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Optimal Design of Filament Wound Composite CNG Pressure Vessel
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Abstract

The optimization is performed to reduce the mass of CNG pressure vessel reinforced with composite
materials in the hoop direction. An axisymmetric shell element which takes into account the layered liner and
hoop composite materials is thus developed and incorporated into a program Axicom. The accuracy of the
program is then verified using the 4 noded element in ANSYS. Three different cases of optimization are then
performed using the Axicom: (1) uniform hoop thickness, (2) varying hoop thickness, and (3) varying the ply
angles and accordingly the thickness. Compared with a traditional method, cases (2) and (3) were found to be
very effective in reducing the thickness and cost of the hoop composite materials by about 80% without

sacrificing the safety factors.
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Fig. 3 Design model of case III
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Find t,t,
Minimize m,
Subjectto  m, <m,
R<1
Hoop thickness
t()=t, for z<0

@

Ply angle
0(2)=90° for z<0

Case 11 :



UAHE 949 A CNG 454719 HAH4A 25

Find t.tt,,0,1,

Minimize m,

m, <m,

R<1

Hoop thickness
t(z)=t, for —I,<z<0 2)
reeianfs )

for =(l,+1)<z<-l,
for z<-(,+1)

Subject to

(z) =1,
Ply angle
6(z)=90° for z<0

Case III :

Find 1,t,t,1,.,0

Minimize m,

Subjectto  m, <my,
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Ply angle
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Fig. 8 Pressure vessel model for verification

Table 1 Material Properties of steel, E-glass/Epoxy

and T300/5208
Steel E-glass/Ep. | T300/5208

E, [Gpal 196.00 38.60 181.00
E, [Gpa] 196.00 827 10.30
E, [Gpa] 76.00 4.14 7.17
v 0.29 0.26 0.28
X [Gpal 1035 1062 1500
X' [Gpal 1035 610 1500
Y [Gpa] 1035 31 40
Y’ [Gpa 1035 118 246
S [Gpal 620 72 68
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Fig. 9 Distribution of radial displacement in each
results, Axicom and ANSYS
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Fig. 10 Distributions of strength ratios in each results;
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Table 2 Optimization results for the three cases

t; [mm) tp [mm] t, [mm] I, [mm] J, [mm) O [degree] my [kg] Cost[¥]

Reference 3.80 9.53 - - 90.00 16.79 466,308
Case I 4.85 3.69 - - 90.00 6.42 190,137
Case 11 5.10 143 1.49 1514 90.00 2.91 96,107
Case III 5.13 1.39 - 102.2 87.96 2.83 94,184
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