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Abstract

Multimaterial assembly is one of the main answérthe car industry to weight reduction issues. As
their introduction in the automotive industry igllstecent, many multi-material solutions have not
been tested in crash, endurance and specific lgaBie dimensioning tools and numerical models are
still very challenging. The present study aims dtrassing some of these limitations. From the
industrial issue of a seat back rest, an innovativdtimaterial assembly based the CMT pin
technology has been designed. A quasi static erpatal campaign has been conducted to investigate
several interface dispositions. From this experi@eoampaign, a numerical model with LS Dyna
software and an analytical pre dimensioning toel taen proposed and compared. These first results
encourage us to continue this study with futurekaao find the ideal texturing answering conception
specifications and other optimisation issues.

1. Introduction

During the past decades, composites materials telken more and more place in the transport
industry. This is particularly true for the smadries, where the price of the material have legmaon

on the production costs than in the large ones. €ametake for example the evolution of structural
composite percentage in the total weight of a plararbus production which goes from nearly 5% in
the A300 (1972) to more than 50% for the more rec®B50-900 XWB (2013). However, if
composites are now common in this industry, thetiroduction in the large series of the automotive
field is still very challenging. COemission standards required by various countiesdpe, USA, but
also China) are forcing this sector to considettimgitedge solutions in weight reduction. The
introduction of composite in structural applicasois one of the main tracks, but this raises other
issues like the way of joining the new compositetpavith others that, for economic or structural
reasons, will remain in metal. The joining methedhikey choice so that the assembly can assure a
safe load transfer while meeting the drastic spetibns of the automotive industry. This studyusc
on the evaluation and simulation of a multimateg#alcture, joined with a Cold Metal Transfer
(CMT) pins interface, more precisely on the case dfont seat back rest. CMT Pin is a welding
process patented by Fronius, an Austrian Socidiywimg the welding of small pins on a metallic
surface. Experimental investigations have been wcied on CMT process in [1-4] showing
promising results on thermoset CFRP — Steel asgembl
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A thermoplastic composite (polyamide 6, dynalitaartgle is assembled to the head of a steel
articulation mechanism thanks to a metallic disitueed by the CMT pin technology (Figure 1). CMT
pins penetrate into the composite, locking the rabbgin the transverse direction through a thermo
stamping operation. A polyamide resin is addedwoicasliding between the two parts. Finally a
second metallic triangle is welded to the artidotaso that a moment could be transferred.

Figure 1. Assembly’s geometry
2. Experimental campaign
2.1, Set up

The experimental results introduced in this art@dene from an experimental campaign leads by the
Cetim in cooperation with Faurecia and Compose Tookhe project LIMECO. A torsional, quasi
static solicitation is imposed to the triangulaeamen. The specimen is free to translate along the
rotation axis, to not over-constrain the assemhhyng the loading. Several pin dispositions haverbe
tested and their performances compared.

Figure 2. Pin disposition
2.2. Result and discussion

For each configuration a good repeatability haslmeserved. Because of the overmolding, there was
no visual access to the interface so following pineenological explanations are based on post rupture
aspects and numerical results. The maximal streofgthe joint is ruled by pin behaviour but also by
the direct adhesion of overmolding on the compositerounding the interface. After slack
compensation, the system reacts linearly to thigitdlon. The stiffness is then smoothed by pins
plastic comportment until reaching the maximal gff@nce the direct adhesion failed, the pins $tart
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be sheared. Total torque remains stable duringph@se which ends with the total failure of the
assembly.
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Figure 3. Experimental torque - rotation law of the assembly
The following will lay the emphasis on the thirdnfiguration. Post rupture behaviour will not be
studied in this article. A numerical and an anabjitimodel of the interface are proposed and
discussed.
3. Numerical model
3.1. Global mode
The model, computed with LS Dyna R7.1, will focusassembly’s interface, only pins and composite
part will be modelled. A cohesive layer is usedrtodel the direct adhesion of the composite to the

metal.

Other components are meshed with one integratiomt pexahedral elements. Mesh size goes from
0.1 mm on the pin to 0.3 mm on the rest of theriate.

Figure 4. Interface numerical model: geometry and meshing

Characterization tests were performed to investigaich material behavior. Pin metal is represented
with a classical elastic plastic law while the PA$ represented with material law n°261
*MAT_LAMINATED_FRACTURE_DAIMLER_PINHO implementedn LS Dyna and developed by
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Pinho and al [5]. This material law allows the uteimplement the in-plane shear behavior with a
defined curve. No data were given to implementabeaportment law of cohesive elements. So the
general law n°138 has been chosen and its paranetye calibrated on experimental results on
double lap shear specimens (not described in gps.

To avoid initial penetrations, a small gap of 0.025 is left between the pin and the surrounding
composite. A friction coefficient of 0.05 is added.
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Figure 5. Numerical behaviour of the interface.

The major difficulty for this model is the scaldfdience between interface dimension and those of
the pins that structure the interface. LS Dynadym@amic solver using explicit integration schese,
the timestep is directly linked to the mesh sizdcWhpenalize the model. To study this kind of
textured interface, various studies explore mudiscapproaches [6-12]. By refining the post
processing it has been noticed, that a single fdigglacement law, linking efforts at the basehs t
pin to its head’s displacement, can be isolateafbthe pins, in all the studied configurations. &0
assumption has been made: the behaviour of a pibedound from a numerical model at pin’ scale.
From this hypothesis, an analytical model giving tiiangular specimen torsion law has been
implemented.

3.2. Local mode

Inside the interface model it has been noticed &hRepresentative Volume Element (RVE) can be
isolated (Figure 6). Thanks to geometrical and iliadymmetries according to the plan (x,y), only
half of the RVE has been represented.

Figure 6. RVE Geometry and meshing
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The same contact, material laws, and element tgpessed as in the DLS model. The bottom face of
the geometry is fixed, and symmetry conditions @pelied on the faces normal to x-direction. A
constant speed, in the z direction is imposed ah faces normal to z. The comparison between
RVE’s behaviour and each pins row from each conéigon is given in the following figure:
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Figure 7. RVE effort displacement law.
This graph shows that the behaviour of the pindeghe RVE is representative of the behaviour of
any pin inside the DLS. A bilinear flexion law isteacted from this graph. The rupture criterion
which depends of the cohesive layer (i-e: metabimposite adhesion) is not associated to this law.

Now that the behaviour of one RVE has been isojated analytical algorithm giving interface
comportment is proposed in the next part.

4. Analytical model

4.1. Algorithm construction

Composite dis
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Figure 8. Analytical model: geometry and notation
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An interface formed of m crowns of n pins eachdagidered. A rotation of am angle is imposed on
the exterior edge of the interface composite fResulting in an R displacement imposed on the
exterior crown.

Pin’'s behaviour and cohesive layer on a RVE camrdpeesented with a single multilinear, force
displacement law,,;;. Each pin displacement is notag and corresponding excentricity is noted
R;.The resultant torque is the sum of all pins efforéported to disk center.

Npin

Meor = Z R;. Fryp(u;) (2)
i=1

The problem is now to determine the displacemerftseach pin induced by the rotation.
Displacements of the first n pins are already knénom boundaries conditions.
Once equilibrium equations have been set up foh gdic, the following linear equation system is

obtained:
Where:
] ) :
52] [49] [59] ;) @
_ n n n u1(13) ) 0
K =

L5 - ;0= ;F=(
SR x| B WA

sym [B,(lm_l)] [A;m)]

\I 3)
/

A tri-diagonal bloc system is now obtained where:
« A9 is a n*n matrix representing the effort transntiashetween each pin of the i-th crown.
«  BW is a n*n matrix representing the effort transntiashetween the i-th crown and the i+1-th
crown.
. uff) is a n vector representing the displacementseohtpin of the i-th crown.

« F® is a n vector representing the effort imposedHeydisplacement a the pin from the first
crown to the rest of the system.

Slope variations of thg;, ;. as described in Figure 7 can be take into accaoutitd linear model, and
the following behavior is obtained:
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Figure 9. Comparison between numerical and analytical mfdtdrface)

As demonstrate by the figure 1, the global behavi®uaorrectly represented by this analytical model

4.2. Interfacelaw

This torque rotation law can be inserted in thaitoal law of a non linear spring, representing the

interface. The full assembly (interface and ovedimg) in now represented in a single solid element

model.While the strengh of the assembly is welrespnted, the numerical model presents a stiffer
answer to the solicitation than experimental restis can be due to testbed stiffness. Indeed on a
bonded configuration, the same difference betwaenemnical and experimental stiffness have been

reported. The imposed rotation is not well masténezkperimental case.
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Figure 10. Comparison between experimental results and nredalt
4. Conclusion

The CMT pin technology is used to produce a multérial assembly between a steel part and a PAG,
glass fiber thermoplastic composite. As a fine espntation of the interface geometry would be
complicate and expensive, a nonlinear rotationahgps proposed to simulate the global behavior of
the interface. To implement spring parameters amil & method to study the local behavior of this

assembly, a combination of a local numerical andraalytical multi scale models are proposed.

The local behavior of a RVE, a pin stamped in thaplastic composite has been extracted. The
flexural law obtained this way is then insertedan analytical algorithm, which calculates the
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comportment law of the interface under torsionaldiag. The whole interface can be then simulated
with a simple nonlinear spring (whose parametergehbeen implemented from the previous
algorithm) and inserted in another finite elemermtdei. The analytical algorithm works under any
torsional solicitations. This method shows veryt fieesults for a given pins disposition, torsionnal
loading, and can be an important advantage foptealimensioning phases. The numerical model can
be used if specific local post processing datanaexed. This method represents a powerful tool for
the comprehension and the development of the CM3 assembly technology.

In future works an application to this method tdifierent texturing can be instigated. This method
has also a high potential in optimization probleamsl can be used to find the ideal pins disposition
answering interface specifications. Other kind adding, as shear or out of plane loading could be
studied with a similar approach.
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