The spherical torus(ST) is one of the most promising of the alternate concepts being developed in parallel with the tokamak approach to magnetic fusion energy. The National Spherical Torus Experiment (NSTX) at PPPL, along with the Mega Ampere Spherical Tokamak (MAST) at Culham, are “Proof of Principle” ST Experiments which are well into their research programs and have met with considerable success to date. Plans are being formulated for follow-on devices which link the NSTX and MAST research programs with the overall fusion development path toward DEMO. These future devices include the Next Step ST (NSST) device and the Component Test Facility (CTF). The NSST would extend the physics basis of the ST to Proof of Performance reactor relevent levels, but in a pulsed mode. The CTF would operate with a plasma very similar in performance to NSST but in steady state, providing a high neutron flux nuclear test facility for blanket and divertor components operating at realistic fusion reactor conditions, a key prerequiste for DEMO. Depending on the outcome of the tokamak burning plasma program (International Thermonuclear Experimental Reactor (ITER) or Fusion Ignition Reactor Experiment (FIRE)) and the experience with NSST and CTF, DEMO itself could well take the form of an ST. 

The ST differs from the standard tokamak line of development in that its aspect ratio (major radius divided by minor radius, A=R0/a) is much smaller, typically of order 1.5 or lower compared to 3.0 or higher for tokamaks. Thus for devices of similar scale (major radius) the region within the major radius tends to be filled with plasma more so in the ST than the tokam ak, i.e. like an apple (ST) compared to a doughnut (tokamak). This difference leads to many physics advantages which arise mainly due to the fact that more of the plasma volume is closer to the magnetic axis of the toroidal field (TF) which falls off according to distance (1/r) from the axis. With this more efficient usage of the magnetic field, the required field magnitude for stable confinement tends to be lower, i.e. the ratio of plasma pressure to magnetic field (beta) can be higher. 

In the ST, compared to the tokamak, more of the region within the major radius is given up to the plasma at the expense of the solenoid and shielding found in traditional tokamak reactor designs which utilize superconducting magnets. As a result the two major challenges of the ST are to initiate and sustain plasma currents using means which do not require a central solenoid, and to implement a compact toroidal field centerpost which can survive in the nuclear radiation environment. The latter requirement most likely means that multi-turn insulated TF coil conductors cannot be used. It is highly unlikely that any superconducting solution exists. Instead, a single turn copper alloy TF centerpost has been envisioned in various design studies of future ST reactors (e.g. Volumetric Neutron Source (VNS). While solenoid-less start-up and sustainment are primary elements of the physic s research missions of NSTX, MAST, and NSST, there are no plans at present for any R&D or experimental devices which would target the technology and physics challenges related to the single turn TF centerpost.  The existing NSTX and MAST devices use multi-turn insulated TF coil conductors connected in series in the same way that all tokamaks have been built in the past. The same is true for NSST, since the effective utilization of the PPPL infrastructure dictates the use of a multi-turn TF system. 

The transition from multi-turn to single turn TF technology will not be trivial. It is essential to perform sufficient R&D and experimentation at a suitable scale prior to undertaking the CTF experiment which, if implemented using the ST approach, must utilize the single turn TF technology. 

Reactor scale devices such at CTF require a TF current of the same order as the plasma current. Recent design point studies indicate that a current of order 20MA has to be driven through the centerpost, outer return conductor, associated joints, and bus bar at a voltage drop of less than 10 volts. There are significant electrical engineering and plasma physics challenges associated with this concept which need to be addressed. The following is a list of the major points foreseen at this time.

1) Ultra-high-current power supply - while several studies have examined the possibility of building power supplies in the range of 20MA, 10volts based on extension of today’s power semiconductor technology, there are major difficulties with this approach. The largest AC/DC converters built today (in the electrochemical and aluminum refining industries) are in the 200kA range, meaning that an extrapolation of about 100 is needed. The intrinsic voltage drop of semiconductor diodes themselves, of order 1.5volts for high power diodes operating at rated current places an upper limit on the overall efficiency obtainable which would be poor. In addition, because of the relatively low current density of an AC/DC converter the physic al dimensions of such a power supply would be extremely large, increasing the length of the current paths and further reducing efficiency. In addition to such difficulties, the parts count (number of diodes, etc.) would be extrememly large. It appears that the homopolar generator may offer a solution to this problem. Based on the principle of a conductor (typically a disc or drum) rotating in a magnetic field, such devices tend to produce very high currents but at very low voltage. These are exactly the characteristics desirable for the ST power supply. While some fusion and electromagnetic launcher experiments have utilized homopolar generators for high energy multi-MA discharges at 100’s of volts, such devices have never been applied to steady state applications such as those of the single turn ST. 

