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Abstract

This paper summarizes the latest developmentsumerical simulation and optimization of
resistance weldingnd mechanical joiningNumericalsimulatiors and optimizatioehave been
applied forsolving desigrorientedproblemsby modelingwelding combinations cdeometric
shape and dimensions various materials With increasing accuracy and integration of
engineering expertise, they aaso appliedmore and mordor solving productiororiented
problems byoptimizatiors and planning of welding process parameters. Weld quality can be
modelled in term®f microstructural phase changes, resulting hardness distributioneddd
strengtls underdifferent loading conditions. New developmerase furthermoving towards
interaction with welding control by machine learning and artificial intelligence (Al).

1. Introduction

Numericalsimulatiors have been widely applied in nearly all engineering fidloissaving time,
reducing costdmproving productquality and inspiring innovations

The general applications of numerical simulations Hasge started wih structural modeling
for computer aided desigWith increasing accuracy gfrocesssimulations and especially
integrationwith engineering expertise, numerical simulations are more and appieed for
optimization ofmanufacturing process#serebygettinginto computer aidednanufacturing.

In the past three decadegedicatedsimulation software has gained more applications in
simulation and optimization of welding and joining proce$%ed. It has helped engineers to
make betteproductdesign getoptimized welding processandfind theroot cause ofvelding
problems

The weldingproblemghat are bothering the welding engineers and designers evecaaldg
summarizd into the following three categories:

1) Designrelated problemdue to geomeic dimensions and choice of materials.
2) Productiorrelated problemdue topoorsettingsor less optimizedvelding parameters
3) Controlrelated problems due to lack dynamicresponsdo processlisturtances.

Numerical simulations have beetidely used for solvinglesign relategroblemsBut, it needs

much more knowledge and engineering expertise to apply numerical simulations for solving
production related probleml is even more demanding for solvitiggcontrol related problems

with numericalsimulations, whichcould be feasiblen the near futuravith the potential of
interacton by machine learning and artificial intelligence (Al)
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SORPAS is a dedicated welding software systatin many advancetlinctionsof numerical
simulations and optimations for solving designrelated problems and productioelated
problems It is developingfurther into a moreadvancedsystemtowards contretelated
applicationsby introducing new functions to interact with the welding contrblg. 1 shows
the softwaresystem of SORPAS.
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Fig. 1: The software system of SORPAS with released modules and new developmeni

In this paper, we will present olatestresearch and developmentumerical simulatiosand
optimizations with SORPASNthe following three aspects:

1 Designorientedsimulationand optimization
1 Productionorientedsimulation and optimizatiaon
1 Controtorientedoptimization withmachine learning anaktificial intelligence (Al)

2. DesignOriented Simulation and Optimization

Many weldingproblems are caused logsign factorsncluding the geometric dimensions of
the parts to be welded, the combination of mateaatsthe local design of the waddntacs.
Below are some examplesnumerical simulations and atizations for solving design related
problems.

2.1 Designof workpieces (products)

In spot weldhg, differentcombination of sheet thickness and materiadsld make the welding
process totally different, whichlsorequire different welding parameter$he thickness ratio
and strength ratio of the sheets are important to indicate the difficulty of the figld® shows
eight ekamples of spot weldingf three sheetwith a thinlow carbon steedheet andwo thicker
sheets of higher strengsitees. Exh case needlifferent welding parametetsut all showed
difficulties in obtainingweld nuggeinto the thin low carbon steel shedi].[
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Fig. 2: oot weldingof 3-sheet with different thickness and stesiitsulated with SORPAS 25|

In special cases of spot welding, it is only possible to access the weld location from one side
due to the geometry of parts to be welded. 3 shows an example 8D simulation of single
sidedspotwelding of sheet to tubélhe welding process igartiaularly challenging due to
elastic deflection of the tube aitd interaction tdhe thickness and strengththe sheet
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(@) 3D model for welding sheet to tube. (b) Simulation results for welding sheet to tuk

Fig. 3: 3D simulation ofsinglesided welding of sheet to tube.

In projection welding, theesign othelocalweld projectioncoulddeterminevhethertheweld
can besucceshully made The local projection is needddr concentrahg the currento heat
up the weld interface, but it shék deformediuring the welding to gedufficientweld size It
needsoptimizatiors to achievethe bestprojection designNumerical $mulations cansave a lot
of costs tomake thevirtual welding testoon the computer bgcreeing out the bad designs
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before makingreal parts forphysical experimental testskig. 4 showsthe simulation of
projection welding with a vertical sheet welding to a flat sheet with long embossment.

() (9)

Fig. 4: Projection weldingof vertical sheet to sheet wiliing embossmesimulated by SORPAS 3l

In electrical and electronics producteany welds aralirectly made between the parts by
utilizing the shape of the parts. In such cases, the design of the parts especially at the weld
contact is very importaniVith support of simulations, it is possible to test and evaltree
welding results with each design tife parts and then select the bessige. It iseveneaser to
simulatewith the samegeometricdesign but different materials for each part and then select
the best material. Figp showsa micro weldingexampleto join a wire toelectrical connector

mm

(@) 3D model. (b) Peak temperature and final form. (c) Real welded part.

Fig. 5: Hot staking (fusing) for joining wire to connector simulated with SORPAS 3D.

2.2 Design of rivetand die

In mechanical joiningthe design of rivet is key to diele whether a joint can benade
successfly. Similarly, the design of die is also critical to the quality of joinilhgcase okelf
piercing riveting(SPR) if the rivet is too short or too long comparing to the total thickness of
the sheets to be joinedr even with the correct size but the material of the rivet is not strong
enough to penetrate into the sheets,join@ cannot benadeproperly A lot of trial and error
testsneedto bedonein orderto find the suitable rivet for a given combinatiohsheets with



Y SWANTEC

specific thickness and materialr this purpose, numerical simulatgarevery usefulto get
the optimaldesign of rivets before doing yphysical tests

Fig. 6 shows an example of SPR wilifferent desigrs of the rivet tip geometry. khowsthat

by a small change in the radius at theet tip, the resulted joint isvith different interlock
length, wherelte maximum setting fords alsochanging with differentivet designs.
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 (a) Design factors of SPR.

(b) Quality measures of SPR.
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(c) SPR with design no.1 (R4=0.8, R5=0.2). (d) SPR with design no.6 (R4=1.1, R5=0.:
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(e) Setting force changing with design factors. (f) Interlock varyingwith design factors.

Fig. 6: Influence of design factors in sglfercing riveting (SPR) simulated with SORPAS 2D.
2.3 Design of electrodes

In spot welding, the shape and material of electrodes are importaridoce different weld
results. Fig.7 showsanexample of spot welding aluminum alloy. By changing the electrode
tip face radius from 40mm to 150mm, the weld nugget size has redigeeficantly with the
same welding current, force and time.
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(@) Electrode tip face radius R=40mm. | (b) Electrode tip face radius R=150mm.

Fig. 7: Spot welding aluminum alloy with different design of electrasissilated with SORPAS 2D

2.4 Weld propertiesafter welding

The material properties after welding is an important quality measure that is also a design factor
related to the produstructuraldesign It is possible to model theionostructures and hardness
distribution after welding. Fig8 showsthe predictedistribution of martensite, bainite, pearlite

and ferrite and alsolte hardness distributiomith contributiors of all phases.
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(&) Martensite. (b) Bainite. (c) Ferrite/pearlite.

(d) Hardness. (e) Comparison of measured and simulated hardne
Fig. 8: Microstructure and Brdnesdistributionin spot welding of DCO®P600.

2.5 Predictionof weld strengths

Evaluation of the wld strengthss essential fothe car body design and for weld quality
assuranceAlready in the design phase when designing the welds and selecting matdr@ls to
welded it would be good to know the possible wetdengths to be obtained from the welding
production This is possible to be simulated based on the optimized welding process parameters
and then with the 3D simulation of the weld strength testing.



