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+ The boundary conditions of the helical topology and the size of the device required an extended

development program for the magnet system, especially the helical coil, but also for the poloidal
field ring coils. The group executed a careful development and experimental verification program.
As usual this was started with the evaluation of options and the decision on the conductor design.
Fruitful collaboration with conductor manufacturers has been essential for manufacturing, however
all testing and evaluation was done by the NIFS group. While the conductors for the forced flow
poloidal coils proved also very successful during later coil operation, the cryogenically stabilized
bath cooled conductor for the helical coils experienced some problems. The group reacted with
some design changes and their verification tests which proved successful. (M % &)
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+ A challenging task was the fabrication development of the helical coil. Intensive work together

with industry which designed and built the winding equipment was following very good sub-size
experimental development and brought the success. To verify the technology of the poloidal coil
design, one of the smaller coils was tested in the laboratory before further fabrication of the others.
Thereby the largest ring coil had to be fabricated on site. Also these tasks have been performed
very well. (M £ 8)
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+ An interesting and so far unique development has been that for the flexible superconducting bus

bars with the substantial length of more than 50 m. At that time is was a brave undertaking, but
prepared well by a full scale mock-up and was very successful. (M Z &)
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+ The specific task for the cryogenic system was the development of the control system to cope with

the complicated cooling circuits. (M Z& &)
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In the later coil operation the maximal stable current remained below the expected value. This
slightly reduced cryogenic stability performance of the helical coil was mainly the only problem
which limited the LHD performance as far as the superconducting magnet system is concerned.
The group investigated very carefully this performance and with a novel detection system safe
plasma operation of the device for all the years so far, of course with a slightly reduced magnetic
field value, was achieved. Simultaneously the group used the operation to investigate in much
detail the stability limit, partially in fruitful collaboration with some universities. In a nice model
experiment local conductor movement as reason has been identified and there is hope that with the
planned sub-cooling of the helium the stability margin will be increased sufficiently to achieve the
full 3 T field in the device and the preparation for the design of this cooling temperature reduction
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was started. (M Z &)

(FOER) FEBRD 2 A NVEER Tl I RLEEMIITAMEICE S e oTe, ~UraAf
TROLNTZZODLT DIEROBRIRZ EMIL, BaEaA L AT AT DR, E&
LT LHD O REZ DT ICIRE L72Ic T &y, Y7 —7 13, RETEEHRLS 208
SLEBRPL, bBAAUBBIIY LIBEWEE THo720, BNV AT AZEFEL T
NETEIZ bl TRERT 7 A~ FERIMTON D L O I E MR L CT& 72, R
(2. BRI RS & DA 72 RIFSE A28 U C, 7V — I3 L ER A% L 0 ZEic et
THEODEREIT-T-, LRLULZETIVERT, ZORENEGHALEROEXICH S
ZEPHLNZEN, N T LAOBGBANC XV ZEEY— Y IS, YY)o  HIEEE
THDH3TERDICERTDHIENTELHTHAD EHFFFENTWD, £ LT, mENRE
AR T S HREHERA D LTV D,

2 EREEEOBEE - (KR TFEMPEO BRI R
M ERE R

* LHD v 27 AOmtEREL &\ 2 BLR 6 OZEFRHIMF TR SV T, B 72 B 7 % i

EHd %, 720 ZORIE, K< @S AR L2EESEF~OHEIL TWD 2 &%
Frellzwv, (AZB)

N U—ORMBELH Y IRET —~ 2 RET D LEETER T E 28, MR AR

T2 B e DR N D2, (BEER)

- EEREMTZEI X EE R ER K OB T, ~ U VB ERG I IS L IR T E N o T

BTG TEDL L OIC L TR ZELEETT, L, 2 TOHEITCHEZ R I
HOIFEBRNHCEETOCT, A For— R~y 70O TiEimd 2 B0 E b
4, (CZEER)

c EBERE I A NV OBREINY U AGANZE T 54 £ TOMERCRITRVICEHETE 5, (D
%8)

LU, S%OEBFEKHIE LT, £& LTERBEE 4.2K~20K HH, [KERB{EE
18K HID 2 D253 2 LR TE D, SH%OMNEEZD ERIFHDFICESNED
EEZOND, ZHICHIN LIEIZEDO BIEZSTCHMNERH D EEZBND, (DEA)

< EBEIREIAN Y U AR ENZ BT D SRR e A FE M L. LHD 25 2 51 oo vEfi A ke S

BT TE 5, (EZB)

- LHD (28 2B - ARIENTZEIT. SHRAEIN 2T 2 Z L £ 2 BTIER <,

LHD D5gpk & ZE ekt gz Th 5 &5 UL, T E TOMERRIT 0 TH D,
2%, LHD 72 BIRAE L7oBnE - ARIRAFIEIC B3 2 AR RO B IE, e THERRIR T
bHZLIFEIETHRY, (F£ZR)

© BUREANR T A OB AT, BRERER EAND E L TRINWERRS S0 | &<

itk s, (G ZR)

< BTEIANY U A AN B D AT ZE . MR s EIC B L2 E R LU 2 b bR

HEMIL, SHRERMAEEICRL 3, togBFicbEbn s iEtnd b, Lo T, K
TN—T N To CEIMEEBEITFHMI SN RETH Y | 5% & bikERICIT > T
ZENREFE LW, (HZER)

© RRENCRE R H S 7z LRI 2 8 TRED /USRS L T EARRY a5 0 27> 2

I£8)

© R HO LEREARRBCROAE (1E8)
- AR RO ARENEEE O B8 T£EB)
- EIREBEEEROKRER Y — F~OIGHIZ, ZO0BICB T 28AHLIMYMATHY £

DI 72 B0 #7253 %5, (J ZR)

© T R ORBIEIANY U A OB ERRE 2R & O AENFIE T ERE B F O TRE <

HERLTWDEIN, ~7 32y NEZTEWORGFT —2 & L TEARNICIRS TEDH L~V E T

37



LTwZawn, (L%ER)

- BIREIASY U AGHORKELERT D ETH . BARRY A BRI M THEEMEFZE A T LD
LRETHDH, (LER)

« The skill and the excellent laboratory equipment developed for the LHD research is also a very
good basis for carrying out research and development not strictly mission oriented for LHD, but of
general value to the field. The group has executed an impressive number of such projects well
related to the fusion magnet technology area. As highlights one might mention the levitating HTS
coil for the Mini-RT-Device of the University of Tokyo, the development of HTS current leads
with different HTS material and different design and the small SMES of UPS type. In all these
projects nice fundamental measurements have been carried out. Also for the tokamak type DEMO
reactor now more effort is going in the direction of HTS conductor development and one could
easily combine the effort of the different laboratories for both reactor types. The projects have been
performed in high quality with publications of international standard, the expectations have
certainly been fulfilled. M Z &)
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« The above mentioned work on HTS coils and current leads is of high value for all other

2

2.

applications of HTS conductors. Also the work on heat transfer is of general importance. In
addition, SMES development gets in Japan at present increasing recognition, which means that the
NIFS group can make valuable contribution to that too. (M Z& &)
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It is logic that NIFS must carry out reactor studies for helical type machines and that thereby the
superconductivity group has to play an important role. For the case that in the middle of the next
decade the detailed design of a helical type reactor will be started, the strategy plan for the
development work on conductors and coils is appropriate. The coordinator of the reactor studies
explained very well how these studies are structured and how much input is coming from
university collaborations. Some major parts concern solely the work of the group itself, namely the
question of advanced conductors for the coils together with the construction of model coils and
that of the remote maintenance, in the last case by sophisticated CAD modelling.

+ So far it seems to be foreseen that the conductor and coil studies will cover a rather large spectrum

of options. This is understandable taking into account that the reactor specifications are not very
definite yet It is well justified, that the different conductor materials as A 15 and HTS are
considered, slightly critical might be to look also at MgB, and on He Il cooling. For a reactor to be
built around 2020 the reference goal should be probably to use HTS at elevated temperature and
only if this is not possible, for reasons of technology or costs, to consider A 15 conductors and
lower temperature. Studies for advanced refrigerators should just go in hand with the reference
conductor choice and are therefore not very urgent, especially if one takes into account that just
now very large He-plants are under construction or already in operation for CERN and in near
future for ITER too.

+ However, taking into account that Japan has to carry out a challenging ITER coil fabrication task

2.

already now, it might be useful to consider the participation of the NIFS group in this project.
In all cases the planned high field dipole type conductor test facility would provide an excellent
extension of conductor testing capabilities. (M % &)
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+ The committee discussed briefly if during further operation of LHD before the change to
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sub-cooling the size of the disturbances can be estimated by more detailed analysis of the acoustic
emission during coil charging to get even more confidence than by the good experiments so far,
that the sub-cooling will become of full value. (M Z &)
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A large amount on collaboration has been carried out and is in progress. Partners are universities as

3.

well as industry. As already mentioned in the chapter for LHD development, industry collaboration
was essential for some parts of the magnet system. For the reactor design and development
activities, the collaboration with universities dominates the work in fruitful manner. For the
detailed investigation of the LHD helical coil performance again university collaboration was very
helpful and was executed in good spirit. It is very good that this is now continued for the conductor
development toward a reactor, because especially here many options have to be compared. (M Z&
)
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« It is useful when the group offers its capabilities for specific tasks of other universities, if possible
and in line with the general goals, as e.g. demonstrated with the levitating HTS coil for the plasma
experiment of the University of Tokyo. Also international collaboration is not neglected and can
even be increased, based on the good results. (M Z &)
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+ The group is well known in the international communities of applied superconductivity and fusion.

It is present in most of the relevant international conferences with well received contributions.
There are very few groups in Japan which are comparable.

+ However, if one looks into the plans for collaboration with universities and industry and the basic

scientific research plan, the whole strategy for the next decade should perhaps be reconsidered in
view of the recent decision on ITER construction. The challenging work for ITER which Japan has
to carry out will certainly need beside the fabrication tasks in industry heavy support from the
specialized laboratories. It must be clarified if the capabilities of JAERI in this respect will be
sufficient or if not also the skill and the excellent laboratory equipment of the NIFS group might be
needed too, e.g. to perform the intensive quality assurance measurements in support of industry.
The NIFS group will certainly be well suited to make excellent contributions to the ITER tasks to
ensure an optimal performance of the Japanese ITER package. (M % &)
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+ Promotion e.g. can be done by meeting people at conferences and through teaching at universities.

The later one helps to get introduced to the faculty staff and to find out areas of common interest.
Members of the group gave 16 lectures in different universities within the last five years and two
lectures at SOKENDAI. Perhaps it might be useful to increase this in the future, if possible. The
participation of group members in conferences and presenting papers was with 1.5 papers for each
group member and year within international standard. It would be nice, if in future more
PhD-students from SOKENDAI would find their way to fusion research and thereby to
superconductivity and cryogenics.

+ The group is well suited with its good collaboration contacts to universities and its participation in

the SOKENDAI University program it is helping in the education of young scientist. (M % &)
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+ The group has 11 scientists with a broad spectrum of activities. So they have to work hard to fulfil

the expectations, however they manage well to succeed. Thus, the size of the group seems to be not
much too small. (M Z§)
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W< kT, Zo T®ﬁ%iﬁ%$ﬂk&%zé %®t  BUABUE OMERF 721 T
ﬁ<\kM%Wﬁ% B 78 EDFEENITETH 5, CH%E)

- R ARIREAY (RIS I 2 8iT) 13, —#— 4 TERDN D DO TR,

—EEBTRT Uy VETCICRT Z & i%%ﬁ@%“(%éo F 7o, WSEETIST THENL T X
LbDTHRY, BEROBHVEETH D, FprLFpERR oReE N EEN 5, (H
Z8)

- ZOI v g E, Y IARIERE DR &R LE~OERR, O AN S
IZHRIAVY, TN E ZE TR STV A ARIEFICE T2, T£8)

« BRE DRI Z DT N—TDRRDHINESF L TV D Z & 2 I e 5B S 2 117
T, I%£R)

- WEETOMIZERED ) vy a2 —@RMBL L, AT ~F v 7 20858 & Ml 72 e % il
G TEH LY, T£R)

+ The group prepared very well the large amount on documents for the evaluation. These documents

are well structured and clear readable. It was also a pleasure to have the very open and detailed
discussions with the group, which provided an additional good picture of their work. This effort is

very much appreuated (M ZB)
(FnaR) M%7 N — T IEA B OFM O 7= DI KES < OEREER LTz, ZhbOEEHT
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BMAEITOZLENTE TR EEY, 20EHmABUC, BBt TE R
WA T NN—T DENTAEEORMEEZND Z N TE -, ZOBINTIIREKSTT 5,
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1. LHD iZBIFBTEMIEDRE
1.1. LHD #&H D% H

1.1.1. LHD O DS54F XAk Va4l IS 34JL OV afL
LHD 1%, 1986 4D 7158

HEWMETRBIZB TS %D <LHDEAR K>
A= A N S 1A I R - S I iH’é 135 m
TRESNTEY, e 7o ﬁé _ 8.8 m
~ DA IFZEE KL R AEIE | 820 ton
FALLTEMT 257 0 =2 M #ES | 1500 ton
72T 5, LHD 13, HHADRS

BRAETHaAANE R THEIRE

L ANIINEANR—=E DT
DINNZE i 2 e R L T LRI 7
SeEMEA AT INIL T2~ T VR BR & ' :

BT B
WREBALAD LB CHY . - 7
1990 EPLEEDTZDD TR wistEmiy N AR I
R&D EFEMIERFH B EN T : S 1

) X 1-1 RI~Y7 /L5

1997 4R 20 G Y 125 e
RN BRAES T, Z D%, 2004 FETO 7 HFRIZ 8 FIDOMAL T T A~ FRAATV KA E KIR Y
AT DDLTE LT e in e SIS HZLICE T e D7 T A< RRO MR E T2 ATREL L TV D,
TR AR X 1-1 (TR T,

1.1.2. ~UBaAf Lopis

YT VR R ROBREGR A G ROBREI AV ThHDH, HEEO RWATIADESZ BT 5
oD@ WBYERS N, 77 A< ehhik & 2R & ORI+ 72 B 2 iR T 2 T2 DI m WV E R
BRENERS NI, FRERERE SR SE TR R OB Z X 1-2 1R T,

#F1-1 ~UBLaf oERMAAE

KEEINEFE 3.9m 0975 m
AMIIVERBE 40 (53) A/mm2

H B D RS 3040)T

a4 )L K5 6.9(9.2) T
EREMISTRIILE—| 092 (1.64) GJ
AEAR RIEAE 44 (18)K
SIERE +2 mm

122~ A L0 B 52 S 15 DAL

1) S RUNFERES
EWERBEICB O THAILE R &M 20 E S ' 572912, NbTi/Cu DBAREWRER. mkiE 7L
=T NEEM, B E T DY — A AR L T D E KB R A T o2, £, 10 kKA
W OME/NERZRIEL, Mi/NEROERFERICH ESE, ¥ 1-3 OEMIIRT — DO EMER
KISO-4B-R & Design'M 2N®RE I L7z, & 2 AN, KREGERGEREE 2 H O CRE S - BiEE
FIEREMEZ KX < FEIY . AR 6.9 T T 21.2 kA OEEEBEFELL F &35 B A2 ER T2
Mol-, ZOREIT, BEMENEZRILS “HR—VER 12X DBEKIRTUC L o CEREFNHE
ED2~3fFIZHML TWDE72DTHD EHAL, TOXRITE AT, BEERENS TV
= ASOERIGHEZRE LRV ELEE LT, MEORERE LB F 2T Cu2%Ni GEHTRILE
DFI100 1F) ZBE L1-, £7o. MAZEEDOH o), EESEE 12.6 mm X 18.0 mm, &
KIEIZERZ 13.0 KA I/NELT5 2 & 23 LT, H&EAITIEX 1-3 DA TERN PR &
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Design-M KISO-4B-R LHD helical coil conductor

Phsn NHTi/Cu
Al

5 4

Cu

Copper (1/2 H)

7

NbTi/Cu

19 mm
e
B.3 mm
16 mm
w51

. 85 e
| : | |
! 9mm ! 19mm :

1-3 ~UdbvaAf VA 21 kA FRBEATEAR IS L OSEE RO Wi [X]

iz, S —AMOZFEIZH L TUIEFE— A EEOBEHIZE) L, &K 100 MPa % i . % bk
FEDJEME ISR L TO BT L. ~Y DATBRA~OKRIEIN Tk L CH+ 2 lE 2 L8 L,

2) BARE D BRSE & SRR E

AV NVTGROBIRE AV OREIZ MR Y DR A L2575 KYOTO-SC, TOKI-HB,
TOKI-MC 2D /N DBRFEANY IV aA )V OEYENLIRD | fxuybw:ww%wﬁ@#\hmgeﬁ [ L7
A A B KO T IEDOBRE1T T2, MEREOEERE DT H-DIC, FEERBELzaA
IVIRAH OB R HEEXT D A EIRL T, K 14 uT*Tﬂ%/I/Lﬁﬁéfﬁ%mLto

BRI ONWTIL, IARNEE O ORE R, B~y RE~U a3 Zin> TlREISE 55 x
BRL, av IR~y R E R 72 BRENREARE O B R &K s tED 7=, 3 n‘%*i‘r“k:m’/mll P[]
BT SRR E RS E TV ATRICRIE T AN EE Th o7, HEWm O RS Az ghiF L350
Ze [ R LN 2 P MM 2 TE BT 138 LW T o 727200 . i VEEFRMTIZ o TR 7 1 & R S 2 T
ZEL MO HIRMERFE A HR 552 LIl o T, FRIRREZEDS BULL T ORIE T IEE NI LT, iIE~> R
DOBIFELAATL TN OB ZZRVEL  R&D =24 /L (TOKI-HB) DA I L CE DOVEEMEAE T~
ZORER. EREOLEHETIE 1 HhA BN T, B~y RIZ 7 ), BB~y ROBENC 2 i, EROHLE
(2 4 BB F T 13 A EUERIE T2 NN Lo oT-, hal—2 N U CHIET —2 L E G951
WOBHFIZL > T, B~y R ORaAZ)VaER) 73k & LT 7 i OB ha A &L J7 [ D
BRENIEEICRE LIS 1B OFIEH REgE RS 5282 Rl LTz,

FEREBARIT I W TI, RIS L DRI EIN, AR b &g A — S O~ & R LR o &
PRI O T, L —H —& H W 28K E i O FRHEE RN E &g A —H oM LEOFH L
Fetfi BRI 4D &2k~ CT, aAM VBl Jﬁ”é%ﬁimi‘ﬁxﬂﬁéﬁf LLT+1.5 mm, F‘F‘%@Ii’)[s? ]
ELT 50 um BA RN ZERLTZ, IA/VESROMAL - IEHEC

BUNTIE, 3L &R E S (Vectoron) O WL ~ . %
T DAL JE St FRPE DM IR O LRICE ST, Refery LT )
foc:wwﬁ*%gm A T 542.0 mm ZFER LI, = vzhr-a | L[S

639
1.1.3. Ru A X )vaA )LDOBA%

1) ERENE R HCH&EH
LHD RuaAZ va i, BO/NSREHONBIEIZ, NI
EELZAV)2 AL WK HIEIIS)= A L Wﬁ!@ﬁm
i(OV)ZA NV EMEEIS 3 %t 6 fH DM EaA L hbRERS
ND, 2D 3 KDL NN, 7T A~ DAL EFIE., Wik
48, JE [E] 8 S KON IR OFlH 2 1ToH D THY |
TEHRD B B EZ T TD, NV aAf )L BN iEm E 5
R THHDITKI L RaAF Latf iz iﬁﬁ?ﬁ?&«)rﬁb
IR LT DR AT A £ U CERIZIE NbTi 7 —>7 ; 80K Z—JL K
ST Dy MBI LT, e At T M WIE, & IS ANHERE
— T oAy e ar Uy NERE W e~ 7 Ry RORRER DI HE 1-4 ~YALaAfVimEK
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F# J;';'. : ~ 170

re—— ’
_ mlu s

- [ - Conduit
E o N = /(SSB16L)

276
21.6

Y
(
HE.O/'

Strand /
(NbTi/Cu) \

RN R ThA 7 2T LHD TIX&L et -2 e o i
BEHRLREEIT o7, ZAUTBIE T, @U@ IR ©h
STEF 2D, RaAL IV aA L, F T HIZRB W TR
MEEEITORIE & 72> THEY, &K 0.4~0.5 T/s O
BAbzE=%\T 5, Bt ZEWE BRI IER R LN 1-5 1V ALk
BN 228, WHIRE S OB IRIZ L > CTERE A REL T D%
il
F 12 KAV HEROFE LR T, TTWENIT v RUTRRFT U223, %GR IR E S e
BN T2 bR L o7z, I Uy MEARIZT AT MR 1.2 OFERELT, K 1-5 121V 2o
VSR O RS EE T, SHESICENH AL O DOMOERG [FEEORE G 55, 2Py b
NI VEICH T AL FI2R25 5912, F2. AV OEFR% 2 mm LA FIZZ 55912, ar Py ko
SHEPRELZ, ZTORER, 3.0 £ 3.5 mm EZNETIHEONT-a Py WEWSLD LT,
AREEIZ 3 IT A E S AE S FLE A 123, () au Py MNAEE ORERBROBUE L | Mi/E - K55
[TINZ TRIRZEFBIRE TONIY L) — 73 Bk D Fi, () RARBOHIFE D=0 | BB ORERRAEL 5
pum LA FICEH, (i) BEABREH OB BEORIENZE T HND, BUESN-FRIT, &2nyhOiiEo

#Fz1-2 AafZLaf )LD

CONDUCTOR I\ IS oV
Superconducting material Nb-Ti <« “«
Operating current (kA) 20.8 21.6 31.3
Maximum Field (T) 6.5 5.4 5.0
Critical current (kA) 62.4 64.8 93.9
Number of strands 3x3x3x3x6=486 <« «—
Void fraction (%) 38 “— “—
Nb-Ti:Cu 1:2.7 1:3.4 1:4.2
Strand diameter (mm) 0.76 <« 0.89
Conduit material SUS316L <« «
dimension (mm) 23.0x27.6 <« 27.5x31.8
thickness (mm) 3.0 «— 3.5
Inlet helium temperature (K) 4.5 “— <«
COIL v IS ov
Center diameter (m) 3.6 5.64 11.1
Height (m) 0.47 0.47 0.54
Total weight per coil (tons) 16 25 45
Magnetmotive force (MA) 5.0 4.5 4.5
Overall current density (A/mm?) 30 31 33
Number of turns 15x16=240 13x16=208 9x16=144
Stored energy of a pair of coils (MJ) 161 220 625
Number of flow paths 16 16 16
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ER BRI A T E L, 512, FERR L7 B8R O i i it A R ADE ARG & CHIEL , #-EE 1T
FOFRBOEFE R EIRNDBILL TNRNZ e AR LTz,
2) 214l R&D

BUVEBIAEETIZ 2 fHD R&D AL (EEH) 2 m) ZHUEL, BRER LT, HAHID R&D A /Vi%, ZEMED
FRIEDD, AANVDORFAMEREDO YU FOEMEICBWNTI/ZUF L, ZR U EOERET TN T
2ot BIRNEOFZROREE 7 A/~ — L THE LT ZENFRK TH LI ENHL7-D T, Eik
DINEHEEE Z TN, BFROFRAZFAOHEHLE T2 LWERZRIEL, 5 2 @ R&D 21 /L% fUE
U770 B R&D A VIR FMEREICEE T AE T/ F T AZER BB T AL N TX-, FiEe—&—%
AW Z BN~ — ORIEBITV, NI LAOEE EZ R KRR L@ WREE R 52 L0
T, ZORERNSr—T e Ao Dy NERDOEF O EWMEREN FERES L, TNE 5 EH T 720 D%
HIESINEONT-, FOREHEHIZ D EERaAZ L a )L OERE IS S,
3) BARITIEDOBR

3XFDOAA VNI T RT DK T N/ lr—F Zf g LT ThY., FEko ik TlES, X 1-6
(T —Raf VOB A RS, ETEARE D T EOERN T ORITHEV L, D
I EE ANFLA BT TD, TREOBBRBAMGE /2D, BAERTOERIZIT, RVAINT —7 % Y- fl
(LD TTT 250 7T AT 4 7 THRA TS G T — TN EMIT OIS, BN — 2 BB R AR
IR D DT IR NS BENT 721513, 52 AU NI NS BAR D ERIFS 2 IR B ClEEd
%5 FREINNEESKDDLE, ZREBEEL, FEEEREMGED D, 2 mm LU FORYERR A HERF 572012, B
B EIERIEZITO., MR O ESETHE LN SER U, B T 958, BADMBYF D
THEZF H O TR UBIR LS TS, FER LA TV —FaA i, JEiigs — Ml A,
STEMPFEB S, KN M E DAL L7025,
4) FEREA R

FE oA L OFEFRBRIT. RINCEYESNE TR IV a4 2T Thi-, 2 Toaf/ui—EL-
REHESI CEUYELB LW VBB B A T 72720, — o DaA LD FEIFRER T AL OVEREL iR T
XHLHWT LT, TR I IT DIERR S 2 FTREZC IRV AR L7223, I KOl AR R e 4 EASED 20.8 kA &
RELTT280, B RIS I ERAED 6.5 T IZIFBER T 5.2 T LeoTz, BRiF 212 TiThi,
1A B e EERER . 2 [\ Bl3m Al sl BR 21T o 7=, mENZOWTIL, PC AUV—7 % W - ERm ANC
Ko THIHAM R S RIB I ZJEME CEX DT LD MRS IV, hRBERFIEIZ DU T, 20.8 KA (B KRB
B 5.2 T)ETr/orFTAHIERKLEITMETHIENTE, KBGO BEI AT 7 H OB
DT 3nV @ 20.8 kKA THY, BHELLL TIX 0.06 W EWVVI/NSNWZENHERS LT, 512, Z0ORER
2T, B Han/e L | W5 DR B 2 2\ TRRENE T D HEMER Y 00 | LHD FERE OB D
Bl B R SR SN~ T, FERGEERDMEFC BRI T-Z 8l A2 D EiERBR O B kT R Z ),

IS coil support

OV coil support

1.1.4. B ZFHEIEY) OB %

RBARE A Vo 2 DEBSIEEYIIX, 7
TR ERPOLOBEFETE2 mm DWW ERS
JENRBERI NIz, SHIZ, BIAEa AV E< R Shetl e
KRIRBHEINCLDERLENEFRREICMZS
TENERINT, BRI FIEEY ORI
BWTE, £, K 1-7 IR THBESZET L
AW THIERT 21TV, oA Va2 B X
FAEEY CREMRTHIEICL ST, kil
EYOEEEY B TEXHI L2/ RLT, IRIZ,
REYERBHZBEIL Tk, SUS316 DREFE K NEH
BEOMTET — 2%t SR BEME LR 2 S L
B EDREILEITOZEITK LT, &6,
EEEOMA N CTRICB W T, IEFEICLAE
FAARIR D=1, IHEEE DR FTEAEZE FINED )
R A5 - Ic kY, Bokshftkrs BT BRI SRR OfFHTE 7V
il )9 DS DRI TN TET,

IV coil support

Shell rib

OV coil
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1.1.5. %ﬁ?&i#j’ Efﬂmgﬁ%\é Thermal contraction

WrEl S FR NI, B mE oA L LR SR (+6 mm to -7 mm)
BIEM O E R 822ton V72 WEYR AR T,
M BUHE O 5 N2 IX kB0, Z Do J
eSS AP S na | g SRVl i S G )
ZENFEREND, X 1-8 ICHEE oAk
WERS X %7~ 97, inner column (N4E) & outer
column (4 1) 137 — R U HE TR L B4
(CFRP) T, Z OO E# O EHT T =T
SUS316 Tdh %, BBk L7 D WA LSMEIS
CFRP Z£HL7-ERFIX, 50K LL T CORRE

4K
Support stage

Outer column

Inner column

(SUS316)

Outer column

SR 35 0017 AR LB L0 /1 S< , it e R
LRI DD Th D, 1-8 ARSI D 0D H e L SRR OO L EE £ 7

WIEASCRAIAN L, A7 AT D IS T
DT MBS LETH D, T3 FMARMIMED S ET NV ek fit\ T 2D 5ET VA H
WTRIRIZ DWW THR EHLER I IS LB R 21T o 72, ZORER., FRITMINEOY 6 T, #fiZBIZEH00
WL ERFAYICAE I L7256 D 3RERRE DIRE IR L7257, ZZTRB IV e RN 2 Wr BA SR
DFEMET WAZRBI BN E L TASN U THEE T 21TV 2 MR LT,

1.1.6. MBAZE R AT A 2 DOR%

MR EEF RO ST, 1) Pa— A FREN 2O T, EFA &L OSEIEIANMER TS, 2) &
LV —RAIEEARRNSBET Z LIk B3 0 0O N2 2503 28 F D 22 R 3+ 0 IR TE D,
BTHD, K 1-9 [T LHD HOBREEE L AT L TIL, MHEEI NCERMICT L TR EEFSZ
L. EBEOMEN T —EIELTH, 30 OB ENFEETHHIEE, BmUVMEHEMENEREIND, ZDfHt:
HERASELOI, BT ARTAABEEERLLC, 7A=Y AL E(LD NbTI/Cu AR
ZRAR LT, WIZ, BE 20 m OBRE ASATAL OEEET VA RUEL | Bl & g LI IRIET, &
HmERBRAEITV, BT 30kA TRELETHDHZ L., IKRDBIGERZBOEIRDTROMWEIL T %LL
TThrZ ezl Lz, . £, HEmiEliRE Sliminun
TOEKERBE, 8LV 2 kA/s OEHEE T 40 P ;
KA OMETEE LTV, 5\ MEENE, 2ErE i *gmgaimyh F" SO
R L7-, LHD AIMRME%EE S 2 7 Ald, HEREA Sind e e budlod '8
BB, 7o, EBRBOEXE AT LELTSHEE o

NbTi/Cu Insert

TICKE AR T 7Ab AL ERICEE L THY Chmieg | g
TR OHRR O TRFEMICHLAATH D Z L& E 143mm " Space .
FELDDdH D, Space \ e
r.l_ecin'i;zll [t '-M’\\\__

1.1.7. #BZ3 = A L BHREEIR O B % St L)

LHD (B W T 3R ORr A ZLaf itk Coble £

U 3 ;(‘TJ‘@/\ U 7‘\7 Y= /]) /Vﬁ;}d_—’%fi D f:%{ﬁ1ﬁfﬁb . ; .-_“: ol St Super
Wt 272l 6 BOEMERELLEET L, (K Suainless il

NEIE - KERER CRFMIELT 25 2 &b, o T e W LS L

[® 1-10 1253 & 510, KERER CEREDH 55 #9527 ¢ 8o

A Y A X BRI A& Tl LA R AR L. /R B 1-9 BEEANAT A 2 OWEEE
T2 Y FVEEITHBICRE LT LC ZEVHE R
TANFITE D RET DR E L, BHETFO

BEMETICEDRIE T 2B 720, FA ) 2K o e

BRI I BN CIE, BRSNS 1 Tl e Proesi  SUEOIER s
RAGER AN Lz, 7 =0 FRH#EIK TIE, 30 oael Towz 1] 7 54
KA DE TR % 2 KV ORAGEICH L7228 b ~E%ﬁ§§wfg%
T3 2 LTSRN L T i 5, 8 0 B2 T Hagin|*s o

BCREBRBEAEEL DO T PR 70
VECHHIEREARE < 2D 2, RIERST 1-10 LHDAB{=E = A /L il IR
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IIHINE O FIENRKRE L 20 0 D MmN S T
Tl BIEASR RN ETZ EnG, NOE
ZaEWTER E I B 2 — X &2 OFR L 72l [ A B %
L7,

1.1.8. K> A7 A

LHDKIR Y AT A, BIRE T AT A KW e
EHRA AT A2 A B EL TR SN, X 1-11 12
IR RBIADG KA HEEE X, mae 1L TR
ENfHE K (9.1 kW @ 4.4 K) THY, iGiE~I7 L L
EREJ A T DL TRE 24720 2,600 UV MUIZET 5,
1B DR A THRIRA~ID A BER R EA~Y T A
IR AT ANV DG T D H LVMRIR S AT A Th -
ToTe DI, U MR U B AR CORUIERR 2 10
Wt Lo BEE oA L OBA AR LT 2 I — 2
A E 2P L CL IEER R o012 & B BhflE e
7T LOFEFEE DT,

IRIRHEI S AT DT A—T v AT 258 L, Ik
DOYREMZE LT, 2, ILH O VME AR —RZF]H
L. flH7ar T LRI D0 DT ar 707 Hifk
T/ NRICHN X T23% L LT, EirBlc kAT s T A
DIEE/REE REE Uiz, (KR AT A3 2415 i E# i
IR A B2 iz ROV AT A THHZEND,
KEER T A (AL ER . INR) (XA #bEhiz, L
HD O£ W i iE s 4 /] REIC T H7- 0121, miE M
EHEFRFTOZEDMBERAI R ThHLHI0 | il 2T A
DEY 22— V3T _RCE S, ffER AT E
BYIEA B9, £-. LHDIRIRS AT LB O[S
M MR 2720213, BERO A#E) — A7 m
T LEREGET DMENDD, ZNHDY—r A7 ay
TATEEOL RN ED LI, WEA G B
TEIR DD, BERITRETHELREL UL, BfrEas
NIELTF AFBENEZ DD, ENEIUIEL T~
U BNEAL G B BRSO Lo HENYVEEL 7 a2
T LDMEGE  IREES LT,

LHD OB &E RIS AT AT, 1998 422 H 2Btk
L7Z=LHDO 1A 7 V&R 5 2005 -2 B I TL
725 8 AV VBN E T, 8 B N SR e E iR A%
BRlL T, TN NoiElR I, HBRLEER, 1 A 830
T IER, KI5 H OE FEER, 14 A 55O NREES)>
DRSS ILTRY, /D 2/3 LI EO B A i EER A
BIRoTWAZ LD, ZOM], ZE /K EER T
X EE KT IR AT AR AR E 2 A /L DR
FALIZE ARSI FITBAISN TR LT, RABIE
BAGIR S AT ADOEVMEEEMEZ IR T,

1.2. LHD ZHW = L5058

5,760 W@ 4K
LHe: 6501/h.._" |
206W @R . Lobl

!

1-11 WAL=

@B%

25 T

Critical ?current ’)\

Normal zone can propagate
and recover in H-1 block

N
o

- Design
@M

Current (kA)
o

-
o

Achieved in 1999

3 4 5 6 7 8
Maximum field at the center of conductors (T)

1-12 ~UhaA /L OA TR R E B

7 1-3 LHD =MW\ 157 —~

(1) LHD 58 27 A (aAf ), NATA .
7 TAF ALy N) OVERERHM

(2 HC "7  ABIEOWE I E AERZ LD
e (g Kk & ot [FEAFZE)

(8) KA RE = A VEFHIENC BT 28778 (B
K& oIFFZE)

(4) LHD R A Z)vaA B 5 ErEHok:
AENA—T OfFE (ALK & O IL[EFZE)

B 7rA YV —HmAErAWEBRE A VDR
oW (R K & o IL[ERFAE)

(8) EBRE ) L FrREEY) D —ARVE~Y 7 DAEFEID
Bl (FAF & o3 [ERFFE)

(7) LHD &) % &Y O O3 2 E

(8) LHD & /12 0= EL

(9) NT v REBEREIC LD A AT EREEFE
il

(10) MR « JREESH OREER B O RE L

LHD (3t KOBIREI AN AT bEH TG R EE ChH D, HEE THERTIL, 79X
~ EBRICLE LT R 2R AT 27 OEHENE N O 21T > CTE -, SHICKABREa AL AT

LR O BEER GBI T DR D TS, ZHETIC

T PERERHl OB Z LU T ICHED D,
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(1) LHD M 2T LD M FEFEAR

LHD 1% 1997 & 12 AIZEGR A58 T L TR 1 A IR OB ERBR LB R EA 1T o7, kD
AU L) —T3ERIZIB VTR 5 AT DO KER — 7233 RENTZAS, & TOV—I AT () OREIC
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