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Development of Method of Pipe Expansion with Drawing for Improving the Fatigue Property under Internal Pressure

Daigo SuMiMOTO and Hirohisa ICHIHARA

Synopsis : The fatigue property under internal pressure is the most important property for high-pressure cylinders. Generally, this property is nearly pro-
portional to the tensile strength of the tube so far as the tube is free from material defects and welding defects. However, this property is af-
fected by the residual stress. In the production for high-pressure cylinders, drawing is the most widely employed practice as it ensures high
dimensional accuracy and permits the production of tubes of intermediate sizes. In this method, however, the fatigue property is decreased
because of the generation of tensile residual stress. To eliminate this tensile residual stress, a method of pipe expansion with drawing by the
use of two-stage plug has been developed. This method ensures the compressive residual stress on a stable basis and improves the fatigue
limit under internal pressure. As a result, the fatigue limit improved 17% under the conditions of reducing the outside diameter by 10% and
the wall thickness by 32.7%, respectively, with 0.5% pipe expansion.

Key words : drawing; forming; tubular product; fatigue; mechanical testing; residual stress.
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Fig. 2. Method of pipe expansion with drawing.
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Table 1. Chemical composition and tensile strength of ma-
terial.

Chemical Composition(%)

Mn P S Al Ca N o]

0.4410.014]0.0015] 0.019 |15ppm|43ppm}34ppm
Tensile strength

After normalizing 460N/mm’ IAfter drawing  680N/mm>

C Si
0.19] 0.153

Table 2. Test condition.

No, | Reduction of | Reduction of Wall | Ratio of g g e fnnex Dia-| Dia. of Plug Method of

Diameter (%) Thickness(%) expansion [ " mm mm drawing

1 10 - 0 57%5.2 57 — non plug

2 10 15.4 0 57X 4.4 57 482 plug

3 10 23.1 0 57X4.0 57 49.0 plug

4 10 27.9 0 57X3.75 57 49.5 plug

5 10 32.7 0 57X3.5 57 50.0 plug

6 10 32.7 0.5 57.26%X3.5 57 50-50.26 |two stage plug

7 10 32.7 1 57.56X3.5 57 50-50.5 |two stage plug
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Fig. 4. Outer diameter of tube after drawing and drawing-
expansion forming.
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Fig. 5. Wall thickness of tube after drawing and drawing-
expansion forming.
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Fig. 6. Simulation model for analysis.
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Fig. 7. Tensile strength obtained by tensile testing.
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Fig. 9. Ruptured strength obtained by burst test.
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Fig. 10. Ruptured elongation obtained by burst test.
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