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Abstract

Type 1l compressed natural gas(CNG) storage vessels for automobiles have been acknowledged for their
excellence and have recently become established in local regions. Their supply is not only to automakers in
Korea such as Hyundai Motors but they are being increasingly exported. Although the available products have
undergone safety evaluations and are certified by an authorized institution they are still short of the optimal
design that is possible for such storage vessels. This research investigates the shape and thickness of the dome
with the aim of optimizing the type Il CNG storage vessels by using a finite element analysis technique. CNG
storage vessels can be largely divided into 3 parts namely, the hear part, the cylinder part and the dome part.
The head part is designed by means of a hot spinning process and this method is safer than that used in the
design of the dome part even though its shape is similar. The thickness of the liners and reinforcing materials
was optimized based on the requirements of the cylinder and dome parts. In addition, the shape of the dome,
which is most suitable for Type Il CNG storage vessels, is proposed by a process of review and analysis of
various existing shape, and then conducting a structural stability evaluation to ensure the optimal design plan.
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Fig. 1 The fuel storage vessel(Type 1) used in CNG
automobiles

Fig. 2 Filament winding process of a fuel storage vessel
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(a) Prepared specimens (b) Ruptured specimens
Fig. 3 Specimens prepared and ruptured in tensile tests

(a) CT machine
Fig. 4 The equipment and estimated location used in
the anisotropic test

(b) Estimated location
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Fig. 5 The stress-strain curve resulting from the tensile
tests
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Fig. 6 Comparison of the directional strain resulting
from the anisotropic tests
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Table 1 Mechanical properties of the steel liner and the
composite used in finite element analysis

'\S?(():S::t:(ézl Steel Liner Composite

Ell 54.80GPa
E22 205.00 GPa 950.00MPa
E33 0.28 MPa
S11 1054.60 MPa
S22 950 .00 MPa 28.10 MPa
S33 28.10 MPa

Yield Strength 850.00 MPa

Poisson’s Ratio 0.28 0.25

- E11: Longitudinal Young’s Modulus
E22 / E33 : Transverse Young’s Modulus
- S11: Longitudinal Tensile Strength

S22 / S33 : Transverse Tensile Strength
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Table 2 The design data of a fuel storage vessel used in

a CNG vessel
Type | WP, TP B.P. | AFP. | LBP
l 20.0 30.0 45.0 - -
Il 20.7 31.1 56.9 40.0 26.0

- W.P.: Working Pressure

- T.P.: Test Pressure

- B.P.: Bursting Pressure

- A.F.P.: Autofrettage Pressure

- L.B.P.: Bursting Pressure of Liner
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(a) Dimension (b) Element division
Fig. 7 The dimension, shape and element division of
the model of Type Il fuel storage vessel
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Fig. 11 The FE model and the maximum equivalent
stresses according to the thickness variation from
the results of the FE analysis of steel liners
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stresses according to the thickness variation
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Table 3 Comparison of the thickness according to each
part (unit: mm)

Parts EX|s'F|ng Sugggsted
Design Design
Cylindrical Wall 4.3 4.6
Dome 6.5 6.0
Composite 6.6 4.8
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Fig. 13 The maximum equivalent stresses according to
the thickness variation from the results of the FE
analysis of the dome part
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Table 4 Comparison of length and density between
present and suggested dome shape

Parts Present Dome | Suggested Dome
Dome 67.12 130.30
Length | linder | 1,765.76 1,639.40
(mm)
Total 1,900.00 1,900.00
Density(g/cc) 7.85 1.80

Table5 Comparison of the weight between the steel
liner of present and suggested dome shapes

Parts Present Dome | Suggested Dome
Dome 665,247 830,213
Volume |- der | 7,950,316 7,903,471
(mm®)
Total 9,260,810 9,563,897
Weight(kg) 72.7 75.1

Table6 Comparison of the weights between the
composite of present and suggested dome

shapes
Parts Present Dome | Suggested Dome
Volume(mm?®) 12,202,811 8,247,100
Weight(kg) 22.0 14.8
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