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Structure Optimization and Finite Element Analysis of Shape
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Abstract; In order to solve the chronic leakage problem at the tubing interface, a shape memory
alloy (SMA) used for naval nuclear reactor coupling was studied. A structural optimal model for
the NiTiNb shape memory alloy coupling was established. Using the genetic algorithm, the
structural design of the NiTiNb pipe coupling was optimized. The NiTiNb shape memory alloy
coupling was then analyzed through the thermal-structural coupled simulation using the finite
element method. The results suggest that the computational results agree well with the theoretical
data. Therefore, the method proposed is feasible and effective, and has great versatility and
practical significance.
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Fig. 1 Stress analysis of the NiTiNb pipe coupling and the connected pipe when they are connected
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Table 1 Physical and mechanical parameters of the NiTiNb pipe coupling and the connected pipe

S NiTiNb 14} ANEIM R
20C 300 € 20 C 300 €
JpAR R E/GPa 87 97 198 182
PUZAK Z L o x 10° 11.7 11.4 16.6 17.2
FEAE 0. 2% YA AR i B JE IR PR o,/ MPa 520 341 270 210
Pihi i o,/ MPa 750 721 655 500
FEHZ 5/% 40 40 55 29
THRA L v 0.3 0.3 0.3 0.3

e SRR AR 7% =5. 5 mm, YIRS
Ry =6.5mm,r\ Ry Fl E, vy, cp 5050
TR 05 P AR A B bR S P R R
A EC AT K R B r, Ry A Ey, vy, ap N
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Fig. 2 Genetic algorithm flowchart
of the NiTiNb coupling
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Fig. 3 Evolutionary curves of the NiTiNb coupling system’s
connecting force vs. genetic iterations at 300 C
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