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Analysis of the Segment-type Ring Burst Test Method for the Mechanical
Property Evaluation of Cylindrical Composite Pressure Vessel

Woe Tae Kim*, Seong Soo Kim*'

ABSTRACT: Composite materials have been widely applied for fabricating pressure vessels used for storing gaseous
and liquid fuel because of their high specific stiffness and specific strength. Accordingly, the accurate measurement of
their mechanical property, particularly the burst pressure or fracture strain, is essential prior to the commercial
release. However, verification of the safety of composite pressure vessels using conventional test methods poses some
limitations because it may lead to the deformation of the load transferring media or provoke an additional energy loss
that cannot be ignored. Therefore, in this study, the segment-type ring burst test device was designed considering the
theoretical load transferring ratio and applicable displacement of the vertical column. Moreover, to verifying the
uniform distribution of pressure of the segment type ring burst test device, the hoop stress and strain distribution of
ring specimens were compared with that of the hydraulic pressure test method via FEM. To conduct a simulation of
the fracture behavior of the composite pressure vessel, a Hashin failure criterion was applied to the ring specimen.
Furthermore, the fracture strain was also measured from the experiment and compared with that of the result from

the FEM.
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Fig. 1. Schematic diagram of ring burst test system and the rela-
tion of loads
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Fig. 2. Mesh configuration of quarter ring burst test model

Table 1. Mechanical properties of T700/epoxy composites

Unit E, E, E, G, | Gy | Gy
[GPa] | 134 | 808 | 808 | 533 | 533 | 274
Unit v, Vis Vs
- 033 | 033 | 045

Unit b'd X¢ id Y¢ St st
[MPa] 2480 | 1170 44 129 82.4 64.5

Table 2. Material properties of ring burst test device

Materials E (GPa) v
SKD11 200 0.3
SM45C 206 0.29

PTFE 0.414 0.46
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Table 3. Hashin damage initiation criteria
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Fig. 3. The relation between contact angle and displacement of
the vertical column
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Table 4. Comparison of the experimental fracture strain

Fracture strain Exp. tensile test Exp. ring burst test
Avg. [%] 2.04 1.77
Std. dev. [%] +0.08 +0.05
C.V. [%] +4.2 +2.9
2.4
2.2
201 T2'04 =208
<181 §1.77 =182
E‘ 1.6
T 1.4]
$ 1.2
51.04
5‘!3 0.8
w 0.6
0.4
0.2
0.0 T T T T
Exp. FEA Exp. FEA
tensile  tensile RBT RBT
test test

Fig. 8. Comparison of the fracture strain between tensile test
and ring burst test result
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