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Cryogenic Seals Using Finite Element Method
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Abstract : As liquid hydrogen (LH,) bunkering and automated loading-arm systems expand, ensuring sealing
integrity at cryogenic temperatures becomes a critical safety requirement. Due to the extremely small
molecular size of LH, , even minor misalignments in flange connections can lead to significant leakage
risks. This study evaluates the effects of translational and angular misalignments on the contact-pressure
distribution of PCTFE O-rings used in LH, loading arms through finite element analysis (FEA). A
three-dimensional model was developed considering the material properties of PCTFE O-rings and SUS304
flanges at -253C. The simulation cases included translational offsets (0~2 mm) and angular misalignments
(0~0.5°). The results demonstrate that while translational misalignment has a relatively minor effect on the
sealing performance, angular misalignment causes substantial pressure asymmetry and localized contact loss,
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potentially creating leakage paths. These findings provide a physical basis for establishing safety evaluation

frameworks and Al-based alignment monitoring logic for automated cryogenic loading systems.
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flanges during assembly
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Table 1 Dimensions and material properties

Part | Geometry / Dimensions Material
Flange thickness: 20 mm
Upper | Flange diameter: 190 mm | SUS304
flange | Pipe inner diameter: 82 mm | Elastic
Pipe thickness: 10 mm Modulus(E):
200.0Gpa
Identical to Upper flange | Poisson's
Groove width for O-ring | ratio(y ):
]ﬂggeé seating: 4.0 mm 0.30
€° | Groove depth for O-ring
seating: 2.8 mm
Cross-section: PCTFE
O-ring | circular (@ = 3.5 mm) E = 1.0Gpa
Mean radius: 60 mm v = 0.46
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Fig. 3 Overall
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Fig. 4 Shape change of the O-ring before and after

flange assembly
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Table 2 Definition

misalignment cases

of translational and angular

CASE Angular offset Translational offset

CASELl 0° 0 mm

CASE2 0.5° mm

CASE3 0° mm

0

1
CASE4 0.25° 0 mm
CASES 0° 2

CASE6 0.25°

:

CASE7 0.25° 2 mm

CASES8 0.5° 1 mm

CASE9 0.5° 2 mm
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Fig. 6 Comparison of displacement contours: CASE 1
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Fig. 7 Comparison of displacement contours: CASE 9
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(a) Case 1 (b) Case 9
Fig. 8 Seal contact pressure distribution for CASE 1

and CASE 9
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