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Introduction

The air core solenoid designs for an 88C solenoid produce large axial
forces, which result in shear stresses in the epoxy bond between the conductor
and the support cylinder. The purpose of this work is to model the conductors
and support cylinder with sufficient refinement to represent individual
conductor turns, and apply the magnetic loading turn-by-turn to accurately
model the stresses in the conductor-support cylinder interface. Advantage is
taken of the non-linear elastic material behaviour option in the ANSYS
program to use realistic &H@@»@umzﬁ data for the high-purity aluminum
conductor stabilizer materia

The Finte Flement Maodel

The 1.8 m, 2.0 T air core sclenoid was modeled with the I-deas program

ising four 4-node indmim@r s to model each of the 690 turus in the four-

m@‘ém@ half-length of the solenoid. This mesh density placed a node at the

center of each conductor turn, which could then be loaded with the
appropriate magnetic forces,

Magnetic forces were ﬁw I by interpolating the conductor field solution
from an ANSYS ﬁnalysiﬁ £0 m,@h nodal location in the refined mesh, and
calculating the force as I X B, where I = 10000 A. The forces were written
to a file in the appropriate format for input to the Ideas program. As a check
of the method, the sum of the forces input to Ideas was compared to the sum

of the forces calculated by ANSYS, and found to be within 2% of the ANSYS
values.



The conductor and support cylinder dimensions used are shown Fig. 1,
and were taken from (1) for the ACS-A geometry with 10000 A. The loading
of the indicated node in the mesh is equivalent to a load distributed over the
shaded area shown, and in this sense the stresses near the point of load
application will differ from the real stresses at the superconductor. However,
the effect of this loading on the shear stresses between the conductor and the
support cylinder should be negligible.

The I-deas mesh was translated into an ANSYS input file, and the
ANSYS non-linear elastic material property option was used to characterize the
conductor material. This option allows for the low yield strength of the high
purity aluminum stabilizer in comparison with the support cylinder. The stress-
strain curve used is shown in Fig. 2, and was obtained from (2)

The shear stress between the coil and the support cylinder is plotted
along the four meter half-length of the solenoid in Fig. 3. The maximum shear
stress was 105 psi, and occurs about 18 cm (7 inches) from the end of the
solenoid. At the solenoid collaboration meeting at ANL on November 16-17,
data was presented showing epoxy bond breaking strengths in shear of
approximately 2800 psi. Th@?@f@ﬁ“@; the stresses found in this analysis are well
within a reasonable working stress range for a pract

epoxy bond.

in the

ig shown in
ki Ihe conductor produces far less stress than the support cylinder, as
expected from the stress-strain relationship for the high-purity aluminum
stabilizer. The actual level of maximum stress is 6100 psi, and corresponds to
a conductor strain of 0.0015 (0.1 @%}; m@h is greater than the desired level of

0.1%. This can be remedied by increasing the support eylinder thickne

hooy luctor and the support ecylix
'

Conclusion

The results of this model, which accurately represents the stabilizer
material non-linearity and the distribution of magnetic forces on the individual
conductor turns, show that the shear stresses between the conductor and the
support cylinder are acceptable working stresses for the epoxy bond between
these components.
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