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Engineering Design Plan

e Develop integrated suite of design tools
— Coil design (NESCOIL+)
— 3D modeling (Pro/E)
— EM and structural analysis tools (ANSYS, SPARK)

e Perf




Engineering Design

e Establish parameters for conceptual design by
February ‘99

— Select plasma configuration

— Establish design basis requirements
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Design Concept Development

e Major choice: new machine or modify PBX
— Main focus on PBX options
— New machine option only recently begun
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Plasma Configuratio

Since Pre-ConceEtu

e Pre-conceptual design based on d9e plasma
— 2 periods, non-monotonic iota profile with low shear
— 40% external transform
— PBX compatible, 1T field
— Saddle coils used to provide non-axisymmetric fields

e Rece
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Plasma Configurati
|_ed to More Com

e Higher current
density

e Greater sensitivity
to plasma offset




Saddle Colil Design for PBX ©pliE/
|
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Saddle Colls and Plasma_




Each Coll Has Two

L
e The conductor sizeis 21mm X 25mm
e Conductor current is 27kA
e J.,is 6.7kA/cm? based on a 76% copper fraction




The Required J4t Is
Pre-CooIing with L

e LN2is atriple win

— Higher J means
smaller coil envelope
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= Chilled Water (280-340K)

Water (300-340K)

Current Density (kA/cm 2)



Three Saddle Coil DesigniConcepts

Are Belng Investlg

e Cable-in-Trough

e Win




Pre-Conceptual Desi

on Cable-in-Trough
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Cable-in-Trough Concep

e Trough initially
proposed to be made
from flat developments

outside, formed in

place using notches in
structural ribs



Present Concept Based

Forming Trough

e Forming trough in situ
appears difficult

e Pre-forming trough
outside and assembling on
ribs is more credible
approach

No notches in ribs --




Cabled Conductor
Conduction to Trou

e Indirect cooling improves copper fraction in cabled
conductor, minimizing conductor size

e Cooldown time controlled by insulation thickness, material
and bonded area
- Go
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Assembly Time Is

Cable-in-Trough C

e Pros
— Ribs and trough segments have modest requirements for port access
— Flexible conductor is readily available
— Winding is straightforward once trough is in place

e Cons




Winding-on-Shell Concept Simplifies AssemisiyAcine
Reduces In-Vessel Measurement Requirements

e Segmented shell with
machined grooves for
conductor

e Flexible cabled conductor
wound in place

Grooves sealed and vacuum




Shell/Winding Cr

e Windings placed in

grooves in shell
— Two (or more)

| — —

turns per groove

— Windings
retained with




Plan Section of Shell in PEX D

0 deg.







Shell Is Assembled m
Through Horizontal
e Shell is high precision, machined and pinned

structure

e Assembled in few pieces

e Once assembled and positioned, few in-vessel
mea '

e Mac




























Thermal Stresses Are
Winding-on-Shell Co

e Pros

— Adaptable to larger numbers of saddles, spiral winding
— Assembled in fewer pieces

— Fewer in-vessel measurements required

— Robust to changes in geometry

e Cons
— Larg




Discretely Supporte
Offers Alternative A

e Rigid conductor segments
formed outside vessel

e Conductor segments
attached to SSt rib structure
with fittings

e Segments joined via
electro-forming or induction
brazing to form coils

e Coils

betwe
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Colls Isolated fro

L ow Conductancw

e Conductor segments are pre-insulated but
not canned

e Low conductance liner envisioned to
adequately isolate coils from plasma
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Assembly Time Is
for the Discrete S

e Pros
— Modest port access requirements

— No support channel (trough or grooved shell) to fabricate, seal,
and VPI

— Direct cooling avoids cooldown stress and eddy current
problems associated with aluminum trough or shell




Field Errors Must WW I _
All Design ConceE
e Relevant factors include...

— Proximity, geometry, and placement of leads and
crossovers

— Conductor current
— G i




e Frame and panel design

e Frame consists of radial
rings Sheriia ™

(CUT AWAY)
— Supported from saddle
coil structure i%’tﬁi:‘ﬁ\} e

BOLTS &
BELLVILLES

RADIAL LUG

LOWER
CASTING™

TILES

LIMITER TILE

CASTING FLANGE

CHANNELS
MACHINED IN
CASTING

SPACER PLATE

(ASSEMBLED IN
SECTIONS)



Vacuum Tight Liner Is An ©Optien

e Similar to baseline,

Rib
but seal welded at \ / .
Liner wall

assembly E Grafol
. COOLING/BAKEQUT-
Liner wall must be TUBE

brake-formed and
welded

Appropr
modular

Tile mount plate

Seal weld

PLASMA



Radial Build Allows
Plasma Growth (Da)

e Liner (7.5cm) s
— 5cm nominal liner depth

— 7.5 cm at support bracket
includes thermal insulation

e Coil Assembly (13cm)
— Includes cover plate

Casting flange

Bolt

T Bellville Washers




Assembly inPBX

e Feasibility of fabrication and assembly in PBX
must be demonstrated
— Structure assembly
— Winding, potting

In-si




Assembly Process_

e Assembly is
through port
opening in




PeX-M Mockup

e Wooden mockup of PBX-M
vacuum vessel and
structure

e Modular design includes
90 degree sector with




PBX-M Port Opening _

e Current, planned
opening is 16" x48”

e Removing coil case
sides gains 2” in
width

e If one TF caoll
removed or




Pre-Conceptual Design€

Estimate Updated

e Costdropped $5.9M to $29.8M e Original _ Current
i Estimate Estimate
e c_hgnges (FY-99K$)  (FY-99K$)
— Changes in liner concept 1 - Torus Systems $14,092K  $12,589K
— Elimination of F-H coils 2 — Auxiliary Heating Systems $ 1,421K  $ 1,468K
. L 3 - Fueling & Vacuum Systems $ 58K $ 62K
— Reduced number of electrical circuits 4 _ poyer systems $ 3499K  $ 1262K

— Deferred re-work of C-site MG set 5 — Utility Systems $ 299K $ 322K
Added ; 6 — Central 1&C Systems $ 1,965K $ 2,113K

e Re-esti



Cost Comparisons

Pro'!ects N Progress

® Purpose is to WBS NCSX NSTX
establish gross 1 - Torus Systems (Fﬁ\s(lsggl)( (F$Y Sgggfl)(
reasonableness S Fucting fvacuun| & 6K & woesK

e NSTX comparison Uity Syetems s oK 5 S0

6 — Central 1&C Systems $ 2,113K  $ 2,131K

com




New Machine Option

e Built around c10 plasma

— Amp-m substantially (2.5x)
higher for modular coils

e W VII-AS configuration
used as starting point




Wendelstein VII-AS




WVII-AS
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ured coil.

Fig. 9. Impregnated and ¢

Fig. 8 Winding device and mold for a nonplanar coil.




More Work to Do on'v

De5|gn
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e Reconstruction is

-9

fair with 8 coils per |
period but... | é
e Coil geometry is - 7/
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Modular Coils and Pla




summary

e Design concept development has been focused on
PBX options

e Several innovative options for constructing saddle
coils have been developed
— Pre-cooling with LN2 is being pursued to meet current densit




summary 2)

e Development of the PBX and new machine
options will continue for the purpose of
establishing...

— Satisfactory performance
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