fatlEER

2008 VOL.58 NO.1 =e112s L |:. -1 =

ISSN 0916-6718

MELTRRT  -EEBERM

BHER I T4 T ARATH

WWW.Swcc.co.jp/



?';,%)‘{I‘Elé' \]ﬁ@%% BB A SIS £ B il

\
EDT#lA | am 5753 FIAR:E

RBERRFEAVLEEBORE

() mRIZNF-

BB EIIM200EMICERL SN [¥ =y 73 E ]
L) RO HBIG AR L 0T,
BEEY 22— VORIZE, 70y ZIROBEEEET-H
WOy, pFETLET2ERBEHRTO2VTVE T,
HARO X2, Tz, LHZ2HedE. ZolE
Ko TEEVAEL, BENFNTEDLDTT,

BIZAE, SERFT R T, BEHI = Rk,
IYVVE BBRETHEIATHN
X, EZTHOK,

FRmIZIE. HARENZT TR, AR
hTfibh s Z L2 ELT, E5%5
EMEOMTE L FFEZIT> TV E T,

\ ] J

_ R — S3T T ;.

‘ RFNRTAH ﬁ
e T
—— RAHR (B ﬂ
e BB

=8
mnIzvx- 8y O Oy < BRORNZEE

r rrrrrr rrrrrrrrrrrrrT

EESEESEEEEEEEEERENEN
HIRECOAIEMD [—AZi]

BELMFTIE, BEREAMAL CEAEZOL 5720, HHE
RICCOz N SN ) =V AV F =T,

Gk M T [BEAIRE T PHEH S hAE, HERER
BNKECHEHMTE 2137, TR, LA X b
IS Rl b/ AN =271 I FEAIE IR P UE S/ L S o

EZTHERS !

AROEBEEHRAMITT
B4 LECRIRER

EXVARBLHEESHT
1 57 5088 = 2B 4 51 !

FEHAL ST 2 EERITHENY) 7
A (—269C) OImBETHMET 2 SR E

WIRIREILZ A by 7SR5 000N FIIRATETT . 4k, BHr— 7V LEGR L
DRI 2 BAEEHUE S HRA TOIFIE, HEEOCOMBAMRA DS LEZEZ LN T T T,

WARTY, FA2bi. B ROLE 2T
A 2212 WTEEMAM & P, 2 B OB
THAME L PR O PG5 % 2 BB L

ZOHMIAE & L AT, D IIERr — TN A— T —
& LUTRWVEREZ b ORISR 2 3 22 212k,
HEERIOMIEE 7 ¥ A b W T ERBREE I Bk

Tl ZLTA v bU T ARMHMIE
NEDO O ZEEmgE & L CH . 2008 4
EIogETo 2 4y bY YA
S EEE IR HAM B IE] ~ DKL L+ BB 7
BrRBOTOET, : ae

LizwkEZzTnET,

tI Iy ARBEERMZHEET LA —H—OHT, £ v P T LREE AT ZROHHD
WA R ETE L TV AREEFHATH OV LD D TEA, TOTODSRAMER TS, @
BIEHAM NG S N ERRITINT, S8 BB ORI &l 2035, BELHM 2o
IR EBSS. MM A= =L LTOEMEZR2T_L, DAV F BRI ) AT
wEEd,




REBFIEREL E 21—

H R
CEERTO

B LB RTF O BRERMIRITE oo ovovereeeeee ceererieesins eeeeinia BAIES 4 —

BRAEBERE TS 2 —JLDEIFE  oooeee oo et e BFNER T —

YRR EESME CeO, FRIBMERE 7O ZADMEFE e e BRANELR T —

w207

TV 2T LK)

A fEz-B T HI--

oz —

TV 257 L)

BTHX-fHfEZz -

o E—

T 25 L)
FEES-IMR M
¥F B-BFARA
&R

BERB BB &

HEEESERRTHE > 52—

TFA-MOD-YBCO &M T/EH L /=B8R — FOEEHFME - oeeeeeeee BRIEIR S —

RiBKYE

220/230 KV SHIKIGEEFEERDBIFE v crvvrmrrmern e BIERT —

220/345 KV H X thi&SEIEIEZROIBIFE oo oovvvrvmrres ceresmsnnnnnies ceeeenannnns FRFIEERR T —

22 KV E{A G R B MG T 2 — TOEIFE o eeeerermrmrrmrne ceeeenannns ST

FBRNERR T —

BTy L

R R RBIE A O ARG T ERDRIZE oo e BHER Y —

BEEEY v EIBFEBK ROy T —TILDRIFE - veererereenaneees BTG —

= 1R R K- R I BB
BE @

TV 2T L)
IR 5 B
'FA®RE - Ra)ER

wE W-® o=

AKAZXA-LE 2
KINFE

TV AT Lk
EMXMAK- %
FE OYH-EE

nm$

TV AT L
k-3 % -
HMEE=

m%

EES

" &K
&l

ot w
1%
§
H
>+
I

TV AT L)

GBEsbE - H B

HE B
&&)EE

TV X T Lk

HARRT -5 H

BT #-tR B
#F =

TV 27 LK)
HEBET -RAE—

KB Z-# b

St o fe BA

# -
=

&

B58E F1HE
2008 &

GE%1145)

. 12

. 17

. 21

. 25

. 29

. 34

. 39



LANHAYA A MRS —TJILOBIRESEDRBL - cvvovvireire s ELERH gi}: =§; “H O=EH 4l
Rl

BRMRY I2L—2a ICLBBERY 7 AREZE e BB — TS 2T L
BE S TR 49
tH #H-EAT ®

Do s 3 DA a7 N N BHMERT/NAZXF7/09 —H#)
A tHe-AHRIME - 54
AR

GERGIRFEE T LADRITE - oveeeorrrrrereerie e esiinie e e e BHEHET/NA X7/ 89—
o BE-EHEX
MEERH-F K ME
AR fEE e b7
TR TE RS

AtEEER -BAE N

CHRELRIRT

IEC 3MEAEHL 110/132 KV H A R B m I v ee e et e e e e 63
36/40.5 KV C-GIS FFEIFRTIER oo oo oom e oom et e e e e 64
MERE s —J IV (KHCX) ...................................................................................................... 65
6.6 KV E B UEE EIREERZE (F —JLA 2T B A T oo e e 66
QUIESCENT DOX  #+rere trreressses tnmstmstus it ettt e et eetas 4e st e e s e e tes 4ot e e ias e e s aes s s e e aas s benis e aetneas 67
1 0] P2 BT A B St € 01 P T 1 0 . e 68

CMEY 7 XD

110KV S A L7 P E—JU REUEREIEIEEEER oveeeerees ceetemiieae cetieeeeeeatte seeeanteseeeeae senieeaneen eesneeeniee e 69
66/77T KV GIS Hl  SEEETTMIRIZE --vvvvvvvrver emmmmmmmumrine eeteeaeetes eeaeeteeaeeaee et beeaeeaeeaee seeaeeaeeaee beeaeeaeeaeeaes 70
A E Y I e I R e R iy 11 . SR 71
EERREMEEEUAEE R TOEBEIFEDER oo emremrmaeas seae e sees e seee e 79
QUIESCENT panel DISHEBE A DITNE - wooerrerermems oo o e e e 73
I1MVAOYT ST 4 —SFEMEFNEEE R THEFEFR Y T ZADHEIA cooeee e it e 74
BTSTAVBEBILT AV L —FADRABALTTEERER  ovroveer correrieire s seaieiatieies seesee e e 76
35 MN MR ABTERERIEEDIE A oo or v et et ettt e e e 77
CTEEN

B — T IVEERAE DB SIE T EEDTEREB - oveeeveervee seeeteeae oriesrteentie seeeretesiaeans benieeaeees eeeeeeeeiee e 78

CHEOMEMTRETR—EETR D --- - vvememr rr e mm e e e e e e 79



SWCC SHOWA GROUP TECHNICAL REVIEW

2008 Vol.58 No.1

CONTENTS
< Normal Features >
Development of the Manufacturing Process of the Oxide Thermoelectric Devices - :-coeveveeeneins 5
Development of Oxide Thermoelectric MOAUIES  «:ccxex creterermammunn trtrmtarins sriirirrearaa seirriee e e oo 9
Development of CeO, buffer layer for YBCO coated conductors «--:-w:r-rwor s v e 12
Transport performance of HTS current lead prepared by TFA-MOD processed YBCO tape --------- 17
Development of Outdoor Sealing End for 220/230 kV XLPE Cable «---c-crcorcorrrmrererninininen e 21
Development of 220/345 kV SF(,- Gas Immersed Sealing EIld ...................................................... 25
Development of Insulating Tube for 22 kV Solid Insulated Switchgear ------------oeoeemeesmimieinn e 29
Development of Eco-material Rubber Mold Insulating Transformer
for Airport LigRting CArCUILS «--«--««« s tostertmrtms sttt e e e 34
Development of Low Friction and Cicada Protective Optical Drop Cable - :--c-oreomrervmeeenenninn e 39
Present Situation and Future of Twisted Pair Cable for LAN - ccoceeerntar taemmamiaeas cieeieeeaaen e 44
Simulation of Natural Convection for Aided Design of Soundproofingbox «-:--«-croveriviiiniiine 49
Development of low frequency sound absorbing material without dust -+ «---o-ovovrreiriniiiii e 54
Study of Base Isolation System for Railroad Side Buildings :--------=--=sssssss ssrsrssmnannans soananne e 57
< New Products >
GaS Immersed Sealing End for 110/132 kV XLPE Cable ............................................................ 63
Insulated buS bar SyStemS fOI' 36/40.5 kV C_GIS ..................................................................... 64
High Frequency Coaxial Cable ................................................................................................ 65
Cold Shrinkable Straight Joint “All in one” Type :--++++++ rerrrsstrstes crrtmmuiin ettt e e 66
QUIESCENT DOX  ---errseser e smssns e o e oo e e oo e e et feea e e et cen e e 67
EL-SHOWMOUNT (EL-230-EX) -+t erteetartes tomttii i ottt it et e 68
< Topics >
110 kV Direct-Molded Outdoor Sealing End  «--«-----ree s rremmemmimmin e 69
Development of Testing Device for 66/77 kV Gas Insulated Switchgear «-----ooeooeemeien i 70
Supply of Branch Cable with Show Touch for KAN-ETSU Tunnel «--ococove i 71
The example of the countermeasure of the vacuum-pump sound
by the Low Frequency Sound AbSOrbing Materials «--:c-«c«teeesssssreerermteman smrtmrimrianans snnineianeaeans o 72
Adaptation to the officer drawing room of the QUIESCENT panel -----«-ccovvrvmrimiiin e 73
The delivery of a soundproofing box for vacuum pumps attached to
the 1 MV holography €leCtron IICTOSCOPE  ««« «+etertrsrmrrre rrtertmmaitiit ettt terant sttt e e st e 74
Open Test of the Rubber Bearing with Tin PLUg  «--ceer ceeerermamrunn tortrmtaran sriiriiraan e s aee e aa 76
Introduction Of the 35 MN compl‘eSSiOI‘l Shear test machine ...................................................... 77

< Construction >

Example of execution construction of soundproofing measures of the cable crusher ---:--:----------- 78

< List of Technologies Published in 20077 > c--coe triaitie e tiiii it tee s eetaeteetes eetaeteatneans teateaaneannans en 79

publishedby SWCC SHOWA HOLDINGS CO., LTD.

Tokyo Toranomon Building, 1-18, Toranomon 1-chome,
Minato-ku, Tokyo

URL http://www.swcce.co.jp/
E-mail:kouho@hd.swcc.co.jp












BRIEYABL MR TOEERMHR 7

HHEE 3 m/min

R RE

KT R R
LTWa Z &R
TE3

X4 HHKFARE (pE Ca,Co,0,)

. » ‘DDE%‘W

P — RS

T NTUREE |

10 gm
X5 BEEEAEE

PR EFRETE6 17T,

CORRDP LRy b TV AEEEDN L IR - wIE
BEREDTTRETH A D bholze LML T, Bk
2 HEFRICUHZITH) T EICHLTH ARy P L ABEIR
HCARBEAG R > 72 D T ] & #E - A D 3T O EIHII LA LZET
Hol2DIH L, K7t 2 MRS TH L Z L »
LA MOAD IHYIHI TR W20, ZTUHITAETHE
HEWZEDDLIENTEL A Y M D5,

6. £ 21— IUBER

tio7ax 2R LAET (pHCaCo,0, nHl
LaNiO,) % L 19%E ¥ = — )b % Ve85 U S &1 ik 2T Al
#iTolze RTICRIEEY 2 — VO Z R T,

EREATER
500.0 —— Ry b TL X NMEBEEAR
4500 = _m kb TR MEETESA
T 400.0
§ 3500 e BEEEAR
300.0
€ 200 ~ A RHERAE
# 2000
tﬂf 150.0 T~
100.0 \‘\\
e,
50.0 ——
ool ® —— @ ———F—®§@§ |

0 100 200 300 400 500 600 700 800 900
BE (C)

6 EHFEREFER

19ET 21—
ESiARS
45 mmX50 mmX8.5 mmt

7 RMEEV -0

3 1.5

—» 14W
—w— AT=528 K
--¢-- AT=478 K
. —8— AT=419K
~ 1 --&-- AT=360 K
. g —w— AT=288 K
e AT=228 K
\S\ “ S |—e— AT=182K
5 N 05 --a-- AT=130 K
e | —w— AT= 79K
e NN —+— AT= 35K

S To
- - A
0

8 E¥a— AR
HAOBRIE FERR

E8IZ/EM L 72 Y 2 — VOB 24T - 72k B 2R
o MEESRTCIZBWTHRALIL WO 2552 &8
T&7,

7. TEHEEE

BT — FERBERS CTRER O BV R L) SRR T
Rl 7o 22 W TE . OB A TR L-ET
TEY 2= Ve /ER UG L 724538, 14 WoRE % il
T&7,

BEEHEY 2 — VORBERLTFMBMFICHL T, £<
OIS MBI ZTEX T L2200 AT Bk NN R A
TRFET DA BRBRIC O & 0 IR L P E 9,

2 Z X

1) (b)) BARE T I v 7 A& AARBES & | VLI EL, plb5
(2005)

2) PGS P BELWR Y 2T 2 O - mEEEALEA,
p.203 (2006)



8 BMEHLE 12— Vol. 58, No. 1 (2008)

WFRERr — TV ¥ AT A0
i Gz (rtd W)
HaiBsst >y 5 — Hrahmgs v —7
BEEMKET LBELERET 2—-1OD
FGiRnibte i Mna

WFRERr — TV Y AT A0
ABF X ({32 FEIRR)
Haliset v 4 —  HiEsEs s v —7
AT
MELRFET L MELBED 21— LD
Bl AN

BB — 7V Y AT A
BE E— (CLBh LwAnd)
Peatipisst v ¥ — Fammg s v—7
IV—TE

BEERETF LHELRET 22—V
AT FEE B I



BRIEMAEREED 21— ILOFRFE 9

BRILMBAERE T 1 — VDR

Development of Oxide Thermoelectric Modules

HTH# X
Masabumi KUSAKA

ARz
Tomoyuki NAKAMURA

7 [ E —
Jun-ichi NISHIOKA
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110306 WOREBRBN 2157, 72, BHELOMICERE, ACI00 VICTHN ST BREBLZEESE

é%%ﬁﬁ%ﬁbf:o

The thermoelectric power modules have been developed using the oxide TE devices. We focused on the compact design

and the shape optimization to fit the heat souses. At the difference temperature: 415 ‘C, the power unit generates the open

circuit voltage of 33.3 V and the maximum power output of 30.6 W. The generated DC power by power unit is converted

to AC100 V for consumer electronics items working.
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Development of CeQ, buffer layer for YBCO coated conductors

o E RSB EF A BEA®MA
Tatsuhisa NAKANISHI Tsutomu KOIZUMI Atsushi KANEKO Yuji AOKI
RAJIER iR B R B EE & =B &RX
Takayo HASEGAWA Yasuhiro IIJIMA Takashi SAITOH Yasuo TAKAHASHI
R iE BB BE B
Teruo IZUMI Yuh SHIOHARA

TFA-MOD % 72 Y SR TSR O BIZE % 47wy, 200 m x 200 A/cm-width $ib O 7 1 & 2 % 2007 4F
WCHEL U720 BUE/ERLL T b Y RBEELRM L, 7F— 7 Ro4E R Hastelloy™) 112 Gd,Zr,0,, B
CeO,D2EH 52 s hEE, BIOBELEZEELMEEZELTBY, BT CeO, M IE D i Sk ELH
PE2S, 20 g o ELERE O MR L RAERE (L) ICRECEELZRITTILEPMOENTV S, KR
TlE, CeO, FHEOERMER T O 2 2L, 127200 A/cm-width DL EOFED H % & % % CeO, DI NAL
mE (Ag) 236° LLTORMERSE LN, 130 mORRBERIZB W THERITD - TRE LSS H Sz
ZEIZDOWTHET %,

We have developed YBCO superconductor tapes by using the TFA-MOD process, and we successfully fabricated a
200 m long tape with the end-to-end I, values of 201 (A/cm-width) in 2007. The architecture of the YBCO coated conduc-
tor which we have fabricated consists of the two buffer layers of Gd,Zr,0, and CeO,, and the superconductor layer on a
metal substrate. It is well known that the in-plane grain alignment of the CeO, buffer layer has a significant influence on
that of the YBCO superconductor layer as well as the critical current properties. In this work, we examined the CeO, depo-
sition process for long tapes by using the reel to reel sputtering process. As a result, a 130 m long tape was obtained with
high in-plane grain alignment for its entire length. The A¢ values were less than 6 degrees. The details are reported in

Vol. 58, No. 1 (2008)

this paper.
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P41, AR %A B (Metal-Organic acid
solts Deposition : MOD#:) % L 72 YBCO#A OER
LER T O ZDO%EZ1T> T\wb, MODEIZBIT 2
it 7o 2128w, Ny FRX (Batch) OZALEL;
FRHALTVWLEI L R2ERE LTS, WkEHeARBESM
i b3 A 2 12X D 200741 HI12200 m X 200 A/cm-
width OB AVERI T L7z,

L4 N5, BAEMER L T2 YBCOMMIZRI 1R L 72
EERY, W7 Y7 Tk &Y S N7 Gd,Zr,0; (GZO)
Wi JE 4 Hastelloy™ 244X F12 CeO, @ & YBCO & i
BERE LR o TWwh, BEBELUEBOTHE 25

M St
R E RO TP SR e > 5 —

YBCO
CeO:

" Gcz0

Hastelloy

1 YRiEHOBE

CeO, B DEZENZ, WELRE L GZO HHEH O 13
GlERLST (2L, GBREROTHEILT OS] 22 &h3E
Z B, YBCO RO BEZFEE I CeO,H 8 DT NELIR]
BREMTFE R EIWCRELELGEND Z LML TY
%o CeO,MHBOER T O£ AL, EHEEEOB LS
PLD#: (Pulsed Laser Deposition) 25RH &5 Z &0%
W, F72GZO W E FIZ CeO, 8% PLD #: CHUB L 7235
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ARz A
E—%

GZO/ £Ak

CeO:

g4y h Vo

2 Reel-to-reel Sputtering % & D BIEEX|

20

Ag (deg)
o

TN

0 30 60 90 120
Deposition time (min)

3 CeO, R EREE & A DEAMR

&, BEREOHEMIE CeO, M BRI (A ¢)
PR ET2ZEBRLMONTEY, [HCERM !
self epitaxy] &WFENTW 5,

PLD B EAEMRE T L — P RIRE ORISR UNEL 7 5 72
O, BEOAVFF U ATANEEMTH Y, FERHER
WKBFLL—FZANVF-OREEfLR S MESH, #
SERF O NBIEASHE L W E Vo 2 REPD H, T THRA
&, PLDIEICHARTEEOBAIA MR VY TF IV ATR
N CTEEICE T S & # 2 b b RF-Sputtering %
CeO, I D #E T ot ZITEIRL 720 AT, RF-
Sputtering 12 & % CeO, H1 [ J& 5 o M 3 4k o e 4L &
FERALIZO W TG L 72 RO W THE T 5,

2. £ B H &

L 723401, Hastelloy™C276 57— 7 FIZGZO R %
IBAD (Ion-beam-assisted-deposition) #THEEL 723 @
Thbo

CeO,DifiEI%, RTR.® RF-magnetron sputtering 2%
&% vy, 23— 10 mTorr, 600 — 650 C DKM TFE i
L7z HOERIMOBENIHEH Lz 7a by 4 7 OB
i, K20 X9 eMiEThsb, T2, Bmsfbx HWE L7z
RIS 2 IR 5 720w Vv F 7 —  FR &R
AL, 5WISBEAFIE A AR A5EM T X B L7z,

RRMIZ D722 BRI O R &SRR BT,

(b) PLD—CeO,
(Ra=1.6 nm)

(a) Sputtering— CeO,
(Ra=1.6 nm)

K4 Sputtering E$ LU PLD D AFM #%% (5 um[])

Hastelloy™ V) — F1220 cm EDIBAD-GZO 2K % 10 m fi{
T L - R B RS 2 ER L Tt o 720 DiE, 2o
A TOREE VIR R E Sy TR E TR 5.

YEBLL 72 CeO, Hp ] g 5 o0 5Tl 13 X Ml 3k 2 A L C
T, RSB L Tix (2000 O5REE, cEiBCME L 0 —
2 0 TEHli & 17 5 720 CeO, H 1 g B o s dohr T I S i 124
WX OWE Z AT, ARHREZ RS ¢ AF v 2 E—2
OHAHEIE (A ¢) OFHfEE & Y FFAli L 7=,

Ce O, H [ J8 i o F T IR & I8 310 F 5 Mk o §F Al 1%,
SEM (Scanning Electron Microscopy) ¥ & "AFM
(Atomic Force Microscopy) I\ 2& W ZNEFNAT o 720
CeO, D it fg & L C oA RMERFAGIE, FEIZ YBCO#
L% TFA-MOD (Trifluoroacetates-Metal Organic
Deposition) X W ER L, BELZBEOMAER 1) %
WET 252 LI & THW L 7ze LAEO I 5 Y 1
HEHV, 1 uV/cmOBERIEHEIZL > TER L

3. # ES

3.1 /Ny % CeO,ED44E

RI31%, B E A ¢ & DOBEBRERT CeO,H [ EK
JERT DI DTN X 14° Th B CeO, Bl o 14
m, BIBERIEORE LA ¢ R2BUTEA L, 9055 Dk
P THRICA @13 4° I E o7 ZOBEOPIFEIZ1S um i
2 L, PLD#E: & AARIC CeO, B ik SbkE H CURL A &) 5 %
TERTEI-Z LIl B,

AFMMIE DR 2R 412787, K4 (a) & Sputtering
#, (b) ZPLD#TIEH L2 CeO,% 2 D5 yum [ D5
BWIZBU 5 AFMETH %, KHM S Rald, THDGZO
Lo Ra=1.2 nmicxf L, (a) , (b) £¥H5DCeO, D
Ra=16 nm 25N T 5,

3.2 Sputtering-CeO, B DK R

20 cm BEOGZOfF & FMZ 10 mMECHRR L&k
100 m D28y FREAER AR S ITRT. LK
GZODA ¢ 13 14°, CeO,Jd DRI IZ 500 TH %
PEBLL 72 CeO, B D A ¢ DI, 100 m DR{HTIZA ¢
=4°, U T55° OX—4 A ¢ DIFAHF LN,
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RF/¥7 — (kW)
K7 SIFHZ—2EBORF/INT—EREL— FDOBEF

KIZZD100 m7Sy FiBR L D, 0m (Fi¥), 30 m, 70 m,
100 m (i) O4EFTO» LR EMH L, TFA-MOD i
VT YBCOMEE G &2 R L7z FMERIAI 8 A L 72
TFAECRHAT I, Y& Bald M) 70 afiEfkiE cCuld F
T UvBEAMEH L. TN FNROITEDILIZY © Ba !
Cu=1:15:3& L7, ABEHRDYBCO D L& DA
REZR6IZRT o LMHEIZ390~400 A/cm-w &9 FWET
¥—%nAizmRmL, YBCOBRMDBEEA 14 umTH5H 2 &
Mo, BABREE (J) O5M1£28~29 MA/cm® & 72 5,

PiEo#FE XY, Sputtering P TIrER L 72 CeO, &

eaE912 15.8kV Xee.ok ‘1.
e
e

(a) 600C, RF : 25kW, T-SfE : 60 mm

(c) 600°C, RF :2kW, T-SfE: 95 mm

(d) 400°C, RF : 2kW, T-SfE : 95 mm

8 sputtering-CeO, KD SEM HE#EE

FOYBCOMEERIZB W THRIF R @ENSEEZR LA L
M5, T YBCOMMOTEEE LTHATE2 2 L8
bhoiz,
3.3 CeO,FEEDERI
INFETITRLZHERE T by 4 T2 HWERT
H, BEEEH08 m/hE EbDTEY, LDy F
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9 130 m/\y FHRERTD A DO

KRB 7o 2 2 Lz BRALO TR T, [FRKIC
10 m/h OBEREZHD 2 EHWHTH ), BIRTIECeO,
HEEREORE RN MV Ry 72 L R b HP PRI,
Z D728 CeO, H g OBk O E A bARD LT W 5,
BUYEHEEZ P 5 ke LTI, Sputtering liEIZ BT 5
REEIMBHZBMT A2 0o TlBL — M &2 BT, 8
EHEEE LT e EZOND, —JF, BRIESEMIEEIRO
FFEL, WEHEEIATS 2 82X o THMEHZX 5 2
DOHENREZOND, TNH200F 2% WEL, RFHA
MEN% LFs L L bz, REHEEREZ LT 572007V T
¥ — R AT AEBEBORIEEIT, CeO,H Mg DOMGES
AT o700 WBEHCE L THAEIEZ 7T M7 4 THERI U
&L, RFFEVINED), FARE, BXOTS (F—7v b -3
W) RO R L OBET 21T > 720 9, RE/ST — LK
BEL — P OBRE RNz, 2B, BEL — MIREE ORI
&R A WY AR A S E M L, RITL Y, Ta b
F A THROEKEL — M THAH15~20 nm/min 1551213,
Ta bty A4 TEEO500 WIZk L CeEERTIE2 kW RLERA
FTLFPLETH DL Z Wb b, T, ¥—7y MO
FAPRL-ZEICERTAEEZ 5N D,

KIZ, RE2NT—%2 kW, 25 kWo245E L, T-SH
PRAE & FEBUREE 12D W TR M & KT O Blrid & #
FL720 GZODA ¢ =18° DI EMM L7284, CeO,H
FEOAITTNDL6° BETH- 72,

LA LR PEEICE L Tid, RF/2$7—25 kW TI3,
K8 (a) ®XIHICKEIIEEM»L S BIGEEN, Z0k
I R ZEEYNEIRE 8T — 255 <, T-SHEHHED W IGEC
ZL RN, £2T, BEEL — F2WIRICEL RS R W
T-SHHE*HFHEL, TOMETRFHEABNZREL T
BIFRAGERL, ZEWI D% 70 2 G2 HEt L
720 ZTORER, K8 (d) O LI ITFHETED B VEIEE A
B 2 m/h TSN,

INVF Y — YR RO RERORREEOBET L LT
130 m D78y FRER A AT 5 7oA R 2R 9 IR T BFHMNC
NI BAGDOHAERLIZDDTHS, &ERITHAZD6° LU
T (BE 14 um) DA PZRRL, EbDTHICHPNE
i1 L7z CeO, P HIEEATER SN TVWAE I LERL TS,

4. ¥ &

Sputtering #:12 & O & SRIHRIARIAE (A @) 256° LUF
D CeO, MBI Z ERILS 5 2 1%L, PLDEICKD
Y Sputtering T b B EEE 7 YBCO MM M RIRE & L <
HWMEETH DL L FEIE L. SHICTVTF ¥ — 1%
HY b HEEZEA, 3 EF 24TV, Bl TRl
FEM2 m/hE otz 5%, SHICHHOBEETHSHH
FEHEES m/h IZIANT CRIs 2 D 5o

E | 23

AWFZEIE, BT 2V F — RPN A IR (NEDO)
DOEFEICEVERLIZDEDTH 5,
2 E Xk

1) /N, Al BRI L ¥ 2 —, Vol57, Nod, p45 (2007)
2) T.Muroga, et al, Physica C 392-396 (2003) 796.
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TFA-MOD-YBCO #f#f TR L 2Bk Y — FOBESFH

TFA-MOD-YBCO S TIEE L /-8R — FNOBEEFH

Transport performance of HTS current lead prepared
by TFA-MOD processed YBCO tape

hRORB 5 b B i FEA#MIA REJIER
Tsutomu KOIZUMI Yasuo HIKICHI Yuji AOKI Takayo HASEGAWA
BER ® i
Kei SHIOHARA Satoshi SAKAI
AKRKEAN e 2 RINZEE"
Shigeto OHKI Yutaka YAMADA Kyouji TACHIKAWA

TFA-MOD#IZ & % Ie=100 A/cm-width ® YBCO #i#f % 12 4f - TR ) — FE/ER L7z, 1240 YBCO
BEERZIEZ30 mmD AT ¥ L AR EMRRER O W2 6 AT oW, Wizl TEszd v v 7
RO H B L7z WAREZERERTHI00HIZH 720 1000 ADERERZLEL GEET L2 LA
T&7, COMBRBEORF, ETOBMICBTEENRET LI LiE R o7, 1,100 ADERZEET
5E, W{OPDYBCOBMIZBWTELOEEFRENRD NN, 7Ty FFT5Z LR, 85121200 A
DBEBFRZWET L EITEII L7, YBCOBM E AT v L ZABHMH TR SN A L-ERY — F&kTH
BURERIE, RO EOIBEEMF CTilio 28\ Y — FOMEEIERTIEFITNIVWLDOTH S, ML,
INE BTG TE ZARERY — FIZBEE~ 72y hOBERY — FE L TEHEAEMTHLLEZ BN D,

A superconducting current lead has been prepared using twelve tapes of the TFA-MOD processed YBCO coated con-
ductors with the critical current (I) values of about 100 A/cm-width at 77 K in self-fields. The twelve YBCO tapes are
arrayed on the both sides (6 tapes on each side) of a stainless steel board with 3 mm in thickness for a board type shape
current lead. They are similarly soldered to copper caps at the both ends. The transport current of 1,000 A was stably
applied for 10 minutes in the liquid nitrogen temperature without any voltage generation in all tapes. Although some volt-
age in some YBCO tapes generated at the applied current of about 1,100 A, the transport current of 1,200 A was success-
fully applied without quenching. The overall (effective) thermal conductivity of the current lead composed of YBCO tapes
and the stainless steel board is much lower than that those of the conventional non-superconducting current leads. Conse-
quently, the present current leads with a small amount of the heat leakage seem to be practically promising for supercon-
ducting magnets.

17

1. & C & (<

Y,Ba,Cu;0,, (YBCO), Bi,Sr,Ca,Cu,0,, (Bi2212) %
Bi,Sr,Ca,Cu,0,, (Bi2223) 7 LML SN2 A EIILE
(T) 2377 KM La R HimlEEEAR (HTS) %o
D—D2THAHEMRY — FIHEHT2HIIBINARILTH
%o RILCTHAT2MEES 7% v b REBEBANDHZ AR
MBS nEVn) Z i, BROBZERSLHTSERY — F
VAT ACBITSL Y 2= VEERPENWE W) 2 E S

M SUFNES

FIETTOEHICHE L 5, FEB, HTSERY — FIZBIF5—
HOWTE & BFIL, MEGHABEBEY 74y PO L) R
KRB ZICHBESH & LTirbhT &2, F§12, HTSHE
T — FiE, HogICX o> THH SN D EHIANE 2 B8
RTAY PYATHZESTRURTHDLEEZEZ LD,

AfFFE i, = LEREEYE (Trifluoro-acetates : TFA)
R L 3 5 A AR ERIE B A 2 ik (Metal Organic
Deposition: MOD) 2 & o TE# L 72 YBCO #4) % & it
Y= FIISHL, 208K — FoREEiEERIFEIC
DWCHHI L 725 R 2 #5945, TFA-MOD i CfE# L 72
YBCO#AH I, Y — ADHMHe T — T L Iik§ 2 &,
W DR % & 0 BB E I B WO I E R
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ZRLTWAY, FLRRLEFAKIEKI X boRE S0
LALHFEENODOH B, BT, YBCOMM Z M L7E
IS IR 2 35T % T2 70 BER P O ZE R S A BRI B4R
ENTV D, KEEERE /NS RHBANZ LT 550
% L7z YBCO®M Y — FIBEE< 74 v b ¥ X7 LIS
A TEETH L LEER LN D,

2. X B &

TFA-MOD #:C/EH L 72 YBCO #4128 4545 mm T
D, HE~10 umd®YBCOWEERE, Gd.Zr,0, (GZO)
L CeO,D 2B LR AHIEE 15 um OHREE, 2LC100 um
JE o Hastelloy™C276 @ 7 — T TIR D IR THEEL T T
5o L THEERORMIZIZEEL 20 um DIE X DEA,
BN e, BRINEMOZEN, BRWNIREZ ol
ZHRELTHEESN TS, kBRI, CodlZgeft
JEx A LTSN D,

1§36 mm, X220 mm, HE 30 mmOBKEL 724 —
ATFA NRAT YL A (SUS304) O % 7 +—~<—
LT L SORXF Y L ZABEBMOMTIZ 12480
YBCO#AM &2 BLE, BlH R HIC6ART D7z, Wi i% 8
TR L72F v v 7RO T- 27285, TREhTwb
Pb-Sn*f:H % HI v Tl & 8 & e L7z fER L 72
W) — FOABEZRILIRT . AT ¥ L ADOHHIL, #&
RIEEICBIT S Y vy v FofdElzily, HoHwYBCO
T = TN BT B B 2R T B R RS,
DBENT, Vo TEEW T MHAEZ 120 mm & L, %
YBCO MM 1241 5% T L7z 72, &) —HOEERT,
Ve S AFFET 5 D O8I T- 1B LTk L 72,
B E LB —NEZ 94+ A5 v bOWRER T %
Fl& L CRIEEH L 72,

MM OB ETRME (1) &, ®@FO4HETEIEZ v
TEHMEL, 1 4 V/emOBFEREEZHNTER L,

Veu-cu |

| Vysco . Vous ‘

¥
12 YBCO tapes on stainless I35 mm
steel board

X1 YBCO##ZRWAERY — F ORI

35 mm

3. & R

3.1 YBCOERU—FOEEERIFH

R 21277 K, AR TR L7 ) — NI L7z
12RO YBCO MM O L% ~$o YBCO MM @ LAEIL 95 %
5105 A LRWEITOS i 2R L, LIEOFHHIZ101 A
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72otze 12RO YBCOMMIZEE T2 LIEOFEHEMEIZ 1216 A
THbo LIEA100A D, YBCO LS o i B T B LT,
WEAEA2 2.0 x 10" A/mm*I2HY L, Hastelloy™ 2&#K, Hid
fE, BEEELHROZEfErEL =7 Y 7]
185 A/mm* & % 72,

100 F== L BN L m=mmmmmm = -1101 A

Ic(A)

T e e T e T e I e e I e i e I

Total Ic : 1216 A
Mean Ic : 101 A

IAANANN A

1 2 3 4 5 6 7 8 9 10 11
12 YBCO Tapes

2 BRY—NOERICERAL - 12480 YBCO #E# D Ic DfE

312 YBCOMM TR L 7-E/HKY — Fo77 K, HOHK
A BU 5 @ EETAFEZ 5 L 72 R 2R3, 124,
ETOYBCOMMIZBWTESBELZRET L LEL,
1000 A O @EBERERICEII L7z, 1100 At CHE L2
RIS, O LED R HIRNETH 5 95 A #2758 L72 YBCO
MAZ BT YBCO MM D38 A BIE A S $ 2 BIE Viseo
MRELDS, 720 F 352 LML 1200 ALLE Tl
BERMEWERLTIENTE 2, oM ERW M O%E
I Voo & RIS BB T & O ERH D%
BV, WBEEROBMNCILE L CIIIZEMG I
ML 720 1000 ABE L 72KED Ve, lE~290 4V, Ve ld~
160 uVERL, ThHEDflik )77 KIZBWTERhEh~
029 uQ&~016 u Q &\ IH WK PUEA KD S b,

500

Veucu

400 |

300

Voltage (uV)

200

100

VYBCO
0 ‘ ‘ ‘ ‘ e —
0 200 400 600 800 1,000 1,200 1,400

Transport Current (A)

X3 77K, BCHRARICHT2YBCOERY — NO@EEBIFE

R41277 K, HOBAFIZBIT S YBCOERY — KOl
Frl AR OME R Z R T 124K YBCOMMETIZBWT
BIEZETHZ LML, 1000 A DEFRE 600 sec Z5E L
THET S ETE72,1000 A DERZHEEL T 5 R,
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290 uV 2R L7220 O BB M OFERE Ve, &
160 1V %7 L 72 Frdim O din 1 & f2 @ (LR ] O FE AR,
Ve ld, —EORABREZMER L. o0, M
Vi ) i - — SR A DR S8 AR 1 YBCO i & i B A iR
Vi - 1] D E BT AME N & TR L, B 5
Va— VREREMEPLRLDE LTV,

500 T T T T T T T 1,200
400 Current 1 1000
<
— 1 800 =
3 300 ]
- Voltage (Cu-Cu) | 3
o 600 2
©
Z 200 2
= 1400 §
Voltage (Cu+) =
100 1 200
Voltages (12 YBCO tapes)
0 - - - - - - 0
-100 0 100 200 300 400 500 600 700
Time (sec)

4 77K, HCHRICE (T2 YBCOERY — NOESES M

3.2 YBCOERU—KNIZH T 2HBFBAZEDOTM

B — FOBEMIZ, R LTERY — FEA LT
B BB AL BELXIEMIC L > THRET LV 2 — VB D
ZONLERENL, LALEYS, BXIEIICGENT S
Va—VREBEBRILZ-HTSERY — FORR AR Q.
i, kX () ko THBICHBEINS,

_S (T
Q. _ZJ'TL WD AT oo 1)

CZTIERSHEIRY — FOWEA, LIZERY — FOH
L & ARG O B O A, TH XS omEE, TLI K
s OMWmE, A (T) JXREMHTYH 2 55 BnEsR
THbo

INFETOMIEY ICX DL YBCOMM E AT » L AW
324 K2»b77 KO TORMGERORSEIZ, Th
ZNh44 W/em & 32 W/em ERHE ST S, X (1) #Hw
HHFICE>TYBCOMMERAT VL AMDESEEZT
Ty 42K 26T, (77K) OIZBIF2HEARQ MRS
FHEE LR ZE5 IR, 150 mmOESZHED 1240
YBCO A (220 mm #4F O Wi o> 35 mm O #8455 1% 8 i 1-
WEHER SN TV S) OBREFAROREIL, 115 mW TH
%o, YBCO®EMR) — FOEBAOKREIL, 3 mmEDRT »
L AWDBAZAREAI230 mW TH 5 Z 55345 mW TH
HEMBETE S, M51E, MTIfibh/izAT v L AN
DEIZAREAI2ARD YBCO MM DB A mOFEFIEL D B
REWIEZRLTW D, FEE, YBCO®ERY — FOZER
ADOBEIZTFIT L ENFTETHY, AT ¥ LV ARDIE
E23mm25 1l mmil#E T4 LICLoT, BHEARE
190 mWIZT 2 2 EAWECE S, 20190 mW &\ ) 2
BARIL, TAGHEMH T 20EROMBER) — Kok
BAE (12 W/KA) 2L, 1/6 X D/INS WL 25",

200 C et Yo + SS (3 mmt) +12YBCO |
e ma 4" 4 SS (3 mmt)

350 LT ® SS (1 mmt) +12YBCO [~

300 R S . X » 12YBCO

Heat Leakage of current lead (mW)

0 5 10 15 20 25 30 35 40
Length (cm)

K5 4KP577TKICHTIHRAEL YBCOBMERXT L XD
REOEE

4. £ & O

TFA-MOD #: T/EE L 72 YBCO b 2 iV 2 ) — K
DOkt R ER 1T 5 720 1000 A DBEERE 77 K, HOK
RHICBWCTI107MEE L CHET LI LANTE L,
YBCO #bf & i BT D Hee b ORFERRITIc L v, W
Vi DI TR TR 300 1 V E W) DR EERAICH 2
5 Z LTI L7z YBCO®MM EAE 3 mm, &Z 150 mm
DAT ¥ VAW THERL &5 YBCO®ERY — KD 42 K5
77 KOBBEARIL, ¥ a—VIEBEERIL T345 mW & 8%
BENT, WE3 mmD AT ¥ L AROEEARIZ, YBCO
MO 2RGOBBAR LD EPITKE V. AT VL AKR
OWEZ3 mmA2 51 mmiZHEALTLILIZL-T,
YBCO &t ) — FOEEE AR 190 mW 23 5 2 & A5k
Thb, O, HEROFRERY — FOfE (12 W/KA)
D1/6ED/ASV, KARARLE KBEEEREZIFRETS
4 BI% L7 YBCOBH Y — Fif, KiBEE~ 7 % v b
VAT AL STHFICAMTHLEEZDbNS,

| 53

ARWFZEI, BERY: L HFEB T — 7V ¥ 2 7 AW T
ik S M7 ILFFSEIC X o TEE I N izo WFEER D —ER
&, NEDOD7uyx7 b Thb [HELISH IR
FETE ] OEREFHL T2,

2 Z X #
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220/230 kV S iximBEial DR

Development of Outdoor Sealing End for 220/230 kV XLPE Cable

B MA
Kazuhisa ADACHI

BRRE

Hisaya TAKAYASU

i B
Hitoshi SHINTATE

#E 8 =
Nobuyuki SEMA

VAR, WE, IR, £V N, NS BUO2BEBNEEINMZ OO b, £ T, MIUMEEDOETMEDD
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Recently the requirements of the electric power are increasing in China, India and Middle East area. In order to simplify

assembly work, we developed a new 220/230 kV outdoor sealing end which makes it possible to reduce the assembly time
drastically. It is confirmed that the outdoor sealing end has the adequate electric performance of IEC62027 220/230 kV

class by the developement tests.

1. & C & (2

VEAE, WE, I, 4 Y FEOBITFENLHICH 2,
AN BT 5 [P R S DML DS 2 5o H
5o Dz, KAHRImEEEES ORI FAL LML IEED
AF VL 2K D BN TV 5,

VHEESEE—KRO L) a— v TV E— )V Fifiigkz @
M3a2LT, Y= igdx iR, MAEEMEZm -
SRR 2 % LT\ b, BEIC110/132 kV
WIEBFEERT LTS,

4rlal, 220/230 kV SR #mBERGT 2 B%E L, TEC62067
O AT LI L 2R L 72O THET 57,

2. S RiRERSOEE

o L 72 i e fe S X Wi - e R L £ —
WV R Hf - AEiREN B L OCEBEF T I TE D,
PERSH # IR PRI L T K3 VL T L E—
W PR SR 2 L3 e Lawvy (B,

3. THRImEHRESOR

(1) E#psBEHE

iR B A AL LR B 2 K 5 5 2 & THLL THE
B el 111 M ey s
(2) HIEE

RN VEFF TR Y) v =200 EE2 B IRTETH ) Kk
DERIZIGCHZ ENRNTE S,
(3) PRAEE B—RBILY fF T4 B

PWE TR L RESREL —MbT 5 2 & TEENEE
ks,

(4) SRR L E— )V ik
7V%—WFﬁﬁ¢k$E% RIEL, 2AWENE O
TR E 554y — VT bk L Lz, ThE ToOBHE
TOF—THERPE—NVFIZL DY — VBN, v—
PEREASI) L, #LO7 R & KRR L T 5o

HaErWERE

/ RUT—HPNE
L

=

Anhahadahefabofahafafahalaladahafad n- e

E/QQ—WETVEﬁWﬁﬁ%

RESE—HERGEE

1 220/230 kV S #&imEHTER





