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Autofrettage Analysis of Compound Cylinder with Power Function
Strain Hardening Model

Jae-Hyun Park, Young-Shin Lee, Wo0-Sung Shim, Jae-Hoon Kim, Ki-Up Cha
and Suk-Kyun Hong

Key Words: Compound Cylinder(532=1H), von Mises Yield Criterion(von Mises &-5-3271), Bauschinger
Effect(F-YA &), Strain-Hardening(7}-5-43}), Autofrettage Model(X}171-5-52)

Abstract

In order to achieve long fatigue lifetimes for cyclically pressurized thick cylinders, multi-layered
compound cylinder has been proposed. Such compound cylinder involves a shrink-fit procedure
incorporating a monobloc tube which has previously undergone autofrettage. The basic autofrettage
theory assumes elastic-perfectly plastic behaviour. Because of the Bauschinger effect and
strain-hardening, most materials do not display elastic-perfectly plastic properties and consequently
various autofrettage models are based on different simplified material strain-hardening models, which is
assumed that combination of linear strain-hardenig and power strain-hardening model. This approach
gives a more accurate prediction than the elastic-perfectly plastic model and is suitable for different
strain-hardening materials. In this paper, a general autofrettage model that incorporates the material
strain-hardening relationship and the Bauschinger effect, based upon the actual tensile-compressive
stress-strain curve of a material was proposed. The model was obtained using the von Mises vyield
criterion and plane strain condition.

The tensile-compressive stress-strain curve was obtained by experiment. The parameters needed in
the model were determined by fitting the actual tensile-compressive curve of the material. Finally,
strain- hardening model was compared with elastic-perfectly plastic model.
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Table 1 Chemical composition of SNCM8

Cc 0.36~0.43 Cr 0.6~1.00
Si 0.15~0.35 Mo 0.15~0.30
Mn 0.60~0.60 Ni 1.60~2.00
P <0.03 W -

S <0.30 \Y -

Table 2 Mechanical properties of SNCM8

Young's modulus, E(GPa) 202.2
Tensile strength, o,(MPa) 1272
Yield strength, o, (MPa) 1129

Elongation, EL(%) 19
Reduction in area, RA(%) 59.2
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Fig. 4 Dimension of specimen
(All dimensions in mm)
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Table 3 Calculation parameters of SNCM8

o,(MPa) E(GPa) A4,(MPa) A4,(MPa) B, o¢p(MPa) E'(GPa) Az(MPa) A,(MPa) B,

1178 203 1096 12440 1 1449 192 05 42864 0.8
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Fig. 7 Residual stress distribution of compound
cylinder under 20 % overstrain level
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Fig. 8 Residual stress distribution of compound
cylinder under 40 % overstrain level
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