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A study on mathematical modeling and heat transfer analysis to
predict weld bead geometry in horizontal fillet welding
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Abstract

The horizontal fillet welding is prevalently used in heavy and ship building industries to join
the parts. The phenomena occurring in the horizontal fillet welding process are very complex
and highly non-linear, so that its analysis is relatively difficult. Furthermore, various kinds of
weld defect such as undercut, overlap, porosity, excess weld metal and incomplete penetration
can be induced due to improper welding conditions. Among these defects, undercut, overlap
and excess weld metal appear frequently in horizontal fillet welding.

To achieve a satisfactory weld bead geometry without weld defects, it is necessary to study
the effect of welding conditions on the weld bead geometry. For analyzing the weld bead
geometry with and without weld defects in horizontal fillet welding, a mathematical model was
proposed in conjunction with a two-dimensional heat flow analysis adopted for computing the
melting zone in base metal. The reliability of the proposed model was evaluated through
experiments, which showed that the proposed model was very effective for predicting the weld
bead shape with or without weld defects in horizontal fillet welding.
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Fig. 1 (a) Photograph of weld bead with overlap
(welding speed=4 (mm/sec), src voltage=
30(V), welding current=280(A))
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Fig. 1 (b) Photograph of weid bead with undercut
(welding speed=8 (mm/sec), src voltage=

26(V), welding current=240(A))

(c) Photograph of weld bead with excess
convexity (welding  speed=7 (mm/sec), src
voltage=26 (V), welding current=250 (A))
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mathematical modeling of weld bead
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N
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Fig. 4 Physical properties used in heat transfer
analysis
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Fig. 8 Flow chart for calculation of temperature distribution and weld bead profile
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Fig. 10 Comparison of sound weld bead shape
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Fig. 11 Comparison of weld bead with undercut
between analytical and experimental result
(same welding condition as shown in Fig.
10)
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Fig. 12 Comparison of weld bead with excess
convexity between analytical and
experimental result(same welding
condition as shown in Fig. 1(C))
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