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Optimization Process of Type 4 Composite Pressure Vessels Using
Genetic and Simulated Annealing Algorithm
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TCorresponding author :
hskim70@gachon.ac.kr Abstract >> In this study, we conducted a design optimization of the Type 4 com-

_ posite pressure vessels to enhance the pressure-resistant performance of the
Ei\fzzzd 22 AAEEE:E ;gi vessels while keeping the thickness of the composite layer. The design variables
Accepted 25 August, 2021 for the optimization were the stacking angles of the helical layers of the vessels

to improve the performance. Since the carbon fibers are expensive material, it is
desirable to reduce the use of the carbon fibers by applying an optimal design of
the composite pressure vessel. The structural analysis and optimization process
for the design of Type 4 composite pressure vessels were carried out using a
commercial finite element analysis software, Abaqus and a plug-in for auto-
mated simulation, Isight, respectively. The optimization results confirmed the
performance and safety of the optimized Type 4 composite pressure vessels was
enhanced by 12.84% compared to the initial design.
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Table 1. Material properties of PE

Property Unit Value
Density Kg/m3 957

Young’s modulus MPa 1,000
Yield stress MPa 30

Fig. 1. Liner and boss assembly shapes
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Table 3. Material properties of T800/Epoxy composite

Property Unit Value

Density Kg/m’ 1,810

El GPa 156.5

E2 GPa 8.25

E3 GPa 8.25

G12 GPa 4.37

G13 GPa 4.37

Fig. 3. 2-D model analysis result 23 GPa 281

Xt MPa 2,986

Table 2. Percentage of differences in results Xe MPa 1,508
3-D model 2-D model Yt MPa 50

Max. stress 2,595 MPa 2,601 MPa Yc MPa 220
Difterences - 0.23% S12 MPa 66
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Fig. 9. Improvement result using genetic algorithm
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Fig. 11. Improvement result using simulated annealing
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Table 4. Compare for each model

Model Max. fiber Improv.ement
dir. stress ratio
Initial model 2,601 MPa -
Genetic algorithm 2,446 MPa 5.96%
Simulated annealing 2,267 MPa 12.84%
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