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Evaluation of Strength Transition Rate for 6.8 L Composite Pressure Vessel
Using Domestic High Strength Carbon Fiber
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The munitions industry uses high-strength carbon fiber composites imported from other countries because of the lack of the
information about the properties that should be satisfied by the domestic high-strength carbon fiber composites. Verification
of the applicability of domestic high-strength carbon fiber composites to the munitions industry requires comparison of the
fiber strength transition rate between the carbon fiber composites imported from other countries and domestically. A strand
test was performed to evaluate in the unit of a fiber the mechanical properties of the imported high-strength carbon fiber
composites and domestically. Additionally, a composite pressure vessel was prepared using the filament winding method to
perform a hydrostatic pressure test and calculate the fiber strength in the unit of a structure. Comparison of the fiber
strength results showed that the fiber strength transition rates of the domestic carbon fiber composites H2550 and H3055,
were 86.35 and 74.19%, respectively. Domestic carbon fiber composite material H2550 is expected to be replaceable in the
munitions industry.
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NOMENCLATURE Py, = Hydrostatic test maximum load

Teyinaer = Radius of pressure vessel

P = Maximum load a = Helical winding angle

pr = Density of the fiber Thoop = Winding thickness of pressure vessel

MUL = Mass per unit length of the sized fiber V; = Fiber Volume fraction

E = Fiber chord modulus 7, = Radius of pressure vessel boss

P, = Tensile load at lower strain limit P,; = Burst pressure of aluminum liner

P, = Tesile load at upper strain limit Ouryiela = Yield stress of aluminum

& = Upper strain limit Pryyaro-burse = Burst pressure of composite pressure vessel

& = Lower strain limit Y4z, = Aluminum liner of thickness

oy = Fiber direction strength of pressure vessel Ryiner = Aluminum liner of radius
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Fig. 1 Strand specimen manufacturing process
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Fig. 3 Strand test
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Fig. 4 Schematic diagram of strand test
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Table 1 Result of strand test

. Tensile cv Elastic cv
Fiber strength [%] modulus [%]
[MPa] ¢ [GPa] ¢

H2550 4,744.63 3.98 238.61 1.55

T700 4,883.33 4.38 229.11 1.79

H3055 5,490.37 3.38 278.07 1.93

T800 5,438.78 2.84 286.54 221

Tensile strength = P x M——ELUL (1)

P, —P,xp)

. — ( u ! pf
Elastic modulus G —a)x MUL ?2)

AEHE QIAAIF A} T700, T80 SraA]G-o] 49, 22t
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Fig. 5 Composite pressure vessel manufacturing process
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Fig. 7 Hydro-pressure test of composite pressure vessel and failure
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Fig. 8 Hydrostatic test for composite pressure vessel
Table 2 Result of hydro-pressure test
. P Hydro-burst Ccv
Materials No. [MPal] [%]
H2550 20 50.43 4.36
T700 2 50.94 4.42
H3055 15 60.54 6.58
T800 5 60.13 2.40
Table 3 Variables for fiber strength evaluation
Materials Ppur [MPa] Thoop [MmM]
H2550 40.77 1.17
T700 50.94 1.34
H3055 51.91 1.43
T800 50.98 0.98
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Table 4 Result of fiber direction strength for composite materials
pressure vessel

Fiber direction Fiber direction

Materials strength Materials strength
[MPa] [MPa]
H2550 4,122.66 H3055 4,174.68
T700 4,458.21 T800 6,014.92
|
Py xrex| 1 —Etan o
Ui er = (3)
fib thoop X Vf
Pburst = PHydro—burst_PAL (4)
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Table 5 Result of fiber strength transition

Materials STR [%] Materials STR [%]
H2550 86.35 H3055 74.19
T700 91.29 T800 110.59
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