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Wendelstein 7-X Wendelstein 7-X
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seven optimization criteria

2 T A

feasible modular coils
good, nested magnetic surfaces
good finite-gequilibria

good MHD stability

small neoclassical transport
small bootstrap current

good confinement of fast particles
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e - Wendelstein 7-X main components [l (s

bus bar system

thermal insulation

ports

—

.Iﬂ "‘“ '[ .:'

central ring. >
10 segments Q

cryostat
10 half shells

components in major radius: 5.5m

plasma vessel minor radius: 0.53m

' - plasmavolume 30 m3
induction on axis: 3T
stored energy: 600 MJ
machine mass: 725t

20planar coils

50 non-planar coils
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Wendelsein 7-X Research tasks of W7-X i Pesmaptyok

five main development tasks
1. optimum nTz and high g discharges < Stellarator optimization

High density, ECR heating and CD

>Scenario development

Impurity generation and transport

island divertor Technological

steady state operation Y developments

a k~ WD
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Wendelstein 7.X Steady state operation i Plasmaphysik
I | I | IC m b I
10° F ignition re(;ctrgfr Iaq -
W 7ER ] Technological
s 100 oreak-even ] developments
3 3 \ LHD target ]
2 \ arge T ; .
s 0 . i - superconducting coils
L E [ ® ﬁ)pgrade ] - steady state
2 S : ® | HD achieved i ~ heating
N P ee 3
S |_9 10 EExisting ; E - e)_(haUSt _
@ u  fexperimenty @ : ~ diagnostics
T S qge[exceptfor ]
FLHD ] 3 ~ control
: m|n.lhour day month% ~ data acquisition
10—4 ] ] |= |¥ ] \I 1

101 10° 10 102 10% 10* 105 106 107
holding time (S)

H.-S. Bosch Wendelstein 7-X — A technology step towards DEMO 6/25



Unternehmung

Wendelstein 7-X Coill system
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Symmetry of the device:
* five periods (modules)
¢ 2 flip-symmetric half-modules

In one half-module:

* 5 different non-planar coils

* 2 different planar coils Spulen
70 coils of 7 types

common superconductor:

* 243 single NbTi/Cu strands
* cable-in-conduit conductor

* He-cooling through the voids

* soft Al-alloy for winding accuracy
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Wendelstein 7.X Non-planar colls flr Plasmaphysik
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Wendelstein 7-X Coll tests under cryogenic
conditions
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CEA Saclay, France:
* Tests at 5K

* Thermal properties
* Cold leak tightness
* Helium flow rates

* Electrical insulation
* Superconductivity
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Wendelstein 7.X Paschen testing of coils fir Plasmaphysik

* critical scenario: air influx into outer vessel causes pressure increase
and quenching of a coll

* High voltage @ increased pressure = Paschen discharge?

* Therefore all coils are tested under Paschen conditions (between
0.001 and 100 mbar) with 6 kV

* This has proven to be a valuable measure to verify insulation quality.
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Wendelstein 7-X BUSbar SyStem (FZ‘J)

* Superconducting bus-bar system
- between coils
- and between coils and power supplies
* bifilar winding to avoid error fields
* design and qualification in FZ Jilich finished,
fabrication ongoing
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7 iIndependently
controlled coll groups

* large flexibility in
magnetic configuration

* 7 pairs of current leads

* power supplies in the
basement

e CL “upside down”

2 sets planar

5 sets non-planar coil CL’s

coll CL’s
» Design and manufacturing by FZ Karlsruhe
* The design has been approved
* A prototype will be manufactured in 2009
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Wendelstein 7-X Steady state EC RH fir Plasmaphysik

:

Experimental Hall ECRH-Control Room / HV' M (0] d u I es

HV-Supplies A
ECRH-DAQ

Ve f ﬁ o Gyrotrons and
Ao B Single Beam Section

M. Thumm
-13, Wed
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The W7-AS island divertor il

elliptical plane

—zo.0f

ergodic
region |
»““ '

y

island I’

.
‘e

separatrix

| X-point

key idea:

natural islands are intersected with target

Technical realisation:

H.-S. Bosch
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Wendelstein 7-X Th e H D H - Od eiin W7‘AS fir Plasmaphysik
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Divertor operation is essential for HDH-mode
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Wendelstein 7.x W7-X in-vessel components i Plasmaphysik
R. Stadler
1-24, Thur
cryopump = c\.r-levron 80K
Ct::esotect'on IK.. ‘..‘ __-<;--- ;ABK shield
p 7 Ay \ .
target / 1 MW/m?2 10 MW/m?2
cooljng circuits b aff | e ‘
1
baffle (&l =
1m T * target elements (10 MW/m?2)
i cryostat
| e | = baffles (1.0 MW/m?)
‘ = firstwall B,C (0.2 MW/m?)
g QO e target [ = control coils
control coil £ = Cr'yo pumps
= Instrumentation and diagnostics
= about 1 Million parts
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Wendelstein 7-X |ﬂ-V€SS€| COmpOnentS, StatUS fur Plasmaphysik

Target plates heat shields vall panels
* prototypes finished * 50% of these components 200 panels from a total
» manufacturing about are manufactured of 320 panels have

been delivered by MAN

to start * The graphite tiles are also
DWE (Germany)

in manufacture
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Wendelstein 7-X Pre-assem b ly, | fiir Plasmaphysik

-
B

rmrrrrrrrri
-
[ ]

3
[ ]

- Components

Ly

Final Assembly in the Pre-Assembly Hall
Torus Hall; 900 m?
* The module assembly is carried out on 8 different Mounting Stands (MST)

» Preparation of components is organised independently from the assembly activities
» Assembly area ~ 1600 m2; component preparation and storage ~ 4000 m?
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Wendelstein 7-X Pre'assembly; I
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Coils are threaded across the Insulation is completed
plasma vessel

H.-S. Bosch Wendelstein 7-X — A technology step towards DEMO 20/25



Unternehmung Max-Planck-Institut

Wendelstein 7.X Pre-assembly, I i Plasmaphysik

——

» The colil support structure is positioned in  Two flip-symmetric half modules are ready
front of the 7-colil pack

» Central supports are shimmed and bolted
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Wendelstein 7-X Pre-assembly, MST I

« The flip-symmetric half-module is aligned * Trial assembly of 24 bus-bars

» The stairs-flange is screwed together » Bus-bar ends are adapted to the position

« Fitting pins of the coil terminals

* Both vessel half-modules are welded * 200 supports for cryo-pipes are mounted

 The first batch of helium pipes is installed

 Layers of pipes and bus-bars are stacked
above each other

* Thermal insulation
* Inter-coil structure

H.-S. Bosch Wendelstein 7-X — A technology step towards DEMO 22125



Unternehmung

Max-Planck-Institut
Wendelstein 7.X Pre-assembly, MST Il i Plasmaphysik

» Helium pipes are positioned and welded

» Bus-bars are finally installed

» 28 electrical joints are welded

* Instrumentation cabling

» Comprehensive collision checks during design, layout and installation neccessary
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Wendelstein 7-X Final assembly
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» Lower shell of outer vessel to be positioned on machine base,

* Installation of thermal insulation.

« Magnet modul lifted into lower shell

» Outer vessel module closed with upper shell
» Assembly of ports

» Connection to modules to torus
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Wr. Norgangsname 2008 | 2009 I F I FIL [ iz [ 013 [ ]
1. Ctf2 Call3 Cnl4 it Cnf2 Oul3. Ceild Cai[1 G2 Cel]3 Caild. Qei[1. Cal[2 Cell3 ol 4. Caif1 Cul[2 Cal[3 Om 4 Cuif1. Cal[2 Cul]3. Ceild. Caif1 Q2. Gell3. Calf:
0 |Assembly Times L7 =]
1 Assembly Stan | 1 | | [ [ — T 1 1
F] 15t Module [#5) i3 _— - =
# 2nd Module [#1) = = —_— - —
6 Mounting Stand lah === 1T 1 | |
ET] Mouting Stand II p———p
7] Mounting Stand IIl | —
13l Mounting Stand IWa | [ | g
16 Mounting Stand ¥ (Parts, 50 % Buffer Time) | |
50 InWessal Components and Supply System | [ | [ | —
[ Module Pring, Vacuurm System | [ | [ = [
56 Trd Module [#4) = —_— - - =
B2 Ath Module #2) I e ——————————————————————) '
W6 | 5th Module #3) | L. - - : =]
135 Alignment of Magnet Modules | [ | [ I D~l [ [
136 Connection of Modules | | I 1 I 1 b = :
144 Completion of Wendelstein 7.X | T 1 | [ = - - —_—
161 Start Commissioning 1 | 1 1 1 t : ! | 1 ! | ’ i

9.12.08

* The module assembly is organised in parallel

» Three out of 5 modules are in the works

» The assembly schedule contains approximately one year buffer times
» Assembly will be finished in summer 2014
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wendeistein7x 1 Ne start of exploitation

1st op ph
10s at 8N
50s at 1M

Ssioning )missioning

2014 2015 2016 = 2017 2018 2019 2020

* 1st operation phase with 10s @ 8MW and 50s @ 1MW

 inertially cooled divertor and only partial cooling of in-vessel
comp’'s

e shut-down (15 months) for completion and hardening
* 2nd operation phase to approach 30min @ 10MW
* 3rd operation phase with 10MW ECRH, 20MW NBI| and 10MW ICRH
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