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1.4 &

FAR ] st o 7wk 4o 7 Mo] A|FHE WA 5] of
ahrl el chel b gake] 73] Hvigled wel YA
% AES el gke] Sk R FUARY £H4
gkl b= A5-ErPEEA =gl olv] AdxldolsE
=RBEIRCE 5000\1\'A°1 A $4 Al 2a"lo] AlwEgle
o, 21 o) Ake] i HH FHE 2047 = el E 4
o #7102 o &z 9t}

28 oAy SR A< S g 4

g ab.e vl Ay} dAlg 7beg R SRR
E AHEshs whleln). el o RSl AAAH, 7]&H
ol Aoz Eabi FHAUg e Aol “’r% gk

T2l o} ofeig ] wA Sl B2 98-S oA
Lok A e, HHH F48 glste] duct trans-
mission lineel] &]3F whlo] Axl2 g w1 glo] AR
o7 olof A7} W2 A7l FY= 1 gle},

S 959 8402 S A1eAd AEe

e ok A7k 2 B4l
- oHE A 2R TS F45 AL Qi 7]
ol A

- wohwl Aele) 47
© £ v 4o A3t
¥ 7igiadMe L5 A7Ea Ut 38 #A
of ArHUY el VisF N F3e) 711-?& 155
& CIGRE #£% o]8slo] thga} 2] AldAZ 2t
3] He)ste] Hgir)
7} 5] A4-3b7) 71sRE 2,000MVA~5,000MVAS
9] £37]%: Near term technology
o 533 RE 153ue) A3} Asslitha RolAle
5,000MVA~10,000MVATS £471%: Medium
term technology
o} 15 o1 Fellu} A8317) 7bs8lehar Holal= 10000MVA
ojAbe] 44714 Long term technology
53| doz odgsie 7eEe] A 7igHez BE
Ho| A=) AR LD QlEAE ol s AL
gk Fol,

2.1 Near term technology

2.1.1 7k¢ AR

o] 7lERys}t Ay WAw @A, LI0KV W7 2,



ERAHE B6E MO, 19874 0] ~ 5] —

500KV o] Al@A 28 AHgste] o} A= o,
750KV 44 A stel 4] 2,500M VA th7] 3,000MVA, 1,100KV
FRAstel A} 5,000MVA, 12]al 1,500KV 74 kel A
10,000MVAS] g3 o] 7hsd 702 TR
°jsich.

2.12 Zd9 7E

734 B 24 & (forced cooling system)o] glo] 314 Al
L AHshe e 7ieE dAR Al A, DR
aes] F2 371A7L $4A ol 0] 2 9lth,

7}. Self contained oil filled cables(SCOF)

1}, Pipe type cables(HPOF)

t}, Cables with synthetic insulation

o] WS HLERAE AHEsiol ¥ ope} i
Ze Agzie] FAAHYA A E 93k T2
g 29lo] Haugleh

o o) Eel R AH-L 160m K} #folo} 513

o ZA Ale] FEAL 20000 WA 2500062 @ $iel

slofestn

o FHXEE 7t Al2gd] et AlgkEe] 9l

o F- &4 (reactive power)] alo] g3 gir},

500KV Fa3ste) 24 ofel d3st zkddzhubalel
% Sy AA dAEE phsked B 7184
o FAE ZaL 9lom, o] W Ee| FA-Ask W3 v
RArE7F 1o HeE o g},

PG AFEAE sl F2 37| dele] Aol geo]
sl ch,
7}. Solid type, mass impregnated paper insulated
cables

v}, Gas internal pressure, pre-impregnated paper-

1, N 7led Aawa

insulated cables

t}. Self contained oil-filled cables

AR whgl Solid type insulated cable2 22]&o) 7|
whglo] A s Alo] & A2l da] o) glon 34
AeE 558 Zleg Jehd gl o] AlojRY Hd &
AL 300KV AL AFH S gl 2 o] fe F2
flexible joint2] withstand strengthe} A%} 47} glch.
ol Wjo 2 $FE £ o Ho HHFL 400Mw WA
500Mw A Eo|t},

s wjal Gas internal pressured AM3F Aol B
1965130l Cook Strait interconnectionel] *]-2-0.2 #9331
FA-4eke 2x300Mw, £250KVo|t}, o] Ao]&-2 &)
A A Al E AZE fa AAA w3 7|l
Holl A g 7159 4] tiate] H 3 3leH, of typed]
A48 A= oz A E] glA Yt

A vhal Self contained oil-filled cabled 1973+
o Kingsnorth-London®] A4 A% HAZ Algs
GI 2 olF ofa] Ao|BARe A= glrh paper-
fluid oil insulation2 o) - g} A o] g)ef Ao] 8-t} 500KV /
1 ,000Mwe] F#o] 7lgslgdrt. azvt o] A|2Rl2 T}
Al Rl gho] BlR A, oile] ¥ & fAlsolsbe 37
Aol ol MA7] A5 (high fragility) #jo]E2]
7o) ax FAYM 7AHQ] FAHE o|AglE o
Aol 9jrt.

SH& (extruded) Ee|odl Aol Alo]g-L 1 AM27E
o} galxle] #xl A} WHRSHA T A= UE
Fohje}, 7R oA FAx Ze)ol| dalo | XCPEE
AR Qe PheAle] T EuE i) A AlE A ol
2zhd D.C 200KVel| obrdd FAlgle] AH4EF Slke
AL BojFglony wgt D.C 300KV AH884 gles
7}t v}, Self contained oil-filled cable3?} %28+ 300KV /
500Mw & $A8s 97l eg ¥usct

Max.elect.Stress. | Insulation thicknesTr Imax }Transmission capacity
kV/mm | mm A MVA B
oil filled 17 1000 to 1400A 900 to 1200MVA*
cables(SCOF) i
‘ Pibe type cables 16 600 to 1100A 500 to 1000MVA*
(HPOF) 1
Cables with 17 1600A 1400MVA** |

extruded synthetic

insulation

* Tg? 17 to25107%  ** Tg® 1 5.107*
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1.4 7HA1v8 2F w2 (foreed cooling )

[
£ AR

2

Aol A MR AL Aol 2L we

M%ﬂl%*%ﬁ}ﬁﬂlﬂﬂf WA Bale] 1 2
A4 $198%8 S0 low

slef 2l Duct Transmission

ole{d

APl =24 14T°1 o] - fzhah2] (external
cooling), ¥ 1§74 (surface cooling), = #| 1§ zhafx

{conductor cooling}e] A7}=] el gJr}.
71 4 g7

Aol 2ol wAs = A& AolEol A= gl 3
9] Bz FEA7]e e, $94%S AN
9 50%74A FAAATF AL, F2 T3 Aol AL
sof AHLEAL gle e s HIol= vldlve] 25 4

AA Sl &= 2 4= ¢}
(\h) 39 W2

Ao} o4 WA= FE Ao B 29| 92 outer sh-
eath)-& Ealo] AAsh= wog FHRsle] Fujztr|

A e e Hasjef gl

& 77k Aaso] Butlol A AAl lines] vl 4le]

Byrow Aws YAl e Fox)7) sleh,

(a) FH] Alo]goll 2L AHgste] WA 7] Wb

F39) ozt A5 AgHE 9o
Yrhal e s aded Aol Hbo] o= i)
Zo)u} vtut(laminated) I E AL45) Alo]B-g of
oz Yzha| 7] 765KV S ™ol A 2,000MVAL] A

£ FRYF e AR Barse] glov) A £
2ol 2 83)7] $%F AieEal AdA AR o}ﬂ A

&< A 2

of o]2A= gt Aejela #HH AN 7

A T

Aslo] 713 Q1 Foltk.

(b) 22 Alo] Lol 0il AHE3}] W7ka) 7] = uby

High pressure pipe type cable®A] v]=3} AaefA] @

£3E = (t}h) =4
1.

™ ol

o 17 9o
SEEE L

ol
.

ot Mg L a¥ lo
-
2 Hn
)
My 3¢
3
Pl
_{\,

u o
e

[ Y
]
L
X

o

™

A

e m\lc;

o, -
2o
L

. )

 p

SAHRE FHHoE 4
e Sl o)
of B} 71 Aelefd=
Aol HEAA7} 7o) &=
71 Aol ® o] 758 A ok B3] o] i},

o] 7l B

ox
i

o & 1Z o
Ha
K3

500KV F3zstoll 4] 3,000MVASQ]

%% ]}\Hlo] 7HHL 0]1:}

ok
P

]
= UEE F(duc
ﬂ(water tight duct)e] A4
5 TAAAN gl QWzke- sagel,
54 AFUE7} Fobr] x4 Fo)2at
| slgwel g Bbgel o e

ol 443 400K Vel 2,200MVAE

gk AAA] o] EA**;»M T3 Eg]

Aol Eo] L=
= 120mo]r},

Al A E

[l

T2 5

F8o] s
o] g Mn} CGICE A7z
2} link7} &4 5 gict.

I AL 2 000my, 7

FEE ERlE

el @ 4
A Fopiel g7t

gHEo] OF #Ale] &4l

W2 oilegtel] 2]t
Aolel gAglo] 9l G F
o] 2] Falrhrh, oile] Fql3} v &
W F

LI
FHEE Sl At

=, Alg A 2kg

1

1o]

F20 M AR A2 2 FHe] Holue &
Ha-efel] i3t w2 S BodFy 9)r},

2.1.5 7484 A odA o] B(compressed gas
insulated cable:CGIC)

7] 8ol w;;— A7) AlFele] dla) ofe) /)4
a2 _&:;H_Q_ak_—

o o= 77’2"‘\:; 7‘“0]
A o2 6470

T2, AR~ E A FH 9 Aot FULE T
TRANSMISSION CAPACITY B -
Voltage —
_ Exterfe. | Surffc Cond.f.c. Surf+Cond.f.c.
SCOF 1100kV 4500 MVA — 10000 MVA
750k V - 2500 MVA -
400KV — .~ | 17000 MVA -
HPOF - 500kV 1500 MVA 2000 to i
ol swomvA S
Cables . 500kV 1800 MVA 2000 to ;
with ! 3000 MVA
synthetic
insulation o B
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EERHEEG R £36E HOW 19874 9 H

7lgHal Hed gu odubr oz of23t {39 Ao
- 342 717h9] phase ductZ #H2jA|A Fgkow, 7tz
ovlg PR ® =A9) AAAE FAFH Yu
SFe 29 obH& YAeA FAste] BAE slaglo)
53] A7ty A+ E 539 IS it en-
closure2 g CGIC7} 1985 ol gl 71 Eghut
g uHelel st

CGICE FE WAL, e Yt 7pEA 2ol
WA dAdRE go) AMgEn, I X 4he g
WAdshs A7t o 0% 0], U AE R4k 2]
2 AxsAY, BdS e 5% 5 (open trench)ol A
A€}, 454 CGIC 429 Aele < T00m 47t
A Hoje] zolo]w], AAAY-E 138KVellA] 500KV A}
olo| QI AAMNFL 3000A WX 5000A0]w H3H A
9] $48%2 3,500MVAe|d},

AAA WL As7] ¢ste] shte] 2] 2 (sheath)of
342 integrate sk EAl9} Fr] faddsle Aoy
A 27164 st Alo] T gAY FAEolo]H, o}
S 1,200KValA 10°'MVAWA 15X10°MVAS] 444
k8- zhe CGICY Azr|e ¥ wAY HAslol| A5 &
A7} A A7AlWFel sk

2.2 Medium term technology

ez

rle

22.1 ZAY 7 Alelg

A A 7|2 Yzt Alo)Eol| tiste] Al o
U B e AE 5000MVAolAe] £de] 7l53g i
734 744 (internal forced cooling) Fol|A =4 Wz}
uh o) 7] d A disle] Fu] dgstist gk

(7}) 1,100KV SCOF 77} #o)E

o)etejo}ol| 4] 1,100KV Self-contained oil-filled cables]
gk A7 gol AA e glom APARAxe A¥
Aol o3 £ 43S THYLE & AY- 4,500MVA
W=} 10,000MVA7FR] 7hedt o2 ¥t

() &8 AMske AWz Aol g

300m 2 o] & A1y AR A)e] Aol J3lH 110K Vel
A 5,000MVAS] o] 7F53le] 19800 o] F- A& of=
7RI BEA S Al e gla, FA 400K Vel A 7,000
MVAS] $9438 2 Ao| 29 Awo] #lafFolr},

2.2.2 AL Ao &(Cryocable)

FAL A& el ALoR FY A EAE
= F7RIAA Aol $A4eE FoA 7= ol

EAS ARel| wet 2EE FEG e FrYry E
= 235 A E HolgEx JALE(Critical te-

mperature)7} ThEE R AR EAo ule} A3 FH
£ Alo] E(resistive cryocable)o|y} 4% FA L Ao
(superconducting cryocable)2 z}z} 224 glom 28}
§ FAHE Acl2e] $HEEE 100K olsholn 23
FAL AolE-E 20K oslojr},

ol#d 7o) Eeldql AL AAHLE 2 o]Ho)
4 QAT cryocabled] $HLE9} F9) Lxwole] o]
7 U 27t wiiel Asa EAFo] glon mely o
A 4RSS 9ot dAom 3] Ades gez
3k [R7IE0] A, AFFo)o). EE cryocabled -4
871 fsiAle 7129 $4 2|22 cryocable Algol] A
FI=g HYAIA sh= o o] AT W ohe} Aln
Al o 204 ol4be} Alzke] )] whie| 4, Hsare
B AL kugich weia dubg o g 4,000MVA°]
Aol gellA Aol Qg Aoz Haslo] glon of
28 Fol 71 AL AolEe s 1 B U@
A7t Al Fel),

Brookhaven National Laboratory?] o132 el ¢]3}d
ZAE SALANE A2 shsElnl Az AgeA
= Fgov @2 AAAe) 93 ArH el A7, A
{medium term or long term technology)e] ¥ &3}t

2.3 Long term technology

2.3.1 A= (electron beam) A

o] ub-2- high velocity electron®] +EoL1A)E ductE
S8l WEA|A WA E Apshe wolth AdHeg
£ 3MVA Axe] $30] 7hsstg o), FAE /4] Ko
2 Z3Aske] Fd(voltage shielding) v]§°22 AP
233l (magnetic shielding) ¥]-4-& dAge st
ke Zoit}. o]2idt o|f& 10 GVA o|4be] $3o] 7b%
stoof o] AL o] 43t APy o] AAHE el
& 7lor Basoe] glon, opxL M3 (protection) ¥
T7H2 % (sectionallizing)off Y £ EAHo] &4
5o} glA] @& Adlelr),

2.3.2 At (microwave) 34

(7}) =3} (wave guide)

&= A o] &(coaxial cable)?] A$ Wi THE AA
s ofF & FAS oe 24 URHE 52& 4F
Ao 5% W45 F(coaxial displacement currents)7}
WA}, A2y 3 B(rectangular waveguide)} €13
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S 9} B (circular waveguide)-2 AH&dled F 77| ej9)
oscillationo] 7158}tk =, electrical field component %
o] YJehb= wave(TMwave:transverse magnetic field)2}
magnetic field component 2o vte}be wave(TE wave:
transverse electric field)o]c},

) AxAE o) 47 A Ao FheAdE A
7] 948t o] 7Fe’t A7t Wel AL Jlon(R
3 %z) TS S-S o] 43k Ak

-metric to decimeteric waves

-centimetric to decimetric waves

#2o] a4 WY 1GHzN A 10GHz(FHAo] ce-
ntimeter~decimeter) 2 R.E|gledl 1 o]f-& Ato]
T3] dimensionoll 31T 10GHzo]3tell A& 7]l
21§} wave absorptione] Wol5d 4 e Fxule 917
wj#o]c},

A o] Fobd JEFEL W0k Ev 2 04
Heloll A 10'MVA FAo] 7hssln, st S Fofe]
45 AAE 4 $AAEY FHo] 7lEslEE o
S Al Aok At 2 B dAe) JERE
sgte] Wi Z7|wFoll £Ao] U5 Hol njd A,
SHFv} UHF @419 AA s Aesid wojate z71&
A5 2dg glovt AAZ 437 A=
generator, rectifiers, coupling component, accuracy,
implimentation, mounting®} & of2] 7|&A el A7}

43 5lolo} Bhek.

E 3. Examplesof power transmission waveguide ratings

mlzf el Duct Transmission

(\}) ¥] £33+ Beam wave guide)

W sk #7149 P22 2ol 43 ek
ectromagnetic beam)¢] ¥HE-AHQ1 MY S 7l gk
YR ol27 whie] dga £ Al rhsAd
of F AL FHHAE Gt B HEIFE0 o]

Axgle] Ao st ZFEstar vk obge] w4
Agsled efek a4 A= (Solar power satelite pro-
ject)ell A&l Zhehs] LAhslr] = ik

—0| AE2 microwaveE AIR5HE SHUMHS Jdsts
70| ZHoc). I 7AS| WOl HHUUTAS BatE
A 0“'-1”% %071} 4(hyperfrequency beam )SEf 2
X|atel =4l oHLE MAslHs HECE fFo ¢

M4 5,000Mw2| 82k 2ol Zolct ¢ Faf
FE 2,450MHZ0|H X ATE U0 2A31H B
Mo| QtELtet X|atel =4l QL AlOl £2H2 2%
Y2 BUROH, 0|9 L0 o7& U= T
23 Ze FHSol gt A7HE | FESUC

% hyperfrequency wave2| M-S A3k
% inosphere2| alterationdi §L &= beam
* HA REEs

22{1} o] projects= VA wjFell A Tio] 4 £ 9
Aot

i | Dimension Tolérances Frequency Transmission Losses Length corres- ]
! Mode of the rﬁm Mz capacity in W/m ponding to a loss
| guide m - GW at 1 GW of 1dB inkm |
| TEw | 36mx18m | A:£30 6.9 2400 374 625
rectangular 0.0016 dB/km
TEmo 6mx* 6m A *12.5 37 154 3477 66
square 0.015dB/km
TEo ¢ 3m A £0.13 1000 30 374 625
circular  |Dand E:#0.25 ‘ 1 0.0016 dB/km
TEo ¢ 1,8m A £0.07 3000 ‘ 10 374 625
F circular Dand E: +0.25 J 0.0016 dB/km
A : alignements, variations admitted for 30m.
D : diameter.
E : flattening of the diameter(false-round)] variati0n§ admitted for 15m. ]
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HRBE L P36% Fo% 19874 9 H

2.3.3 g4

Ho|HE o] &3 THYHL AA 2moj3le) £aE
H2E o843l 10'Mw E 1 o]Abe] HEHE $Asle
Zle] 7Fsdtedol AAH R et Aoz Hasqr}
a2y 7192 S do]A] AuA R Wghshe gl
Z EAIE, el o] Ego) Ads] AAIF o] vl ol
HojA ol g o] 7 Aoz AaEre A
Ao A7) BAle] diade] =zsloh

2.4 Mol 49 JlEs

24.1 #7148 AdAlo) ¥ (mineral insulated
cables)

ATt o] & AIEE MuEs] Hstd He
& QAR e Alo)Eo] njFel A dFsgl o}, o] A
o] B FehAal HolA W FAYS Wxsix gleA
L2 sgduEe, FPDTE tolA A=A gagict. o
b f2l (glass tube)S AR E FRT t}es
s 71ee] ¥AHoE AAdEdE 5 Aes AF
7HEE A7t sl

242 371 AdAlele

Al A 371 AedAolEe] AP Ego] AlYPA R
A a9 2 230KV / LOOMVA W=] 500KV / 2500MVAS]
FA40) 7hed AoR ¥asglch Jevt YAATY A
S A3 AYL wiH L QA ok,

24.3 A7 Alol &

Holge] Y7zt& 913t Electrodynamic pumping$ A}
$3ke 2L vl $Aolzk e X asic).

718 AHEste E 4w [T A po-
lyurethane foam& HANEZ A3 Alo] Lol 2259
Ak, o) 4 AT A5 9lA] gt

2.4.4 AAsHmicrowave)

7leH L HAE o & B A AAAQ e
LR Qlate dA) FHATE AP gAE gk
w3t ®9 AxlsH(Surface microwave) £ 7])%0] ALy
A ul, =49 Joule &4 DA $HEA,

(691)

J— 6 5 —

excitation conical hornoll 4] Mt 5= £412 qlsle] Km
3 2R 3ujAlle] AHo] ghawle] His o)

I P

AF7A dE3hs 71eE o A4 $A0] s
duct transmission 7555 CIGREd] Ry9 285 ¥
slo] Zbers] Aol ugh) elskelnnl okdsh e,

(7}) Short term technology(5 years:2,000~5,000MVA

- Overhead lines
- Forced cooling conventional cables

- Compressed gas insulated cables

(v}) Medium term potentialities: 5 to 15 years: 5,000
to 10,000MVA
- Forced cooling cables and CGIC, uncooled CGIC
- Cryocables

(c}) Long term technique: )15years: »10,000MVA
- Electron beam transmission
» Microwaves: waveguide, beamn waveguide

- Lasers

&2 ogeke] FHo) shesivh Bt = duct trans-
missionS A 2] ¢ Yol F3l82L sFFA R vl
gl 10u] o] AFel Ao B uFdch:

- Overhead lines: 50~100MVA /m

- New duct transmission line design: 500~3000MVA /m®

ol2gt o]/ st FahgFo] Wt 2T AQWA
o] Hon, t)&r] HAeY FHo| 7ledeg At &
i) AlgFolot. wdt AldE e st s A
AL 7T Yo ol E wlaaly] AfME et
& 71§22 7 Esofo} g

1. Permissible transmission capacity

2, Transmission distance

3. Economic aspects

- construction costs
- power lossS 12{&} operation cost

4, Availability

5. Environmental problems

6. Utilization of exhaustible resources

7. Electrical characteristics



- impedance

- voltage drop

- reactive power

WA XY ASHe] 4s s34
8. Energsf related characteristics

- electric power loss

- energy transfer efficieny

- equivalent energy investment
e s b S B ey

el M AEHYD 71EF A1

st X7k o2t
S FHYR 7

vfel o] Duct Transmission

2 A9 7| o7 2
- cable with mineral insulant
- air iusulated cables

- cable with electrodynamic forced cooling

AAF7A] 71Ed AL Az Aol ghe Absjolr
2] $2vfebe] o2l gh= duct transmission systemeoll
st 2A7[AEE Y gy} 53R oot AR
218 nhlt},

7le7ie MEAE

71% %271 (ACB)
AFELAY 44

(EF) BRI HB)
Z27)7] AzgAQl FA 84} BHA7] (HE]A}
A5y o)A 22 4k e 71 A7) (Air Cir-

cuit Breaker)7} Wl 22 kg A3

Frstolrt.
)‘_}‘_0‘374]0“ wzn il o]dle Ak 7| F A
o g wEsk] 91t AT A9NE Ak Al

&1 wwu KEMAG®I A ztgkz]ol] ale] A4
olg} & 4 i Ahag AP uol FAY 74
& QA gkt S AP7|E e 2ol A 2
Qg Fapste] AL o] 71FAR7)E FW AL

2E Hrz § AYE Wm0 4771716
S BES P He

e, ool S

& o] MFe] As B3-S Ad HAE AYgeE A
bl
il

F) BN 2 2L A

_‘

L=

s BAEE 24720 [ECHA o8 Aus
FA} A7 2 ()

o

S A8 A, BAE Ul uAl =gk
I

ak AlE] 9o & k4] 7}
Aq, AR e S ksl St stk

azd], SAE B gl dEsss . &
AH2oZ 1000AF,
AF 9] 57]1%2.2 &ds} vzl olx Ad6d
off MHH A 33 ‘x| 7)AR) Hel| 4] A E Kalu}
'il-o— 7_,",9:} ﬂ]uLi Al—t:l—zs}- /\ol i{] E;v% %L'r}
ez 7)Elcl,

1

A
+ 98
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