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RFX-mod: Introduction

Modifications: Toroidal Support Structure (TSS)

First wall Main constraints

-

Clamping ring Saddle coils

TF coils

| ~_ Clamping rings

(Max. 47 mm to Min. 20 mm)
Non-planar sealing surface
(Ports at outer toroidal cut)

crosseseach other

Varying thickness of sealing surface

Toroidal and poloidal sealirgurfaces | 7

K Only 5 mm gap(Sealing + Insulation) /

4 N\

Requirements
Vacuum tightness;

Electrical insulation at two poloidal cuts and
at least one toroidal cut;

\ Supporting the stabilising shell and the @«/

~

Poloidal cuts(Vacuum sealing, Elect.
iInsulation, Mechanical continuity)

Welding of brazed rings configuration

| Internal equatorial cut & Tgg  [Insulating  Ceramic
| (Vacuum sealing, Elect. insulation) L JHEIE 8 bush ring Brazing
Vacuum vessel| | shaping coils Thin resistive plate configuration 1.7 | Ayl 4 Welding.. "
Magnetizing winding TF coils . Vacuum vessel TSS Th o ate (TRP) e fub y
1S FW tiles Stabilizing shell In resistive plate ( ) to provide fully _ %
welded sealing External equatorial cut i &
ﬁx-mod Is theargest reversed eld pinch (RFP) devicen \ 1 mm thickness and 400 mnfength along |(vacuum sealing, elect. continuity)s . )
. . . . . . . : L‘ 1| | K
operation and achieved the highest plasma current poloidal direction Fully welded configuration \ - r?ggr
R=2 m and a=0.459 m 3

Full exploitation of RFXmod sought upgrade of machine,

To improve passive MHD control by bringing passstabilizing -
shell as near as possible to plasma

(Reduced plasma-shell distance) :
To minimize braking torque on plasma through thaielation of Weld2 / Weld 3

vacuum vessel
\ (Improve wall lock mode scenario) /

Proposed mechanical modifications

Remove vacuum vessel and mdkeoidal Support Structure
(TSS) as new vacuum boundary

~ New supporting systerrfor passive stabilizing shell and FW tles

= Modifications: Passive stabilizing shell h

New requirementsto withstand structural loads in addition to
passive stabilization of plasmaHD

Toroidal shell with 3 mm thickness, made up of feagments of
OFC, each segment is extending to 180° in toraddlpoloidal
direction

Stabilizing shell will maintain its geometrical pioen and 2016 first
wall tiles will be mounted on its internal surface

New radii of machineR=2 m and a=0.487 m
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bottomTSS

lipat TSS

resistive

Inconel® 625 Is selected for TRP mater
having excellent weldability, high-temperatur
strength, easily fornto required shape

Poloidal resistance provided by this solution

Electrical insulating spacer between top and

The closing plate will close the end of shap
resistive plate and provide full poloidal we

< Two rredlic Timygs “otaztu uir-eackh

side of 15 mnthick alumina ring

Kovar® Is selected for metallic rings
as its TCHs close to Alumina

Poloidal gap will increase to 31 mm
oy machining TSS to accommodats
prazed rings

Brazed rings will be welded to TSS
from external side

Toroidal mechanical continuity and

Intermittent
structural weld

plate

(5an) _ _ electrically insulation: By placing
Most suitable configuratiof ceramic spacer between existini
Al considering  port openlngf bolted joint with insulating bush
' which make surface non-plana
< 5 mm thick spacer of 55304 Other openings on TSS to be integrated /close
< will be welded to top and bottor o s

1SS

s
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TSS joint to avoid trapped air;

| dd Intermittent structural weld a \§ ¢
the ex-vacuunside will provide Y =, %,
. . ="===* Poloidal bolt openings (24x2)
___mechanical stiffness

A gap of 20 mm between upper and lower shellslvalbolted
together by series of plates

The inner equatorial joint will be short circuitbd means of copper
plates and the outer toroidal joint will be inselhby means of
epoxy glass plates, reversed with respect to TEgonfiguration

New supporting rings

RequirementsTo support In-TSS components, to stiffen
stabilizing shell and maintain the circular shape

24 rings evenly positioned along the toroidal digt two more
rings are placed at the poloidal joint locationptovide alignment
for assembly

Positioned outer side of stabilizing shell, bolath shell from
Inside

Each supporting ring is having two radial slidiigds at 150 mm
below equatorial plane in order to accommodatel tRie

equatorial cut

distributec
A linear buc
buckling moc

Thermal analyses

80
Transient thermal analysesof the modified toroidal assembly have been carried,
out to evaluate temperature distribution among the compuisne

Two separate FEmodelssimulated, First for TSS and clamping rings assembly
Second for Passive stabilizing shell and supporting rings
TSS: MaximumVon Mises stress are generated at minimmaaterial thickness (20
mm) of TSS belowclamping ring location |
No sliding (0.001 mm) occurring between top and bottoh®S at internali:s:

Stabilizing shell and supporting rings: Stresses are welbw the limit and -
O
kKling analysis of TSS is carried out, buckling factor is 55 fortfhi;m

e, which is significantly higher than 3 as detinn ASMEIIl NH
Stresses are verifledy comparing against ASMHEesign rules as shown in Table
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(Y )
o O

rature [°C]

o Nonlinearities due to radiation and thermal propertieseHaaen considered 20
supporting o
,/ rings T o One day experimental session simulated, considering @ jpiil8.3 s after every 20g zg
- Upper Thin min for 10 hrs, Average heat flux applied to RMés is 1.8 MW/n# for each pulse - 0 —Stabilizing shell
- t resistive . . . S
o shell olate o Results shows that temperature will always remain betmdesign value of 18C,  ° , . ) . 0
' . stabilizing shell attains maximu@8 C and TSS attains maximuBil C Time th]
1150 mm _ e :
' Mechanical analyses and verification
Nonlinear static analyseshave been carried out for the mechanical assessment of the e oo ¢ ”':i e —
circuited FW / Lower . studs System considering structural Ioadi_ngs anthree scenarios of elec_:tror_nagnetic m‘mm“”‘”
joint tiles Insulated shell loadings, (1) Normal plasma operation at 2 MArrent; (2) Fast termination of thé o
joint plasma current; (3) Case of fault (same as scenario 1 bubutifhlasma current) = WY

1.9703

6.3766

4783

3.1893

L5957
0.0020118 Min

St’abilizing shell

A: Static Structural |
Equivalent Stress 2
: Equivalent (von:

Time: 1

138.08 Max
122.75
107.42
92,085
76.754

[ 1

61422
46.091

15.428
0.097 Min
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Bottom TSS

Thickness: 70 mm In toroidal and 15 mm in radiagdiion

L ; | - Component TSS (AISI 304L) Stabilizing shell (OFC)  Sogpings (Torlon® 5030)
The supporting ring Is designed by series of FEI&oNS Designrule | Pm Pm+Pb PI+Pb+Q| Pm Pm+Pb PI+Pb+Q Pm  Pm+Pb  PI+Pb+Q
considering loads from stabilizing shell Scenario 1 53 78 08 10 19 19 1 3 16
Material: TORLON®5030 (vacuum compatibility, meciai Scenario 2 54 79 09 9 17 17 1 3 15
strength, thermal expansion coefficient very clims®FC, high Scenario 3 66 103 129 29 34 34 4 6 12
< glass transition temperature) 4 Allowable stress 111 166 333 35 53 105 68 102 204
- N
Technological feasibility: Mock-up Conclusion

The designed solutions need to show technologeaadibility for its critical requirements
Proposed sealing concept and assembly steps mgstbged by fabrication of mock-u
A simplified mock-up on cylindrical pipe is propasas shown in Fig, a. fully welded A
solution (vacuum sealing), b. thin resistive pia@cuum sealing, electrical insulation), ¢~
c. ceramic-metal brazed ring (vacuum sealing, et&ttinsulation, mechanical

continuity), d. Ceramic plate for insulation, e.l@d connection with insulating bushing

Vacuum sealing techniques are identified for TSS
Supporting rings are designed for In-TSS components
New assembly sequence proposed




