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Development of an Automated Design System of CNG Composite Vessel
using Steel Liner Manufactured by D.D.I Process
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ABSTRACT

The fiber reinforced composite material is widely used in the multi-industrial field where the weight reduction of the
infrastructure is demanded because of their high specific modulus and specific strength. It has two main merits which are
to cut down energy by reducing weight and to prevent explosive damage preceding to the sudden bursting which is
generated by the pressure leakage condition. Therefore, Pressure vessels using this composite material in comparison
with conventional metal vessels can be applied in the field such as defense industry, acrospace industry and rocket motor
case where lightweight and the high pressure are demanded. In this paper, for nonlinear finite element analysis of E-
glass/epoxy filament winding composite pressure vessel receiving an internal pressure, the standard interpretation model
is developed by using the ANSYS, general commercial software, which is verified as the accuracy and useful
characteristic of the solution based on Auto LISP and ANSYS APDL. Both the preprocessor for doing exclusive analysis
of filament winding composite pressure vessel and postprocessor that simplifies result of analysis have been developed

to help the design engineers.
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Table 1 Process planning for D.D.I

1. Pressure vesseal apec. stage-2
out diameter 315 die diameter 398.04
thickness 4.4 cup length 718.19
inner diameter 306.2 cup section area 11771.67
length 2080 reduction area ratio 21.44
2. blank deslign stage—3
thickness 122 die diameter 392.86
volume 9828706 cup length aB7.69
diameter 1012.8 cup section area 8559 61
3. Draw 1 reduction area ratic 27.29
drawing ratio 2.024 5. Oraw 3
punch diameter 487.59 drawing ratio 1.2329
die diameter 513.21 punch diameter | s0s.2
cup length 393.69 stage—1
cup section area 19179.05 diz diameter 319.61
reduction area ratio 50.69 cup length 1354.9
4. Draw 2 cup seclion area 6591.15
drawing ratio | 128 reduction area ratio 23
punch diameter | a7s.74 stage-2
stage—1 die diameter 315
die diameter 403.14 cup iength 2080
cup length 564.23 cup section area 4293 43
cup section area 14983.73 reduction area ratio 34.86
reduction area ratio 21.87 lotal reduction area ratio 49.84
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Fig. 7 Stress distribution of the liner in bursting testing
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Fig. 9 Basic window of the input and shape treatment
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Fig. 10 Result carried out in the input and shape
treatment module
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44 ZEZRN2 2502 X
ONG BE87] s14g F937] fate Zelxz
A2 RES 2 BYA QYRR HHasm

4 AYRE, T2 dHREes FEEY

Table 2 Material properties of liner (34CrMo4)

Properties Value(kgf/mm? )
Elastic Modulus( E ) 2.04§ 10*
Poission’s Ratio( v ) 0.25

Yield Strength 85.8
Tensile Strength 96.7

Table 3 Material properties of composite material

Properties Value(kgf/mm?)
Longitudinal Modulus(Ey4) 5483946
Transverse Modulus(Es,) 1827.982
Transverse Modulus(Es) 1927.982
Poission's Ratiol vy, ura) 0.25
Transverse Shear Modulus(Gio) 913.991
Longitudinal Tensile Strength(X)) 105.46
Transverse Tensile Strength(Y:) 2.81
Transverse Shear Strength(S) 42
Longitudinal Compressive Strength(X.) 105.46
Transverse Compressive Strength(Y) 14.0614
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Fig. 14 Pressure data input window for transient analysis

Fig. 13 Input window of material property data
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Fig. 15 Meshing and boundary condition
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Fig. 16 Distribution of the residual stress on unloading
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Table 4 Results of the ANSYS analysys

Autofrettage Process
cla|la|aloc|mw|ala
207har | 483 | 4665 | 4204 | -078 | 5738 | 6407 | 4492 | -091
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Fig. 18 Photograph of the burst composite vessel
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