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Cooling method of a double-lap bonded joint with a cryostat and refrigerator
comprised cryogenic testing system

Hisashi KUMAZAWA™!, Tomohiro SAITO, Ogawa TAKESHI

ABSTRACT
In the development of high-performance rockets, composite cryogenic propellant tanks have an
advantage over conventional metallic propellant tanks owing to their ability to efficiently reduce
structural weight. Adhesively bonded composite-metallic structures are very important for the
assembly of composite cryogenic tanks with composite and metallic parts. To investigate the bonded
structures at cryogenic temperature, an improved cooling method, which used a cryogenic testing
system with a refrigerator developed for biaxial evaluation of composite laminates, was designed to
evaluate the cryogenic mechanical properties of double-lap bonded joint specimens. However, the
application of the conventional cooling method based on cooling plates for the composite laminate to
the double-lap bonded joint suffers from an insufficient cooling capacity of the specimen gauge area
and an inappropriate restriction of out-of-plane deformation of the specimen. To solve these problems,
an improved cooling method with additional cooling plates and wrinkled aluminum foils was designed
for the double-lap bonded specimens. The performance of the improved cooling method to conduct
appropriate cryogenic mechanical testing and to cool the specimen gauge area to below 30 K was
verified with composite-composite and composite-aluminum alloy bonded joint specimens.
Additionally, another improved cooling method to expand the temperature range of the cryogenic
testing system to more than 140 K was designed. The test results with these improved cooling
methods indicate the capability to conduct tensile tests of double-lap bonded joint specimen at an

approximate temperature range between 25 K to 170 K.
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