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due to the fact that B varies from maximum at the inside of

the outer leg to zero on the outside, so the current interacts, on

average, with 1/2 of the value of B on the inside. For the

inner leg, with circular cross section extending to the outer

radius ro:
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An equivalent representation consists of a filament proceeding

from an effective current center at R1 and then to ro which

produces the same total integrated force:
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Equating the above two results produces the following for R1:

R ro1
o

1/4 =  
r

+
� 0 78. (41)

For the outer leg the current center coincides with the simple

geometric center of the conductor.

The relative fractions of Fv which are applied at points A and

D can be controlled by tailoring the shape of the outer leg.

The constant tension $ shape is obtained by joining together

constant tension arc segments such that:
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where:

'  = radius of curvature ,  = arc angle

S = arc length P = force per unit length

If ) is the fraction of the total vertical force allowed to appear

on the inner leg then the constant tension curve can be

generated by numerical integration of:
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The limit on vertical force which can be applied to the inner

leg depends on the other components of stress arising from

EM and thermal effects. The flow of TF current causes an

inward pinching  force on the column, as well as torsion

arising from the JxB force with the poloidal fields. The

pinching causes compression which is maximum at the center,

whereas the torsion causes shear which is maximum at the

outer edge of the inner leg. It is assumed that the former is the

limiting factor, so the shear stress neglected in this analysis.

With constant current density the inward radial force within

the inner leg conductor varies linearly with radius since:
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This situation is similar to that of a rotating cylindrical shaft

where the centrifugal force is proportional to radius.

Approximate formulae [8] for the principal stresses are:
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where:

r = radius within conductor a = outer radius of conductor

�  = Poission s ratio Bmax = B at  r=a, Bma = 0I/2%a

The combined (Von Mises) stress can be calculated as .
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where
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and ˘ is the stress due to the vertical force EM force Fv as

well as pre-compression and/or thermally induced stresses

along the z axis. Allowing for a pre-compression force F0,

along with an additional force Fs due to thermal expansion,

where Fs = ! ˘L, k being the spring constant of the structure:
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The design must consider the expected temperatures at start of

pulse (SOP), start and end of flat top (SOFT, EOFT), and end

of pulse (EOP), combining the EM forces only for the SOFT

and EOFT states. The parameters to be adjusted include:

.  Fraction ) of vertical force allowed on inner leg

.  Values of pre-compression F0 and spring constant !

.  Location (r,z) and force  at C ,  location (r) of B

The optimum pre-compression force results in a balance

between the fraction of allowable stress at SOFT and EOP.
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