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Welding has been employed at an increasing rate for its
advantage in high joint efficiency, water and air tight-
ness, weight saving, reduction in fabrication cost and de-
sign flexibility. However, welded structures are not free
from problems. Residual stress and distortion are major

difficulties with welded structures. The buckling distor-
tion of welded structures caused by welding stress is seen
in relatively thin welded structures. Buckling distortion
causes loss of dimensional control, structural integrity
and increased fabrication costs. Thus, it is necessary
to achieve a predictive analysis technique to determine
the susceptibility of a particular design to buckling dis-
tortion. This paper presents a predictive buckling dis-
tortion method to determine if welded structures buckle
during welding or not. In this method, a 3D thermal
transient process is coupled to a 3D eigenvalue analysis
to determine the total entropy generation due to weld-
ing and critical total entropy generation, respectively.
In this work, because of the small size of the melted re-
gion (weld pool), the heat source model developed by the
“moving isotherm pool” is used. Welding time in this
work is calculated by dividing the welder speed obtained
from the practical welding characteristics data by the
length of the welded region. The temperature depen-
dent thermal properties of material were also incorpo-
rated into the model. In this research, temperature dis-
tribution producing the minimum value of longitudinal
stress to cause the buckling of welded shells is predicted
by 3D eigenvalue analysis. This temperature distribu-
tion creates negative longitudinal strains in the welded
region, causes tensile longitudinal stress in regions close
to the weld line and compressive stress in regions away
from the weld line. Total entropy generation, due to

this temperature distribution, which is named critical
entropy (Ser;), is calculated. The comparison between
total entropy generation due to completely welding shells
(Sw) and critical entropy is a good criterion to predict
the possibility of buckling welded shells. In this method,
the computational time is much less than in the previous
methods because of omitting the mechanical analysis of
welding. The correctness of this predictive method is
proved by analytical results.

Key Words: welding buckling, entropy generation, thin
shells, eigenvalue analysis, 3D thermal transient analysis.
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