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The National Spherical Torus Experiment (NSTX) is 
a low aspect ratio, spherical torus (ST) configuration 
device which is located at Princeton Plasma Physics 
Laboratory (PPPL).  This device is presently being 
upgraded to enhance its operations by adding a second 
Neutral Beamline (NBL). This change will nearly double 
the power available to the plasma but necessitate 
improvements to other design aspects of NSTX. Included 
in these upgrades are the relocation and upgrade of the 
NSTX Neutral Beam Armor to capture both sets of 
beamline source profiles while maintaining the same level 
of vacuum vessel wall protection. 

In order to minimize the space required to 
accomplish this, it has been proposed to relocate and 
reuse the existing armor array, improving the design so 
that two overlapping sets of beam profiles both fit 
completely. This beamline overlap could possibly cause 
the armor tiles to experience higher heat fluxes which 
translate into higher internal mechanical stresses. This 
would be mitigated by changing the isotropic graphite 
(ATJ) tiles in the overlap areas to a rugged 3D carbon-
fiber composite (CFC) material, capable of handling 
thermally-induced stresses. Additional benefits to this 
recycling design proposal include opportunities to reduce 
project cost, increase diagnostic port access, and improve 
an awkward and difficult mounting scheme.  

I. INTRODUCTION & BACKGROUND 

At the present time, NSTX uses one Neutral Beam 
Injection (NBI) beamline, injecting a total power up to 7.4 
MW into NSTX plasmas. This beam injection has 
provided numerous benefits in heating, fueling, and 
adding rotation to NSTX plasmas, and has provided 
diagnostic information intrinsic to the operation of the 

Charge Exchange Recombination Spectroscopy (CHERS)
 and the Motional Stark Effect (MSE) diagnostics. 

It has been proposed to upgrade the Neutral Beam
 Injection System (NBIS) by adding an additional 

beamline (BL). This will double the power output, add 
additional fuelling, rotation, and diagnostics data, and 
allow for wider tangency radii aiming options. The NSTX

 upgrade (NSTX-U) NBIS configuration will consist of 
two BLs in a co-injecting arrangement in the NSTX Test

 Cell (NTC). Each BL has three positive ion sources and 
associated components to form a neutral beam and to 
inject it into NSTX-U. Each source can fire separately or 
in concert and the two BLs can be operated together or 
separately. With this upgrade, the NBIS will be capable of 
over 15 MW injected neutral power in support of the

 NSTX-U experimental program (Table I). With this 
increase in power, the safety systems also need to be

 evaluated and upgraded to meet requirements.  
The purpose of the Neutral Beam Armor is to provide

 sacrificial vacuum vessel protection against NB misfiring 
or “faults”. This paper will provide a general description 
of the upgrade design for the re-use of the NSTX Neutral

 Beam Armor and will elaborate on the analytical 
processes used to define the BL source profiles, their 
maximum heat fluxes, the probable resultant material

 temperatures and stresses of the armor tiles, as well as 
propose a tile material upgrade from ATJ to 3D CFC. 
Finally, the paper will elaborate on the changes to the 
mounting scheme in order to maximize port accessibility 
and to withstand larger disruption forces in the vessel. 2

II. NEUTRAL BEAM ARMOR UPGRADE 

The current plan for the NSTX NBI In-Vessel Armor
 Upgrade is to recycle the existing armor array. The armor 

TABLE I. NSTX-U Neutral Beam Power (Reproduced from Ref. 1)
NB Shot 

type 
Pulse Length 

(s) 
Power
(MW)

Heat flux/source 
(MW/m2)

Flux to armor per 
NB source (MW/m2)

Overlap Flux Peak 
for 2 NBs (MW/m2)

80 kV 5 5 31.60 7.70 43.01 

90 kV 3 6 37.88 9.24 28.67 

110 kV 1 9 56.82 13.86 23.89 
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