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JT60: Replacing Cu magnets by SC magnets: JT60-SA ﬂ(IT

JT60-SA parameter

NEB| Superconducting Poloidal Coil NB|
Superconducting Plasma current 5.5 MA
Toroidal Coil
Cryostat Toroidal field 28T
Plasma major radius 3.0m
i ertical & horizonta Plasma minor radius 1.1m
position control coils .
elongationkgs 1.8
triangularitydgs 0.52
’ = Flat top 100 sec
R (8 hours)
3 esistive wall mode Heating power 25 MW
control coils
L- T
¢ -
qH 5
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« réos JT-60SA Manufacture and Assembly going on schedule

27 Procurement Arrangement have been concluded: (JA 89%, EU:100%)

zcrymam o Lm’g‘:" .'Vnwmm ] wm== ¥ Cots @ m'c::‘.ﬁ z Cryostat

340"sectors placed on the CB TF Colls

power supplies cryoplant

MG-set  SCMPS :
. N m

Y ]
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Mechanical Connection of TF Coils A\‘(IT
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JT-60SA - All CS- Modules flnallzed Q(IT

JT-60SA Newsletter

No. W02, August 2018

CS manufacturing finalised _
N 117 200 _ « The manufacturing of the last
Chace Saan A8 000 central solenoid (CS) module

Nardisna g

Ty (2) Im, 1 (CS3) has been completed.
s : < Tl * All four modules have been
T — manufactured. At present,
c they are being prepared for
‘;'v;‘,";::u,_, integration.

i * The four CS modules will be
|_contactus | integrated and transported to

™a JTE05A Newuwter »
relsaned morivy by Pe JTS00A

the QST Naka site.
« The integrated CS weighs
100 t and is 11 m high.

Mot Tea Sugooetoms e
SOMYTETE 3% weoome and can

Se set o ~pepiofefi g oD

Fom rerw mhrrimmaor peewe val

e webate M2 Lecen N00.0%0 3 Koo . e Seii ‘ Trunnion

http://www.jt60sa.org/b/index_news101.htm?news101/news101.php
http://www.jt60sa.org/b/index_news102.htm?news102/news102.php

Figure 1. Ng for staching modwes and vansparming C3
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EU-share of JT-60SA close to completion A\‘(IT

On 31 March 2018, F4E (and Europe!) has, for the first time reached 98.9% of the planned commitments:
we are on schedule, perfectly aligned for the final approach to the first plasma in September 2020.

But looking back our path is
ol m ] marked by milestones ...

+ the great achievement of the Cryostat,
fully supplied by CIEMAT with excellent
quality and ahead of schedule,

+ the successful and timely completion

March 2018 of the supply of the High Temperature

EU has reached 92 .2 % of the EU JT- Superconductor Current Leads (HTS-CLs)

60SA share ( and 98.9 % of planned!) by KIT, _
* the successful tests of the first part of the

Superconducting Magnets Power Supplies
(SCMPS) by CEA,

+ the Switching Network Units (SNU) (by
ENEA)

* The Cryoplant (by CEA) fully installed and
operational since December 2016,

+ of the Quench Protection Circuits (QPC)
by CNR-RFX ready since 2015 and
opening the way to European on-site
installation at the QST Naka site.

1KBAUA~D 82 M€

Semesters: YY/Sx l Months: YY/MM
March 2018, EU has reached 98.9% of the planned commitments http://www .jt60sa.org/b/index_news100.htm?news100/news100.php
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JT60-SA is on a good path!
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Stellarator: Large Helical Device (LHD)
Nat. Inst. of Fusion Science (NIFS), Japan

Outer diameter of the machine 13.5m
Toroidal plasma diameter Approx. 8m

Poloidal plasma diameter 1.0to 1.2m
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Stellarator: Large Helical Device

Superconducting Helical coils

manufactured on site
® 11 km superconductor
® NbTi
u |- 13 kA (average 11 kA)

Helical coils
http://tell.la/view/1268

1998 first plasma

e
First plasma Large Helical Device
http://www.ipp.mpg.de/ippcms/de/presse/a http://tell.la/view/1268

rchiv/03_98_pi.html
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HTS for the next generation of LHD

100 kA-class HTS Conductor for FFHR-d1
"STARS™ (Stacked Tapes Assembled in Rigid Structure)

Operation current 9 KA@12T | Copper stabiizer
Operation temperature 20 K , YRCO Tepes
Conductor size 62 mm X62 mm ( ¥
Current density 245 A/mm? “‘
Number of tapes 40 £ ]
Cabling method Simple Stacking B H
Stabilizer OFC
Outer jacket Stainless Steel LN —L
- . . e . . Electrical insulation
Electrical insulation Organic or Inorganic Stsiniens otest jackat
Cooling method GHe or LNe
Superconductor REBCO Type-1 Type-2
Critical current >900 A/em @77 K, s.f. rotatable not rotatable

Simply-stacked HTS conductor for DC helical coils

» Non-uniform current distribution may be allowed
~ High mechanical strength (no void & no local deformation)

- e ($$#=18N6D"4=%1<"<%7q:$"=4=1
~ Low cost and low resistance joint

78#75%$<IN(<5"9K*+L764C"8%$=J
LA;MJ*+,-JHJ N<8<:1%#9>
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Pioneering Work of
applying HTS to helical reactor designs
H, Hashizume, S. Kitajima, S, Ito, K. Yagi, Y. Usui, Y. Hida, A, Sagara

“Advanced Fusion Reactor Design using Remountable HTe SC Magnet™
J. Plasma Fusion Res. SERIES 5 (2002) 532.

(1) Construction cost reduction of magnet
(2) Repair of magnet module if damaged
(3) Maintenance of blanket modules

LHD
¥ continuous helical winding ($$#=1BN6D"4=%1<"<%7AS$">4=1
(1995-1996) 227 78#75$<IN<5"9K*+L764C"8%$=J

LA;MJ*+,-JHJ N<8<:1%#9>
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LHD with HTS may be the milestone
towards a continuous operating fusion power plant
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Helical winding Plasma Magnetic Main field

i coils
Vacuum chamber field lines

Wh\M

360°
Tor0|dal Helical Modular coils
field coils field colils
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AL Jacket

IFG'HCBAS./5*+:"
65-:-)1?):6+'0/)1' HCBAG

Cu Matrix

G')0'.:61'.<A;.6+333'
G'./A?@6.;'.<A..6+'5=5A*333
333)J6/".<A;."..5=6;'333' %'C
U'IFG'>./5%+:'A* :6'-5C @6

| | 1 B:A-5C@6'<5:'A*6/.6+ A5’
1$5<89 L.5/65@.1A* 1'M5-76.
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W7-X installation and module mounting ﬂ(IT

Stage 3:
Magnet module is equipped with bus bars and
He lines and is transferred into the lower shell

of the outer vessel (cryostat)

T. Rummel,
- TOFE 2012,
Bus bars He lines Nashville,

August 2012

33 I"#$%0&3) &*+,-& & & 88 QBIUEBBIRI$23 1 4#"5678946$18:&;<:8"$=&>75&04=13385$8 @ @& &E8EEEEEEEEEEEEEEEEEEEEEEEEE&Z&A!B!&IACC"5&16(77D& TBBBHYE IHSLABIL56,7RI46$1ELS



IT

H$ 08'()**+ - +/01'/*+'2,1-/33+0

:
:
:
i

I"#$%0&3) &*+,-& & & 88 QBIUEBBIRI$23 1 4#"5678946$18:&;<:8"$=&>75&04=13385$8 @ @& &E8EEEEEEEEEEEEEEEEEEEEEEEEE&Z&A!B!&IACC"5&16(77D& TBBBHYE IHSLABIL56,7RI46$1ELS



4#$ 9&'()*+,)-./0'1233)44)2* ['+*['25.6+7)2*+, IT

" M&C<6(18"&6D7="&$7&>18<D12<$17H"&=F=$"C&JI1$(&<DD&C<:8"$=&K&>"9"
186D%&L @1&6455"8$&D"<9=&<89&:F57
<5"&7#"5<$178<D

Das supraleitende Magnetsystem von Wendeistein 7-X: 50 speziell geformte Stellaratorspulen (blau) und 20 flache
Spulen (braun) baven den magnetischen Kafg fir das Plasma auf

Grafik: IPP
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Over 8,000 graphite wall tiles
and ten divertor modules have
been installed in the plasma
vessel plus new heating and
measuring facilities

In 15 months upgrade work

($$H#=KHHH% 1##%;#: UIM*NMN'OL+-P,'

Stellarator  record for fusion product
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BE&(<=&<$$<18"9&<&>4=178&#57946$&<>>75918
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($$#=KHHH% 1##%;#:U4MM,GG,*L+MP, -

1" "#$%83) &*+,-& & & & & BBILEBIR$ 231 4#"5678946$18:&,;<:8"$=8&>75&>4=BIBH$& @ @ &&EEEEEEEEEEEEEEEEEEEEEEEEEEE&’AIB!&!4;;"5&!6(77C&T8ABIBH) & HEBUBBFAERI6$1D1SE)



Karlsruhe Institute of Technology

#$5%"&
'( )*+,-+./01203,45+.67-37+
2./078,24+9,8:+3:<:+320/+.29/0

"#$%83) &*+,-& & & & & ABIGEBIX$ 23! 4#"5678946$18:&;<:8"$=8&>75&04=138&5$& @ @ &&&&E&EEEEEEEEEEREEEEEEEEEEEEEE&&AB!&IACC"5&!6(77D& T8 BB 1HSLABILS6,FRI46S1E1$



AT

Long Term Fusion Magnet R&D towards DEMO

ITER DEMO Fusion Power Plant
~ 2025 ~ 2050

\4

Current leads will use HTS for efficiency - already for ITER
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BSCCO application for Current Leads (CL) = =0LANS

1455"8$&D"<9=&$5<8=>"5&6455"8%$& O7&D7=="=&L1WEHED 3L794D>57C&R+&K&$7&I&!
>57C&577C&$"CH#'5<$45"&$7&P("&I&KR7L"5&("<$&678946$1788>57 C&R+&K&$T&I&K)&ST
D"E"D&18&$("&65F7=$<$&E<644C% /NI&IM&<5"&C46(&C75"&">>161"8$&67CH<5"9&$7&I¢
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