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Analysis of an Autofrettage Effect to Improve Fatigue Life
of the Automotive CNG Storage Vessel
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Abstract
Type 2 compressed natural gas(CNG) storage vessels for automobiles are becoming widely used. They are not only
supplied to automakers in Korea, such as Hyundai Motors, but increasingly, they are being exported overseas.
Autofrettage is a process that produces beneficial residual stresses in a vessel by subjecting it to excessive internal
pressure. This strengthens the vessel and improves its fatigue resistance. This paper presents research investigating the
autofrettage process and residual stresses it produces in type 2 CNG storage vessels. A finite element analysis technique
and a closed form equation are used. Then, fatigue resistance is analyzed through a fatigue evaluation performed

according to ASME section VIII.
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(b) Elastic-plastic state
Fig. 1 Thick-walled cylinders subject to uniform

inner and outer pressure
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Fig. 2 The Type II compressed natural gas storage
vessel for automobiles
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Table 1 Comparison of residual stresses calculated
from the theory (thick-walled cylinder and
thin-wall cylinder (unit : MPa)

Residual
Stress
Theory in thick-walled cylinder -441.4
Theory in thin-walled cylinder 241.5
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Table 3 Comparison of the design pressures used in
between Type II pressure vessel and Type
Il pressure vessel (unit: MPa)

Type I Type I
Working Pressure 20.70 20.70
Hydraulic Test Pressure 31.10 31.05
Bursting Pressure 56.90 49.70
Autofrettage Pressure 40.00 35.70

Table 4 Properties of A16061-T6 used in FE analysis

AISI 4135H | Al6061-T6

Young’s Modulus 205 GPa 69 GPa
Yield Strength 850 MPa 276 MPa
Ultimate Tensile Strength 950 MPa 310 MPa
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