Clinching joining system: validation of numerical models
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ABSTRACT: The dinching process, dso known as “press joining”, is a mechanicd joining technique for
sheet metd. Its basic principle is to clamp together severd metd sheets by an impact extruson between a
punch and a die. The joint is formed by a locdized cold plagtic deformation. Forming is used as a joining
method. Within the context of this research, Universty of Liége is devdoping numericad modds, with the
FEM code LAGAMINE, that ssimulate the clinching process. On the other hand, shear tests on Smple joints
with one or two clinches were redlized and ther behaviour is reproduced numericdly with LAGAMINE. This
work opens the way to the andyticd formulation of the behaviour of clinched joints. The aticle will focus on
comparisons between experiments and numerical Smulations. Frd, the identification of modd parameters

will be explained. Then, the predicted failure modes will be andysed by comparison with the experiments.
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1 INTRODUCTION

This numerica dudy on the dinching joining system
is pat of a large European research project on
joining sysems for the automated production of
light gauge ded dements For dinching, the
objectives ae to deveop an andyticd function to
predict the resstance and the siffness of clinched
connections.  Generdly, joints ae composed of
severa components. In order to determinate the
behaviour of joints, the component method [1]
recommends isolating each component and studying
their behaviour separaiely. The resgance of the
joint corresponds to the maximum drength of the
weskest component. In clinched joint, dl the
components are identicd, i.e. a clinch point
submitted to shear. So, the andyds of the behaviour
of one clinch is essantid to determine the behaviour
of a full dinch joint. In order to dudy this
component, 32 tests have been peformed a the
Universty of Liége with different sheat thickness,
yidd drength and pogtion of cinch.  But this
limited number of teds is not enough to determine
the influence of the paameeas deining the
behaviour of the dinch. Numericd modds have then
to be developed in order to determine more precisay
the impact of the different parameters. The test
results will be used to validate the FEM moddis.

2 GENERAL FEATURES OF CLINCHING
2.1 What isclinching

Clinching is a joining method in which shet metd
pats ae deformed localy and soldered together
without any additional eement such as glue or bolts.
Clinching is a promisng joining method snce it can
be used for various materids and thickness. Other
advantages are that it is done without any hesat
added, it is chegp and flexible. The method could, if
fully understood, work as a subdtitute for spot-
weding.

2.2 Clinching process

The equipment includes a st of tools (punch and
die), with which dlinched joints can be made. The
principle of dinching is shown in figure 1. The sheat
thickness typicdly vaies between 0,2 and 4mm.
Both sheets do not need to be of the same thickness.
A dinched joint is characterised by a pit on the
punch sde, and a rise on the die sde. The force
required for joining depends on the materid and the
gze of the tool, and normdly lies between 10 and
100 kN.



Fig. 1. Principle of clinching

The most common shapes of clinches are square and
round. Only round clinches are dedt with in the
frame of this ressarch. A micrograph of a dinch is
shown in figure 2.

Fig. 2. Micrograph of aclinch

3 EXPERIMENTAL TESTS
3.1 Objectives

The main objective of these tedts is the cdlibration of
the FEM <oftware for numericd smulaions of
clinches under shear loading from the firs loading
geps until falure. Through these tests, the influence
of some important parameters governing the

connection response is investigated.

The set-up of the shear testsis shown in figure 3.
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Fig. 3. Shear test set-up
3.2 Tensletests

Tensle tests were performed on samples taken from

the different sted sheets (two sted grades. S235 and
S350) used to make the specimens. These tests give
the actud s-e curves of each ded, which are
introduced in the numerical modeds.

3.3 Shear testsresults

3.3.a Load-displacement curves

The three man characterigics of a joint can be
evduaed from the load-displacement curves initid
diffness maximum drength  and  deformeation
capacity. These characteristics ae  discussed
according to several parameters (thickness of sheets,
geometry of the dinch, yidd drength, etc...). But
because of the limited number of tested specimens,
conclusons can not be drawn and a numerica
parametrica study is imperative. Teds curves are
mainly used to caibrate numerica models.

3.3.b Failure modes
The tests dso enable to detect the different failure
modes according to the different test specimens. The
falure mode influences ggnificantly the ductility of
the joint. There are falure modes more brittle than
others. Tha is why it is important to be able to
predict the falure mode of a joint. Three different
failure modes have been observed:

1) pull out of the punch sSde sheet out of the die
sheet without any crack for the 1,0 mm sheets,

2) patid shear of the punch sde sheet followed by
apull out for the 1,5 mm shests,

3) full shear falure with a deformed punch drip
button remaining in the die Sde drip for double
cinched joints with 1,5mm thick shedls These
three failures modes are presented in figure 4.
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Fig. 4. Failure modes

The three failure modes correspond to three specific
shapes for the load-displacement curves where the
tess on joints with one clinch or two clinches are
dso diffeentiasted. These falure modes ae
described in areport from Linkoping University [2].



4 FEM SIMULATIONS
4.1 Objectives

The find god of the numerica dudies is to smulate
the shear tet of a clinched joint in order to
determine its mechanical behaviour and to extend
the use of these smulations to a parametric study.

4.2 Numerical details

All the deps of the numericd sSmulations are
performed with the FEM software LAGAMINE.
The actuad mechanica properties of the sed and
geometry of the specimen have been introduced in
the models. The two parts of the joint are smulated
by mechanicd 3D dements in large dran (dement
JET3D in LAGAMINE [3]). Three-dimensond
mechanica contact dement caled CFI3D [4] is used
where the two ded sheets ae in contact. A
Coulomb friction contact law is associated to this
eement.

4.3 Main procedure

Because of the symmetry conditions, the initid
amulaion of a one-clinch joint is peformed on a
haf of the dructure To dmulae the shear test
numericaly, a full set of daa is required as far as the
clinch is concerned: actua deformed geometry,
resdud dresses and deformations resulting from the
clinching process itsdf. To have a good edimation
of these daa, the best way is to dmulae the
clinching process. The firs step congds therefore in
the numericd smulaion of the dinching process.
As a prdiminay assumption, an axisymmetric
andyss is caried out. The next step congsts in
taking the results of the FEM gmuldion of the
clinching  process (geometry, dresses and
deformaions) and in introducing them in a 3D
modd for the smulaion of the shear test. This
requires obvioudy to “expand” the results obtained
from the 2D axisymmetric smulaion to a 3D FEM
mesh. For the smulation of the shear tedt, three
types of data should be taken into account: the
deformed shape, the residua stresses and the strains.
But the shear test is not symmetric. On one sde of
the dinch the sheets remain in contact but on the
other side a gap appears between the sheets. This
explans why the mesh is refined where the contact
IS important and coarse where the sheets separate.
The last dep condds in adding some eements

around the 180° mesh to obtain a kind of rectangular
box volume. Usng such a box dlows to have a mesh
closer to an actua clinch specimen and to better
digribute the dresses in the joint. The shear forces
are gpplied at the edge of the box. These three steps
are shown infigure 5.
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Fig. 5. Three steps of the numerical simulation

4.4 FEM simulations of the clinching process

The die is divided in two semi-circle and when the
punch penetrates the die, this one opens itsdf (figure
6) and this behaviour has to be wdl taken into
account. It is clear that in redity the die is not fully
free to trandae and an extensond gring is
therefore used to redrant the laterd movement of
the die. In the clinching toal, this restraint is due to a
rubber ring. As its diffness is unknown, smulations
have been carried out with different assumed vaues.
It appears that the diffness coefficient should vary
during the process.
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Fig 6. Lateral motion of the die components

A red die has been observed and it has given
precious information to smulate its behaviour. Until
now, no good result has been obtained for this first
gep and the 3D mesh has been redised from the
microgrgphs of the dinch (figure 2) and initid Stress
free conditions are assumed.



5 RESULTS
5.1 Comparisons with test results

At this dtate of the research, two tests have aready
been smulated and it can be edtablished that the
numericd  modds ae rdidble  Indeed, the
comparison  between the expeimenta load-
displacement curves and the numerica ones shows
that the shepes are quite smilar (figure 7). The
difference may result from the assumptions made in
the modds (initid sress dae and drain hardening
not taken into account). The two tests smulated
have only one different parameter: yied drength is
235MPa and 350MPa. These two corresponding
experimentd tests have shown the same falure
mode i.e. patid shear + pull out (2). The numerica
models recover this falure mode. Furthermore, the
numericd smulations enable to know the stress and
dran dates indde the sheared clinch , which is
impossble to know from the experimena test
results. Figure 8 shows the levels of equivdent dress
in the dinch. The maximum gtress gppears where the
clinch is sheared and the other side of the dlinch is
being pulled out. This dress date is taken for the
S350 case when the load reaches 3000N.
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Fig. 7. Load-displacement curves

Fig. 8. Equivaent stressin the clinch
5.2 Influence of parameters

According to the tests results, some conclusions may
be drawn about the influence of some parameters.
The thickness of the sheats has a great influence on
the behaviour : the drength increeses when the

thickness is increased (an average rase of 30% in
drength when the thickness goes from 1mm to
1,5mm). The falure mode is different depending on
the sheet thickness. The yield dress sy of the Sted
has not a very important influence on the behaviour
of the clinch. It contributes to the increese of the
drength but this increase is not proportiond. The
geometrica properties of the specimen (postion of
the dinch) have vey little influence on the generd
shape of the load-displacement curves. The
parametric study that will be performed thanks to the
numericd modds developed with LAGAMINE will
enable to know the red influence of each parameter
in any case, and then to determinate the parameters
to introduce into andytica functions.

6 CONCLUSIONS

The identification of the key driving parameters is
important to elaborate analyticd functions to modd
the behaviour of such joining process in terms of
drength or giffness. Developing a numericd tool is
essentid to perform this step. According to the good
rellts of the comparison  tests-numericd
gmulations, the numericd models can be consdered
as relidble. In the future, the parametric study will
endble to identify the parameters influence on the
grength or diffness of the clinch We hope also to
succeed in dmulating the dlinching process. The
influence of the initid gdress introduced in the dinch
during the process would then be studied.
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