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Numerical study on the sealing performance of shape memory
alloy beam seal
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Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: In view of a shape memory alloy beam seal with elliptical arc groove in the female
connector, the elastoplastic finite element thermodynamic coupling model considering the fluid pressure
and temperature in the pipe was established by using ABAQUS software. The contact bandwidth and
contact stress distribution between the female and male connectors were obtained by numerical simulation.
Based on percolation theory and finite element contact analysis of micro rough sealing interface, the
critical contact stress with zero leakage probability of shape memory alloy sealing interface was calculated.
Combined with the contact stress distribution on the primary seal, S index was used as the evaluation
criterion of the sealing performance of shape memory alloy beam seal. The effects of preload, fluid
pressure and temperature on the sealing performance of shape memory alloy beam seal were numerically
simulated. The results showed that within the range of assembly tightening torque, the sealing performance
increased with the increase of preload; the sealing performance increased with the increase of fluid
pressure in the pipe, indicating that it had good self-sealing feature; the sealing performance was basically

stable within the fluid temperature range of —50— 200 °C, which could meet the sealing requirements.
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Numerical analysis showed that shape memory alloy beam seal had better sealing performance than

stainless steel and titanium alloy beam seal under the same working conditions.

Keywords: beam seal; shape memory alloy; sealing performance; thermal-mechanical coupling;

critical contact stress
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Fig.2 Definition of geometric parameters of SMA beam seal
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Table1 Geometric parameters of SMA beam seal
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F 2 NiTiFe 2EAHX R
Table 2 Plastic constitutive relationship of NiTiFe
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Fig. 3 Finite element model of contact surface settings
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Fig. 4 Mesh division of beam seal

1100 ¢
1000
900
800
700
600
500
400
300
200
100 |

FIAESARN, J1/MPa

1136 3319 4243 6854 93172031122064 24022
ZEE e
5 IORHERIN )5 AR Hic ) DG R
Fig. 5 Maximum contact stress versus

mesh number



516 o= 3

VAN S 1

38 %

K Hl Newton-Raphson 7% 5 X FK §1] p& %58 15 11
SO S HE B T 43 A, WL 6 itk AT, R
B4k R B WP B 18 A 0% B, Horh N AR e
S B — 18 R B, SR 0 T A
R E, PR B B9 AR BDE MR 0 £7 e ff 15
PR 5 B 2 AP i EL A S Y B 8 5, RS
AACHE 7 LE R B R G AP R R Bl B T 2 B
126 30 25 B QR R A 5 — I B, RIEE I R R
B PERRE AT AEN,

A F1/MPa
1313.0

1094.0
875.4
656.6
437.7
218.9
0

6 [91E L P IE B B ) 431
Fig. 6 Contact stress distribution of two seals of

female connector
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Fig. 7 Contact stress distribution on the primary sealing
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Fig. 8 Plastic strain distribution on the sealing surface
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Fig. 9 Leakage probability versus contact area ratio
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Fig. 11 Contact area ratio versus contact stress
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Fig. 12 Schematic of the S index solution
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Fig. 15 Sindex of SMA beam seal versus fluid pressure
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Table 3 Material parameters of NiTiFe

R/ LA/ Wk =B
(g/em?) J/(gC)) 107 ¢

6.44 6 1.1 0.33

LV

&4 NiTiFe ZRE THHHSE
Table 4 Material parameters of NiTiFe at

various temperatures

R/ C SIMEE/(W/(m-C)) PR /GPa
-50~0 20.09 91.27
0~50 20.90 89.00
50~100 21.71 86.28
100~150 22.68 84.47
150~200 23.49 81.75
200~250 24.46 79.48
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Table 5 Plastic constitutive relationship of 304 stainless steel

N S)/MPa SBPERAS || LSRN S /MPa SRR AR
418 0 882 0.25
500 0.015 81 908 0.35
605 0.029 83 921 0.45
695 0.056 932 0.55
780 0.095 955 0.65
829 0.15 988 0.75

R6 TCAHASEERHXR
Table 6 Plastic constitutive relationship of TC4

titanium alloy

LIS/ MPa BN AE
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922.5 0.001
945.0 0.002
967.5 0.003
990.0 0.004
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