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Development of Welding Simulation System for Education

Hiroyuki KINOSHITA, Koichi KAIZU, Satoru KUMAGAI
Jiro TANOUE and Shinichi TAMATSUKURI

Abstract

Welding simulation system based on thermal elastic-plastic finite element method was developed for design and

education support. The program was written in Visual Basic language so that skill person and student could easily make

use of it on a personal computer. As a numerical example, by the analysis of butt welding using the simulation system,

the evaluation of the distribution of residual stress and deformed shape of a welded material was carried out. And it was

confirmed that useful quantitative and graphic information such as displacement vector, contour line of stress could be

obtained.
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Table1l Computational condition

Thermal conductivity of | 46.2 (W-m*-K™")
fillet 1metal and base |

metal : 4

Specific heat : Cp 0.504 (kJ-keg'-K?)

Heat transfer coefficient of | 100 (W-m2-K?)

air:

Density :p 7850 (kg/m®)
Young’s modulus : E 206 (GPa)
Poisson’s ratio : v 0.3

Coefficient ~ of  linear | 11.5%107% (K)

expansion : a

Yield stress : g9 0 ,=2300-0. 03125 XT
20°C=T=800C
299MPa (20°C),
50MPa (800°C)
Perfect plastic

material: o y=constant

Nodes 132
Element shape Isoparametric square
Elements 110
y p—
o Welding
8 -
] o ;(_._‘... .....
|
500 e
Conditions

Base material : Steel
Fillet : union melt
36V, 700A, 50mm/s

Fig. 1 Model for analysis of residual stress
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Fig.2 Temperature distribution of welded material
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Fig.3 Residual stress distributions
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Table2 Conditions of butt weld (single V groove)

Base material Steel (length; 120mm,width;
90mm, thicness;9mm)
Fillet Swyll

Velocity of welding 50mm/s

Voltage * Current 36V, 110A
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Bonb.

%3‘,60’,90”)
5 \/

120

Fig. 4 Configuration of base material with
single V groove

Angle of groove : 60°

Angle of groove : 90

Fig.5 Distorted shape of base material
(Experimental results)

(A) Angle of groove : 53°

: ;
(C) Angle of groove : 90°

Fig.6 Distorted shape of base material (FEM results)
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(C) Angle of groove : 90°

Fig.7 Vector of displacement on oblique surface of V

groove
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Fig.8 Distribution ofresidual stress in V groove welding
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