
COIL DESIGN OPTIMIZATION 
Coils that reproduce the desired plasma properties initially 

optimized by prescribing the plasma outmost boundary shape 
may be designed by requiring that normal components of the 
magnetic field on the last closed magnetic surface (LCMS) due 
to the coils cancel that due to the plasma current. Because of 
the discrete nature of coils, the normal field on the LCMS may 
not vanish exactly, but the errors may be minimized. Various 
techniques have been devised for this purpose [3, 4]. We use a 
three-stage approach: first, we solve for current potentials on a 
prescribed current carrying surface, from which an initial set of 
coils is cut; second, we allow the winding surface geometry as 
well as the geometry of the coils wound on this surface to vary 
so as not only to minimize the field errors on the LCMS but 
also to enforce additional constraints, such as minimum 
separations to the plasma or to the neighboring coils, to 
optimize the engineering properties; and finally, we directly 
solve for the free boundary equilibrium and optimize both the 
physics properties (QA, a loss, etc.) and engineering properties 
aforementioned simultaneously instead of minimizing the 
normal field error on the boundary defined by the original fixed 
boundary plasma to allow the extra degrees of freedom to 
locate a “better” optimum using coil parameters obtained from 
step 2 as the initial condition.  The last step is a complicated 
and difficult procedure, but it is necessary because of the 
complexity of the coil geometry required to include all the 



 

 
Fig. 5. Magnetic spectrum plotted as function of the normalized toroidal flux 
for the eight components having the largest magnitude. The top frame is for 
the fixed-boundary MHH2-K14 from which the present coils are derived. The 
bottom frame is for the free-boundary equilibrium obtained using the present 
coils. Note that except for the principal mirror term, the maximum non-
axisymmetric component is only 1.2% and that the overall non-axisymmetry 
has a minimum at s~0.5, or r/a~0.7. 

 

 
 
Fig. 6.  Magnetic field strength plotted along a segment of field line on the 
surface at r/a=0.7 as function of � starting from � =0 and � =0, where �  and �  
are toroidal and poloidal angles, respectively, in Boozer coordinates.  
 
 
strength of the reactor. Indeed, examination of magnetic field 
strengths along field lines, an example of which is given in Fig. 
6, indicates that there are only a small number of secondary 
ripple wells, particularly in regions near r/a~0.7, where the 

residue is the lowest. The knot at r/a~0.7 in the magnetic 
spectrum appears to form a barrier for the loss of �  particles. 
 

IV. SUMMARY AND CONCLUSIONS 
We have demonstrated that coils having properties 

desirable for a compact stellarator reactor exist for the low 
aspect ratio, quasi-axisymmetric configuration MHH2. These 
coils have sufficiently large distance from the plasma and have 
adequate separations among themselves. They are able to 
produce plasmas with sufficiently low field ripples and with 
good confinement of �  particles. These results raise the hope 
that a compact device may be designed with tokamak transport 
and stellarator stability. Reactors of major radii < 9 m may be 
constructed that will produce 1 GWe of power when the 
plasma is at 5% �  and 5 T. 
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