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Vacuum Vessel Configuration

Parameters

• Inner radius = 38-in (0.97-m)

• Outer radius = 78-in (1.98-m)

• Height = 68-in (1.73-m)

• Wall Thickness = 0.375-in

• Contour Tolerance = +/-5-mm

• Inside Surface Area = 58k-in2

• Enclosed Volume = 218-ft3

• Weight w/o PFCs = 8300-lb

• Liner is a stand-alone, structural vessel that can be baked to 350-C



Vacuum Vessel Configuration
Dimensions in inches

Section A-A

A A

Dimensions in mm





Vacuum Vessel Design Issues

Material / Magnetic Permeability

• 316L Stainless Steel
Pro - Inexpensive, easy to machine
Con - Permeability increase due to cold work, welding

Inconel weld filler not compatible with 350-C

• Inconel 625
Pro - Better strength, higher resistivity, non-magnetic
Con - Higher cost, flange attachment

Status - 
• Research of other facilities’ design practice  in progress

Options -

Device Material Magnetic
Permeability

How Achieved

ATF 1/4-in 304 SS 1.02 Inconel Weld
Filler

HSX 5/16-in 304 SS 1.02 Solution Anneal
at 1900F, 2Hrs

W VII-AS 1/2-in SS



Vacuum Vessel Design Issues

Fabrication

• Brake Forming
Inexpensive, many vendors

• Explosive Forming
Accurate shape, less welding

Status -

• Research of other facilities in progress

• Follow-up Design Show contacts 

• Near Term R&D (Forming, Welding)

Options -



Vacuum Vessel Design Issues

W 7 - AS/X Fabrication



Vacuum Vessel Design Issues

HSX Fabrication Experience
(Email from D. Anderson to J. Lyon, 3/2/99)

• Used preform composed of several
rough pieces welded together

• Mold also several pieces to allow
part removal

• Part was annealed prior to final
shot in order to reduce magnetic
permeability

• Vendor wanted $425k to build
molds and develop process

• UW performed for $200k and lots
of labor



Vacuum Vessel Design Issues

Assembly / Design Integration

Heating / Cooling

• One Piece
Best procurement option

• Three Pieces
Coil structure design flexibility

• Water/Steam

• DowTherm

Status - No work done

Status - Can accommodate both options

Options -

Options -



Helical Coil Configuration

Parameters:

Plasma Configuration C10 - 2T
Coil Configuration SAD185-16
# Coils / Half Period 13
Dist from Plasma to Coil 18-cm
Current / Coil 84-kA
Min Coil C/L Spacing 23-mm
Nominal Coil Dimensions 18 x 70-mm
# Turns / Coil 10
Min Coil Bend Radius 8-mm
Shortest Coil Length (1-turn) 0.4-m
Longest Coil Length (1-turn) 16.7-m
Total Length of Conductor 4080-m
Total Weight of 78 Coils 6000-lb



Helical Coil Configuration
C10 - SAD185-16





TYPICAL CROSS-SECTIONSSECTION A-A

A A

32

82

Support Structure Configuration

• Number of Wedge Patterns = 20

• Total Number of Wedges = 120

• Avg Pattern Dims = 50 x 70 x 4-in

• Avg Pattern Weight = 500-lb

• Avg Number of Holes/Pattern = 60

• Avg Number of Slots/Pattern = 40

Parameters:

3.6 Thk

80



Support Structure Configuration

Vessel

Countersunk
Bolt Holes

Alternate
Tapped Holes

Inboard Outboard



Support Structure Configuration

Inboard Outboard

Dimensions in inches





Coil Structure Design Issues

Material

Options -

Status -

• Continuing to evaluate thermal/structural performance
• Propose parametric evaluation (time const vs segmentation)

Material Mechanical Electrical Thermal Fabrication

Al-Bronze High Strength High
Conductivity

High
Conductivity

Low CTE

Good
Machining

Poor Welding

Aluminum Low Strength High
Conductivity

High
Conductivity

High CTE

Good
Machining

Poor Welding

Epoxy Low Strength Low
Conductivity

Low
Conductivity

High CTE

Poor
Machining

Stainless Steel High Strength Low
Conductivity

Low
Conductivity

Low CTE

Poor
Machining

Good Welding





Helical Coil Structure Design Issues

Fabrication

Options -

• Bolted Metal Wedges

• Ribs with Cast Epoxy Fill

• Shell with Cast Epoxy Fill

Status -

• Performed Loads/Structural Analysis for 2-T Case

• Moderate Stresses may Preclude Options #2, #3



Field/Force Calculation Model

Fields calculated using volume
integration of 20-node isoparametric
elements (MAGFOR)

Present model has 9190 hex
elements, 64 gauss points per
element

Saddle coil elements generated
using ProE “.ibl” files

EF21 (-71 kA)

EF22 (-57 kA)

TF (2T at 1.4m)

Saddle Coils (84 kA)

Plasma (0.3 MA)



Field Vectors for One Half-Period Saddle Coils

View

T T

View



View Inside Looking Out

Force Due To Toroidal Field



Saddle Coil #1 Force/Deflection



Saddle Coil #1 Force/Deflection



191-kN 778-kN

Force Summation for Saddle Coil Groups

Saddle Groups #3,4 Trimmed to One-Period Top/Bottom

Case FX FY FZ
Saddle Group #3 95733 -1730100 -101780
Saddle Group #4 95736 1730100 101760
Saddle Groups #3,4 191470 20 -21
Groups #3,4, 1-Period Trim 778114 -2778 24965
All Saddles, #1-6 -2 13 -66
All Saddles, 1-Period Trim -767370 -2050 -880
All Saddles, 1-Period Trim, Z<=0 -375150 1768500 -1273200
All Saddles, 1-Period Trim, Z>=0 -373150 -1770500 1272300

fx fy fz



Support Structure Displacement

• C10-2T Load Case (Max Load = 1963-lb/in)
• Net Force / Period = -767-kN (radial)
• Maximum Displacement = 0.6-mm

(m)



Support Structure Stress

• Max Stress = 65-Mpa
• Peak Stress at Supports

65-MPa



Support Structure Bolt Load Estimate
• BAR elements between left/right wedges
• Structure supported at bottom 
• Element spacing = 2.4-inch
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Support Structure Bolt Load Estimate
• Max force = 52-kN (shear), 34-kN (axial)
• Larger bolt diam required inboard
• Outboard bolt spacing can be increased









Helical Coil Structure Design Issues

Assembly

Options -

• One Piece Vacuum Vessel
Best procurement option

• Three Pieces
Coil structure design flexibility

Status -

• Both look feasible for vessel

• Continue structural evaluation

• Investigate cost/schedule of options



Helical Coil Structure Design Issues
Assembly Option



Helical Coil Structure Design Issues
Assembly Option



Helical Coil Structure Design Issues

Cooling

Options -

• Copper straps in slots, attach to cooling line

• Conduction to shell

Status -

• Conduction to shell is preferred
Save slot space, less expensive

• Depends on shell material selection



Helical Coil Structure Design Issues

Coil Cover Plate

Options -

• Small Plates Welded/Bolted to Shell

• Cylindrical Structure with Epoxy and/or Compacted Fill

Status -

• Requires Structural Analysis



Helical Coil Structure Design Issues
Coil Cover Plate Option

PBX VesselCompacted
Fill or Epoxy





















Conclusions / Plans

Vacuum Vessel

• Work is progressing toward design concept selection by 4/30/1999

Helical Coils / Structure

• Key issue is material selection / magnetic permeability

• Key issue is still configuration (cover plate, leads, bolting)

Apr May Jun Jul Aug Sep

Plan

Concept Selection

Develop C82/85 Config

Forming/Welding R&D

Conductor Mech R&D

Cond/Shell Thermal R&D


