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Abstract

In the process to manufacture for metallic structures, control of welding deformation is one of an important
problems connected with reliability of the manufactured structures so that welding deformation should be
measured and controlled with quickly and actively. Also, welding parameters which have as lot of effects
on welding deformation such as arc voltage, welding current and welding speed can also be controlled. The
objectives for this study were to develop a simple 2-D FEM to calculate not only the transient thermal
histories but also the sizes of fusion and heat-affected zone (HAZ) in multi pass arc welds including the
butt and fillet weld type with dissimilar thickness, and to concentrate on a developed model for the
finding the parameters of Godak’s moving heat source model based on a GA. The developed model
includes a GA program using MATLB and GA toolbox, and a batch mode thermal model using ANSYS
software. Not only the thermal model was verified by comparison with Goldak’s work but also the
developed model was validated with molten zone section experimental data.

Key Words : Weld distortion, Genetic algorithm, Double-ellipse heat input model, Finite element method
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Fig. 1 Dimension of welding specimen for measuring
welding deformation
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Table 1 Mechanical properties of base metal

: Tension .
Material Ylelc(il\zlt)r;)ngth strength Elo?f/a)tlon
(MPa) ¢
SM490A 347 537 26.4

Table 2 Chemical composition of base metal

Material C Si | Mn P S Al Ti

SM490A | 0.17 | 0.4 | 1.5 [0.015/0.008| 0.3 | 0.01

Table 3 Welding conditions employed in experiment

Level -1 1
Welding current(A) 320 380
Arc voltage(V) 32 40
Welding Speed (mm/min) 270 300

#- Root pass/
o= Fill pass |

Displacement (mm)
- (2]

-200  -150  -100 -50 0 50 100 150 200

Distance from weld center (mm)

(a) Transverse deformation

Displacement (mm)

0 50 100 150 200 250 300 350 400 450 500

Distance from weld start point (mm)

(b) Longitudinal deformation

Fig. 2 Deformation of butt joint(320A, 28V,
270mm/min)
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Fig. 5 Schematic diagram of genetic algorithm for
selecting the optimal shape parameters
using heat input model

Table 4 GA parameters and values

Parameter Value
Population size 40
Generation gap 0.8
Crossover rate 1
Mutation rate 1/12
Insertion rate 0.9
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Heat source distribution at y=0 (upper layer)
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Fig. 6 Decision of optimized heat input model
(1704, 32.9V, 300mm/min)
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Fig. 7 Heat transfer analysis for butt joint

(a) 1st pass (b) 2nd pass (c) Bead geometry

Fig. 8 Heat transfer analysis for butt joint
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Fig. 9 Temperature variation at each joints from
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Fig. 10 Comparison Experimental and calculated
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