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Abstract: Conventional industrial CT in situ loading devices suffer from thermal instability, control hyster-
esis, and thermal gradient artifacts at extreme temperatures, impairing observation of thermomechanical

coupling in composite materials. To address these limitations, a purpose built bidirectional temperature
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controlled in situ loading apparatus for industrial CT systems was developed and implemented. The appa-
ratus enables non destructive characterization of the dynamic microstructural evolution of composite speci-
mens within a controlled temperature range of —20 "C to 150 “C by optimizing the fixture geometry, incor-
porating a symmetric upper and lower bidirectional temperature control module, and integrating a highly
adaptable in situ tensile control system. The device was evaluated through in situ tensile tests on carbon fi-
ber reinforced polymer (CFRP) plate specimens across multiple temperatures. Coupled with industrial
CT three dimensional reconstruction, the mesoscale damage evolution of CFRP was captured in real time.
Results demonstrate that, throughout the —20 °C to 150 °C range, incremental tensile displacement can
be continuously recorded by industrial CT from micro damage initiation through to macroscopic failure. At
elevated temperatures, matrix softening, pronounced interface debonding, and thermal expansion mis-
match were observed, resulting in reduced mechanical performance. At low temperatures, resin embrittle-
ment, microcrack initiation, and interface stress concentration were evident, leading to performance degra-
dation. These findings confirm the apparatus provides reliable temperature control and loading stability
across the tested range. The developed device offers a robust technical platform for elucidating damage
mechanisms and structural evolution of composite materials under extreme thermal conditions and estab-
lishes an experimental foundation for their engineering applications in aerospace, transportation, and relat-
ed fields.

Key words: industrial CT; in-situ tensile loading device; bidirectional temperature control; carbon fiber

reinforced polymer; internal damage evolution
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(a) Overall view of the test system, comprising the bidirectional temperature-controlled in-situ loading device, displacement and load control module,
integrated control box for temperature setting and data reading, as well as voltage regulation and temperature monitoring modules
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Fig. 1 Bidirectional temperature-controlled in-situ loading devices
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