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Test Method to Evaluate the Fiber Material Properties of Filament Wound Composite
Pressure Vessel

Tae-Kyung Hwang”, Jae-Beom Park*, Hyoung-Geun Kim'

ABSTRACT

The fiber material properties, elastic constant and strength, are the most important factors among the various
material properties for the design of composite pressure vessel, because of it's dominant influence on the
performance of composite pressure vessel. That is, the deformation and burst pressure of pressure vessel highly
affected by the fiber material properties. Therefore, the establishment of test method for exact fiber material
properties is a priority item to design a composite pressure vessel. However, the fiber material properties in
filament wound pressure vessel is very sensitive on various processing variables (equipment, operator and
environmental condition etc..) and size effect, so that it isn't possible to measure exact fiber material properties
from existing test methods. The hydro-burst test with full scale pressure vessel is a best method to obtain fiber
material properties, but it requires a enormous cost. Thus, this paper suggests a newly developed test method,
hoop ring test, that is capable of pressure testing with ring specimens extracted from real composite pressure
vessel. The fiber material properties from hoop ring test method showed good agreement with the results of
hydro-burst test with full scale composite pressure vessels.
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Fig. 1 Test methods for fiber maferial properties; (a) ASTM D3039,
(b) ASTM D2290, (c)ASTM D2585.
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Fig. 2 Hoop ring test fixture; (a) Top view, (b) Side view with top cover
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Fig. 3 Pressure versus hoop strain during hoop ring test.
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Fig. 4 Failure mode of existing hoop ring.
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Fig. 5 Finite element analysis for hoop ring test.
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Fg. 6 Circumferential strain distribution along the width of hoop ring for
existing and reinforced hoop ring.
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Fig. 8 Fiber failure strain versus cunnulative probability of failure curve;
(a) Existing hoop ring, (b) Reinforced hoop ring.
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Table 1 Summary of fiber failure strain distibution as a function of ring

shape design
. Weibull
N Normal function function
u(%) (%) Q B(%)
Existing ring 9 1.56 6.5 19.0 1.60
Reinforced ring 8 1.81 3.0 323 1.84
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Fig. 9 Typical cylinder Failure mode from hydro-burst test with ¢
500.0(mm) vessel.
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Fig. 10 Schematic flow chart for allowable material properties.
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Table 2 Summary of fiber fallwre strain distribution as a function of test

method
Test Method u %) o v (%) N
1 UD. Laminar 1.66 0.11 6.6 21
2 Split disk 1.65 0.075 4.5 5
3 Hoop ring 1.81 0.05 2.8 8
4 D500 87 1.80 0.086 4.7 4

Table 3 Summary of analysis of variance of test method

F-value P-value F yzp 7H4d

Test 1,234 10.10 0.105 2.84 7Yzk
Test 4-1 4.85 0.048 427 7izk
Test 4-2 5.398 0.04 4.844 712+
Test 4-3 0.047 0.8327 4.965 2=y
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Fig. 12 Typical pressure versus hoop strain curve from hoop ring test.
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Fig. 13 Typical fiber strain versus fiber stiffness from hoop ring. test.

Table 4 Measured hoop stiffness from hoop ring fest

Unit: GPa u (%)
Initial modutus 134.2 1.4
Tangent modulus at failure 141.9 1.3
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Fig. 14 Failure mode of @157,0(mm) hoop ring.

Table 5 Fiber failure strain distibution from @ 157.0mm hoop ring test

# (%) o v (%) N

@157 ring 1.83 0.0679 37 6

Table 6 Analysis of variance of hoop ring test method as a function of

diameter
Fovalue | P-value | F pap 7had
@ 157- ©500 0.221 0.64 4.74 Pt
.48
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