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Evaluation of fatigue fracture mechanisms of A/ alloy
liner/FW-CFRP composite pressure vessels
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*1 Graduate school of Science and Engineering, Saitama University,
255 Shimo-ohkubo, Sakura-ku, Saitama, 338-8570 Japan

Fatigue fracture mechanisms of the A¢ alloy liner/FW-CFRP composite pressure vessels were eval-
uated through experimental and simulation approaches. Burst tests and cyclic pressure tests were
conducted for a specially designed composite vessel. Fracture surface morphologies were observed
microscopically and the fatigue crack propagation mechanisms were investigated using fractography.
Fatigue behaviors of Al liner were examined through simulated stress and strain amplitudes and its
mixed mode fatigue crack propagation characteristics. The effects of CFRP layer thickness on the
fatigue life of Al liner are presented in the context of optimum fatigue design.
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Fig. 1 Sectional view of a composite vessel
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Table 1 Configuration of A¢ alloy liner
Volume | OD TL | MT | AO
12 mm mm | mm | MPa
4.7 127.8 | 461.8 | 1.78 | 149

OD : Outside diameter, TL : Total length, MT :
Minimum thickness, AO:Autofrettage operation

Table 2 Mechanical properties of A6061-T6
E v Oys E, opB
GPa MPa | MPa | MPa
68.9 | 0.33 | 286 | 520 | 303

E : Young’s modulus, v :
¢ Yield stress, E,
strength

Poisson’s ratio, oy

: Plastic modulus, op : Tensile

Table 3 Mechanical properties of CFRP and
strength of carbon fiber

Ey | B3, E3 | vig,v13 | Va3 Sy
GPa | GPa GPa
161 9.0 0.38 0.305 | 3.42

E; : Young’s modulus (Fiber direction), Fs, Fs5
: Young’s modulus (Transverse direction), via, 13 :
Poisson’s ratio (1-2 and 1-3 direction), vo3 : Poisson’s

ratio (2-3 direction), Sy : Fiber strength

Table 4 Thickness at center of CFRP laters (unit :
mm

90° | 65° | 17.3° | 65° | 17.3° | 65° | 17.3° | 90°

240 | 0.84 | 1.67 | 0.84 | 1.67 | 0.84 | 1.67 | 0.23
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Fig. 2 Placement of strain gages (unit : mm)
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Fig. 5 Principal stress of z-6 direction at center of a

A/ alloy liner
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Table 5 Results of burst test
Vessel number | Burst Pressure[MPa]

1001 165
1002 170
£003 165

Table 6 Cyclic pressure test results

Vessel | Ppax | No. of cycle | Crack length
No. [MPal] at LBB [mm]

f 004 87.5 435 3,3

§ 005 87.5 937 3

# 006 87.5 1,487 5

§ 007 70 5,750 —

f 008 70 4,160 3

£ 009 50 41,720 2

f 010 50 83,298 2
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Fig. 7 Macroscopic view of fracture surface (4005,
Pnax=87.5[MPa))

Fig. 8 Microscopic view of fracture surface (Location
1, 005, P1ax=87.5[MPa])

Fig. 9 Microscopic view of fracture surface (Location
1, 4005, Py,ax=87.5[MPal)
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Fig. 10 Macroscopic view of fracture surface (£009,
Pimax=50[MPal])

Fig. 11 Microscopic view of fracture surface
(Location ¢, 009, Py,,x=50[MPa])
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Fig. 12 Oblique edge crack at center of liner

K. = /K?+K%, (1)
K; = (Fgo9 + FrrooWma  (Kp>0),
Kr =0 (K;<0), (2)
K = (Fugoo + Frrop )V ma.

Table 7 Correction factors for an oblique edge crack
in a semi-infinite plate
B Fro Fr. | Frre | Frrr
45° | 0.705 | 0.354 | 0.364 | 0.354
90° | 1.121 | 0.000 | 0.000 | 0.000
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Fig. 13 Pressure - N curve and cycle test result
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Fig. 14 Optimum design curve
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