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ABSTRACT

A electron cyclotron 1s to heat a plasma by driving current in a fusion system. This system requires strength and accurate magnetic field distribution for the interaction of the electron beam and radio frequency wave energy. The magnet of the system consists of
a conduction-cooled superconducting magnet for 7 T and structures connected with a 2nd stage GM cryocooler of 1.5 W at 4 K for cooling of the magnet. This paper deals with the design of magnet and conduction-cooling structures considering electrical and
thermal stabilities. The design and quench analysis are carried out to develop the 7 T class superconducting magnet for electron cyclotron. The magnet 1s wound with the NbT1 conductor. The inner bore of the superconducting coil 1s 200 mm to obtain the resonance
region. The optimal magnet design considering the normal stresses generated by the electromagnetic force, magnet critical current margin, axial field profile, field uniformity and losses under the AC operation (charging/discharging) 1s implemented before
fabrication. Quench analysis 1s also carried out to ensure safe operation of the gyrotron magnet. And then, the frameworks were designed considering heat transfer and cooling watt of the GM cryocooler. The 170-GHz gyrotron magnet will be fabricated with an
auto-mated winding machine based on to the design results.

3. MANUFACTURING RESEARCH

2. QUENCH ANALYSIS

1. GYROTRON MAGNET DESIGN

* To design the 170 GHz gyrotron magnet with specific ¢ To design, a NbT1 wire was selected considering current, * Quench analysis was carried out by using the To minimize manufacturing errors of superconducting coil, the
conditions, we adopt an optimization method employing field, Cu/non-Cu ratio, filament #, and twisted pitch length. simulation program (made by MATLAB/SIMULINK) automatic winding skills are required for manufacturing coils.
genetic algorithm. * The design results from the optimization code are shown for safe operations of the designed NbT1 magnet. For this reason, JHENG 1s developing the automatic winding

e Table I and Fig. 1 show the deign variables and in Table II and Fig. 2. - Analyzed normal zone propagation, methods.
algorithm.  After magnet design, the structures were designed - Calculated hot spot temperature, To apply the automatic winding method in superconducting

TABLE I . . .
DESIGN SPECIFICATIONS OF THE 170 GHZ GYROTRON MAGNET considering cooling watt and heat transter. - Calculated peak voltage. coils, two systems must be researched.
D Comemras - bobbin, thermal shields, vacuum vessel, thermal * To avoid high voltage generation, sub-division - Automatic winding machine and winding skills.
Centor fiold =72 T (with NbT} wire) insulation supports, and thermal link were designed. method was adopted 1n the magnet. - Development of vacuum impregnation system and recipes
Winding bore ~ 200 mm  The induced heat transfer was calculated, and the results * Fig. 5 shows the quench protection circuit (a) and for impregnation
Field uniformity <0.1 % @10 mm DSV show 1n Table III. simulation results of normal zone propagation (b).
Field(axial) tolerance <0.1 % (z<15mm) / <3 % ( z=15mm) o ;  Maximum temperature and voltage are under 85 K The developed automatic winding and vacuum impregnation
Operating current 150 A i — Designed field and 1.7 kV, respectively. systems are shown 1n Fig. 6-(a) and 6-(b), respectively.
Max. hoop stress < 130 MPa o O Target feld « The magnet is expected to meet design conditions. These systems and skills will be used to manufacturing the
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Calculate the magnet wire length = 3 : Parameters Performance g 404 47 == Coil1 (solenoid) | | . . . .
(objective function) 2 8(47 204 37 39 45 180 29] Conter field 7T 5 / == Gol2 reimhote) The design constraints are center field, field uniformity,
L8 Total Inductance 23.8 H » , magnetic stress, critical current, and field tolerance.
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Estimate the magnet performances = Quench I S 1200 \ operatlons of the magnet dllI'lIlg a quench.
(Design constraints) Sort by ebjective functions and TABLE 11 ' g a0l / \ As a results, the designed magnet 1s expected to satisty the
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