
1 INTRODUCTION

The development of car parts is dominated by many
restrictions. The most important of these are the
given time frame, the costs, the mechanical
behaviour with respect to stiffness, fatigue life and
crash performance. The finding of an optimized
design is possible by numerical tools that allow for
fast parameter studies and design variations without
the need for experiments. Finite element simulations
are state of the art for forming analysis like deep
drawing or casting and for linear and nonlinear
structural analysis.
Even if joining simulations are performed in
industrial practice, the simulations are stand-alone
applications and remain uncoupled. Usually they are
based on virgin materials, which does not represent

reality. In [1,2] it was shown that the inclusion of the
results from the forming simulation into the
structural and crash simulation yields different
results. It is expected that the joining method exerts
an extra influence on the part performance. The
objective of this paper is to demonstrate the effects
of seam welding on the structural behaviour of a
chassis part.
After giving the motivation for this research, a brief
overview of existing methods for weld modelling
follows. A fast simplified weld model is used in the
calculation of the assembly of a suspension link.
Subsequently the part is statically loaded and
compared to results based on CAD-data. The paper
finishes with the conclusions including suggestions
for future research.

ABSTRACT: Forming simulations generally give satisfying results with respect to thinning, stresses, changed
material properties and, with a proper springback calculation, the geometric form. The joining of parts by
means of welding yields an extra change of the material properties and the residual stresses. Welding
simulations are also possible to a very accurate degree, they are however very time consuming, even on large
computer systems. Therefore it is not feasible to include a complete incremental welding simulation in the
virtual model of car parts. Instead, simplified weld models are developed that retain the features needed for
subsequent calculations (e.g. structural und fatigue calculations), but do not increase the computation time
significantly. Thus, an accurate model for specific tasks can be achieved which includes both forming and
welding. The objective of this paper is to show how the integration of the complete history of manufacturing
of the single parts and its combination to larger car components, enhances the capabilities of the virtual
model. This integration procedure must be adapted specifically to the different subsequent calculations in
order to combine a maximum of reliability with a minimum of computer effort. In this paper it is
demonstrated how the performance of a chassis part changes with the inclusion of both the plastic forming
effects and the effects of welding as provided by the simplified weld models. The results are compared to the
results of the same part where the manufacturing stages were neglected, which is industrial standard
nowadays.
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2 MOTIVATION

Like for the forming processes it is expected that the
changes in the material and residual stresses due to
welding do have a significant influence on the part
performance. This includes the resulting geometry,
the static strength, fatigue life and crash
performance. However, the simulation of the joining
of different parts to a substructure is not readily
available to the construction engineer. Therefore this
production step is usually neglected in the
simulation. This is in contradiction to the fact that
welding exerts a considerable influence on the
material structure in the weld and the stress state of
the whole part. For steels, martensite or bainite will
form in the weld zone due to rapid cooling during
solidification. This is confirmed by a.o.
metallographic micrographs, see fig. 1, and hardness
profiles.

Figure 1: micrograph of a seam weld

The weld simulation programs are reliable, but not
easy to use and very time consuming. This gives the
need for simple and fast weld models that contain
basic characteristics of the welded part. For instance
this can be the welding distortion, the residual
stresses, the plasticity in the weld and the
metallurgical changes.
An increased hardness coincides with an increased
yield stress and increased yield strength. The easiest
way to characterise the weld is by hardness tests[6].
For an increased accuracy of the predictions of the
performance of parts, the simplified model should
represent the correct hardness. In this paper this is
done by assigning another set of material parameters
to the elements in the weld.
Fig. 2 shows a suspension link of a passenger car.
The suspension link consists of two deep drawn
parts of relatively thick microalloyed steel sheet and
a bushing. The welds are indicated light grey. On the
basis of this part the whole procedure of forming,
joining and static testing is demonstrated.

Figure 2: suspension link

3 WELD MODELS

By the use of welding simulation the development
cycles and costs are expected to be reduced
drastically. The main types of welding processes, arc
and laser welding, can be modelled in different
ways. An accurate method consists of the transient
modelling of the weld source movement over the
surface [3]. Thermodynamics and metallurgy are
fully covered and predictions of distortions, phase
distributions and residual stresses are of high
quality. Since a high mesh resolution and
sufficiently small time steps are needed, calculation
times usually exceed acceptable standards. By
simultaneous heating and cooling of the whole weld
the calculation can be reduced on the cost of the
quality. Further simplifications can be made when
only specific features of the welded part are to be
analyzed. For the prediction of welding distortion
for instance, shrinkage as its main driving force can
be incorporated via the boundary conditions.
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Figure 3: welding models

These simplified models are developed for a specific



task: e.g. for the prediction of distortion or residual
stresses. It should not be expected that a simplified
model gives answers to all questions. It
compromises physics with a high gain in calculation
speed.
Welding distortion and residual stresses can be
modelled by element shrinkage. This method was
successfully applied for the determination of
distortions of chassis parts. By the use of initial
stresses in the weld and their subsequent relaxation
it is possible to obtain a realistic stress distribution
[4]: high tensile stresses in the centre and
compressive stresses in the HAZ. The objective is to
combine the positive features of both models while
retaining the fast computability.
In the proposed simplified model the weld seam is
modelled with a row of elements of melt pool width.
These elements have to represent the changed
crystallographic structure. As a simplification it is
assumed that the whole melting zone consists of
bainite and that the material outside the weld
remains unchanged. Bainite is characterized by a
high yield strength, see fig4.

Figure 4: used stress-strain curves for microalloyed steel

This is justified by the fact that the hardness of seam
welds is dominated by the cooling rate and that it is
practically impossible to determine the exact
properties of welds.
Since the weld material is of high strength it is
possible to induce the high stresses that are observed
in practice. To do so a certain stress level is imposed
in the weld elements which subsequently undergo a
numerical relaxation. Then the typical stress profile
with tensile stress in the weld and compressive
stresses outside is obtained. Different profiles in
thickness direction can be modelled, compare single
and double-sided butt welds.

4 APPLICATION

The virtual process chain for the suspension link
starts with the forming simulation of the upper and
lower part. Results are thicknesses, stresses, and
strains. The second step is the springback calculation
of these parts representing the removing of the deep
drawing tools. This is done after a mapping of the
results onto a mesh suitable for structural
calculations. In the third step the weld seams
together with weld stresses are introduced into the
model. This step includes a second springback
calculation to give a new equilibrated state and
relaxated weld stresses, see fig 5.

Figure 5: springback due to weld, dark grey for larger values

The new weld stresses should be in the range of the
real weld stresses, see fig 6.

Figure 6: relaxation of virtual weld stresses

By the choice of the virtual weld stresses and an
additional shrinkage due to an initial temperature in
the weld different weld characteristics can be
realised in the model.
The forth step in the virtual process chain is a static
loading. This results in different responses
depending on the model used. A FE-model using
only CAD-data results in early buckling of the
suspension link. Including the changes induced by
forming gives a higher static strength, including also
the welds raises the static strength even higher, see
fig 7. It is obvious that the magnitude of the changes
in the static loadcase is dependent on the number



and orientation of the welds as well as on the load
conditions.

Figure 7: load-deflection curves for different models

5 CONCLUSIONS

Properly used simplified weld models can reduce the
time for feasibility studies considerably. However
they cannot be used as a black box. A certain
knowledge of the weld material and the expected
weld stresses is required. This information can be
gained in standardised experiments. It is also an
imperative to use a weld model only for the specific
task it is designed for, this observed the results with
simplified weld models can be very satisfying. Very
interesting for practical applications is a future

extension into fatigue life and/or crash simulations
including weld properties by simplified weld
models. These are indispensable for an optimised
design.
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