ojo o.so *o
(mg/cm2)

rLH #2.6 42# ##o|]x|.°| §oj°g LHyoj.

i r n------- 1—i—
54# %#44 #4 #4 #4 444"^

o O #441 4#4
A #441 NGKA #441

A ■# : spray .£.#
\

\^A
■

-

j
\

'bQ$kt A

■
bc

11

!

ii-
-

?C 
,

1̂1

1

0.005 0.0/ 0.03 0.05 0/0 OJO O.so /-o
(mg/cm2)

ni #2.7 54# ##o||x|-°| §ol#euUS°j-
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35

30

%

V
?
Kb
nh
&

25

29

/5

•(DA

• A

7)£ s.^nj-'a
• spray
O spray

NGK
A 3M-T-3I
O spray
A

: CaS04 • 2H2O
____I___1_____1________L

0.005 OjO/ 0.03 0.05 O./ 0.30 O.SO

59955495= (mg/cm2)
AO

zlU 52.8 545 t-HSgJ-

l-k ^raa^Aisoii 2®-

<zl9 52.9>4 52.10>-& 444 949 ^^*9-

# 955.54 99 4 49 "94 449 944. 495.54 99 44

995 9955499-5.4 49 94=5 5.5 559 444 444 49

#4.
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4 444 444. #44 44# ##4##4

44 4444 4-#2£ 4##4-4 444 7>4 44. 24 4 £4 444 

24 44 44444444 444##4 44 4444 44 44425. 
444 4W 425. 4444. 1

#7}4 #4442(444) (mg/cm2)

nH %11 4# 44o|j44 -y44S# 4-id
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SA
 lo

te
hH
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H
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Vso (kV)
§ § I S g 2 § §

fr
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0S
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 lo (
1-

w
H
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o 
IE

Vso (kV)



5 ¥2.9 X|7|OHX|-O| z&gn

4
4
4
4

444

4-' 2

4 4 *1 ¥ 2*¥¥! *4444- [kV/7%]
4 3 %
4444

[mm]

¥ 4 
4 4
[mm]

0.01
mg/cm2

0.03
mg/cm2

0.0625
mg/cm2

0.125
mg/cm2

0.25
mg/cm2

0.5
mg/cm2

4
4:
4
4

120kN •254X146 280 14.8 11.8 9.7 8.4 7.2 6.4

210kN 280X170 370 17.0 13.0 10.9 9.5 8.3 7.2

300kN 320X195 460 19.5 15.0 12.6 11.0 9.6 8.4

400kN 340 X 205 525 20.5 15.8 13.3 11.6 10.1 8.8

530kN 380 X 240 670- 24.0 18.5 15.9 13.8 11.8 10.5

4
*
4
4

120kN 254X146 430 - 14.7 12.6 10.9 9.4 8.3

210kN 320X170 550 - 17.0 14.3 12.5 10.8 9.5

300kN 400X195 690 19.5 16.4 14.4 12.5 10.9

400kN 420 X 205 718 24.6 19.8 17.0 14.7 12.6 11.2

(2) 4°1l3-* *4444-
4°iU2-*4 **#4 **4h3, 44 sfe ^4^*4 #^o] ^ 

*^*4xM 444-* *4444-^3. A]~g-tM. **ik* 444* *4^.* 

*4444*44 4*¥#4s O.Olmg/cnf 4^4 4444 *44 4-2-3. 4 

4 *44 n 44* <& ¥2.9>4 #4 44444

(3) 44 4 AM *3.44*4

<zi4 ¥2.12> 4 <zi^ ¥2,13>* 44 44 4AM F504444. 4 ** 

A5-¥4 4444 4444—4, 44 Withstand Probability-4 44 °114 44 

444 ¥44* &S1 75%* 444^4, F504 4**&* 4442* % 

425. 2*444 y504 7.5%3 4^4. ^-425 444 *#*
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£ vw = F50( 1-0.68(7,) = 0.95V50 44 

4 V50 : 50% 344-mean Fog4) 

n :

( =0.68 :

0S : F504 7.5%&)

444 444 44444444 4444 4&444& tilH44 44#f-4

4# ^44 T^i- 4*44 <5. 42.10>4 44444.

5 42.10 44ohx|.°| its. ohx^h=

4 «■
44 I 44 n A B C '

0.01
mg/cm2

0.03
mg/cm2

0.0625
mg/cm2

0.125
mg/cm2

0.25
mg/cm2

F50
(kV/m)

300S 102.5 91.4 84.4 77.0 70.0
300F 126.0 115.8 109.0 102.8 96.5
400S 107.0 95.0 87.0 81.0 72.5
530S II II // // It

F((/=
FsoCl — 0.684 

= 0.95 V50

300S 97.4 86.8 80.2 73.2 66.5
300F 119.7 110.1 103.6 97.8 91.7
400S 101.7 90.3 82.7 76.0 68.9
530S tt It It It it

dLR-444
4 4 (mm)

300S 5,698 6,394 6,920 7,582 8,346
300F 4,637 5,041 5,357 5,681 6,052
400S 5,457 6,146 6,711 7,303 8,055
530S It II II II II

ihSofl444
(4&4=555kV)

300S 30 33 36 39 43
300F 24 26 28 29 31
400S 27 30 33 36 40
530S 23 26 28 31 34

* SEDIVER "DD/MJR85/94542 MKT, 1994,11.15" %2i
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Bk OHX^O| immaf***

*44 4*43# *44* *4#24 *4#;H* 444 4 #4 44-44 

44*46)] L)]* <£-& #%4#4, ^14# 44 4*4 #4# H5# 22 <9 

*24 $1*4 #4# #4* 2*4 #4* 4*4 #4.

(1) 4#4 ##=

4 #4 4 44*4 24MM* 4#* 4#^4, 4##2, 4#4 ^ ** # 

$1 #4 5.44 .*4 44 4#* *24 44-4 2**44 4442 "8% 

%*4.
4##°14 ti]i:o] 444 44 4444 100%4 444 44,

70% 4*4 44 *4 444 44 444 44 44. 2-4 44 44444 

44 44 44444 l~lOm 424 #444* 44 44444 444-# 4 

444. 444 UHV* *4*44* 444444 4442 44444 2* 

44 1444 #444#* 4444 44-# 4 $14.

444=4 424 2*444* 4444, 44 144 7~8 kg4 ##* 2* 

4##44- 20~30cm 44444 244* 444 $14. 4 4* *4€ Horn 

4 *#4 ## 4#4 4#444. , . - ; -

**#s4- 24*4 44"3.4 44# **4. <24:>2.14> 

* 4##24- 2*44*44 44* 444 444 <24 *2.15>*#$1 * 

4 244:4 2*44*44 44* 444 444 24 4#4*4 100%42 

4##44 20cm444 4*24 24*4 #24 2*4*** 4444.

2# 44-7]- 444 441 2*4/044# 2*4444 444* 444 $1 

24 44 4* 4# Data4 **44 9=4 # 4244* 4*44 **24 

442*4 4*4* #***#* 4444.
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11
/SOr ++ •f-C

/££> -

o
TP *0

OJ 0.2 0.3 a*

(g/cm3)
*5 o>6

nH ¥2.14 iilJEoii CHS- Lflsa-

I
oH ^
WJ
9
ti° /20 E

TP
TPVJ
1C 80 
*cT
jij
B) co 
o’
TP
W 40

1 i III I I I I I 1—5 JO 20 30 3) ICO 200 300 SCO /OCO 222?
T^T-Sl-g-sl (Us/cm, at 18°C)

nH ¥2.15 ¥¥2l#£| ES#ol| CHS
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(2) 4#4^ V# # £#44#

4#44#4 £#44## 4##£ # £4#4 4]# 4## £4 tl££ 

44 4# V#4 #£#4 444# 44 4# #4 Data?} #£££ 444 

lOOOkV #443.4 4## 4444 V##4# 4-S-^4 4~§-4 44 V## 

#4.

£ 4-2.11 4444 4444- Sj £#44#

4444V# 4##£ £ 4 & £#44#

4 # I 0.3 (g/cm3) 100 (uO/cm) 71.0 (kV/m)

4 # n 0.3 (g/cm3) 50 (uO/cm) 78.5 (kV/m)

□ K Air Gap°| H#

4# Air Gap4 £#4 444 4 4444- G.N.Aleksandrov, G.J. Anderson, 
K.Miyake#4 4444?} #£4, <£^ -^-2.16># CRIEPI44 44# #"-# 
(£4-£4), #-^#(£4-#4)44 Gap #44 t##4 V5o%(42.4)44 4 

4# #44 #44.

4# CRIEPI44 44# Vso%4 £4 #4# <4 45.2>4 #4.

Vso = K-1080*ln(0.46d+l) (45.2)

444 Gap Factor K r 1.44 (£4-£4)

L 1.26 (£4-44)

444 Vso# BEG 4^4 4# 4# # £JI S.#* 4# 4# 4####.
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(20)

(21)

(22)

■f—Ir wet
(19)

O J 2 3 4 S &
Gap ^°] (m)

HH “2.16 Air Gaps| H-Ffciq- #-yf291
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JfLS 3. 7pp**mo|| CHti

1.

7K H1--9 §J lS7]B|o|

Cl5!? -t-3.1> 4 <n^ f3.2>^ 7l£ajsi Gap°)l 4# 4^44 4

#& 44^ 444[281 50% ^444-6 44 4^44 4#4 44&-2-S. s)fe

U#^& ^4] s)4, 4^4# 444^4(Tf444 ■5>jli o]o]i tfl-g-^

50% 444°0"i- 44 50% 4444(CF0)44 W. 444^44 Gap447> 

^444 44^ W(OT Tfcr=50d)sr 44-44, 4 44 GaP44 4 4^4 
4#& 444.C2W11 CFO4 44 44, 4444 ^4 4, 4-44 4^l 44 

4444, 444^-5. 444 W44M14 44^^ 44.

x AEP/OB
----------- □ PROJEXT UHV

# RENARDIERES
Gap 44 A CRIEPI 
----- r-x-z5m a CESI

4^4 (us)
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760 mmHg

11 g/iri

■O0.5m

/CO 200

(us)

Vsocr = 1080 ln(0.46d+l) ■

 3400

o J /O 45 20 ZS 30

Gap d (m)

nH ¥3.3 GapUo|s>|-50%
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<nl *3.3>* *-34 Gap°ll 144 &*17]5141 Gap* 4 d(m) 

4 50% 3414 VsocrtkV]^ *7111-441 444. ZL^44 Vsocr = 3400- 

(1+8/d)* Galletl ^4444 Vsocr = 1080-ln(0.46d+l)* 4* UHV 4144 

3]4 2)1440.54 o]2io)|5. 4*4 40] 2)1415 14.I2a3U 4-44 444 
Gap0!] 4444 *47l|*(Gap factor)* 4*44 4441* *44.

LK **s|

**°)1 44 44-444 a]4* 1*°] 34 4 **4 3 s, sm *ofl 

44 44* 1*4. <zz4 *3.4>* CF04 44 **4 44* 441 *55 
4, (°fl41*4/**44H] 44 *534144 44** Tfcr* 47111*5. 
44 S44 344 41155 **4444* 1544444 96~99%4 5b 
55 4444™

I
i

Is
4.97-r
POST

n STF
FIVE

LIKE
\l2(X) US

145 e\
*

\
v

-

\>

0 0.2 0.4 0.6 0.6 1.0 t.2 1.4

INSULATOR LENGTH/STRIKE DISTANCE

HU *3.4 4 4#
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4. Gap 9t>k

7H4444-4 4# Gap494 4% 3.711 494. <34 93.5>
9 4434 4# 9-4-' Gap4 50% 44944 94* 449 935-4 

HXD=04 9949 4-994 *4* 4943, H/D=°°4 9949 °]444 

*-9 Gap4 *4* 4444.[15] 5t 4441 99*4=4 44999 Gap94 

4 499 3711 99 435. 441*4. 444 4 4444 444% 444 

344 94* 3444 9-4444 44

H/d=0 H/D-0 H/d—O -
NEGATIVE Tf =500/is Tf -/OCauS

Gap 4°1 D (m)

3H 43.5 #-# Gap ^43^4 qjx| eSS4

Ek 71'o*'—I <g^15.28.31.32]

(1) 44 34 49 (Kl)

44444 M4444C44- 760mmHg, 99 20°C, 9493 llg/m')34 
399 9-497193 54 *33949 Kh394 44-3444= Ki* 944 4 
tb4.
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Ki = (Kh / a)" (43.1)

444 Gap 444 44 4f(zi# 43.6)44, Kh ^ 5 r

4-B-4 44 44 44 4444.

8 = 0.3855 P / (273 + t) (43.2).

Kh = 1 / {1 + K(HM-11)} (43.3)

444 Pfe 4#-(mmHg), tir 44CC), H4 44^S(g/m')* 4444. K4 

44&4 ;l)4 #1^44^ 0.0083 (2444^ 0.0119)4 4444.

44 <4 43.1)4 6,4 <4 43.5)4 k4 EEC4 5_4#4 4#^ 444 

4 CKDBPI 5.4 #4 4444 $14. 4, <a4 ##44 444 <zl# 43.6>4 

^7)4 44 44 EEC 44 444 44 44 44^5. &444 $14. s, K4 

4t7> 442. <zl# -t-3.7>4 44(4^4 Tf, ##4 d)4 44 444 44 

44 4444. 4 ^-444 ■§—§-, f-44#4 K* 4443. $144 #^#4 

44 4^44- 44# 4#7Rr 44 444^7> 44 444^47]-, 444 4 

£471-4 44- 4444. 444 27>4 5.4 #44 4 #5.# 4^ Ki4 4^4^ 

447> 47l^7>* 2:44-71 44 12 1,000m 444 444 4444 5.4 

765kV4 4 5m 44 4444 4-4444 3-f 1%4^ CRIEPI 5.4#44 

Ki%4 7144. 44 CREPI4 5.4 #4 4# 447} 44

444 EEC#4 44 UHV# #4 4^5.4,-444^ EEC 5.### 45.45. 

4^4.
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rr--------
\ \ (a) IEC ^

(b)
o=0.56exp(-0.25d)+0.44

X \\ \av\\
\\\\

y *

— — — ■ -

-

0 5/0/3 20 25

Gap 'll0] d (m) 

nH ¥-3.6 a)3.\ Gap Ho|s>F°|

& : K=0

k(+) -§—■§*

(+) %--*%$: —

nn ¥-3.7 K&I- Tf/d-S-h—I



M 527]- 54-34 44 445442 4 3tfl527> 4444, 4444

5 7#4 44 44425 3.52434 44-5 2.44 454 +444 44

425. 4444 425 4444 444 44 444.

(7» 524- 4^54 42

4442 la 544 444

h= 1.84(logP0 — logP)(l+Qt') 

= 7.991 (lnPo-lnPXl+st')
(43.4)

4 7] 4 452444 7] 44 Po(mmHg)4 41 5.2 h(km)43444 7] 4 

P(mmHg)5 4-5-4 #4 44144.

P = Pg- exp — h
7.991(1 +at') (-t-3.5)

444 a6 571334+ 0.0036742, t'5 4524322+4 h(km)444 

454-6 (‘0224, 544 44 4-64 lkm4 6.5°C4 4442 45244 

4 464 to(°C)4 44 h(km) 444 46 tCO 4 3545 tTC)5 45-4- 

£4.

t = t0 — 6.5-h (+3.6)

t'= t0 - 6.5-H/2 (+3.7)

4444 +4 P4 t 4 <4 +3.2>2+4 52 h(km) 434 3534 441
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44 ^£§,*4 4^44. <ZL^ %8>^r £314] 4]% 44, ^f7]fE, 7]^

£#444## 44\9 544.

bp 0.80

0.75'

HH %8 £2I0|| EJltl- 7|^-za^#

(4) £215} es

7ie t(°C)4 tifltb £#4#4 44 Vt(mmHg), 44 b(%)
5} 44 Hfe 444^ 44144.

„ 289 Vt t
H 273+t x b (-7-3.8)

444" £#44] 4 44 b-65% 44. 4444 44 H4 5m ^ <4 ^

3.3>A&44 W44 #s&544 Kh»4 4444, (Kh/5)4 444* (W 

5m) ^.s. 44.
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(4) 1## JLll lli!.!!#

MJLll 4 1 Ml 141 41 Hiflis^ 14#s* '##44 

(Kh/5)^ #7113] 4#* Sll 14 HI 141 (Kh/5)4 &#14# 71131] 

41#1 If 0.03, H#4 1# 0.05 1S3. #1# # 4-5-4(91, H^Lll# 

# 441# #7111 l## aB)44 4#4 1# Isa. #14.

m 41^4 444 (Kh/5) = CKtoMJ + 0.03

^14 444 (KhM) = (KUSJ + 0.05 (#3.9)

(2) 44711# (k2)

44-711## 144 4S4114 444414-4 41 4# 444# 1-5.5L 

1 4#14 444 1*44.

Kz ~ 1 - m<7 (#3.10)

441 #414-4 &#14 a# 7114 41^4 444# 0.05, s#4 444 

# 0.0344. si m# 7M1 439# 4 ^#4 444 3# 1#14

2. cHxjy 7MZR9# Oft

11^-1 oj] 11 Ills.# 41-444 CESI 4 4#4 CRIEPI# 4441 

4# 14114 41 11# 44, 50% 14144 1471144 ItII ^ # 

#711#* 44444. 4#4 <5. #3.l># 4# -2_41 144.
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4 4 4 50%4444 
. (CFO) . !

: - 4
444%) ti) JL

Paris et. al 
(ELECTRA 

,1973)
500-k-da6

■
1.0 ~ 1.9 (##)

1 •

Hilemanl

"Insulation
coordination"

IEC
(IEC, 1976) 3,450-k/G+8/d) 444eUd)2] #4

Pigni et. al 
(1979) ,. k-{l,400+(55-d)} -

Gallet,Thione
(ELECTRA,

1984)
3,400-k/(l+8/d) 4442](d)2] #4

CRIEPI (1985) 1,080 • k • ln(0.46d+l) S444 #444 
■ 444 44 44

CRIEPI, UHV 
##4#44#

£2] 4 #4% 4 #4 4 CRIEPI# 42)# 44% ###4, 4## #4 

#4 Tower Window 44 V# 4444# 7) #25. 4W 44-44-. CRIEPI 

44:44 44#4, 44^444 4-444 #4, 44- 4 V# 44444 44 

4 50cm~30m #2# W# 444 44444 444 4^4 #424 4# 4 

44#4 #442 # #44o 84. 0.42.5. #- ^S44^ 444-44-4 4 

4-4-44 44-44-4-4 444# 0.4 44 #444 765kV #44- 4-4 -8-44 

#2# 4# #4 CRIEPI4 4 44 4- 4-8-484.

7 k x|[9,281

<0:4 #3.9># 44444 Gap 444 44 4 #21 4444-8: 4-4-# 

444. CRIEPI44 444 444 24# 484 8KW, 2244# 500mm4 
82444. 2% 44% 8.6m4o, 4444 4% 44#4 2m4 34444 
44# 42] 24444. 44442] #44# 20°4o, Gap### 4 #22] 2)4
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'f I

HU ¥3.10 ^tOHxK S-xI Horn!4444 

l-K LH §• §j- xl19-281

444444! 4# 444Efe 4444! ^ Corona shield ring!

4##4 ! Jumper E4 E-b Jumper! $-4 4-TArm44 $14. 441E# 

Jumper Ml 5-4 ^-rAmiS^-S #E# 1-f- 4 444 # Jumper 14! !## 

4#4 dl 43.11> 4 dH #3.12># 8Exll Jumper(810mnf, EE44! 

500mm)4 Pipel Jumper((|) 250mm, 44 600mm, 444 414

44* 444 444.

4144 44#* 8.6m, Arm #44 #5 2mE 453^4, Arm! 14# 3 

44 444 444 414534. E4 jumper! 44# 4144 14# e44 

4 Arm #4EE44 4~5m 444EE #4# 44^ 4534. 4144 Pipe 
Jumper! 1*7> 8E4| Jumper! !#E4 4# 44# E^4
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. 
50

%
 '8

^'
g-

 (k
V

) 
^ 

50
96

 
(k

V
)

© K=1.31 Jumper—S-tirD- 
© K=1.24 Jumper-^"^1 
® K=1.34 Jumper-4%^ (44) 
@ K=1.26 Jumper-444 (44)

Gap 4°1 (m)

nH ¥3.11 8S.n Jumpers! Gap #-8

2*00

2030

/600

/ZOO

4 5 <5 7-8

Gap 401 (m)

nH ¥3.12 Pipe Jumpers] Gap
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Horn

ZLU -t-3.13 -lH&0HX^| Homo|

<=l$ -r-3.13>-Sr 4l#i*}#*lsl Horn ^ Jumper Horrid ####& ##^d

###*15} ##4 #°1 Horn ~.*1*1 Arm# ## D# Horn## d#1 ' 1
til D/dS. ####4 ##41&#. ##^1 rflsH ,#^### #&##

## ....... . .

O 41# Horn - k — 2.17-exp ^ )1 (#3.12)

o 851# Jumper Horn : k = 2.25-exp |( —0.54 \ 
l D/d J i; (#3.i3)

oPipe Jumper Horn : k = 2.12- exp^--0.54 \
D/d ) (#3.14)

ck V@ Jumper X|x|§-x|[9,28]

41# Horn 
»/

T o
Jumper 41
(4m -e-<#

<zl^ #3.14>xr V# Jumper*! *1 #*151 *M##* ### #4#. 3E#f#



4 810mnf, 8^4, £5^1444 500mm44. 4^]44 8.6m, Arm#4 2m 4 7m 

4 2##4] 444 4 ^4^4, <ZL^ %14>44 il^l Aim44 <#% 

4 4A-3. 44^4. "

(1-1) Ring-####
## 2m K=1.29 

(1-2) Ring-####
## 7m K=1.19 

(2) Jumper-#*!]# K=1.24 
(3-1) Jumper-####

#4 2m K=1.28 
(3-2) Jumper-####

## 7m K=1.24

Gap 44 (m)

nn 43.14 VS Jumper x|x|§x|°|

-r-3.15>4 Tower Window 4 Jumper*]4 4*1 £] 44444 44\l 

444, <ZL^ 43.16>4 V€4 #4 4W44 44^ 444 4444# 4 
44 ring4 44Arm 44 D4 #44 d4 4 D/dS. 444 4 #4
444 =r4 444 444 44.
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° 4 #4 Arm# 2m = k = 2.22- exp^ — 0.54 \ 
D/d J (#315)

o 4#4 Arm# 7m: k = 2.04- exp^i^f) , (#3.16)

oWindow!! 44# 7m: k = 1.97-exp^ -0.54) 
D/d ) (#3.17)

VS 7B^ #4 g# 4EE 4444

4^- 4# 2 m

44 tf7m

" * Windowst-fl #^|] 7

nH #3.15 VS Jumper 444^1 Ml #s| ^4#^

BK VS ^^xl'9-281

<zl^ #3.16>-8r Tower WindowM] VS S#444 4444-1: 3#1 444. 

E4lfe 444 #E4, 4^11## 4m 4 7m4 2#iM 444 4S%4. 

S#444 S4S ^444# % 444# 4#& i^4.

<IL% #3.17># Tower WindowMl VS E4M Cartenary44 4#& 44
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vfl <zl% ¥3.18>2 Tower Window^ VS 24# 5- Gaps]

2 242 -& 5.# 2°1 4. 24424 424 ring4 2"4Arm24 #2 D4 S 

44 dS] ti] D/dS. 44^&°-4, ¥4# spS 444 24.

oV€ #424 : k = 1.89-exp ( ~q^-) _. (43.18)

Catenary 2 205.

CD 4^14 4m (K=1.12)
#4# 7m (K=1.10)

Gap 2°1 D (m)

zlU ¥3.16 Tower WindoW-H VS 4424^1 2442

- 257 -



Catenary A (£.)

ZLH ¥3.17 Tower Windows VS % Cartenary g

ZLH ¥3.18 Tower WindowMl VS Ml 5^1

- 258 -



OK o\°d=?-m]

<ZL^ *3.19>* 4*4444 4 GIS* Bushing Shield Ring~44#4* 

5.444 Ring~lM14:4 *44** 444 444. 4*4444 41# 444 
4 *4* 4**53.44 Jumper* 44 44#44 544 4* 444* 4

*(n4* A)4 44444 44 444* 4*(^4* B)4 2**4 444 4 
4# *44-310.4, *44 4*4 44444 444* 453. 4444.
Corona Shield Ring~444 4444* #43K4 *** 4* B-4 **4 #4

444.

® 91-^44^1 A (K=1.23) 
® Slfr°M34 B (K=1.17) 
© Ring-^-41^ (K=1.19)

m &

Gap (m)

nn *3.19 ys±: 44*01144 *4#^
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d3 %20>fr £4~4£l-4 4 £4-5444 44^-4 4£4"@# 4 

44 3144. 4M4 43 5cm4 HpeS 4^-44 $)54, 444^ 3*4 4 

444 4445s. 44 $14. £4 £44^ 54fe 44 5m4 Al 454# 3 

2:.tiH443L 44# 44444. 4144# 44 4444 44 44#44# 
47>44 44450%4444# 44534.

8E4 82*11

#2#

M n
8m

W 1

-4b.
'

7777777^77777777777777777" 77777777777777777777777777

22° x 3S

5ffl
7777777777777777X77

(a) £4-4£#4(44) (b) £4-4£#4(34) (c) £4-5.44
HU 43.20 e}. 551-1-401 ^44^ 4£ 41
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7 k 44

a) 44 ?m <y^ 4^ ' '

7113114-4 44 44 44# 44444 44 4 s& 444# ## 444s 4 
W# 44. 44444 4#, 444 44#4 44Si o!44s 4 4S44 

^-4444 44 4# 4S414 44444 3.7] ^ 4 44 4447k #44^ 
444 44s 444 444 444 44 44 <24 43.22>4 4
4 2.447k 47]4 44-44 44 Clearance# 4444 41# 4S44. <2^ 
#3.23># 44 71)444— 4444 4^ 4 Parameter# 444 444

3. ## Oft

Clearence

31! 43.22 24471 S4tk 4444 44 Clearance
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V
V"
v"

Tf
Tf"
AT
Tb

142] 44 43l^i 
442] 14 434 
11114 4447} 
1412] 444 4<g- 
142] 4#i 
^-42] 4^1
1-1 43-12] a]44
1414

a —

am =

v
+ + v" 

V~
V+ + V"

„ ( am=0.33~0.5l 1411 11)

ZLH 43.23 14 7H4 S14S §j 44414

(2) 4^42] 1#

14 14 41# 444 14 414 40] 017]. 412] 4414 444 

d! %24>4 44 U #11 4443 4 75 4o]o]] 44 14 414 44 

7> 4# 144#!( T/cr)4 #71144. 4 14441# 1 44(d)4 44 14 

3 n 441- 435. 7114433. 441# 44

tifm=0.502] i- 

am=0.332] i-

Tfcr = 20d 

Tfcr= 30d

Tfcr : 4 4 4#1( ^ S) d : 114 (m)
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1* 4*4 4* ^7)17]- $14.

V50 “ 1
1 —0.35am (4, JT=0)

lk m

<5. 43.12>* % 7^144414 4# 4^l7M 4*44* 44# 314 

4. &4 #4 #44 ti]S-4 44 4-§-4* 4* Gallet 4 Paulson 4 44 

4, # l£4l* 444 44444 4# !£44 44 4*£ CRIEPI44 

1985#°H 44# 44 4*444.

a %2 447H44444

4 # 4 50%4444(CFO) #47)14(k) 4 JL
Gallet,et.al 
(1978)[2] 3400-K/(l+8/d) ' 1.36 ~ 1.8

8:44451
H£414 ^4 
a:44-ti]

Cortina,et.al
(1981)[2J

640-S0'6-(1-0.25-d/H)

l-a(0.14+0.54-d/h)
0.86 - 0.54 d/H

Paulson,et.al 
(1983)[21 3400-k/(l+8/d) 1.36 - 0.6 a

CRIEPI
(1982)[6] k • 1080• ln(0.46d+l) 11 £41:1.79

4 41 £41:1.54
CRIEPI
(1985)[51 2570-ln(0.25d+l) - am= 0.5, t= 0

<zz.l *3.26>* tim = 0.5, At = 0 # 44 4# Gap4 44414 4# 44 

#%4 4144# #4 44# 444. 444 4444# 444 &#4, 4 
* #4144 *H ^d.s. ^1444 444 44 7^14444 4#

4 #£ 444 144 44# 14#£ 41* 14* 44 ##44.

- 265 -



'

<D 4C-4C (Poeject UHV, T,=350uS) 
® Ring-Ring 
® 8C-8C, 8C Jumper- °H 
@ (IREQ, T,=500uS)
© 1C-1C (Beep)

Gap 44 (m)
nil 43.26 7HEl|2|.g°J- yBi.^ (^=0.5 AtO)

4: % sjSoMTjee] gej-n^127-281

?k ££°im awy

w 4 e ^ e

4^-2-^44-fe 4444 444 4444 4444 44, is.
4 2500(iis) 4444 4# 4444 1000(us) 4444 4# 4444 444 
4 30% 4444. 4-44 444^444 7fli 44^ 44W4* 4£'t 4 
444 47H^4 4444 444 444 4^44 4-2-44.
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3#¥43£4 0.06~1.0(mg/cnf)4 ^44133 £#413-4 ?M M13 
33 44334441 43144 3#44 0.03(mg/cnf)4l 3 # 3 3 4^r#4 
33434 £3 ?M 34^ 433* £#433 4^44 4£4
3 3L Ml#* 3*Jf43£41 44 2.0~2.5 3441 3* 3-2.5. 4434.

(2) ?! 1 i ^

<zz.4 -t-3.27>-ct 250mm 3¥444 33 3 4¥£#34 4414-44 44 

4444-4 4#343* 444 444. 441 444 4 4 4(4^-$.^) 4 
44 3433* 3*3*33 4#4 4# 4*41 444 4*3414 £ 3341 
44 444 10% 3£ #4-441 44.

#4 #3*£*4I4(4144 33*4 4#£*, 444 334 44)4 34,
43 3434-4 3#34-2.44144 3441 444 20~25%4 41* * 4-2.5. 
34443 44-34 4333 ¥3*£* 4341 4444 344 334 43
44 3 £44 4 34.

gr /a# 1.0 mg/cm

42§ ti-r 
0.06 mg/cm2

54@ ^4= 
0.3 mg/cm‘

ntl ¥-3.27 250mm 34°H4 4413 H£ Ml334 4f§
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1-8 m

ZLU -t-3.29 4*ll£4- £|4: 50%

444 44*3 0.3(g/cnf)4 4 444^44 50% 4444* 4444* 

170(kV/m), 2444* 220(kV/m)7l- 44, 3444* 3 *44* 444 

195(kV/m)5. 4M. <5 *3.33>* 444 50% 44444 44*

3.444 4 44444 4# 4444 44444* 44-4 444.

S. *3.3 4*44 440H444 mifr *444 419-29'331

■——~  4 * 4 *
4 * —

4 * I 4 4 n
2 4 3 4 4 4 2 4 3 4 4 4

** 44 *4 ^4* 100 (Uti/cm) 50 (uti/cm)
50% 4444 (Vso) (kV/m) 220 195 170 220 195 170
m4*4444(Vw) (kV/m) 154 136 119 176 156 136

4 3 Vw = Vso • (1 - 3o) 
(o = 10%)

Vw = Vso • 0 
(o = 105

- 2o) 
%)
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0.22~0.29->0.30

E^l-ir : 10-53 uS/cm

f*>-34^01 Efe (m)

n£j -r-3.30 ^^E. 0.3g/cm% Mti 211 gj 
4H4I§-

l.
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¥* 4. 442 you chs m&m\ ns

1. *NI4SnH Aka#

M-S-S- 7>^]a-ll 44 4444 E4H4 444* MS* $!=.4 

444M1 4141% <*\z] 7\x] H°1 4^5)3. 134 *3. a-w°]^°1 e?1* 

*3 $14.

444] H 4114 4% 4 1 4l3*(BF0R:back flashover rate)4 4 
41 -a 4) 4j2.'i:(SFF0R:shielding failure flashover rate)5. 4nr0! 4 * $14.1181 
444 BFOR* 444 14 4 4^44M 144 144 eill 141* 
4 4*11 %4]& 444% %«• 1% SFFOR* 44 7> 13414] 44, 
# 7^4441 41 44]7} 4444 44% 44* 114. BFOR1 *5. 4 
44-1 1 1441*41 3711 4*43, SFFORl 71-^41 1 1344 41, 

4 114 144 444 4*441 44.

7 k x(-4|^nH aBE2l| 4Ii14

EGM°1] e7i# 41 4135. % 14 1344 441141 l3l*(nl 

/lOOkmDMl 4 445. all l3l*# #44 /]-3-&ol43 a?]14)1 

4*435. 4111 * $14.[291

M
J'^Onax I /*<««r-- X, X°‘ sin(g — g) 

cos a

• X a) • da • dd • dl0
(*4.1)
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N : tfl*| 44#S(4/km2 • #)

K/0) : 444#4 W 4#44,

Tss : 4a $1^ 4S414 44714W
Q- : 44^ 4 4( #4 44 ^°d5](leader)7> 4## 4)

A a): 4^144 ###&##

0 : W-2-5. 4a $1# #^414 f^is^sja] a#4(exposure arc)
44 #7#}^ 44 3M a# 444 tW4 4## 4s.

Io : 44##(kA)
*

Iomin: 4 44##4444# 4#S4H1 444 5£4s 44# 4S4 
4 #iz 4 4 ##(441 44##[kA])

Wax: ^4447> £)# 441 44##[kA]

l-k m\m ab#si

<4 #4.1># 41444 4#, #atb N, P(Io), Iomin, Iomax, g(«) ^ TSS# 4
#4 #4 44 W. . :

(1) N:414 444S[4/km2]. *
N# 44 4#4#(IKL:isokeraunic level)4 1/104Sg. a# 44 N# 2[4 

/km2A£]5. 314. 44# #444-4 44 4#4# 204 ^t4.

(2) K/o)[100%]

44##4 #as4 4-B-4 #414# 4#44.

K/0) = 4.75 -e~hm + 0.1 Vo/50 (#4.2)

4,

fQ Hlo)dIo = 100%)
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(3) T ss:4 A 4%4 4 [m] (striking distance)

T ss = a h • T sg

4 444 ak& &4M# 34% #f43 Tss^ 44.4444^4 4 

%44 44- 4444 435. &%4% 3 44^ zl4 3.4 &4.

s 44.1 444011 4# rw4 44 4

444 K n ti] 3
Wagner 1962 10.6 0.51'

Golde 1973 3.3 0.78
Davis 1963 0.2 1.3

Love 1973 10.0 0.65 1
Whitehead 1968 6.0 0.8 A-W4#& 44% 4
Whitehead 1973 8.5 1.5

(4) Iomin

IOmin
■|3(W[SI
^ surge (44.3)

444 ^50% -t-4 □ %3(negative impulse)6)] 4% 50%4%(flash-over)4

4(kV)44.
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4 qs. 4444 44 &443. 82.4 3 4-44 10%4^44.

Vso& 44 444 2-444 4444 CIGRE4 V-t444 4444 4# t

82-4 444 44*4 44 444 -M44 4 4444[36]

444 V50 = 0.55c? + 80UF]

444 V50 = 0.58c? + mikV ]m . :

F50 = 605 x tiC31] (44.4)

444 d4 444 44M43. 44 44^#4 4.4m 4 44^44 4.75m 
s 414484.

Zsurge'-v3i\'>it 42-44 44 8443(surge impedance) [ J3 ] 2.4 EMTP
(Electro-Magnetic Transient Program)# 4444 44484. 44 4-S-4 8
42-5-44 44444 Bundled 44 3-83. 444 443.44. <>4 4

4.1>-& 444 Rail44(480 mm2)$\_ 5.43 84 EMTP4444 84
1

4^(Z)4JS5 360 [fi]44______________  ...; ____  _____

40cm

Qj 2.961cm

3H 44.1 Zsur&nttm 44 45%119-z
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(5) 444544. - ■' -

^39144 45* 4531 4^ 4^711 44312 $X^ m

4<3 ^$344 45]7> #** &444.

Ac)
(0

kr,

0

4714 km =

cos m a
{ — n <ff< — ^ / 2)’ 
(— ?r /2^ a ^ it /2) 
( tt/2^ 7c ) ,

"7772™
J— jt/2

1
COSW O'

-----42. m=355. S4.
da

(44.5)

k:!lli;;*;;li::li;irr:;;;ini:ii.iii;:i:i,i;!1ii!l:!.'iTTiiiri'rii
-90-60-70-60-50-40-30-20-10 0 10 20 30 40 50 GO 70 BO 90 

Stroke Degree

21! 44.2 4S| 4#45#4

(6) Iomax4 314+

4443171- £]4 4314*455. EGM^5& 4# 4 #2 4444 =5.2 
=84 s]31 lt4St 4444 4455. 4# 4 $14. <2% 44.3>4 «5 

31 C27> 445.31 44 7>*44 Q4 4453] C3* 44554 44Tie]3]
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4^1 4:314 #s1#44 444 a. 437 4 -4344: 4:44
44fe #4 4444# ^)4# 4 %14. l > - .,_ v v

nU -^4.3- ea%MI# ?#7| 4?h

i

CK xN^BH A|-II#o| Tilth #221#

d4 ^-4.4(a)># 7}#44, 4^44 43#444 7"*, 44^3 3333

r^7} #44 ^.f6)i 4^ c%4 44 #4 #314# 44 #4^4'4.
434 4as £'44 ^o)i £444‘44 c2°ll-^l 434 4 a, 4 4 

34 44 3 #4 44 4-as. 444 #e 44. 4 4^ 444 4± ## 4

44 3s34a #4 j^r«4 3W 43# 4# C27> 44 7^4

4, 44 Ci, C3,£* r«4 3^144 43341 €4. ::
4:415:4 #44 : 444 6444 4#44 r^JM , aW# 43## 

2/Z# 4-S-4A5. 44144. . . -:i---v" l - r : ’ . !' :
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(94.6)

°1 3* 0i99 e 249 9*94 339 r„3 34 43434* X7\ 

9343 €4.

X = f°*AX = Tss f°2 f'sin(0 - a)Aa) • dadfr, (94.7)

44 CM 94.4(b)>39 5.4 44 9°1 £9 c2993 94497} °14* 

43 CM- 999* 44 333 Ml 344 ^ i94 023 33* 3*# 

4:4 39&3 9343 L°1 34. M4 49^. 0X 3 s2* 43-3 a3

3314 39 4493 3443 35.3. «1# 9393 394* 94 *7}*s> 
3 94.

00 O’)

zlH 94.4 931^3 3W5
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(1) a 4 #44 4* M #4 _ ....

a* <ZL% ^4.4>444 #4 *4** 7]eA& 44 -90° 4

**4 90° 44#4* *33., 3B] 4454 #4] #312]#4 **# 4*4* 
*#** 4*44. 44* 44 *#s]5*b] *4444# jlz\

4*53 *4* 4444. a# 180° 44 444 4*44#4 e x4 024 
7]** #45# 43 *444* ■ *4 4^44 44s. #443 4— 444 

44 #444 #3., 43 44444 4##44 44* 7>4#4 #444 

453. 4 44* 4444 a4 4* 44# 4^-44 5*44.
(7T-) *4^1 *4

0 a max: 45]4 444* 180° 3*4 444 4*44# 4*544 4* 

0.5. 444* 4^44. 44 4* 3# 4 <zl# *4.5(a)>44 4414 
e i4 02* 444 4* 4# 44#3 4 44 a max* 4*5414 * 

#5414 4&4 44 *444.
0 «<3# *4.5(b)>4 444 44 #4 44*44444 4*5.44 

**54] 7} 3.4* #4 44* *4*44 y43L&4 * 444 **54 

4 4# 444 *444 4** 4* 4444.

(2) <34 *4.5(c)>4 444 44 #4 45 44*47]444 4*5 

44 **547> 3 s]* ,44 44* *4*44 y4M4 €■ 444 4 

*544 4* 444 *4*4 4** 4* 44*4.

0 ago: <3.4 *4.5(d)>* *### 4*4 6 i4 024 TO 3# 44.
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GCcux

(4) a <41 4# 02$ 3]^

0 a max^ a^ a ut

<zl^ f4.6>4|^1 0-5. 4*H ^-4^]7> 4^ rs°J €4
. : >

44^ (7)f- 4&44 4^44.
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Xt = Xi + r <sCOs(ff) 
yt = y\ + T ySinCa)

(44.8)

^44 44 ** 4a Uxt,yt)^ 44a. 4*a47} ^*4 *4 44* 4 

4-§- 44144 444 4444.

^ ^ = rl _
y = tan-1( a) + 6G (44.9)
6g = yt — tan-1( a) • xt

444 44 4% 44 444 >44 3W €■ h^M sti»l2.s. e !* 4* 
4 as. M€4. 4 *444 444 4444 44 ^i4 44* 4
4*as 444* 4 4 $14.

<?i = tan"1^) (4410)

• 024 *4

as. 44* 444 44:&44 #44 *4- *44^1 44* 4* 4*44 

44 *444.

%* = %2 + rssCOs(tif)
yQ = >2 + r S,sm(e)

4 44 44 gg# *4* 4*44 *4

#2 = tan -1("~)
: ' 5 -

or (*4.11)

6 2 = 90° - U + 90° )
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4 444 44 #4 *4 4% 024 4443a #444.

(2) ff ffrf( IN

• 0X4 44:4 944 4 ^ a 4 44011 rfltb 5^ 44^ r«7l- 44

43 3314 447} 444^ 4-5-4 &35. 1144 %-& %^4. 344 

4 44444 3.71, 144 37l, 5314 till 1^0)1 4# M

%^4.

5 i = tan ~li~) (9-4.12)
Xp

• 024 44:^4 44°fl 4# 024 444 0 i44 44 dr°)l 4414 

14-494 444 47111- %4.

02 = 90° -(» + 90° ) (44.13)

® d- ^ dr ^ a go 441

4 444 4^4 444471- 4*3, #, r*7} 4^4 44 443 5.31444 

434 e 494 #7#l-7ll 43 3#4 ^ 499 #7)1 #M #9 44.

• 0X4 44: 44 zJkfC2y ^ 90° 44 4 9-444 0%9 ©444 4. 

55. 444-4 43 +MC2V > 90° 44 4-S-4 435. 9444-.

0i = 90° - (a-90° ) (94.14)

• 024 44: 44 zJVC2F^ 90° 44 4 9-444 02fe A'4°ll 4

«B4 ^449 zlVC2m4 4 44 99 &34, 024 347}

zATC2V4 47)1 € 4449 4-5-44 441 a4 44 44435. 44 

44.
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-90° + ( a —90° ) (-r-4.15)

® ^ M-i:
W. ;:■ .•■•' ‘ :-

• 4^7lsl( r,g)4 -5}^-^] H^o]] S]tb

6i, 0 2^ 3.7]7> #47-1 4^14^4 ^1# SM 7d

^€4.

d 2 =



(2) 4a.^#7j14 ZHM

A^\A 4^4 e i4 82A 44.7>4| 4eH2l $14. sszl

=8 0.3. 4# 444 4&4 SM4 444 44444 444 44.

O' max : 135° 
a u, : 72.8855° 
adt : 17.1144°
M(xm,ym) : (-1.177,3.8229)
N(xn,yn) : ( — 3.8229,1.177)

4, 4 ^ :z44 90° e 4°14. <^-4 9-4.7(b)>44 4

9 0i, 02^ 449-4, 4444, 4444 neU 444°1 #

444. °1 4°1 444 4^-5. 4^447] 444 4##4 447> 44

uiuuintwilwiuluiBSiBnimiiiimulmi
180170X80150140130120110X00 90 BO 70 80 50 40 30 20 10 0

Stroke angle

(a) (b)

nU 44.7 4JLE|# #S# 44 op-||
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2. g-AMAKn#

7}944<>)1 444 ^ZM -eq-sfl 47}%4 4441 449, 44*

4 4*4 4444 9941 4*44 94 °H 449°ll 9941 4*9 4

IM'M 44] 4#44. 9* ©li- 4*9 7}:§-944 444^49 449*

°M 444^ 44°M°il 4^H *4*4. 4 99 9^99 444 44444

A 7^444 44444H9 4994 4^4499& 94* 4 *4.[15] 

4 414711 444 449* *4 4 4 44 EMTP* 49444.

7K 7|-g$y

44444 44949^4 494 4^-9 7M*4.

a. 94444 449 Armstxong-Whitehead4 499 4*4

b. 4444494 37] l0(kA)l 494 49991- 444

KI0) = 0.0475e ™/o/2° + 0.001e ™/o/50 ( [“kWo = 1.0)
, vQ

J
C. 4944 4494 4 4 (4 4 4 4) 7ss(m)9 4944 494

T^=6.72 7o^ ( 4:M )

d. 4449 5 4 199 494 4949*4 P(5,m)4 494

p(6 ,m) = Km cosm Q , (I P(6 ,m)dd — 1.0 )J—Try 2

e. 44444 4* Flashoverl 41 4444495. 41*4.

:.' :r-
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Lk

<zz.4 44.9># 444l#4 ;H^# &4# 4° 14. 47M14 31#

4 7ls7> 4# ### 31n44 444#P(M)(a/100W)# ^-7lP(/o)4 
P(0,m)7l- 4444 42.3. 4# 44 44 31#44.

Pin) = f” J°*P(lo) • 5P(/o)-K^,m)tiZ0 • gfg (4-4.16)

4 4714 N# 4444^£(4/km24), 5P(n)-Sr 44444# Io 444^0 

4 444 4n44 3E44# 4 #4 4. <$P(n)4 of 44.8>4 44 444 

4444# fi, f ...........  7„, 44^-3.4-44 447l4Tss7> :zb}4 h

44S# ±i, Z2.........Z„2.3.4 44## 40# 544# 44 441 (4

4.8)4 44.

2«+i- ZJ'^ } (44.17)

{ rg2-(^~2 r”~1)2-/- , T"_ r>
r„- r„_il

4, a = V rss -(2 , I f *.- r»_il ,2

r„-il
f „-i4 #44 444444
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zlU -x-4.8 $ P(n)s| 71| >4^

S# 7lS. Refe 4^1- tWflS, 0nl4 0n2^

- y ^ 5 „!, ^ 5P(n)^ -g-sl ^ol 5)^1

&o] 3- £14.
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444 Km St 41*

*445-4 EMTP 2.4 
1444, 24 4444 
444* 44

► N:tJ)4 444£(4/km24)
► ImaxSt 44
► 44444 44

zlU 44.9 444AM 41*414 «£

4 zj- njaWlEloi 40

(1) N : 44444£(4/km2 • 4)
4 St* IKL41 444* 425. 4*4 4*41* N=3(IKL304l 4144)25 

442* * 4 *44 41A^ *]-g-St* IKL* (204/4)25. 44 N=25. **4

4 41*444.
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(2) Imax : 44 4 4M A 4#.
44#* ##44 #4 44# 7]4^o)i4 7}#!# t 4* 

#4444#4* 4-0-4# 44 44444 44 #4 #4 4 4S34 444 

44 S^-E.5. #4# 4#iL4 4& ■ 7}#44a #4## CRDEPI# 44 

400kA5. 4444 314444
[•Imax

4 a# 4[ J7 PUoW# 41447] 44 4^5. <a4 #4.10># #44 

##^4*4s#&# 4*4.

mmmmm

aH #4.10 449# WE#5 :

(3) m& 44

/»+3r/2
p{6 ,m) = Kmcosm6 , ( ) P(d ,m)dd = 1.0)4 4 #3. #44 

* #444 44**349# <o_4 *4.2>4 9*4 a 94* 9434 m# 

#7> 714## 451 0° (#44)**4 4## a 444 4 # 44. CRIEPI# 

4 #4 m=3*3 471444 °l3H 444 #4# 4 #4# m=4, 59*7> #

: >,:•
"4# ><
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4# 7A°-S. 4&44 4714^ 71-SLtb #444 ^£S>7l 4 #4 m=3°-3. #

4 71144-44.

(4) rss : #47M

44:44 4444 44 44 *ms] 44 44412. 44. <zl4 4-4.11>-8r 

(5. #4.1)4 41444 4# 444#4 3.7]4 #471444 44# 24 

444 444. 444# 4[ rss=6.72 /00'81 ( I0:kA )]# 4-8-44 7114 

444.

<^144^§>

3 1. Glode4
2. Wagner4
3. Love 4 

’ . 4. David 4

5. Whitehead4. 1968

6. %#, 1979

0 20 40 60 80 100 120

444# Io (KA)

zlH #4.11 447-1 a|4 449#44 m\

(5) 5P(n)4 4-8-.
4#4 44 24 ##414 ##1441 4* #4 4#4 44.
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44= :

f i = 13.3 + ;82.0 
f 2=11.4 + >76.0 
f 3=11.4 + #1.0 
r 4= 11.4 + >46.0

43.4 4&4 ^^4 4^

Tss = 6.72100.8 (10 = kA) 

Io = 150[kA]

Tss = 370.03464

ZM4 4414: :

Zi = 000.0000 + >452.27350
Z2 = 365.1068 - >32.706370
Z3 = 381.3586 + £8.5
Z4 = 381.3586 + £3.5

4^4=3]^ £ ^SAB4 4 (Stepped Leader)^ %AB4 £

it4-—-3- Vector Z 4 4 4 Vector P 4 Scalar^ Z • P # 2.4 #4 4

^44. <=L^ ^-412%22>

Z 4 -^-^4=54 fe- i(Zn+1 — Zn)
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~P 2] exp( Kn/2—d) )'P{6,m)A 6

8PA(n) = Z'P

= Re { j(Zn+\ — Z„)-exp( —/(7T /2~ d))'P(d ,m)A 0 }

= Re { (Z„+i — Z„y exp0*0)} *K 0 ,m)A 0 

= 8 P(n)'P(, 6 , m) A 6 (¥4.18)

8 P(n) = Re{ (Zn+1 - Zn). exp 0*0)} °14.

Stepped Leader

= 5PA(n)[(A-2^)]

///////////////////

0 / 0-fe -xt2~
/ ar/2S SEib*>c>

B Zn-1

zlU -¥-4.12 id Vector Z£|- 4 ^ Vector f

- 291 -



hk *142*21 H7i

(1) *4*4 41 4 4 414 441* 7)]*

7>*414 444 #44 #4#*4 1414 #£4* 4444 44

4414 44S.4 a-4 4444 #4 4a., 4A1 444 4444 &*4. 

444* 4444* 444** 4*4 *£- *114[71

r _ kV~E
1l (K- C)Zt 

II : 444 444* (M)

V : 44*4 50%4 444(1 *40w)(AV) 

if ; #444 #44 444-*#
444

C : 7>#444- 4444-4 44*

ZT : 1444 444* 444^(i3)

& : #4iL47)l*(3. 4&)

(*4.19)

<4 +4.19>4 444 4*4 2us4, 444444 20(0)* less 44 4

4:44 £.4

Vso = 550c? +80 ikV). 444 ^ 44*44

44 765kVlS4 44* 44* 45 4.7mS ill 7L=142(M )7> 14. 5E 1 

* HAS. 345kV Is* 44* 444 2.34 m4AS /L=84(M )44.

4 4* 14* <5. *4.2>4 44 414.
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S. ¥4.2 in- Til>4

33
*14
(kV)

BIL

(kV)

H-ff-4
<y#jl
3(kV)

<48 £2} 50% ^=>4<y- ( kV) 334
144
133
3#

71-34
131
313
1W

1413 
333 3]

[42]

314
#33

# A

(kA)

tflSS
(kV)

3¥& 
^4 ¥

#d]s.

^4¥
471 a 
34#

¥4iL
34#

sl3&
(kV)

765 2,250 625 2,665 1.05 1.25 l/l.ll 1.193 3,179 0.8 0.3 36 142

500 1,800 429 2,200 1.05 1.25 i/l.il 1.193 2,625 0.8 0.3 34 129

345 1,300 281 1,367 1.05 1.25 l/l.ll 1.193 1,631 0.8 0.3 32 84

154 750 131 850 1.05 1.25 1/1.11 1.193 1,014 0.8 0.25 29 55

66 350 56 400 1.05 1.25 1/1.11 1.193 477 0.85 0.25 28 25

** £W§-&(1*.40 ms)» -»(2*50z<s)5. #3
3.71-333-8: 224 3¥# rfl^s.
4.B/L-8: ¥3 7ie°d.

(2) EMTP4 44 444#^ #44# 314

34 ¥31444# 1H84# #¥4#3 a-& #44 ^5. 4$a

0.14 4#40£fe d>7jM)2] 444 czg ¥4.13>3 CIGRE Curve# 4#

44-444#### 4444.
443134 444 4#¥444°1 #434, 443] 4*€ 4 

444 #2] 444# 444(S# 4# 4)3 44-44 #4## 4 ti]j23M 

#43 434# 334## #4 ¥ 44. "FLASH"=5.Hig °1H ^, oM 3# 

43 434# 44# 2uS 4 6uS5. JL7^>J1 o]a|]2] 4^444 4144# 3 

HSH 4S4# 244# 4-0- 444.[151

¥ 4434# EMTP3 TACSCTransient Analysis of Control System) 7]¥ 

# 3 #43 3-## V-t 43# 44444# 3^43 3443 4^3# #3 
34# 4444. £4 _&4 344 71]4# 444 EMTP7H44 #44 44##
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Ckv]

4-4 S9 4344 (4.8m)

1H444 (###) ,

M444 (^44)

44449 44 t [ns]
ZlH ¥-4.14 EMTPSN(ti^l)

S. -¥-4.3 ^^g-#(EMTPl2|.) 49=KA

^^TFR
94 10 (Q) 15(0) 20(0) 30(0) 40(0) 50(0)

765 kV 136 130 124 112 104 96
345 kV 110 100 92 78 68 60

* TFR : Tower Footing Resistance (#4 ^4 49")

°K om& k#
49 5-9 #!■¥■€ 44€9 445 4954 4449 9=444 4444
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€4. °M 444^# 44# 444 444 444 4#4 44 4444 € 
4. <3i^ ^4.15>fe 444 4 44 v-t 14& 444. 444, ^-44 v0fe 
#4 44444 4444. 44444 444# 4^4, 44#4444 Vo 
il4 e V44# 4444 44444 #4444 4^42.% 444 #4& 
# 444 44.

ZLU ¥415 (Mg o, So| go|.-A|y.

m 300

75 70 &5(%)
#44(Z)/44444(Zo)

ZLH ¥4.16 ##S4 441-49 4



€42, #44 ** 4444* V-t#*2 *4 V-t#4S 2* 31

47} xiTii s|4, *4# 2444 #4* 4?ii*444* 4* * #4# #n 

44. =lz]5.s. 444 V-t *4# #25. #44 #lr #*4. 4 44 

4 4*1] 4 v-t#** *4 #*4 44 #44* 425 4442. $124, 4 

^*4 ***444 441* 4444-S.44 4* 44* *1# * 444.

(1) 44-2*4 44*444* 44Hom4 24a.42 4 50%12 *4. 4 

42** 4*4# 47}*# *#4.4444, 44^44 Streamed * 

414 41444, 444,144 2* 4«# 2 3l4* 44€4.

(2) 4447> 44^ 4*4425. *4 44 444, 444444* 444 

4 422.5 4415:4-* 4244, 44*4442 20%42 4444.

(3) 4444 4444* *44*44 *4 4444.

<24 *4.16>* 4* *4 444 44*4444 **#4 44# 444 

444. <24 #4.16>4 444 442*4 4** 4 90%424 **#44 

44*4444-50%* 4414 44 4444 44. 44*4 4*, 4*44# 

**#4 85%°)1 7>4444, 4444* 83% *#44 44*4444 50%4 

4444 44 4* 425 4* 4 * 44. * 442** 4*4* 4** 

**# 90% 42, 44*# 4*4* 4*4 44 **#* 85%-83% 427} 

44 424 44*25*4 47}## 22# * 4*# 4 * 44.

3. 2[Ap.#o| 41 d-

* 4*44 44-25 4 765kV #4* #41 4* 2**41 2^#}2 4* 

765kV€*45* #442 4* #4* 42 *444 4*444. #44 # 

2* 4*44 4444 244 447} 44425. * 4*# #25 4141 

24 4*44 4444 4#* 50=5025 7}#4514. “KLFOR"# 4*44 4
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#4 UHV, 500kV 5LH 14:41 rfltb ti]57^^44 -*41 ^#^4 44# 1 

$4.C16'171 si 345kV *1114 44# 44a. 44

44 4hsH ^444# 44 4 765kV *114 444 4444 444.

7K UHV ^BI ti|H7l|>4

444 lOOOkV ###m#m4 41144# 4^440.5. 44 is 444. 
4I1 si* IKL4 30., 7}*H 2S, 444 4444 44 4#44 2.5m, 4

44 si

- IKLo] 30.,

- 7Htx] 1 2S
-441 4444] 44 4*44 : 2.5m

- 44* #4 : 5.9m

- 444444* : 10[Q]
- 4444 444* 4444* 44

4*4 3.7} : 180[kA]

- 1A4444- : 30 £4*(0£~30E)

an *4.17 1,000kV
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% 44 5.9m, 44147^4^ 10[Q]°H 14444 444# 4
41#4 3.7I 180[kA]44. 7114 44 441444 14 4# 5# 3054
4-r 444 7114447]- 0.3314[4/100km.l], “KLFOR'41 4# 147> 0.3482[4 
/100km.4155. 414 444 44# g#4. <5^ 44.17>4 444 444 1 
44 44# 44.18>4 444441 445## 444#4.

LFOR
TEPCO 1000kV

0.3482
0.35-'■ 0.2884

0.2336

0.1892

0.05-'

HILL SIDE ANGLE [DEGREE]

BFOR SFFOR

nU 44.18 441444 4# 445#0000kV)[33)

L]. Wg 500kV 42414

-til #4444 500kV 424^4 14# 45. 4455. 44 #41 14 

# 1^4. 711444 441 44144 44&1# eng 44.19>4 7}#41 

1#1°H 4# ^^4/]3#4 14# ong 44.20>4 444&4.[341
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7||£h

- IKL : 40 '

- 7R-X141 22:
- #3# 4444 tfltb 4*44= 2.5m

- 7^ : 3.95m

- 444444^; : 10[Q]
- %4444 .^-yq-i: #/@44^ 44 

4#4 a.7l : 118[kAj

- 4444-4 : 0 S7| #

nil -¥-4.19 500kV 44n# Til#

44 44 44 #4444^1^ 7114x14 4444& 0.22[4/100km.4], 44 

4431-& 0.3824/100km.'d]4 444 %^5. 4444& 0.24[4/100km.41, 4 

-g 4-4314 0.338[4/l00km.1d]4 4444. 444 "KLFOR"=&n^& 444 

4: l.OOOkV 4 500kV #44 4444 4144 #44 #44 4444 414% 

4 444# 44 4 4 #44.

.
>v ^

10.2 '
■" A

13.6
10.6 >r

- -

/l

13.6
11.0

-

■ A 80.0

4"

62.6

\t I \r

1
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SFFOR 
JUNGBU 500kV[

0.22 <

1.5 2.0 2..5 3.0 3.5
LENGTH(GW ARM-UPPER ARM)

KLFORJUNGBU

ZLU -t-4.20 7®x|Aj C4# Bs|.

CK tiS 345kV u|H7l|>M-

44 345kV 444:2 ^^4 tii5L^>^4.

4444 444M 442:4-& ^4.21>4 4444* <3. 4
4.4>4 44-4^4.

s ^4.4 345kV£S42| oil^kjA^# [Sj/lOOkm-M]

44 4 4 [SFFOR] ^44EBF0R] 44--2.4DLF0RJ ti] JL

0.2547 0.6520 0=9067 IKL=20

^445. 5.3:4471 M4e 1-444- 19774- 19924 4°14 44# 44 

2-irS] ^4^1^ 4 0.74 [S)/100km.4]°1 H-S. 4444 444 44 £-44*
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(suspension Type) (Tension Type)

ZLU ¥4.22 e 765kV x|x|#

E ¥4.5 ^@x|x{#o(|i4# A)ZL#E

TFR [Q] 10[fi] 15[fi] 20[fi] 30[Q] 40[Q] 50[Q] til JL

05
0.193 0.241 0.287 0.389 0.504 0.664 TFR=15[9] : 80 % 

TFR=10[Q] : 20 %0.165 0.193 0.228 0.241 0.415 0.540
0.179 0.217 0.258 0.315 0.460 0.602 0.2103

105
0.243 0.303 0.360 0.489 0.634 0.834 //
0.207 0.242 0.285 0.405 0.519 0.676
0.225 0.273 0.323 0.447 0.577 0.755 0.2633

205
413^ 0.291 0.362 0.431 0.585 0.759 0.998 //0.247 0.289 0.342 0.483 0.620 0.807

0.269 0.326 0.386 0.534 0.690 0.903 0.3153

305
413^ 0.336 0.418 0.498 0.675 0.876 1.152 //

0.284 0.333 0.392 0.556 0.714 0.929
^ 5 0.310 0.376 0.445 0.616 0.795 1.041 0.3633
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(2) 44444s.*4 44

444 UHV, SOOkVMW 765kV ^444 44 44444^*4* 44 

44*3. tils. 4444 <s^ *4.23>4 7^0] ^Sl 4OT- *]** 7^444- 

zM4] 4444 4# 4**4* *** 444444s** &4 4^4. <3

44t*** 4*444 500kV7> 40, UHV7> 30 ns} 31 765kV7> 20* 4* A

5. 44 44444* 05.4 4** 44 4$4. s.^4 444 44 4°] 4

444 44 4*44* 3.5m3 4 4*4 UHV4 4444431*4 **4 % 

* 4444 765kV444 444s** 444444 7>*4444 4*444 

2.0m* 4*3. 4= 0.1[4/100km]444.

SFFOR
BY LENGTH(GW-UPPER ARM)

500KV

1000kV
--▲-

765kV

O 0.2-

|KL=201

2.5 3.0 3.i
LENGTH(GWARM-UPPERARM) [m]

HI! *4.23 5*4SW 444^4#
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a “4.6 7®x|Aj°io| ##zjo|o||4# tlxN^nd#

% # 4 °] [m] 1.0 1.5 2.0 2.5 3.0

44 4(^)
-4.4 -6.6 -8.7 -11.0 -13.0

-4.8 -7.1 -9.5 -11.8 -14.0

^M1444a.-& 0.164 0.1368 0.1031 0.0839 0.0729

OL’U 44.24>ir 4 2} 4x]^A}Zj-# 0^5. JL^-5>J7 7>^X]

4^4 %V#40H- 444 M M43.&& 4444 4 4°M <& ¥4.23>4 %
^ ##4 4444 c]]^ 7144443 4#44 ^ o| nflo] xM1

4^4 ^M]4443i-&& a43-$&4.

LFOR
KEPCO 765kV

0.427
0.3998

0.3661 0.3439 0.3359

MM II
\m ii

■in mm ■« n

mm 11 mm 11

(t.07i

-f~
1 1.5 2.0 2.5 3.0

LENGTH(GW ARM-UPPER ARM) [m]

B888I BFOR Fill SFFOR

Hi ¥4.24 7®x|/doj-o| ##^o|o||[^# kjxm#
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d4 44.25>4 44444* @444 445** 44314 * 453. 4 

544 44444 057? 50%, 1057? 30% 4 2057? 20%4 44* 7?4* 4

44. “* “' : ; " :

AVERAGE HILL SIDE ANGLE 

0 X 50%,/I Ox 30%, 20 x 20%
: LFOR 
KEPCO 765kV

0.45-' 
0.4-' 

0.35-'

0.3921

0.3-' 
0.25-' 

0.2-' 
0.15-' 

0.1-' 

0.05-'

AVERAGE
HILL SIDE ANGLE [DEGREE]

[53 BFOR r~~| SFFOR

ZLH 54.25 CH4444 @sK>l| 4# 445#
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44S<45s1B®B’ES4;::a':



D/m CHS #23 %

(a)

D laey

(b) «°W€

- = (oH^°l*°ll^Tf-360+480)*ms20o+100 - : (0^fe0]*0H^t-360+1400)*cos36.?

n| %1 765kV #g-ys.2| OHXI^I-XIE
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<5^ #5.1>* 4* ^ #44(d)4 Horn-4444 Arm44

44 (D)4 44* 444 4 0-3-4, 4 44*4 *4* 4* lOOOkV 4 765kV 

*4*4 45* #5*^54, 5^44 *4444* 44*44 205, 444 

44* **45 1554 **44.

44*5* *4 5* Horn—Arm4°l 4* $15*, ** 34 Horn Gap 4

*4 D/d* 444444, 45_D/d4 4*4* K4 44* *444 444
1 ;

44 44* *444 4444 44. 5* 4444* K4 d* 4*453. 4 

5 Vso* 4*4* K4 d4 4* 4*4 #444 44. 4* D4 4* 44* 

44 ¥¥*4 *45 444* 4455, 45 4*4 ¥**4 444 444 

*5. Vso* 4*4* 44**4 #4** *44 **454 4* #**4 4 
4 4444 5*4* 44 44.

*4 44* <5* 45.2>4 4* *4* 44 *-*4#4: 5*444* * 
*44 *4# **44 ¥5, D/d 4* 4*44 *4 ¥44*00* 4*44 
4*55* #a Vso* 4*4* #4*4 44 *44 D/d Hr* *45, 4# 
Feed-back* *554 *44 D/d 44 444 *S Vso* 4*4* #4* 4 
44*** 4*444. 4*4 4** *44 #**(75-85%) *44 444 
4*44554 *44 4*45* 4* #**41444 444*4* %15# 
5&44 44 <5. ¥5.1>44 <£ *5.5>4444.

5 ¥5.1 7H44S44 44 14 55

of* ^ 4*444 : 4*55 1,000m, 1,300m
- 4* : 300kN, 400kN
- 44 : 400kN, 530kN

°44 Jumper 4# : 4*55 1,000m, 1,300m
- Conductor Jumper : 400kN, 530kN
- Pipe Jumper : 400kN, 530kN

oV4 Jumper 4444 : 4*55 1,000m, 1,300m
. - 210kN, 300kN
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44411 4 
(1.9 p. U.)

l,605kVl,580kV

T| = 75-85%
- 300kN : 195 mm
- 400kN : 205 mm
- 500kN : 240 mm

>114114(0)41:

55#(?) *°H 454 (T)

5) 1. 115 E4* 5#4 Ill'll 3i4, 1.68 exp (--^-)

2. V€5 s.m 5-1-4 111-4* alts], K4t5 543 21 41

3. 4154 ^Hr, if=2.17exp

4. 854] 1454 4445, ^=2.25exp [~^j)

5. 44S 1454 4445, tf=2.12exp

ZlU ¥5.2 D/doll 2J S- BJ o||%^W= MS.

.V
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a “5.2 7MZI-3SMI m# ±3. oHx^aj: e#3Ees(6HW-2IE 1.000m)

- 7Hfb 7>W
D/d Vso K d D D/d

% ^ 
300KN

0.75 1.321 1,580 1.299 4,600 32 73.72% 6,076 1.321
0.76 1.321 1,580 1.299 4,600 32 73.72% 6,076 1.321
0.77  1.281 1,580 1.288 4,600 31 76.10% 5,893 1.281
0.73 1.281 1,580 1.288 4,600 31 76.10% 5,893 1.281
0.79 1.254 1,580 1.281 4,700 31 77.75% 5,893 1.254
0.80 1.254 1,580 1.281 4,700 31 77.75% 5,893 1.254
0.81 1.228 1,580 1.274 4,700 30 80.34% 5,710 1.215
0.82 1.228 1,580 1.274 4,700 30 80.34% 5,710 1.215
0.83 1.190 1,580 1.262 4,800 30 82.05% 5,710 1.190
0.84 1.190 1,580 1.262 4,800 30 82.05% 5,710 1.190
0.85 1.165 1,580 1.255 4,800 30 83.76% 5,710 1.190

e
400KN

0.75 1.303 1.580 1.294 4,600 30 74.80% 5,992 1.303
0.76 1.303 1,580 1.294 4,600 30 74.80% 5,992 1.303
0.77 1.303 1.580 1.294 4,600 30 74.80% 5,992 1.303
0.78 1.275 1.580 1.287 4,700 30 76.42% 5,992 1.275
0.79 1.275 1.580 1.287 4,700 30 76.42% 5,992 1.275
0.80 - 1.234 1,580 1.275 4,700 29 79.06% 5,799 1.234
0.81 1.234 1,580 1.275 4,700 29 79.06% 5,799 1.234
0.82 1.208 1,580 1.268 4,800 29 80.74% 5,799 1.208
0.83 1.208 1,580 1.268 4,800 29 80.74% 5,799 1.208
0.84 1.168 1,580 1.256 4,800 28 83.62% 5,607 1.168
0.85 1.168 1,580 1.256 4,800 28 83.62% 5,607 1.168

m #
400KN

0.75 1.313 1,580 1.438 3,900 26 73.17% 5,121. 1.313
0.76 1.280 1,580 1.423 4,000 26 75.05% 5,121 1.280
0.77 1.280 1.580 1.423 4,000 26 75.05% 5,121 1.280
0.78 1.280 1,580 1.423 4,000 26 75.05% 5,121 1.280
0.79 1.239 1,580 1.403 4,000 25 78.05% 4,956 1.239
0.80 1.239 1,580 1.403 4,000 25 78.05% 4,956 1.239
0.81 1.209 1,580 1.388 4,100 25 80.00% 4,956 1.209
0.82 1.180 1,580 1.373 4,200 25 81.95% 4,956 1.180
0.83 1.180 1,580 1.373 4,200 25 81.95% 4,956 1.180
0.84 1.180 1,580 1.373 4,200 25 81.95% 4,956 1.180
0.85 1.180 1,580 1.373. 4,200 25 81.95% 4,956 1.180

530KN

0.75 1.303 1,580 1.434 3,900 22 73.86% 5,080 1.303
0.76 1.270 1,580 1.418 4,000 22 75.76% 5,080 1.270
0.77 1.270 1,580 1.418 4,000 22 75.76% 5,080 1.270
0.78 1.270 1,580 1.418 4,000 22 75.76% 5,080 1.270
0.79 1.270 1.580 1.418 4,000 22 75.76% 5,080 1.270
0.80 1.239 1,580 1.403 4,000 21 79.37% 4,887 1.222
0.81 1.239 1,580 1.403 4,000 21 79.37% 4,887 1.222
0.82 1.210 1,580 1.389 4,100 21 81.35% 4,887 1.192
0.83 1.210 1,580 1.389 4,100 21 81.35% 4,887 1.192
0.84 1.164 1,580 1.365 4,200 21 83.33% 4,887 1.164
0.85 1.164 1,580 1.365 4,200 21 83.33% 4,887 1.164
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5 ¥5.3 7H^I4SSWI W ±2. oHxi^ah {4i5fS (SH 1300m)

7M#
D/d Vso K d ¥3= £¥!■ D D/d

€ ¥ 
300KN

0.75 1.332 1,605 1.302 4.700 33 73.04% 6,260 1.332
0.75 1.293 1,605 1.292 4.700 32 75.32% 6,076 1.293
0.77 1.266 1,605 1.284 4.800 32 76.92% 6,076 1.266
0.78 1.266 1,605 1.284 4,800 32 76.92% 6,076 1.266
0.79 1.266 1,605 1.284 4.800 32 76.92% 6,076 1.266
0.80 1.240 1,605 1.277 4.800 31 79.40% 5,893 1.228
0.81 1.240 1,605 1.277 4.800 31 79.40% 5,893 1.228
0.82 1.20.3 1,605 1.266 4.900 31 81.06%- 5,89.3 1.203
0.83 1.203 1,605 1.266 4.900 31 81.06% 5,893 1.203
0.84 1.179 1,605 1.259 5.000 31 82.71% 5,893 1.179
0.85 1.179 1.605 1.259 5.000 31 82.71% 5,893 1.179

% ¥ 
400KN

0.75 1.316 1,605 1.297 4.700 31 73.96% 6,185 1.316
0.76 1.316 1,605 1.297 4.700 31 73.96% 6,185 1.316
0.77 1.289 1.605 1.290 4.800 31 75.53% 6,185 1.289
0.78 1.289 1,605 1.290 4.800 31 75.53% 6,185 1.289
0.79 1.248 1,605 1.279 4.800 30 78.05% 5,992 1.248
0.80 1.248 1,605 1.279 4.800 30 78.05% 5,992 1.248
0.81 1.223 1,605 1.272 4.900 30 79.67% 5,992 1.223
0.82 1.223 1,605 1.272 4.900 30 79.67% 5,992 1.223
0.83 1.183 1,605 1.260 4.900 29 82.42% 5,799 1.183
0.84 1.183 1,605 1.260 4.900 29 82.42% 5,799 1.183
0.85 1.160 1,605 1.253 5.000 29 84.10% 5,799 1.160

ifl # 
400KN

0.75 1.321 1,605 1.442 4.000 27 72.27% 5,285 1.321
0.76 1.289 1,605 1.427 4.000 26 75.05% 5,121 1.280
0.77 1.289 1,605 1.427 4.000 26 75.05% 5,121 1.280
0.78 1.289 1,605 1.427 4.000 26 75.05% 5,121 1.280
0.79 1.249 1,605 1:408 4.000 26 76.92% 5,121 1.249
0.80 1.249 1,605 1.408 4.100 26 76.92% 5,121 1.249
0.81 1.219 1,605 1.393 4.200 26 78.80% 5,121 1.219
0.82 1.191 1,605 1.379 4.300 26 80.68% 5,121 1.191
0.83 1.191 1,605 1.379 4.300 26 80.68% 5,121 1.191
0.84 1.164 1,605 1.365 4.300 25 83.90% 4,956 1.153
0.85 1.164 1,605 1.365 4.300 25 83.90% 4,956 1.153

^ # 
530KN

0.75 1.318 1,605 1.441 4.000 23 72.46% 5,273 1.318
0.76 1.286 1,605 1.426 4.000 22 75.76% 5,080 1.270
0.77 1.286 1,605 1.426 4.000 22 75.76% 5,080 1.270
0.78 1.239 1,605 1.403 4.100 22 77.65% 5,080 1.239
0.79 1.239 1,605 1.403 ,4.100 22 77.65% 5,080 1.239
0.80 1.239 1,605 1.403 4.100 22 77.65% 5,080 1.239
0.81 1.239 1,605 1.403 4.100 22 77.65% 5,080 1.239
0.82 1.210 1,605 1.389 4.200 22 79.55% 5,080 1.210
0.83 1.210 1,605 1.389 4.200 22 79.55% 5,080 1.210
0.84 1.181 1,605 1.374 4.300 22 81.44% 5,080 1.181
0.85 1.181 1,605 1.374 4.300 22 81.44% 5,080 1.181
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.5 ^5.4 7HcHth ±2. oHX^ai:
-Jumper 41 -5-)

at] #

JL 5E.

7>*<m

D/d . V50 - K d
80%) 81%)

(^#

82%) 83%)
"O Cone uctor Tumoer v

- 1.300 1:580 1.485 3,700 23 23 23 22
1.250 1.580- 1.461 3,800 24 23 23 23

■1.00QM 1.200 1.580 1.435 3,900 24 24 24' 23
- 1.150 1,580 1.407 4,000 25 25 - 24 24
400KN- 1.100 1.580“ 1.377 4,200 26 26 25 25

1.300 1.605 1.485 3,800 24 23 23 23
- * 1.250 1.605 1.461 3,900 24 24 24 23

i 1.300M 1.200 1.605 1.435 4,000 25 25 24 24
1.150, 1,605 1.407 4,100 26 25 25 25

1 1.100 1.605 1.377 4,300 27 26 26 26
i 1.300 1.580 1.485 3,700 20 ■ 20 19 19

' j 1.250 1.580 1.461 3,800 20 ■ .20 20 20
1,000M 1.200 1.580 1.435 3,900 21 : 21 : - 20 20

-1.150-'- 1.580 1.407 4,000 21 21 21 21
530KN ' -1.100- 1.580 1.377 4,200 22 22 22 22

1.300 1.605 1.485 3,800 20 - 20 20 20
1 1.250 1.605 1.461 3,900 21 21 20 20

1.300M 1.200 1.605 1.435 4,000 21 21 21 21
- - - - 1.150 1.605 1.407 4,100 22 22- 21 21

’ , 1.100 1.605 1.377 4,300 23 23 22 22
©Pipe Jumper ' _- - - - - - - -

1.300 1.580 1.399 4,100 26 25 25 25
- 1.250 1.580 1.376 4,200 v 26 26 -25 25

t 1.000M 1.200 1.580 1.352 4,300 27 26 26 26
- 1.150 1.580 1.326 4,400 27 27 27 26

400KN 1.100 1.580 1.298 4,600 29 28 28 28
1.300 1.605 1.399 4,200 26 26 25 25

- 1.250 1,605 1.376 4,300 27 26 26 , 26
' 1.300M 1.200 1.605 1.352 4,400 27 27 27 i 26

— 1.150 1.605 1.326 4,500 28 28 27 27
- 1.100 1,605 1.298 4,700 29 29 28 28

1.300 1.580 1.399 4,100 22 22 1 21 21
1.250' 1.580 1.376 4,200 22 22 22 22

1 1.000M 1.200 1.580 1.352 4,300 23 23 22 22
1.150 1.580 1.326 4,400 23 23 23 23

530KN 1.100 1.580 1.298 4,600 24 - 24 24 24
1.300 1.605 1.399 4,200 22 22 22 22

_ - 1.250 1.605 1.376 4,300 23 23 22 : 22
1.300M 1.200 1,605 1.352 4,400 23 23 23 23

1.150 1.605 1.326 4,500 24 24 23 23
t 1.100 1.605 1.298 4,700 25 25 24 24



E ¥5.5 JMsfSSWI CHS ^2.

(Vy. Jumper^-1 *1)

Sfl #-
JL H D/d

Vso K d
41 zM 4MM

D
4MM

D/d

300KN

l.OOOM

1.300 1,580 1.347 4,300 32 68.91% 5,623 1.308

1.250 1,580 1.324 4,400 31 72.79% 5,485 1.247

1.200 1,580 1.301 4,600 31 76.10% 5,485 1.192

1.150 1,580 1.276 4,700 30 80.34% 5,347 1.138

1.100 1,580 1.249 4,900 30 83.76% 5,347 1.091

1.300M

1.300 1,605 1.347 4,400 33 63.38% 5,760 1.309

1.250 1,605 1.324 4,600 33 71.48% 5,760 1.252

1.200 1,605 1.301 4,700 32 75.32% 5,623 1.196

1.150 1,605 1.276 4,800 31 79.40% 5,485 1.143

1.100 1,605 1.249 5,000 31 82.71% 5,485 1.097

210KN

l.OOOM

1.300 1,580 1.347 4,300 36 70.26% 5,538 1.288

1.250 1,580 1.324 4,400 36 71.90% 5,538 1.259

1.200 1,580 1.301 4,600 36 75.16% 5,538 1.204

1.150 1,580 1.276 4,700 35 78.99% 5,418 1.153

1.100 1,580 1.249 4,900 35 82.35% 5,418 1.106

1.300M

1.300 1,605 1.347 4,400 38 68.11% 5,778 1.313

1.250 1,605 1.324 4,600 38 71.21% 5,778 1.256

1.200 1,605 1.301 4,700 37 74.72% 5,658 1.204

1.150 1,605 1.276 4,800 36 78.43% 5,538 1.154

1.100 1,605 1.249 5,000 36 81.70% 5,538 1.108

(
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m 6. OHS, I A74 m oe^A4

7k OHS, M2| W4

^841 safe 4)4 % Me IEC 4 ANSI4 M&

4-&431 21.04 ansi 44 ^3ixi<y- gookv*, me Me 44 su

4# 765kV# 214.

<5. %l>e 362kV4 °1M e^e 4M MoMI 44 ANSI/mEE M 

e 444 7A°\4.

5 %i e&i 94# ygpi ^g°i g?ig is eg

g s

4 2

Bm

(kV)

4i e 
i| 3.
4 4

(kV)

4 9
ij 31
4144 
4 4 
(kV)

4 4 
? 1 

(in)

4144 4^
60Hz
lfe
42
(kV)

4 492 e e
7B 41 
4 €2 
(kV)

4 4 
Full 

Wave 
(kV)

Chonned Wave
Crest

(kV)

Sj 2
4444

(uS)
i 900 362 220 220 395 900 1,035 3 700
2 1,050, 362 220 220 460 1,050 1,210 3 825
3 1,175 362 220 220 520 1,175 1,350 3 825
4 1,300 550 318 318 575' 1,300 1,500 3 1,050.-
5 1,425 550 318 318 630 1,425 1,640 3 1,110
6 1,550 550 318 318 690 1,550 1,780 3 1,175
7 1,675 550 318 318 750 1,675 1,925 3 1,175
8 1,800 800 485 485 800 1,800 1,980 3 1,500

**9 1,925 800 485 — — 1,925 2,120 3 1,600

**10 2,050 800 485 — — 2,050 2,250 3 1,700

f) Di^dS-tiS. 1-8-8- ANSI Std 24. 19844 45.°J
2) **fe IEEE Std 262B-1977 5 IEEE Std C 57.12.00-19934 45.4
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L-k om §! 0HXl-O| 2.£X|OEj ¥£

44, ¥44 4^144 W4d-§- 444 2¥44 ¥¥* tiling <5.

¥6.2>4 44. ¥^4 44¥4MeM 44 ¥4¥ ANSI if^4¥

&24 me ¥34 ¥ 2e#¥4 lkV44 4434 &4.

E ¥6.2 2# ¥¥oil 34 2M S¥ ¥4W2

¥ 4 
4 4

¥ ¥ 44 I 44H A B C D
ESDD 
mg! err? 0.01 0.03 0.063 0.125 0.25 0.5

CIGRE
¥ ¥ — — Light Medium Heavy Very

Heavy
ESDD 
mg! err?

— — 0.06 0.12 1 0.24 0.48

IEC815

¥ ¥ — — Light Medium Heavy ' Very 
Heavy

ESDD 
mg/err?

— — 0.03-0.06 0.10-0.20 0.30-0.60 —

44t4t14 34-71¥ 16mm/kV 20mm/kV 25mnVkV 31mm/kV

4 4
¥ ¥ — Very-

Light Light Moderate Heavy —

ESDD 
mg! err?

— 0.03 0.06 0.10 0.10&4 —

ck S^7| ^101 <yg ¥^»a|

<5. ¥6.3>4 ^4 A>^dl Tllf-^JL^'a- 362kV¥ 4°j7l ¥43 ¥3* 

44^44. %7H ¥344 362kV 4¥i 4~§-¥4 4471 ¥44 ¥3¥ 

ANSI^t 4=2 424 BC¥34 34 ¥43 44¥433# 4244 

<E ¥6.4>4 44. E44 4 ¥ %1¥ 44 44 44 4-§-¥4 444 ¥4¥ 

BIL01 l,300kV7> ^234 44¥433444 3.4 ¥432444 362kV¥
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iL4 99 550kVw- 4-W3. 9# 9* 9 # 94. <a -t-6.5>

# 800kV9- 3H)4 49x944# 444] 2 9#^ ANSI#44# Sl£<$ 9 

9 ##4 924 EEC 2##£1 lkV9 42 99x^44# ^4

3- 44.

S 46.3 362kV997| §9

9 9# 9499(kV) 4 9 #24] 99 
(kV4^4)

4 2 9 9 
444 4 (mm)

ti] 31

2 9 9 9 362 1,300 8,077 318 inch
#999 170 750 3,542 140 inch
9999 25.8 150 529

#44
25.8 150 529 4 4 4 4
123 550 2,507 Floating

5. 46.4 362RV5 444 99x^49 u|H

b] 4

# 9 — Very
Light Light Moderate Heavy —

H] 31ESDD 
mg/cm2

— 0.03 0.06 0.10 0.1024 —

9 4 4 
3-4 4 
9344
4 4 [mm]

4
%

4 4 2 
.9 362kV 5,588 —

4 4 4 2. 
99 550kV 8,077

4-§#9
(ESB140

-500)

EEC

# £ — — Light Medium Heavy Very
Heaw

* C.F 
424

ESDD 
mg'/cm2

— — 0.03-0.06 0.10-0.20 0.30-0.60 —

99x4§
[n
.444-8-4#
nm/kV] 16 20 25 31

944 x4
4 99x9 
44 [mm]

9 4 4 2 
99 362kV 5,792 7,240 9,050 ‘ 11,222 * C.F 

9249 4 4 2 
99 420kV 6,720 8,400 10,500 13,020

4) C.F = Creepage Factor (x94 W99°ll 4# -39x4144 12.9944
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2 -¥-6.5 765kV 3 ^6'4 °|2

4 4 —_i Very-
Light Light Moderate Heavy —

ti] 31

4 4
ESDD 
mg/cm2

—- 0.03 0.06 0.10 0.10&4 —

447] #4
4 44#4 
44 [mm]

4 4 4 3i

44 800k V
12,319 — * C.F 

4314

3 4 —- — Light Medium Heavy Very
Heaw

ESDD 
mg/cm/ i-- - / ! -

0.03-0.06 0.10-0.20 0.30-0.60 — * C.F 
4314

DEC
44447] eM#7]e 

[mnVkV] 16 20 25 31

44-7] *4 
4 44¥4
7] e] [mm]

4 4 S]'3i 
44 765k V 12,240 15,300 19,125 23,715
4 4 4 3i 
44 800kV 12,840 16,000 20,000 24,800 * C.F 

4314
4 4 4 3i 
44 840kV 13,440 16,800 21,000 26,040

BK OHS, ^!°| , ;

44414 UHV-S- 444 ^#444 #4# 4-4?M 444 444 SP44
#44 4444 444 4^.4 #4# 4S.44- 

[ a ^ m<?> mMmmm&m’ #&## lie, 1984]

(l) 4444 _■... J

(7» 4 4 #4 m

441-^-s: o]-g.fj- SP44, 500kV-§- 44 4 uhv-S- 444 ^4

# <zi4 #6.l>4 4441 Si4. <2 46.6>44 44## SP°#}4 6.7m4, #

2414# <2 ¥-6.7>44 UHV-S- 444 #2 44# 24444.
UHV-S- 444, 444 4:4 iL4 15m 444 5423. 444 ?}#44 <^4 

■ ' "' 1 ■ . ; 
46.1>4 44 44# 244 44 44 4 lm 4423: 4^rf°l 44 7jc
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IV
 ft

 lo-SE
o #

|Y
|z L'9

4 fi
n

#44 #47}n 4 *#4 444 1044 54 4# 44 44 ^44 4^ 4
 

4. 444 
15m 4544 137114 *#44 44.



2 “6.6 44# oHx\9] xilH

444
# ■m 4 4444 (mm) ¥444

(mm)
3#3r44

(mm) ti] JL

SP 44 245
54 (145)

1,150 
¥2 (970) 2,830 192

6.7m44 — 6,700
¥2 (6,250) 20,400 675

l. ( )fc 44 2. ( -fraLiM

5 %7 44# UHV°H4-I 44

4 JL 4.4 
: S0 (mm)

¥ 4 71 si 
L (mm)

4 3" 4 4 
D (mm)

e . m- % 4
(4-03.44 444)

15m 44,4 °M(*®7i #¥ 134)1

14,000 60.30Q 8 4444

12,500 53,800 968' . i4 7m% + % 57ii

: 11,000 47,400 ^ 933 ■ 34 7jcigJ4 ■ '

8,800 38,600 ' § : 54 7kmt :
tsdo 34,100 , 878' : I 64 7fct)4 1
7,100 30,800 870 | ' 74 M4 ! ' i 1
6,500 28,200 ' 866, 74 *144 + ;4 57H
4,100 1 17,500 840\ . 104 tKW
3,100 13,300 780 114 7J42J4

12m 444 4^(7K#4 4¥ 104)

11,300 48,300 1,015 4 4 4 4
10,200 • 44,200 985 14 tK^J4
9,200 39,700 955 \ 24 zKW
7,200 31,000 895 44 tKW
6,200 26,700 865 . 54 tKW
3,100 13,300 780 ' 84 tKW + 4 57H
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o] 10*4 440.5 ##5 #7]5# £)o] &#. s# 4# 44 1#* 44 

44 0.4cm24 SF67> -g-oj 44 #4.

4*4 4Jl#o]7}- 44#4 44# 4#* #»>57] 44 4# #4* #*

0.5 #444 -n-5#o]# 5*Sl$#. -§-# #4445.# #### *4 #5
4 #4# ##55 4*4 4#4 **# 244 #4-## 44 #* # ** 
4 #*#-§- 42.5 -f-4 5444 4 #»]o]] -§^4- 4* 4#5 $£%#. <3. 

*6.7>* #4444 4# 44# 4#4 44& ##45 $£#. 444 **# 

-§- 44 #5# #44*# 4* 42.5 #$£#. 4#4 4*4# 5444 

50cm, 44 2m 4 5^5^ #=# 37]]* 4#44 4«-<5] #4# ##5# # 

5£*.

5 *Mo] tf04 4# ¥#44(L)4 ###, *#*# SP 44, 6.7m 4 

#, 4 UHV 4 #4 440] 4-4- 2.92, 3.26 4 4.30 455# 4 #4 44°1 4 

44 #4 -n-M°14 4# ##7] 4* 44 4*# ##.

(#) 5*# 4 4 #4

445*4 4# *4*# 45#$£#. 5*4# 44#4# #** 444 

4444- ##4t1] 4&#. #, 4## ##°1 ##44 45*444 457> 4 

44°1 *#414 4* *#* 444 4445 44#. 5* 44*# 41 
44# 444 44* 44#4 #jl 47144# 5~10 % *55 ##4##.
*#414 4* 71*54* <5. *6.8>4 71*54 B# 4# #45# 45 

* 444 4*54 S(#447^)4 4# #15 #4# 71*54 S# 71*54 

B4 4 #4 #* *714# 44 #44 #4* 41 °1#. * #44 ##44
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4^
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4^4.
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Number of Insulator Tested
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10. 11. 12m

- Jl ^3 °1 (m)
Effective Length
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3.4 33 44¥4t]5]# <5. ¥6.5>3 3^44¥4334 44 4#4

31444 3.4443 4:##4.

#4 <X ¥6.10>4 43 765kV ¥3# 444s oi^ ABB44 ¥33 4 

44444# 457^43.4 444 45444 600mm 3x^-4 NGK44 34 

41 343 44 ¥#447> 14 4## 4 ¥ 44. ABB4¥ IEC 4441 

44 #^#44 (Medium)4 4 #4 20mm/kV3. X##& 44431 4^4 31

444 X#¥53 1X4 #4# e#44 444 44.

X 46.9 15333- ll¥^7]a| (0H4S.1}-, 1988, NGK)

4 4
4 4

444# 
mg/cm2

4 4
[mm]

1543
[mm]

¥4714
[mm]

¥X344
[kV] 4 JL

500kV

3X#
(0.0344) 5,400 675 15,850 364

44#
(-0.0644)

6,700
(6,250) 675 20,400 364

UHV — (6,200) 865 26,700 —

X ¥6.10 ABBAf- ¥44 45434 44¥^7|a|

4 4
71] 5

4 4
[mm]

1543
[mm]

¥47] 2] 
[mm]

4X444
[kV] U] 31

765kV

(4,725) 600 15,060 (765&F/V3)
= 442

BIL : 1,950 
BSL: 1,360

(5,220) 600 16,630 (765AV/V3)
= 442

BIL : 2,100 
BSL: 1,425

(5,720) 600 18,320 (765>fey/V3)
= 442

BIL : 2,550 
BSL: 1,550

(6,210) 600 20,000 (765£F/V3)
= 442

BIL : 2,550 
BSL: 1,600
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:(2); 3% 1^4344 4"§-€ #43 33 #133 OT 
3-J75. JL^- 4^a]^§4 4~§-#3 #43 33#133# #3^-3 4 #3 

3133,800kV!4 25mm/kV. 3^34. S^- A]^^g.^] 3####

443* 3-§-43 #43 #344 3 #-2^ B3#(ESDD 0.125

mg/cm2H W3* 4-2.3. 444-2-3 °1 * 43443 33334 4# 3

4 3 #4 34 D4# 3.4# 2W3 4# #334.
■ i ' ~ i

5 #6.11 21# l#4!§o|| 4#3 *43 043 *133 3#

3s#334
[kV] 34## 334133

[mm]
IkVldhAlo]

[mm] 3 3

- 850 Medium 20,000 - 23.5 : 333 #1
850 i Medium 19,300 .... 22.7 . CVT 43

, (3) 3343-1.1 kV3 i.2. 33*133 3s.
-344 362kV4# -3 765kV 4#3 lkvi- db.s.33 >133* 3.3 <5. 

#6.12>4.44. .' ' . .. ' . ...

3. #6.12 S34-S1 1kV# ±£ 33*133 u|h

443s34 
- [kV] - ’ 44## 33*133

; [mm]
lkVl^Slo]

[mm] 3 3 . .
, 362: , Medium 5.588 15.4 ANSI '

550 . : Medium 8,077 *(1) 22.3 .. ANSI
362 , Medium. 7,240 20.0 IEC
420 Medium 8,400 20.0 EEC

' ' 550 Light . 15,840 28.8 3 #
550 Medium - 20,400 37.1 1 *
765 - -Medium - 18,360 24.0 IEC
800 Medium 19,200 24.0 - EEC
800 • .  Moderate . 12,319 15.4 - ANSI

800 . Moderate ' 17,850 ' *(2) 22.3 362kV #33 
#3443-0-4\ | 1 \ | T-i. U —I 'I

#) 362kV^-3 IECfl-3 11*133^ Creepage Factor# 3-343 &-£: 3°J.
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(4) 800kVa- ^4^1# v]sl

A}-g-^°J 800kVa" S ^4311* <5. ¥6.13>

<5 ¥6.14>4 &A] 444.

£

2 ¥6.13 447|¥£l, CVTomsi !£a||H u|jn.

4 7M 44[kV] BILtkV] 4 4 BSL
[kV] 4 4 ti] Jl

Pi
(NYPA) 800 2,050 ANSI
7} 4 4 

(HO) 765 2,100 22.0 1425 25.0 IEC

4 4^- 
(ESKOM) 800

2,100 EEC
44 : 2100 
44 : 24002,400

Hr 4 
(KEPCO) 

(4)
800

2,100 0.04 1,425 21.1
EEC2,250 11.7 1,550 31.8

2,400 19.1 1,675 42,4

2 ¥6.14 u\m

4 7> 4 7114^2
44[kV] BEL[kV] 4 4 BSL

[kV] 4 4 ti) JL
p1
(NYPA) 800 1,800

(2.050) 1,360 ANSI
4 4 4 

(HO) 765 1,950 38.0 1,550 36.0 IEC
^4 o 

(ESKOM) 800 1,950 IEC

Hr 4 
(KEPCO) 

(4)
800

1,800 0.05
ANSI1,925 12.2

2,050 19.5 1,500

¥) 1. 44 = BIL- STRESS
STRESS

2. BIL°)1 4% STRESS = 1,715 kV (4471), 2,015 kV (4471, 64J)
3. BSL41 4% STRESS = 1,176 kV (4471, 447% £4)
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UK 800kV ^j°|

4444 HQ °14°l]4 4# 441 # #7} 454 7K444 ^

#4 ##4 Meil'i^ 4^1-§- jl444 €#7l-& #1, 4471 4 Tim^l-S- 

#14 ^4^(^>)-ir 414^4. 55 14#! 7)5]# me #44 44 

Creepage Factor# 5444 800 x 1.2 x 20 = I91200mm7]- 4-5 °14-Er 44l 

362kV 4471-g- #44 ^,44447-14 22.3mm/kV , 54 44 &#

24.0mm/kV ##55. #444 -2-#44##44 B 44(0.12 mg! cm2) 44

4 54441# ### 4#5. -*§444.

--S #6.15 800kV. #14 S7|2j i 1444(4)

41 #

[kV]

BIL

[kV]

BSL

[kV]

4514 
#144 

[mm] •

41 4 4 4 1

60Hz
45 1#4 

[kV]

4415
(44)
[kV]

# # 
71141415 

[kV]

800 . 2,250 1,500 19,200 800 2,250 1,500
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7. 1134*1121 as

7 k 7H a

#4##14 11344* 1134 44* 1344 44147k #441 
#3# 444 44 7^1111344* 444 3#1 444 44
#44 4# 14s#-* 44-4-4 #sl GIS4 *3314 4444s 7}^} 

441 #44 #14 4s& 14s#-* ## 1S3 4444-. s44 #444 

4 7>^44-t-4s4 4444 ##!# #41433 44 4% 137} is 

44-. 4 4344# #4 #4##^ 4434 44444 4# 4#44 is 
* 4s 443 44* 44# 1*4- #44 S3 IS# #11 ##**4 4 

44 444 ls##4. 1314 134 #44 4414 14 #4 765kV# 
11 44# 1 345kV #11 ###4 447> 7>## 133 441:4.

4. olS^oj QE

(l) 44 411*4 11
14 144-14 #1, 113 Bus4 14 #4 141 444 144 s 4 

14 44 411#* #44 *4. #1144 1*4* 141# 31 4*4- 

14.

T _ 2 x CFO~
ic ~ Zc (#7.1)

Ic : the stroke current
CFO-: negative polarity of tower insulation
Zc : conductor surge impedance

1# 144 113 444 1 #47] 144# Zc* bus surge impedances
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1444 4**4V 244-, 1 7>4 *^14*, busi 4s]7> 441* 44* 
4-*4 11* 11114-.

244-, 113:44 444* 440] 7ftfH 4141 4471*44 t14°H
444* 4# 4 444- 13:414-. 241, bus4 44444: V4 4444 
11114 4471 4444444 444 44.

4* #4, 345kV 113:* 3.4, 2.44444c l,300kV4 CFO* 71-44. 

Zc* 340044 44, <4 47.1>4 44 7.4kA* 4c4. 444, 345kV4 1* 

€ 444* *44 10kA4 1*7> 3:5.1 600kV4 44444 14:n, 40kA 

4 4*44* 700kV4 44444 444. 4* 2.4 444 CF03.4- 44

1* 4:44-.

444, 444*4 44* 4* 4442.5. 4444 4*44, 4"* ** 

(230kV 44)44* 5kA7> 44 444*5. 4*42., 345kV4141 10kA7l- 

4*44-. ' ■ ' 1 -

(2) 4444 44 44
* 71-4-4 44144 44 3.3:444 ;H4* <24 *7.l>44 3.4*4-.
* 71-4-4 1414 14 144 14-4, <24 *7.l>4- 14, 3.3:44* 

1* 44 a44* 414 1412.^*4 2 3.7] 7} 4-41 44-.

a = V t%— (rg — In)1 — V (r^ — y)z (*7.2)

44, *41* 4 7>14 71-4* 4, 44 7145. 444. rcl *;H4 3:* 

45. 1*44 2*44 *o]^ rg3.4- *71144-. 2425, 4411444 3.3:
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47.2>4^4 ^°1 rc<y ii 44^^^

4. ^.B-lE-S. *t3%7]2\ 3c^ lii ^O] h44 aS-4 Ej 3.711 €
4 ^4, 5|^ as£l^4 # ^4 Ymc^ e^n#4.

PROTECTED 
ZONE -7

ZLH ¥7.1 SS-S| lolxi °t¥ 2SS| x^l-yoil 2|4

PROTECTED 
ZONE -r

nH ¥7.2 2^b| xN-ido| egiE# &H
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44# 444 55441 4 ## 41 #4, 44#4 £4

(£1 554444# 141)544 44441- 2.44# 444 4=44 #5 

44. 1##4#1 44#4 14 h4 4£*]]4 14 yl #447} &4. ^4 

2.5., 444s] rd £44 44#4 144 444431 7M44. 445 55 

441 4 7}4o] ^-i§^7} 4d4. 3145.5., 445 414 44447} 42. 

44 ; rsl 44444, rd -544 4 41 44144, rgl #4144.

^ = y, x y"g
rc = yc x rg (17.3)

444 Ts4 rd 154 3.4.

41 14, young's equation44 41444:

rs = for h > 18 meters
444 (17.4)

rc = y for y > 18 refers

4, h<18 meters 441 Ys = 1.0431, 44 y<18 meters 44 Yc = 1.0 44. 

(7» 4414 41 5544

<3L^ f?.3>44 51 44#, 4444 41 55441 1444 a44 4 

455 $44 1155 4444. 3i 4# 444 44.

1 ■ !

S = V ^ - (ff - A )2 - ^c-(rg - y)2 ' (17.5)

y=044 a=ao4 44(4444 444 <4 ^7.6>4 44 45,
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a0 =V ^ - (rg — h )2 (■r-7.6)

Rpofe t7.7>4 ^o] 44.

Rtf = do — a =yj i*e ~ (rg — y )2 (-r-7.7)

///////////////////

zlH -x-7.3 2]^.

(4) Jf. A>oid)]A^

^ <3.^ ^-7.4>44

el ac Rpc°ll ^^0 ^^€4. 3^3^e]
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(47.9)ac Rpc

4M4 Sg4 4 01444014.

Sg/2444 iLs.44 ymc4 Rpc=Ol^ a] s4

Vine = h (47.10)

^ 44 4^# ymc44 -2-444 ^MMi4 M4# 4444d] 44€4.

/C^7

zlH 47.4 4 xN-y^|-o|ol|Aio|
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10 16 18 16 14 14 1618

h=20.3m

ZLH w.5

<ZL^ 47.5>44 <£ 41 ^9-2-3. ^

ticl]£ Hj-^o]] cj-s]- ZL Pjsj7} ® S.S:^»]7>
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4# 7]sH44 444444 US.# 4 #4 44 4 as. #&# 4 4 #4.

4. 7l|yx|

(1) h = 50 [m]# 71^0.5. M»l 

(4444 4^-# 444 44| 50 [m] #43. 44 S# 4)
2* CFO

zc(4 #7.1)4 l( 44 zf 4### #4

ZL# CFO# #4# 4X4# # 7M 4# Aj-g-sM CFO# #4#

444 ^4.

CFO = 605 [kV] x d [m] = 605 [kV] x 6 [m] = 3,630 [kV]

CFOjapan = 550 [kV] x d [m] + 80 [kV] = 3,380 [kV]

ZL5]JL, Zc = 350 [fi] 431 7>444, 4 1^#4 44 4#4 4# 4# 4

 2x3.630 
350 = 20.7 [M]

= 2x3,380 
350 = 19.3 [M]

ubIjelS. o] ^ ^ W4# 7C ^ 20 [M] 7> 44.

4#S3, 4 344 ^444 444siW# 414^(ts)41 4444 #°j7lsl(rg) 

# #44 44# 4#4 44

4444 ^-#71 si : rg = 27xi°c32 = 27x20°"32 = 70.423 [m]

462 -h
444
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4*714 : rs = ys x rg = 1.078 x 70.423 = 75.9 Cm]

3£l£S, Ic = 20 CM] IN rg = 70.423 [m] 4 rs = 75.9 [m] 7> 44. 

s, *4* ^4 hi 4 4 re* *44 44**, *4* 4***4
*44 y7> 18 Cm]* 44 ^7] 4*4 4447c)# 15. *3 rc* *4* 4*4 

*:4.

*444 : rg = 27= 27 x 20°'32 = 70.423 Cm]

4* : 7c = 1.0

4444 : rc = 7C x rg= rs — 70.423 Cm] 

rz.45.5., 44 rc = 70.423 [m]7l 44.

444, 44*4 *°1 h = 50 [m] 4 i 4 103&*4 ymc* *44 4** 

4* * 44.
h = 50 m 42, * 441*4 44(Sg)* 140 [m]4 44,

]j75.92 - = 8.9[m ]= 50 - 70.423 +

*7H, 4-311*2] 7>4 7f*4 4*444*4 dip=l.O Cm]* 3.444
4* *4^44 4**# 44 7>*4 *o]<y ymc = 8.9 Cm] 7144.

*44 <34 *7.5>4- *°1 44*^.5*4 44 a, ac4* *44 4*
4414 5.4^4 *4 y* *44 iL4 4*4 44.

(7» 44* 44^5

*4 44*4* 4** 443.^4 44 ai 441* 5-S.** y* *4* 

4* 44*4. (4 *7.5)s.*4 *4* 4*4 *4.
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a =V r! ~ {rg - h )2 - \J - (rg - y )2

. V ^ - (4 - y )2 =V ^ - (rg — h )2 - a

~ (rg — y)* = { \j rl — (rg — h )2 — a }2 

(»> - y )2 = ^ - { V »* - (rg - h)z ~a}2 

rg — y = \] ~ { 'j ~ (rg — h)2 — a}2

y = rg — yj o^c ~ { 'I ~ (rg — h)z — a}2 (-r-7.il)

<4 r-7.ll>6)! 44^ a# #4 y# 444 iL4 4&4 44.

a = 10 [m] 4 t41, y = 39.15 [m]

a = 20 [m] 4 4 y = 24.17 [m]

a = 30 [m] 4 4, y = 14.73 [m]

a = 40 [m] 4 4 y = 8.26 [m]

a = 50 [m] ^ 4, y = 3.89 [m]

a = 60 [m] ^ ”H, y = 1.23 [m]

a = 70 [m] ^ 4, y = 0.07 [m]

(4) - 4^-y a>o]^ 4^0.5.

4£-^5. 4 444 4°H44 4s! ac6)! 4^4 s.ri0! y# 444 4# 

#444. <4 47.8>&44 444 444 #4.
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y = h + )j jj - - ]j r* - (-y1 - «c)
(47.12)

<4 47.12>4 8c# 44 y* 444 5-4 4&4 W.

a = 10 [m] ^ 4, y = 42.47 [m]

a = 20 [m] 4 4, y = 29.75 [m]

a = 30 [m] si 4, y = 21.38 [m]

a = 40 [m] <y 4 y = 15.63 [m]

a = 50 [m] ii 4 y = 11.82 [m]

a = 60 [m] 4 4, y = 9.63 [m]

a = 70 [m] 4 4, y = 8.92 [m]

444 44 %#-& ss. 444 4°1 <5 47.1>»1jl, <zl% 47.5>4 4°1 

&44 4°1 47.6>4 €4.

£ 47.1 xMl^d# 7|4°5. Eh %h x|@o)|Ajo|

44145.3.4^4 
7)e) (a Bl-sr ac)

44)4
( m)

4 4414 4°!^ 
S.3l^°] (m)

10 [m] 39.15 [m] 42.47 [m]

20 [m] 24.17 [m] 29.75 [m]

30 [m] 14.73 [m] 21.38 [m]

40 [m] 8.26 [m] 15.63 [m]

50 [m] 3.89 [m] 11.82 [m]

60 [m] 1.23 [m] 9.63 [m]

70 [m] 0.07 [m] 8.92 [m]
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p

0 1-2 3.9 8-3 14.724'239.1 42.5 3° 21.415*611.8 9*6 8.9 ?'6 11.815-621.4 3° 42.5

>
Rpo

k- CL

! ■ -
1

•1

l

Rpc
>

a=;

-4
73.1m

a ac

h=50m

Sg=140m

ffoc=8.9m

nH W.6 o\\#

(2) h = 30 [mil- 7l$o.5.

I

Ic = 20 [M]

nWM #^7l5] : ^ = 27xi°c-32 = 27x200-32 = 70.423 ini)

„ _ 444 _ 444 •
7s~ 462-h 462-30 = 1.028

: rs = '/s x ^ = 1.028 x 70.423 = 72.4 [m]

Ic = 20 [M] rg = 70.423 [m] 4 r, = 72.4 [m] 7>^4.

#%7M : ^ = 27xi°c-32 = 27x20°32 = 70.423 [m] 

71]4" : rc = 1.0 (y7> 18 [mil- ^*] #7] 43-4)
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: rc — 7C x rg = rg = 70.423 [m]

ZL&IS.S., 4A1 rc = 70.423 [m]7> 44.

441*2.2.94 a Tl* iM* ^o] y# 9-aM S-*

4*4 #4. 44* ** <4 47.11><>14.

y = rg — V ^ — { V ^ — (rg ~ h )2 — a) (*7.11)

<4 *7.11>4lAl 419 #417> *4 41*3* 4*(a)4|*3 4 M-J^Ky)*

9-44 2* 4*4 #4

a = 5 [m] * 41, 

a = 15 [m] # 41, 

a = 19 [m] * 41, 

a = 35 [m] ‘ti 41, 

a = 53 bn] * 41,

y = 26.52 [m] 

y = 16.30 [m] 

y = 13.21 [m] 

y = 4.61 [m] 

y = 0.35 [m]

(3) h = 15 [m]* 71*2.2 $*41

(345kV 2.#* 7>9 71449* 2412 a}*)

Ic — 20 [M]

414413 #344 : ^ = 27xi^-32 = 27 x 20°'32 = 70.423 [w]

419 : 7S = 1.0 (h7> 18 [m]24 *7l 41*41)

4444 : r$ = 7S x rg = 1.0 x 70.423 = 70.423 [ra]
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Ic = 20 CM) 4 4] rg = rs = 70.423 [m] 7>44.

^444 : rg = 27xi°c-32 = 27x20°'% = 70.423 CW 

31# : Zc = 1.0 (y7> 18 [m]a4 #7]

447)4 : rc = 7cx rg= rg = 70.423 [m]

44 rc = rg = rs = 70.423 [m]7]- 44.

a 4# 144 5.S.44 #4 y# ^><4
4#4 %

<4 -T-7.il>0!]x) 4 44(a)4x)4 4 sm^Ky)* #44 S.'S 4#4 #4.

a = 5 [m] 1 41, 

a = 10 [m] 4 41, 

a = 20 [m] 4 4], 

a = 30 [m] 4 4, 

a = 40 [m] 4 4],

y = 11.42 [m] 

y = 8.45 [m3 

y = 4.02 [m3 

y = 1.30 [m] 

y = 0.08 [m3

Bk ##

IKL 20444# 3g$ 24/km2Ai4 4#& tflX|:k|44 ^^^] ( 

270 m x 430 m = 0.1161 [km23 ) 4 444# 0.23224/44 444 4#44, 

=L #44 4444# 4S-4# 20kA 444 444 4t* 20%5. ill 44

P = 0.2322 x 0.2 - 0.046 4/4

4 €4-. #, 21.5344 144 444 44&4 44# 7>^44 44. ^-44 

4# 44^ 44 444 144 44# 444-hs. 44& #4]7]?]# #4 

GIS 44# #44 44 44# 4## &4
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4* 8. GIS2I 3.7\S\ tiS§4=

^444 444 GIS4 3.7]7> 44444 44* W* *457] 

4# 4444##^! GIS 444* 7]^s #4 33#44#8,000[AM44 
GIS5.4* 7Hs>4 Til4 4^4. 4444 44^1444 444 45.4^* 4 

44 44s. 444%** 44 444. ^44 44(4s&4)4 a.7] 444 
44 444A 444-4, 44%44*4 4# 44* ^44 444 EMTP* 

44-4 44 44* 4-S. 4s. 4%4. ^4 %%444 ^44^444] 4# 4 
4* 44471 444 ^MHr* 60Hz~l,000kHz5. 4444 44444. d% 

%1>* 444 4*4 GIS4 44£°14.

7K Ei^9l|0|Mo| oiqBj^ 71144

1=4000 [A]

al=104mm
a2=120mm
bl=425mm
b2=437mm

I = 8000 [A]

al=120mm
a2=140mm
bl=445mm
b2=457mm

I = 8000 [A]
tank SF6
p =2.797E-7(ohm.m)
conductor
p=3.007E-8(ohm.m)

er=l.2 
Air
er=l.0

al=130mm
a2=150mm
bl=455mm
b2=467mm

3H 48.1 GISE44 4 #4 371

- 351 -



GIS1 ##44^1 (3M

1961, 32-33# #2:) 414 #4 A3. €4.

: @ # #,

L = LI + L2 + L3

xiO"4 [tf]

444 4^4 #7111- #444

hf + 1 b22-3bl2,
2 b22-bl2 '

L = s(-±-+ 21n-^-)xl0~4 [LL ]

= 0.05 + 0.2 In-^2" [mH/km ]

= 0.05 + 0.2 ln-&^_ [mfl/M ]

= 0.3029 [ntH/km. ] = 0.3029 [uH/m ]

44 #44 EMTP°fl 44 711444-1 <5. #8.l>4 uiH.4^4.

5 48.1 800kV GIS4 °iqEiA

£*l)3.7] #7114 EMTP til ZL

bl=0.425 Cm] 
al=0.120 [m] 0.3029 [uH/m] 0.265 [uH/m] GIS1.DAT

GIS4.DAT
bl=0.445 [m] 
al=0.140 [m] 0.3029 [uH/m] 0.251 [uH/m] GIS2.DAT

GIS5.DAT
bl=0.455 [m] 
al=0.150 [m] 0.3029 [uH/m] 0.233 [uB/m] GIS3.DAT

GIS6.DAT
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L-K Til^Aj

GIS* sj. M-g-^i- -#3rsM4|

*1^3 tiT-^i- bl, a24 4-B-21 4-S.&

4.(€^It* : 8S # #, mmSS'd, 71# ^ : ^^5-y, ^Ili

mmm, 45# %%.)

c =
2 7C£ [uF/km ]

°]7]x\ s-& -iHl-

£o —
1

Mq.c 
10 ~9

(4%-x IQ"?) x Ox#)

= 8.842 x 10 -12

36ar

fi0 = 4ttX 10~7[H/m ]

<=L% %l>^j M

C = -2-fr =-QJ24^£[mF/m j 
In-4 log 10—

a2 <z2

Q.Q2410 425° = 0-0439 [uF/km ] 

020log 101

= 0.439x 10"d[z^F/m ] = 43.9xlO"b[z<F/m ] 

= 43.9 [pF/m]

EMTM4 = 43.04 x 10-12[F/m ] = 43.04j>F/ro ]
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bl,5l44 a24 4

% 4-B-4 4 as. M€4.

Co
2^£q 55.6

to ■§■
[pF/m]

444 61 = 0.425m, a2 = 0.12m%M| : 

444 e0¥ ^1^-2] ¥#&

z = =G0xb-6L [ota]

Z = 75.82 [Ohms] ............. v = 3.00E8 [m/sec] 4 Ml

( C0 = 43.966 E-12 [F/m] )

Z = 84.24 [Ohms] ............. v = 2.70E8 [m/sec] 4 Ml

( Co = 43.966 E-12 [F/m] )

Z = 83.01 [Ohms] ............. v = 2.74E8 [m/sec] si Ml

( C0 = 43.966 E-12 [F/m] )

<E ¥8.2>Ml ¥M1#4 EMTP6)] 4# 4^ 44

E ¥8.2 EMTPMI44- ¥4 #4 u|5L

CASE'# 4*3<¥£[v] ##-§-#[c] 4494'&XOhms)
* E8[m/sec] [F/m] ¥4# EMTP

GIS4.DAT . 2.74 52.68 E-12 69.27 70.77
GIS5.DAT // 57.60 E-12 63.36 63.54
GIS6.DAT // 60.00 E-12 60.82 62.18
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Bk 444°ll M|x|oj3i|g^

34444 ^4^* 60Hz, 500kHz 4 l,000kHz3. ^444 441 4# 44 

<94^4€^41- 444. 44#4 4443)0^4 0#04# 62-

71[Q]°.3. 44^444 44^4^-S. 7M# 70[Q]# 444 Stfi-S. 4444 

4. <£. #8.3>4] 711444# 44444. <5. #8.4># 444# 4,000[A] 4 

8,000[A]# GIS°1] 4# 371444 4# 040^4 30#44 0#04# # 

W, 344 £44. 4 4 #4#0 500[kHz]# 4#A& 444.

£ 48.3 44040^4

711 4 3 4 4=344 #3 
10E8 [m/sec]

Surge Impedance 
[ohm] #44

GIS1.DAT
2.9994 77.50 60 [Hz]
2.9968 77.52 500 [kHz]
2.9971 77.51 1,000 [kHz]

GIS2.DAT
2.8010 74.49 60 [Hz]
2.9979 69.61 500 [kHz]

// // 1,000 [kHz]

GIS3.DAT
2.9586 69.00 60 [Hz]
2.9968 68.11 500 [kHz]
2.9971 // 1,000 [kHz]

GIS4.DAT
2.7015 71.66 60 [Hz]
2.7357 70.77 500 [kHz]
2.7360 70.76 1,000 [kHz]

GIS5.DAT
2.5574 68.00 60 [Hz]
2.7367 63.54 500 [kHz]

// // 1,000 [kHz]

GIS6.DAT
2.7000 62.99 60 [Hz]
2.7357 62.18 500 [kHz]
2.7360 // 1,000 [kHz]

0 4 2.70 -2.74 62 - 71 60Hz - 1,000kHz
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5 %4 Ex-11 °| EL7|S>j- -£5.§4=

TlM^ GISE^S) 3.7] L [ ii H/m] ' C [pF/m]

GIS1.DAT

bl = 0.425[m] -

a2 = 0.120[m] SMTP : 0.265 1 EMTP : 43.04

es = 1:0 4=7)14^ : 0.303 4=314* = 43.90

GIS2.DAT

bl = 0.445[m]

a2 = 0.140[m] SMTP : 0.251 EMTP : 47.92

ES = 1.0 4=7ll4* : 0.281 4=314> : 48.00

GIS3.DAT

bl = 0.455[mj

a2 = 0.150[m] EMTP : 0.233 EMTP : 48.99

ES = 1.0 4=7)14* : 0.272 4=7114* : 50.00

GIS4.DAT

bl = 0.425[m]

a2 = 0.120[m] EMTP : 0.265 EMTP : 51.65

ES = 1.2 4=314* : 0.303 4=7114* : 52.68

GIS5.DAT

bl = 0.445[m]

a2 = 0.140[m] EMTP : 0.251 EMTP : 57.50

ES = 1.2 4=7ll4* : 0.281 4=7114* : 57.60

GIS6.DAT

bl = 0.455[m]

a2 = O.lSOIjn] EMTP : 0.233 EMTP : 58.78

ES = 1.2 4=7114* : 0.271 4=7114* : 60.00

«1 ul

o&w-gm

E7113.71

=0.12 — 0.15[m]
4 #3.7]

•‘0.425— 0.445[m]

4=7ll4*
:0.271~ 0.303

EMTP:
: 0.233- 0.265

4=314*

: 43.90 - 60.00
EMTP
: 43.04 - 58.78
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&& ^5-ZL^oll «1 J2.-&V71 Hilemam^M]

Iteolt 4444] 4& 444 5.4 4-B-4 <3L 49.1>4 #5.4, WSte 

O]# 85ms. 5.4 4444 44 44414 %.&# 44 444 44 4% 7^ 

44 44 4#444 1.6m7V 4-S-4-4 44. <5. -t'9.2> 4 <5. ^9.3>4 4 

£4 l.OOOkV, 500kV45.4 444 345kV4&4 44 444 4444

# 44 444(4#44) 444* 44444.1311

£ 49.1 765kV #944 ^9%M4

31
7j]454^^\

4 31 80m 85m 90m ' 95m 100m
W& 42m 47m 52m 57m 62m

44444^ Zc [fi]. 382 4-* 4* 4* 4"*
44"44 CFO [kV] 2874 4# 4* 4* 4-*
4^444* Ic [kA] 15.04 4# 4# 4# 4"#
44#444 rg [m] 64.28 43- 4-* 4* 4-*
£4l#444 rc [m] 74.69 75.70 76.72 77.77 78.84

^c>1Jl4 y 1.162 1.178 1.194 1.210 1.227
*%4 h [m] 80.00 85.00 90.00 95.00 100.00

^4*4 y [m] 66.30 71.30 76.30 81.30 86.30
I a [m] -1.64 -2.6 -3.59 -4.64 -5.78

4"#^ 4 n a [m] -0.64 -1.6 -2.59 -2.64 -4.78

444^(%) a [ 1 -6.83 -10.75 -14.70 -18.71 -22.87

44%(#4) a [ °] -2.30 -4.16 - 5.95 - 8.00 - 9.40
*}3)142&(44) a [ °] -1.00 -2.16 - 3.36 - 4.70 - 6.10

f) 4#4°Hr i^ 44-24 4# 4#7d°l nfe 3424 tfltt- 4*442
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¥-#¥¥
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KEPCO
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2. ¥3¥°DM] 4]#

5 ¥9.3 7|-§x|-yo[ ##^o|(XM|zi) 2AH

f¥ ¥ ¥ ¥ & ¥ ¥#¥°1 (mm) 4 n 4
(¥44 t11¥¥ ¥#¥% ¥ ¥ 4 ¥ [° ]
3i¥ ¥#¥¥¥&
( 76.0m)

1,020 480 - 7.13

¥¥ 765kV ^¥7l¥;H¥4¥
( 76.0m) 800 500 - 5.7
¥£°)1 ¥¥¥ ¥¥
( 85m )

1,000 1,000 - 9.5

l,000kV ( xfl¥¥ 97.5m) 2,500 2,500 - 15.6

( 41¥¥ 97.5m) 2,500 2,500 - 15.6

( 132m)
2,000 2,500 - 18.3

¥¥
¥¥¥3 
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500kV
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¥¥¥^ Hnxm^rn

( ¥¥¥ 73.0m) 2,500 2,500 - 26.6
¥¥¥^
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1,000 1,200 - 13.5

( 85.0m) 2,500 2,500 - 18.3
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