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Abstract: The induction heating bending process, which has been recently applied to nuclear piping, can generate
residual stresses due to thermomechanical mechanism during the process. This residual stress is one of the crack driving
forces that have important effects on crack initiation and propagation. However, previous studies have focused only on
geometric shape variations such as the change in thickness and ovality. Moreover, very few studies are available on the
effects of process variables on residual stresses. This study investigated the effects of process variables on the residual
stress distributions of induction heating bended austenitic stainless steel (316 series) piping using parametric finite
element analysis. The results indicated that the heat generation rate and feed velocity have significant effects on the
residual stresses whereas the moment and bending angle have insignificant effects.
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Fig. 3 Variations of the mechanical strength ratio with
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Fig. 6 Forced heat convection coefficient distributions
along piping axis
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Fig. 7 Comparison of outer surface temperature between
the measurement and the finite element analysis
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Fig. 9 Equivalent plastic strain distribution of the bended
piping derived from the finite element analysis
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Fig. 12 Variations of residual stress distributions along
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600

—+-M=-23284929.4953Nm

a0 ~o=M=0Nm
= ~~M=23284929.4953Nm
& 200
£
32
$ 0 e
£ X0
&»
K] D
3
B -200
3
]
<
=
S 400
<

-600

-800

0 100 200 300 400 500 600 700 800 200 1000
Distance from Point A along Intrados Inner Line (mm)
(a) Axial
500
St -8 M=-23284929.4953Nm)|

E= m

400

i
S
f

-3-M=23284929.4953Nm

200

100

-100

Hoop Residual Stress (MPa)

-200

-300

Distance from Point A along Intrados Inner Line (mm)

(b) Hoop

Fig. 13 Variations of residual stress distributions along
the piping axis on inner surfaces of the intrados
with the compressive bending moment
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Fig. 14 Variations of residual stress distributions along
the piping axis on inner surfaces of the intrados
with the bending angle
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