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Optimization of Superconducting Coil for Energy Storage
by Virial Theorem
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Superconducting Magnetic Energy Storage
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. . T: Maxwel| stress tensor M
J:current density l j odv
B: magneticfield <U> )

S: stress tensor

g, : principal stress

» Positive stress (tension) is required to hold the field.
 Uniform tension is favorable. I |
 Theoretical limit is determined. 01=0,=05= §
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Equilibrium of Magnetic Pressure and Stress
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rTy+(r—R)T, = arp(r, o), ‘

dr [ O a8

0 {E{?.Tﬂ} — T¢} - ﬂ% = 0, %[?‘Tg} +aTlysinf + inaS = 0,

dr | 0 1 3T¢ - i{rS] —aSsinf +inal, = 0
R+acos = 7, ‘

where Equilibirum Equation

Ty = oppldp, Ty =o0peQp, S=o04Ap= Jg,;.&p‘

Expanding by en¢
p(8,¢) = po(0) (1 + asinmb) cos ne,

o: amplitude of mode
m,n: poloidal /todoidal mode numbers



R Distribution of Stress  EET#=

Lines: shell model with A=4, 0=0.1, m=6, n=18
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«  Comparing the results of the experiments and the numerical calculations, a
qualitative agreement of stress distribution between the calculation and the
experiment is obtained in the toroidal direction, while discrepancies of stress in the
poloidal direction are not negligible.
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Equilibrium of Electromagnetic Force and Stress
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