§66. Mechanical Properties of Candidate
Materials for the Large-Scale Super-
conducting Magnets at Cyrogenic Tem-
peratures

Shindo,Y., Ikeda K., Kokawa,H., Kawasaki,A.,
Ueda,S., Horiguchi,K., Sanada,K., Tokairin,H.,
Oka,M.(Dept. of Mater. Processing, Graduate
School of Engineering, Tohoku Univ.)
Satoh,S., Nishimura,A., Tamura,H.

1) Cryomechanics of Woven Glass-Epoxy
Laminates

(a) In conjunction with the cryogenic plane-
strain fracture toughness (Kjc) test, a dam-
age mechanics analysis was conducted to pre-
dict fracture and deformation for models of the
compact tension specimens'). Correlations be-
tween experimental and analytical results were
made, in terms of the load - displacement re-
sponse and the extent of damage growth. The
predictions show that the fracture behavior is
strongly influenced by temperature rises associ-
ated with individual damage events at 4K.

(b) The double cantilever beam (DCB) tests
were carried out at room temperature, 77K and
4K to evaluate the interlaminar fracture tough-
ness (Gy) of woven glass-epoxy laminates?),
These tests were conducted in accordance with
JIS K 7086. Fig. 1 shows the average G1g value
at each temperature. In Fig. 1, Gg is the
interlaminar fracture toughness for crack prop-
agation, ag is the initial crack length, L is the
length, B is the width and 2 H is the thickness of
the DCB specimen. A finite element model was
used to perform the delamination crack analy-
sis. The effects of geometrical variations on G
were also experimentally investigated and the
results were correlated with the theoretical pre-
dictions.

i1) Cryogenic Fracture Toughness of
Structural Alloy welds

(a) The use of the small punch (SP) test to
estimate the elastic-plastic fracture toughness
(Jic) of structural alloys and weldments for
superconducting magnets in fusion energy sys-
tems was studied®. SP tests were performed
with thin plate specimens of 10x10x0.5mm at
4K. Correlations between SP energy, equivalent
fracture strain, and Jjo were assessed. A finite
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Fig. 1. Temperature effect on G g

element analysis was also performed to convert
the experimentally measured load - displace-
ment data into useful engineering information.
The criterion for fracture used is the strain en-
ergy density (strain energy absorbed per unit
volume) required to produce crack initiation in
a solid, uncracked specimen. This criterion is
then applied (as a crack initiation criterion)
to the crack tip of a standard compact ten-
sion specimen, loaded via computer simulation.
Comparisons of the predicted J;o with actual
measurements were made.

(b) In order to evaluate the fracture tough-
ness of austenitic stainless steel welds, tensile
tests were performed at 4K with small round
bar specimens having an electro discharge ma-
chined notch®. Correlations between notch ten-
sile strength, Jjo, and yield strength were as-
sessed. A finite element analysis was also per-
formed to compute directly the J-values. The
numerical findings were then correlated with
the experimental results.
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