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National Spherical Torus ExperimemiSTX

Umbrella Structure

Neutral Beam #1 operatlng since Sept 2000 TF Coll
Plasma
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NSTX Device operating since February 1999 Assy cS Vessel
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NSTX Upgrade Project

Program Physics Goals
1)Better understand causes of ST transport and scaling to next
step devices
2) Address ST start-up, sustainment and boundary issues

Project Mission
1) Double magnetic field and plasma current

o Toroidal magnetic field of up to 1 Tesla (presently 0.55 Tesla)
0 Plasma current up to 2 Megamp (presently 1 Megamp)
0 Increase Pulse length from 0.5 to 5.0 sec

U Upgrade centerstack

2) Double neutral beam power & more tangential injection

0 Beams tangent to radii 130cm, 120cm and 109.4cm
o Configure NB1 and NB2 so they can operate together or separately
0 Increase NB heating from-3MW to 10-14MW

U Install a second neutral beam line
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Installation Acield installation of new

hardware requires substantial
| disassembly and re-assembly
of existing components,
S diagnostics and services!
ﬁ A/alue engineering and
practical design approaches
in collaboration with Physics
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Centerstack Upgrade Scope

A Inner TF bundle )
A TF Flex bus
_ > Center stack
A OH coil
A Inner PF coils )

A Enhance outer TF supports )
A Enhance PF supports

. Structure
A Reinforce umbrella structure -

A New umbrella lids y

A Power systems changes
A 1&C, Services, Coil protection >Anci|lary Sys
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Center Stack Core of machine

Simpler Inner TF design Improved Joint Design
(single layer of TF conductors)

OH call
wound on
TF (with
0.10
Existing
outer TF

WITH water
cooling
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Much R&D required to vet critical design details (details to follow)
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Center stack TFw.,PFR+,OH Colls
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Present CS

ATF Bundle contains 36
identical conductors
with one-layer joint
design

VS.

two conductors types
and two layers in the
present design.

ABolted joints located at
further radius hence
lower joint current
density and lower
magnetic field at joint

‘ TF OD = 20cm
Outline of new center-stack (CS)
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Install Fabricated CS Assembly into VV

Install the completed Center Stack Assembly
Into the Vacuum Vessel (Spring 2014)

v

Have removed
and re-installed
CS numerous
times over the
last 10 years.

ICENES May 2011

NSTX UpgraokeR.L. Strykowsky 9



Center Stack Structural Raeforcementsc The De5|gn

\1

» Optimized Design

>Des:gn parameters and values defined | % |
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TF Links (clamps, spring, link weldment)
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Center Stack Structural Raforcementsg The Challenge
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Center Stack R&R Mockups

1

A Using MockupDevelop
and verify assembly an
maintenance
capabilities

Full size mock
up of the
umbrella TF
and flexes
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Center Stack R&RQ Flex Strap

A Flex Strap Assembly |
i Manufacturability \

I Solder vs. Wire EDM

In-plane bending stiffness

Cyclic, simulated maximum
combined loads

I Contact pressure distribution

I Bolt pretension only

A Bolt pretension + simulated
maximum combinedoad

ASupernutso to|be used to
facilitate assembly
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