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Superconducting Magnets for Fusion II

Tokamak
• JT-60SA

Stellarators
• LHD
• W7-X

HTS concepts and applications
• Current Leads
• Future Fusion Magnets with HTS
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JT60: Replacing Cu magnets by SC magnets: JT60-SA
JT60-SA parameter
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Mechanical Connection of TF Coils
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JT-60SA - All CS-Modules finalized

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

• The manufacturing of the last
central solenoid (CS) module
(CS3) has been completed.

• All four modules have been
manufactured. At present,
they are being prepared for
integration.

• The four CS modules will be
integrated and transported to
the QST Naka site.

• The integrated CS weighs
100 t and is 11 m high.
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EU-share of JT-60SA close to completion 

But looking back our path is 
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 
of the supply of the High Temperature 
Superconductor Current Leads (HTS-CLs) 
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.

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.

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 1.0 to 1.2m
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Stellarator: Large Helical Device

Superconducting Helical coils 
manufactured on site

11 km superconductor 
NbTi
Iop: 13 kA (average 11 kA)

1998 first plasma

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

Large Helical Device
http://tell.la/view/1268

First plasma
http://www.ipp.mpg.de/ippcms/de/presse/a
rchiv/03_98_pi.html
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HTS for the next generation of LHD
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LHD with HTS may be the milestone
towards a continuous operating fusion power plant
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W7-X installation and module mounting 

T. Rummel, 
TOFE 2012, 
Nashville, 
August 2012
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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
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ITER DEMO                        Fusion Power Plant

≈ 2025 ≈ 2050

Need for Efficiency

Long Term Fusion Magnet  R&D towards DEMO

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

Current, e.g 68.000 A

Isolation vacuum

-270!C = 4 K

20 ! C

4 K

coil

4 K He
coolin
g
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Cu heat exchanger
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current 
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no 
losses!
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