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The Quasi-Poloidal Stellarator (QPS), currently in the R&D and prototyping stage, is a
low-aspect-ratio (R/a ≥ 2.3), compact stellarator experiment with a magnetic field that is non-
axisymmetric and whose magnitude is nearly poloidally symmetric in magnetic coordinates.
The quasi-poloidal symmetry and reduced effective field ripple lead to large reductions in:
neoclassical transport at low collisionality; the bootstrap current; and poloidal viscosity, which
allows large E x B poloidal flows for suppression of anomalous transport.  The magnetic
configuration is stable to finite-n ballooning modes, external kink modes, and vertical instability
to <beta> ~ 5%.  Recent QPS-related physics studies have focused on fluid-moments self-
consistent evaluations of viscosities and neoclassical transport coefficients, momentum transport
and flow damping features, the impact of the bootstrap current on the equilibrium and stability
properties, global ballooning stability, reduction of beta limits for experimental tests,
minimization of magnetic islands by minimizing the residues of the dominant island chains,
measures of poloidal symmetry deviation using electron beam mapping, optimization of viewing
sightlines, diverted flux patterns for control of recycling, and control of the plasma and neutral
densities as a function of fueling rate, divertor baffling, wall adsorption, and particle exhaust.

The QPS design parameters are <R> = 0.95 m, <a> = 0.3-0.4 m, B = 1 T, and a 1.5-s
pulse length with 3-5 MW of ECH and ICRF heating power.  The most challenging component
for engineering design and fabrication is the set of 20 nonplanar modular coils located inside the
QPS vacuum tank.  Stainless steel winding forms are machined to the required high tolerance
and stranded copper cable conductor is wound on the winding forms to the highly precise shape
required (to an accuracy of less than 1 mm).  The windings are enclosed in a welded, stainless
steel cover with stiffeners for compatibility with the QPS vacuum requirements, and the cans are
then vacuum pressure impregnated with cyanate ester resin to form the finished coil winding
pack.  An R&D program is underway that includes extensive conductor characterization and
testing, vacuum canning studies, and fabrication of a full scale-prototype modular coil.  The coil
winding form has been cast and is being machined to the required tolerance prior to winding
with conductor.  One of the most critical design issues is the cooling of the winding pack.  Two
cooling concepts are being evaluated: (1) an internally cooled conductor having a copper tube
filled with a Pb-Bi filler imbedded in the conductor cable to avoid crimping during winding, and
(2) an externally cooled winding pack using copper cladding inboard and copper chill plates
outboard of the pack.  The issues being studied are the effect of the increased conductor
stiffness on winding the coil, evacuating the filler material in the coolant tube after the initial
potting step, and separating the cooling tube from the conductor at the electrical connection
interface.  Four-turn test coils are being tested for mechanical properties (cyclic loading for
fatigue properties), thermal properties (conductivity), and tensile properties (stiffness and
strength).
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