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Effect of the boundary shape of weld specimen on the stress distribution
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Abstract

In finite element analysis of mechanical behavior of weld, typical processis first to obtain a finite element
model containing residual stress by conducting welding analysis and then to examine the computational
specimen for various external loading. The numerical specimen with residual stress has irregular boundary
lines since one usually begins the welding analysis from a body having regular straight boundary lines and
large thermal contraction takes place during cooling of weld metal. We notice that these numerical weld
specimens are different from the real weld specimens as the real specimens are usually cut from a bigger weld
part and consequently have straight boundaries neglecting elastic relaxation associated with the cutting. In this
paper, an iterative finite element method is described to obtain a weld specimen which is bounded by straight
lines. The stress distributions of two types of weld specimen, one with regular and the other with irregular
boundaries, are compared to check the effect of the boundary shape. Results show that the stress distribution
can be different when large plastic deformation is induced by the application of external loading. In case of
elastic small deformation, the difference turns out almost negligible.

U, initial configuration of N-thiteration

[, : deformed configuration of N-thiteration Fig. 1
[0 : object configuration

X; : position vector of i -th node in deformed mesh

X, : position vector of i -th node in object mesh

|Xi - X, | : distance between two points
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Fig. 2 Stressvs. strain curves at several temperatures.

349



2004

error

0.000544167
0.000487735
0.000431303
0.000374871
0.000318439
0.000262006
0.000205574
0.000149142
9.271E-05

3.62778E-05

0.08

0.06

LN L N I L O O

0 0.05
X (m)

(@) Iteration number n=0

0.1

error
9.78182E-06
8.80364E-06
7.82545E-06
6.84727E-06
5.86909E-06
4.89091E-06
3.91273E-06
2.93455E-06
1.95636E-06
9.78182E-07

0.08

0.06

L . L L L

0 0.05
X (m)

(b) Iteration number n=1

0.1

error
9.58865E-07
8.62978E-07
7.67092E-07
6.71205E-07
5.75319E-07
4.79432E-07
3.83546E-07
2.87659E-07
1.91773E-07
9.58865E-08

0.08

0.06

"I"{\IH‘IHHIHHIH‘

0.1

0 A 0.05
X (m)
(c) Iteration number n=2
Fig. 3 Contour plots of the difference between weld
specimen mesh and object specimen mesh. At

each node, error is defined by |Xi —Xi|.
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Fig. 4 Residual stress distribution by welding analysis.
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(d) Irregular specimen at the minimum load
Fig.5 Stress digtribution at the maximum and
minimum loads.
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