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Abstract

In this study, the weight of type IV pressure vessel is optimized through the burst pressure condition using the finite
element analysis (FEA) based on the genetic algorithm (GA). The optimization design variables include the thickness of
composite layers and the winding angles. The optimized design variables are validated using the numerical simulations for
the pressure vessel. Consequently, the weight is decreased by about 6.5% as compared to the previously reported results for
Type 11l pressure vessel. Additionally, a method which reduces the entire optimization time is proposed. In the original
method, the population size is constant across all generations. However, the proposed method could reduce the workload
through the reduction of the population size by half for every 25 generations. Thus, the proposed method is observed to
increase the weight by about 0.1%, however, the working time for the optimization could be decreased by about 46.5%.

Key Words: Filament Winding, Fuel Cell Electric Vehicle, Hydrogen Gas Tank, Improved Genetic Algorithm, Optimized

Design, Type IV Vessel
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Table 1 Material properties of PA6(polyamide 6)

Properties Values Unit
Young Modulus (E) 2930 MPa
Poisson ratio (v) 0.39 -
Yield strength (F,) 75.50 MPa
Table 2 Material properties of T700/Epoxy
Properties Direction Values Unit
Young’s 181.00,
Modulus - 10.30, GPa
(E11, E2, Esg) 10.30
Shear modulus i 5.86, 3.46, GPa
(G2, Gz, Gaa) 5.86
Poisson ratio i 0.28, 0.49, i
(V12, V23, V13) 0.28
Tensile Fiber (X, 2150 MPa
strength Transverse (Y,) 298 MPa
Compression Fiber (X.) 2150 MPa
strength Transverse (Yo) 778 MPa
Fig. 32 849 4 2 ZHAZXZ(boundary

condition)= YERA etk A Rdo] AREE
RE Q49 /4E 1384371% oy 8 B A
& %A (8-node linear brick) &4 % 6336712 AL&

W, Bgael Aeld Fv FE Fe 8 A4
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Fig. 3 Finite element mesh and boundary condition
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Fig. 4 Example of binary array of chromosomes
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Fig. 5 Flow chart of genetic algorithm
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Table 3 Compare 1/4 model and full model FTOoERE o]Fojx & FEE JNAIFTE 20004 9
Population Max. Tsai-Wu failure index Error a4 o] 100049 R HTE ks AL Fig. 8
P 1/4model | Full model (%) 3} Fig. 128 E4 3¢l & 5 ). o2 Ea 2
20 9,677 9.895 -2.201 Aol okl ZAmrh A=ol mA= dFS st
AT,
50 9,871 9,667 +2.105
80 9,403 9,058 +3.814 Table 5 Optimized results
100 9,896 9,459 +4.622 Population Best fitness value Weight (kg)
100-12 9,750 9,570 +1.886 20 0.971 7.42
) 50 0.982 7.33
Table 32 7HAl4 mirhe] FHA ks 283 479
1 2ay $bds 2Efull model) A S E3) 80 0.987 7.28
Ao A It A< %S vwd Foljt}, 100-12= 100 1.001 7.22
x3H = 81 E ALk A== on| st
gd AAsE dAvlE 8@ AATE ST 100-12 1.000 7.23

th. Table 3ol A e} 3Fe] 4it9] 1 v} ghgh wmwl
o Hu st 249 #ol= 5% wHRke]H, Fig. 8~12
ol 4] 1 Edvh ek Helo] FHopgh i

Table 4 Optimized design variables

Thickness (mm) Winding angle (°)

Popula
tion Helical | Helical Helical | Helical
1 2 Hoop 1 2
20 5.2 6.2 45 44 41.4

50 51 5.9 4.8 71.3 115

80 51 59 4.7 75.2 7.6

100 4.9 6.2 4.3 70 115

100-12 51 6.5 3.7 67.4 7.6

Table 4= 70 A5=(population)ell w2 2|4 3}
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duvt T YA Fo FAE AN A
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Fig. 13 Completion time vs. generation no.
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Table 6 Workload and time for each population

Population Workload Time (min)
20 2,000 3,940
50 5,000 8,230
80 8,000 11,470
100 10,000 14,870
100-12 4,650 7,960
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(b) population size: 100, 100-12

14 Best fitness value vs. generation no.
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