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Failure Analysis on Leakage of Composite Cylinder During Autofrettage

YANG Hongbo'? TIAN Gui'? SHENG Weihua'?
(1 Shanghai Institute of Space Propulsion, Shanghai 201112)
(2 Shanghai Engineering Research Center of Space Engine, Shanghai 201112)

Abstract A composite cylinder leaked during autofrettage. The fracture reason of leakage was found out by fracture ,
metallographic and stress analysis. The results show that the main reason of fracture and leaage in low pressure is the
anisotropic coarse grain structure around the neck of the liner which reduced the toughness, plasticity and strength of the

structure. The necking—in heating process and spinning technology is refined , and microstructure around the neck of the

liner is improved. Finally, the leakage problem is solved and the quality of composite cylinder is stabilized.
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Crack location of aluminum alloy lining of gas cylinder
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Fig. 2 Low magnification microstructure of crack cross section
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Fig. 3 High magnification microstructure of crack cross section
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Fig. 4 Full view of crack fracture
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Fig. 5 High magnification morphology of fracture in bright area
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Fig. 6 Sheard dimples in the final fault zone
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Fig. 7 Local magnification of dimple fracture in bright zone

P8 BT s i AR

Fig. 8 Fracture morphology of new dimples
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Fig. 9 Low doubling structure of cylinder nozzle profile
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Fig. 10 Expanded view of low magnification microstructure at the symmetrical part of the crack
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Tab.1 Mechanical properties of aluminum alloy lining

PLHr 58 B /MPa Jett MR 55 /M Pa WP /GPa TARA L

330 280 70 0.3
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Tab.2 Mechanical properties of composite layer

E/GPa E,/GPa EjJGPa V,, V,, V, G,/GPa G /GPa G, /GPa

101 10.1  10.1 027 0.27 027 5.05 5.05 3.98
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Fig. 11 Stress distribution of liner under self-tightening

pressure
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Fig. 12 Stress distribution in liner nozzle area under self—

tightening pressure
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Fig. 13 Changes in microstructure and properties of work

hardened metals when heated
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Fig. 14 Grain size and deformation of metal recrystallization
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Fig. 15 Metallographic structure at the root of cylinder nozzle after

improvement
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