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Abstract 
Field-reversed configuration (FRC) is an elongated compact toroid which is formed with no or modest toroidal magnetic field. 
A unique feature of the FRC is axial translation with the velocity which reaches the Alfven speed. To control the plasma 
parameters such as density, temperature and magnetic flux, the translation process has received renewed interest. 
Translation into the neutral gas atmosphere produces NBI-like particle injection into the translated FRC with the relative 
velocity. This has made density build-up and delayed onset time of n = 2 rotational instability. Also to control translation 
velocity, the effects of metallic chamber and coil spool have been investigated. A deceleration force produced by the induced 
currents on chambers and spools could become approximately 10% of the acceleration one generated by the gradient of the 
magnetic guide field. To investigate these effects experimentally, FRC translation was performed with a toroidal cut on the 
coil spool. In the case with toroidal cut, typical translation velocity was increased from 100 to 170 km/s. 
Control of aspect ratio has also been tried with a FRC translation to study the dependency of stability on an elongation of FRC. 
To control the FRC shape, a confinement region with fat shape named FAT (FRC Amplification via Translation/Transformer) 
has newly been built. 
 
1. Introduction 

In the most realistic scenario of FRC based fusion reactor [1, 2], a FRC is translated and 
maintained in a quasi-steady field. However, it has been observed that the dissipation of energy and 
global (wobble) motion triggered in a translation process [3, 4]. Also to apply neutral beam 
injection (NBI), which is most efficient heating method for high-beta (low magnetic field) FRC, it’s 
necessary to increase trapped flux and/or flux build-up via current drive. In the translation 
experiments performed on the modified NUCTE-III, it was found that the metallic shell is effective 
to suppress the global motion, and/or to control translation velocity.   

Therefore, in this research, control the instability and confinement have been tried through the 
translation process. Firstly, as a passive control technique of FRC, design and arrangement of 
metallic coil spool and end chamber has been optimized to control FRC translation. Secondly, as 
another passive control technique of FRC, equivalent NBI (E-NBI) has been applied by translating 
FRC into a neutral atmosphere. 
 
2. Experimental setup 
2.1. NUCTE-III 

The NUCTE (Nihon University Compact Torus 
Experiment)-III is a negative biased theta-pinch facility. 
A quartz chamber, 2.0 m in length and 0.256 m in 
outside diameter, was used for discharge tube. In the 
series of experiments, the theta-pinch coil has been 
arranged for translation experiment as shown in Fig. 
1(a). A typical bias field is 0.032 T and a main field is 
0.5 T with the rise time of 4 µs. Theta and z 
preionization techniques are available. To provide 
deuterium gas into the formation chamber, a fast 
solenoid valve has been employed. The typical plasma 
parameters are listed in table 1. 

 

Separatrix  radius  [m]

Separatrix  length  [m]

Volume  [m³]

Total  temperature  [eV]

Electron  density  [m-3]

Electron  number

0.05

0.5

0.004

1.2×1019

3.0×1021

200

0.09

1.4

0.04

1.0×1019

0.6×1021

40

NUCTE-III NUCTE-T

Table 1. Typical plasma parameter 



 
2.2. NUCTE-T 

The NUCTE facility has a confinement region named NUCTE-T. This has a quartz discharge 
tube, 1.4 m in length and 0.4 m in outside diameter, and two stainless-steel conical chambers on 
each end as shown in Fig.1 (a). The quasi-static confinement external magnetic field is generated by 
a set of eight coil spools for straight region and a set of four coil spools for each mirror field. The 
external field strength is approximately 0.08 T at the midplane with the mirror ratio of 3.9. Fig. 1(b) 
indicates the axial profile of magnetic field. The FRC is translated along the gradient of the guide 
field. 

      

 
 

 
 
3. Experimental results 
3.1. Passive plasma control with coil spool 

A deceleration force produced by the induced 
currents on coil spool could become approximately 
10 % of the acceleration one generated by the 
gradient of the magnetic guide field. To reduce this 
force, FRC translation has been performed with a 
toroidal cut on the coil spools. In this case, the 
translation velocity has been increased from 100 
km/s to 170 km/s.  Also the total temperature has 
been increased from 40 eV to 120 eV after 
reflection at the magnetic mirror field. 
 
3.2. Equivalent NBI effect 

Translation into the neutral gas atmosphere 
produces particle injection into the translated FRC 
with the relative velocity. We named this equivalent 
NBI (E-NBI). The E-NBI has been examined on the 
NUCTE-III/T device experimentally with various 
background gases of deuterium, helium and argon. 
Amount of injected gas calculated from charged 
pressure after FRC generation is correspond 
approximately to 0.05 m Torr in the case with 
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Fig. 1 (a) Translation experiment device NUCTE-III/T, (b) External Magnetic Field 

 



deuterium. The Fig. 2 (a), (b) and (c) indicate time evolution of maximum sepratrix radius, electron 
number and intensity of bremsstrahlung (550±5 nm) at the confinement region, respectively.

As some of the positive effects of E-NBI, delayed onset time of n = 2 rotational instability and 
increased electron inventory have been observed in the case with deuterium and helium. But in the 
case with argon, significant positive effect has not been observed. 
 
4. Control of aspect ratio 

Control of aspect ratio has also been tried in a 
translation process. There are differences of nature 
between conventional theta-pinch, i.e. prolate 
high-density FRC and merging formed ablate FRCs. 
Therefore, a new translation chamber has been 
constructed. This has been designed to modify the 
separatrix shape from prolate into oblate while the 
FRC keeps the natures of theta-pinch FRC. Also the 
Oblate FRC might accept center solenoid for an 
inductive current drive. Figure 3 is a schematic 
diagram of the FAT device. The FAT has a half of 
length and twice larger outer diameter compared to NUCTE-T. The designed typical external 
magnetic field is 0.08 T at the midplane and the mirror ratio is 3.8.  

 
5. Summary 

Translation velocity and stored energy after the translation process has been increased with the 
toroidal cut on the coil spool by preventing the induced current. As one of the positive indicator of 
E-NBI, the inventory of electron has been increased and onset time of n = 2 rotational instability 
has been delayed in the case with deuterium and helium case. To control FRC shape, new 
confinement chamber has been built and initial experiments will be started soon. 
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