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Simulation Analysis of Deformation in Deep Cryogenic
Space Freezing Racks
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Abstract

This paper focuses on the low-temperature deformation study of a key component in automated sample storage systems under
cryogenic conditions (typically below -80°C)—the stainless steel welded cryogenic rack. For complex welded structures, relying
solely on the linear thermal expansion coefficient from manuals is insufficient to meet the precision requirements of practical
engineering design. Through a combination of experimental measurements and finite element simulation (SolidWorks Simulation),
the study systematically measured and analyzed the linear contraction and layer bending deformation of the cryogenic rack.
Experiments directly measured the coordinate deformation at critical positions of the rack body using a three-coordinate measuring
instrument at different temperatures (room temperature, -20°C, -40°C, -80°C), with detailed comparisons made against simulation
data under identical conditions. The results indicate that within this temperature range, the low-temperature deformation of complex
welded structures follows linear thermal expansion patterns. Additionally, differences were observed in the contraction coefficients
between the transverse (Y-axis) and longitudinal (Z-axis) directions, which may be related to material anisotropy and manufacturing
processes. The study validates the effectiveness of finite element simulation in analyzing such issues, providing important theoretical
foundations and practical guidance for optimizing subsequent similar structures’ simulation and manufacturing processes.
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