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Development of high-power pulse inductor for vertical field
power supply of TT-1 device
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Abstract: To meet the demand of plasma discharge, pulse inductor should be connected to the vertical field
power supply to change the output current parameters. To satisfy the need of the output current of the vertical field
power supply of the TT-1 device, pulse inductor was designed and developed. According to the operating conditions
and parameters of the inductor, the detailed mathematical analysis and structural design were carried out by the
induction coefficient method and cumulative temperature rise method. Based on the theoretical design, an Ansys
simulation model was established to study the magnetic field and temperature rise of the inductor. Finally, the inductor
was developed. According to the bridge measurement and experimental waveform, the actual inductance parameters
agree well with the theoretical analysis. The experiment of fatigue and temperature was carried out on the inductor
under the condition of high current to verify the reliability of the theoretical design.
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Fig. 1 Vertical field circuit topology Fig. 2 Simulation waveform of pulse inductor current
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Table 1 Main working parameters of pulse inductor

coil inductance L,/mH  coil resistance R,/m€  pulse capacitors C,/mF  charging voltage U,/V  peak current [,/kA  peak current time #,/ms

8.4 67 3.6 9724 47 1
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Table 2 Main designing parameters of pulse inductor

work pulse discharge . withstand maximum working maximum working DC duty
. . inductance/mH .
cycle/min time/s voltage/kV voltage/V current/A resistance/mQ  cycle
5 1 5.8 10 3961 4693 <25 1/300
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Table 3 Comparison of properties between aluminum and copper

resistance positive linear specific

. . . tensile . thermal
atomic density/  resistivity/ temperature modulus of expansion heat .
. > . strength/ . . . conductivity/
weight (kgm™) (nQ'm) coefficient/ elasticity/ coefficient/ capacity/ o
LK MPa 617 -1 el (Wm"K™)
(mQ'm K™ GPa (10°K™) (J'kg"K™)
aluminum 36.98 2700 28.3 0.1 150~200 63 23 900 231
copper 63.54 8890 17.77 0.09525 350~470 120 17 392 436
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Fig. 8 Magnetic field distribution of pulse inductor Fig. 9 Overall temperature rise of pulse inductor
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Fig. 13 Maximum temperature position of pulse inductor

Fig. 12 Waveform diagram of pulse inductive current experiment temperature rise experiment
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