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THE COMPLE X WELDI NG PROCESSSIMULATION USING FEM,
PARALL EL COMPUTING AND GRID BASED EVOLUTIONARY OPTIMIZATION
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1. Introduction

A complex numericd simulation of a welding process usng the finite element method [1,2] is
presented in the paper. Results for full coupled thermo-medhanica problem are prescribed. As the
simulation and optimizaion of welding is very time and resource conauming the parall el cdculation
tedhnique (the domein demmposti on method (DDM)) and grid based evolutionay optimizaion are

applied.

The objedive of the welding simulation is to study the temperature generated during the welding
process and investigae residud stresses in the component after welding. Such results give the
possbility to determine propeties of materials in welding zones, stress and strain state of welded
pats. From othe sideit is possble to perform optimizaion processlooking for welding parameters
(welding speal, welding power source etc.) or initial shgoe of welded sheds acmrding to
displacament state (welding of thin metal sheds with stiffeners — T joints). Those results are the
base for fatigueanalysis too.

2. Welding smulation

Welding is oneof the mos comnonly used join processbuttill nowit is still difficult to simulate it
in standad CAE systems based on finite element method. In mog of them this requires the writing
of spedalized, additiond user subroutines for spedfic bounday conditions (a hea source a weld
pah, afiller element treament, a materia behaviour etc.) wha makes it difficult and inconvenient
in use. It causes the simulation of welding is extremely difficult. From other side such a simulation
gives alot of information very important for enginees. An undesirable side-effed of weldingis the
generation of residud stresses and deformationsin the componant and the qudity of the weld has a
subgantia impad on the fatiguelife of the structure. These resultant deformations may rende the
component unaiitable for furthe use. Also, the residud stresses form the input for subsequent
manufaduring or structural processes.

Conddered simulation alows to determine the cooling period from 800°C to 500°C (so-cdled
cooldown rate t8/5) [2], which is used to modd the strength parameters in a hea-affeded zone
Finding the optimal value of t8/5 is one of the primary god of simulation and optimizaion of the
welding process [3]. Obtained results can be aso the base for optimization process of welding
paameters for e.g. thin metal sheds with T stiffeners (cars body, airplane pands, shipbuilding,
frame condruction) and for afatigueandysis of welded gructures.

It should be mentioned tha nealy full set of welding parameters are consdered during simulation.
Thos parameters are: moving heding source, velodty, source power, cooling temperature and
time, shgpe of the source, hed input, weld flux etc.

3. Results

In thefig. 1. results for complex simulation for welding are presented. The results condder al the
simulation mentioned ebove
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Fig. 1 The complex set of results of the welding process simulation: a. the modd, b. von Mses
stresses and temperature distribution during welding, c. fatigue analysis results, d., e. results of
optimizaion of T join, f. cooldown rate t8/5 in the HAZ — the reference diagram, g. cdculated t8/5,
h. example of t8/5 ater optimization of welding parameters.

Using moden CAE systems conneded with parallel and grid based evolutionay computing it is
possble to peform an advenced complex simulation of welding process and andysis of welded
pats. It is possble to peform: a static linea andysis of welded components, a coupled termo-
mechanicd simulation of welding process fatigue andysis of the welded comporent, an
optimizaion piocessof welding parameters ec. [2,3].
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