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One-team approach for operation: 

Å The W7-X Team includes researchers and engineers from IPP, Euratom,              
US (DoE), and Japan. 

Å It will be published in the Nuclear Fusion paper of the IEAE FEC 2018. 
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Stellarators 
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Å 1951 invented by Lyman Spitzer jr. in 
Princeton in a classified report.  

Å Project Matterhorn 

Å First stellarator operated in early 1953, 
as figure-8 or racetrack.  

 

Å This picture in 1983, just before donated 
to the Smithsonian. 

 

Å Plasma confinement was rather bad  
ŀƴŘ ttt[ άǎǿƛǘŎƘŜŘέ ǘƻ ǘƻƪŀƳŀƪǎΦ 



Magnetic confinement schemes 
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 currents in coils and plasma  current in coils only 

+ good heat isolation  

+ highly symmetric  

-  pulsed operation 

-  free energy can drive instabilities 

-  bad heat isolation 

-  not obviously symmetric 

+ steady state operation 

+ no current-driven instabilities 

Tokamak                                          Stellarator 



Improved Magnetic confinement schemes 
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 currents in coils and plasma  current in coils only 

+ good heat isolation  

+ highly symmetric  

o steady state operation with current drive 

o active control of instabilities 

o good heat isolation 

o quasi-symmetric 

+ steady state operation 

+ no current-driven instabilities 

Tokamak                                        optimized Stellarator 



Physics optimisation of stellarators 
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1.  high quality of vacuum magnetic surfaces  

2.  good finite equilibrium properties @ <b > = 5% 

3.  good MHD stability properties @ <b > = 5% 

4.  reduced neoclassical transport in 1/n -regime 

5.  small bootstrap current in lmfp-regime 

6.  good collisionless fast particle confinement 

7.  good modular coil feasibility 

seven optimisation criteria: 
Several 3d computer codes 

Å  vacuum field and coils 

Å  MHD equilibrium/stability 

Å  neoclassical transport 

Å  Monte Carlo test particle 

Å  edge and divertor  

J. Nührenberg  
et al. 

the mission for W7X 

Å Confirm the numerical optimisation 

Å Perform high power discharges, 
  steady-state, with an energy      
    confiment like a equivalent tokamak 
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Major elements and parameters of Wendelstein 7-X 
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50 non-planar NbTi coils  
5 types DC <18 kA 

20 planar NbTi coils  
2 types DC <16 kA 

113 NbTi bus bars 
14 HTSC current leads 
about 1000 helium pipes 
10 central support ring elements 

cryostat vessel 420 m3 
thermal insulation  

plasma vessel 80 m3  
265 m2 in-vessel components 

plasma 30 m3 

254 ports 120 shapes 4.5 m machine height 
16 m machine diameter 
735 t device mass 
435 t cold mass 3.4 K 


