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The design of supermagnets for fusion containment is determined
more by stress problems than by superconductivity. This emphasis on
struciure arises because the amount of required structure is proportional

(1)

to the stored magnetic enevgy ' which, for fusion magnets, is a lavrge

. 1 . . . .
value such as 10‘0 to 101 joules. A typical magnet turn might be

.takcn as that used for the NAL-Bub.ble Chambér(?‘): NeTi filamenté in

-a copper striv wound tightly thh q’cvlps of stainless steel and mylar,

Az the current and field in t‘nﬁ wmagnet and conductor are increased the
coppar and steel expand togr—:ther. sharing the applied hoop stress. Two: ‘.
magnet designs are possibl.e with‘this conductor, either the copper will

be stressed beyond the yield point, in high stress designs, or low stress

‘thicker windings will ‘be used which do not cause the copper to yield.
ot "," .
Cage 1. ch & 12.000 psi

The copper stlcs s s.held Lelow 12, 000 psi, the DIFC yield streés'
at 4. 201<. Since the steel clastic modulus is twice the copper modulus
and the elongations ave ideantical it is impossible to rrct average stress
1evcls‘ above '24, 000 psi. If cnough copper is retained for electrical and
thermal stability then 16,000 psi is a probable maximum design stress

As an example, replacing 2 selenoid by 2 thick wall cylinder with an

internal pressure ,BO/ZuO, the raaximum applicd hoop stress is:
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‘where G{is the ratio onter radius/inner radius. Zquation (1) predicts

véfy thick wim]im;r: h)r']ow oy valuers; 11.';in,r§ 16,000 poi r;i'nr; nets
vinding thickne s /I.Hl e z..:im‘ I \lm', nt () b, D, M ““v(] 204 ,';(“' (:(:;xix':il
feldes nf hn e, nl lh) ) Hu” HIUHE e e Hvnly,

A P geen i s it gl Pyt af wolansdidal Levsoun piad wimHn]gu
hao been made for e above comluctoi: which im‘:ludcs a mylar iayc r
(ignored above) ond <1cf0rmdtxon., of tha mylar and it'rs copper conlact
whwh concentrates compressive stresses on 1/3 the ar(;a.(z) The

maximum copper hoop stress in psi lu:

i A 3 /\
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vhere ,\ '“1(1 /\ are the mylar and steel ratios compared to the

cffective copper in tension, r/t is the mncr'radms divided by total
winding thickness and B, is the central {ield in tesla, In addition to the
cfféctivc cepper each copper layer contains an extra 15 percent thickness
over a poviion of the coil to provide coolmg passages. For sicel, copper

and mylar the moduli of clasticity used were: 30 x 106,‘ 15 x 10,6 and

1.8 x 106 psi; Poisson's ratio was taken as 0. 30, 0. 3%, and 0, 37
respectively. This equation helds for 0.025 < ,\M'f; 0.075 and 0,5 < AS

£ 0.65. The results using equation (2) show that mylar softens up a

magnet and increcases hoop stresscs by as much as 50 percent. The

maximum radml stress occurs at about mid-thickness and is about 6

percent of the ma xXimum hoop "trcos.
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Thus the windings for 1ow stress high feldanagnetls cecm almost

- .

prohibitively thick and heavy with copper and stecl completely dorai-

nating the supevconductor,

Case 2. -2 12000 psi.

cu

In this.casc the steel is stressed to 60, 000 psi which is beclow
its yield, ~ Then the copper will yield with an elongation of 0.002 and
stress levels of about 12, 000 psi., The copper should not go into
compressive yicld anywhere when the magneti is turned off. Thus it
does secem possible to thereafter operate with the copper in an elastic

region between 18, 000 psi tension and something less than 12, 000 psi

in compression. A 30,000 psi maxirnum average stress for the steel

plus conner wonld thon be ronlized with censidlecably hivner windings
possible, s

Eshenld dar canphasizad Bt yle bl e copper G il

wilol Ta o alornats aondnatop) by not'at all aonpervative for $1.00, 000, 000

ety L0 ylolddngs wora Lo adoe neeldantndly occure In compronston (han

on cach cyele the mapgnet could loonan up, insulation abeanion could not
In, and eleetrieal vesistivitien would continue.to increase.,
1, R. H. Levy, ARS Jour., June 1962, page.787.
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