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Cycling life prediction method considering compressive residual stress on
liner for the filament-wound composite cylinders with metal liner

Ji-Sang Park ¥, Sang-Su Jeung’, Jae-Han Chung~

ABSTRACT

In manufacturing process of composite cylinders with metal liner, the autofrettage process which induces
compressive residual stress on the liner to improve cycling life can be applied. In this study, a finite element
analysis technique is presented, which can predict accurately the compressive residual stress on the liner induced
by autofrettage and stress behavior after. Material and geometrical non-linearity is considered in the finite
element analysis, and the Von-Mises stress of a liner is introduced as a key parameter that determines pressure
cycling life of composite cylinders. Presented methodology is verified through fatigue test of liner material and
pressure cycling test of composite cylinders.
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Fig. 1 Cross section of composite cylinder.
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z symmetry condition:

49.7 Mpa (Minimum Burst Pressure)

35.7 Mpa (Autofrettage Pressure)

31.05 Mpa (Test Pressure)

20.7 Mpa (Service Pressure)

Pressure

cyclic symmetry condition:

Loading Sequence

center fixed condition

Fig. 3 Analysis sequence considering plastic deformation by autofrettage
of liner material.

Fig. 2 Single point and multi-point constraints for finite element model
of composite cylinder.
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Step 2: Unloading to zero pressure

Step 3: Loading up to cycling (service) pressure
Step 4: Loading up to minimum burst pressure
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Fig. 10 Stress history of composite helical layer around knuckle part.
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Fig. 9 Stress history of liner around knuckle part.
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Table 2 Pressure cycling test results of composite cylinders

Number of cycles

Test article . Failure mode
to failure

cylinder #1 23,264 leak around knuckle

cylinder #2 22,720 leak around knuckle
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