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Mechanical structures with power sources experience repeated force produced by moftors. In
result, the life of the pipes reduces and ultimately, the pipes collapse. Such pipes are formed into
several shapes and particularly, the U-shape pipe is damaged frequently. In most cases, the U-
shape pipe is made with a straight pipe by complicated bending work. During this work process,
plastic deformation of the pipe produces residual stress in the pipe. This residual stress
significantly affects the fracture behavior of the pipe and induces the change of the stress ratio
(min. stress/Max. stress = R). For this reason, residual stress has to be evaluated. In this paper,
the residual stress of a U-shaped pipe was evaluated by FEM analysis. In addition, fatigue tests
of the U-shaped pipe were performed by using a uniaxial fatigue testing machine. The results of
the fatigue test were modified with the results of FEM (Finite Element Method) analysis for
residual stress. The modified fatigue test results of the U-shaped pipe were compared with those
of a straight pipe.
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R = Stress ratio (Min. stress/Max. stress)
FEM = Finite Element Method
0, = Amplified Stress

= Ultimate Stress

= Mean Stress

= Equivalent Stress
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Fig. 1 Tensile specimen of () full-size tubular section with
metal-plug and (b) C-shaped section (ASTM)
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Table 1 Properties of copper pipe by K8§ D5301

Tensile Strength (MPa) 205 or more
Elongation (%) 40 or more

Elastic Modululs (GPa) 117.7~132.4
Poisson’s ratio 0.33
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Fig. 2 2-step processed specimens for tensile test.
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Fig. 3 Tensile test specimens after tests
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Table 2 Results of tensile tests ﬂﬂ ZFe=Th
Yield Stress | Tensile Stress | Elongation wakA] 92 dolgE iste 2835 ¢k
(MPa) (MPa) (%) i oAXE 1 x 10° cycle 8 $HE HRIER
1 54.7 244.2 50.9 Aed 9
2 58.3 2449 46.2
3 59.1 243.1 455
Aver. 57.4 244.04 47.5

Stress, MPa

R (@) (b)
08 231 82 ki3] 04 05 98

Strain Fig. 6 (a) Test machine and (b) installed jig and assembly
Fig. 5 True stress-true strain curve for FEM analysis of jig for uniaxial fatigue tests
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Fig. 9 Change of properties by work hardening
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Fig. 10 Shape of U-shaped épecimens for stiffness test

Fig. 11 Failure example of U-shaped pipe
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Fig. 12 Boundary condition of fatigue tests

Fig. 13 Specimen’s behavior in fatigue test

Fig. 14 Installed specimen and jigs for fatigue test
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Fig. 16 P-N curve for bending fatigue test
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Fig. 18 Result of FEM analysis (curvature radius 15 mm)

Fig. 19 Result of FEM analysis (curvature radius 25 mm)
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Fig. 20 Residual stresses on the side of U-shaped pipe
(curvature radius 15 mm)
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Fig. 21 Residual stresses on the side of U-shaped pipe
(curvature radius 25 mm)
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