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Abstract - Unlike a typical static seals, spring-energized static seals exhibit improvement in leak-tightness by
reinforcing the spring inside the aluminum lining. Thus, spring-energized static seals are widely used in various
industrial fields, such as aerospace, semiconductors, and petrochemical industries. The primary objective of this
study is to develop design guidelines for spring-energized static seals in a wide range of temperatures, including
that of cryogenic environments, by analyzing the required performance and influence of design variables through
simulations. There are various parameters that can be controlled to design a leak-tight seal. In this study, the finite
element analysis (FEA) is performed by controlling the parameters related to the spring and the thickness of the
aluminum lining, and the result of the leakage between the seal and the casing is confirmed. Considering the
influence of each parameters, all of them are found to be important. However, it is observed that the spring-
related variables are more important than the aluminum lining or other variables when complexity is considered.
We can identify the threshold value of spring stiffness that changes leak-tight performance of the seal by per-
forming FEA. Simulation results, under the conditions that are considered in this study, show that spring stiffness
should be at least 3.6 N/m to maintain leak-tightness caused by the sufficient contact force between the aluminum
lining and the upper and lower casings.
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Y, : Load on the compression curve above which a : Helix angle (deg) ¥ ZI%)
leak rate is at required level (N/mm) (5-31%) E : Elastic modulus (GPa) &M37157)
e, : Optimum compression (mm) (EHU=T) d : Wire diameter (mm) &Y 274)
Y1 : Load on the decompression curve below which n :No. of coils @Y 7] 3)
leak rate exceeds required level (N/mm) (712 D : Spring diameter (=323 Z7)
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Fig. 1. Characteristic curve of a spring-energized static
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Fig. 2. A 3D model of spring-energized seal for finite
element analysis.

Table 1. Material properties used in FE analysis
Outer Inner

Material properties lining lining Spring
Al alloy Inconel Ninomic
Young’s modulus (GPa) 71 214 220
Poisson’s ratio 0.33 0.324 0.28
Yield strength (MPa) 103 310 1175
Density (g/cc) 2.705 8.47 8.18
Thermal conductivity 77 14.9 115
(W/m°C)

Heat capacity (J/g°C) 0.904 0.444 0.446

Thermal expansion
(um/m°C)

23.6 13.3 12.7

FEM)O.= al4{513ict.
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Fig. 3. Inner pressure applied to outer lining and
casings.
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(a) coil thickness - 0.3 mm

(b) coil thickness — 0.4 mm

(¢) coil thickness — 0.5 mm

Fig. 4. Contact forces between the outer lining and
upper/lower casings shown in the FE analysis results
with respect to coil thickness.
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Fig. 5. Contact forces between outer lining and casings
obtained from the case of 0.4 mm coil thickness.
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Table 2. Effect of coil thickness and number of coils

Spring coil Spring

thickness No.. of stiffness Contact/
(mm) coils (N/m) leakage
0.3 69 1.05 Leakage
0.3 116 1.11 Leakage
0.5 20 2.78 Leakage
0.4 40 3.47 Leakage
0.4 50 3.60 Contact
0.4 69 3.60 Contact
0.5 30 4.17 Contact
0.5 69 9.58 Contact

Table 3. Effect of the elastic modulus of spring

Spring coil Young’s Spring
thickness modulus stiffness Contact/
leakage
(mm) (GPa) (N/m)
100 1.64 Leakage
130 2.13 Leakage
0.4 150 245 Contact
180 2.94 Contact
220 3.60 Contact
Spring Spring
stiffness \ O stiffness
[N/m] [N/m]
(Number \| (Spring coil
of coils) \\| thickness)
3.6 (50) —13.6.(0.4mm)

245 Spring stiffness [N/m]

(150GPa) (Young’s modulus, spring material)

Fig. 6. Spring stiffness and related parameters.
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