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Determination of the Composite Tube Mechanical Properties
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Abstract. Traditional materials mechanical properties arerenily amply described. The
situation is different for composite materials hesm the final part mechanical properties
depend on the composite production method (matefidibers and their distribution, filler
type and density). Determination of the compositet properties is necessary for FEM
calculations during the assembly design, so theposite structure model is created by FEM
software. Because the real composite material eafifferent from the ideal FEM model, it is
highly advisable to verify the model results bylrggecimens measuring. Determination of
the composite tube mechanical properties used tonaative industry is described in this
paper.

Introduction

A classical car tailgate production (sheet metakging) is now replaced by new technology.
The tailgate is assembled from a supporting framevbich interior and exterior panels are
anchored. The supporting frame is made from a siibel and panels may be plastic or glass.
This tailgate is termed as the hybrid tailgate. Tin@st recent research in this area solves
replacement of the steel frame tube by compositéenads tube. A composite tube is
composed from a polyurethane core on which a con®glayer is made (Fig. 1).
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Fig. 1. The composite tube structure: schema (lefg) tube (right).

The polyurethane core has no significant mechapicaerties, it is used only as a support
of fibers during the composite layer productionn@&ally, the composite layer determines the
tube mechanical properties and they depend on erialadf fibers, their distribution and on a
filler type and density. Knowledge of its mechahigaoperties is necessary for CAD
modeling and FEM calculations during the tailgaésign, so the composite tube structure
model was created at the FEM software [1, 2, 3taBse the real composite material can be
different from the ideal FEM model due to manufagtun accuracies, it is highly advisable to
verify the model results by specimens measuring démposite tube usually has very good
mechanical properties in its axial direction buisitvery soft in its cross section. This raised
problems with specimen clamping during measurerardtspecial clamping jaws have to be
designed for this measurement.



Composite Tube FEM Modeling

The composite tube FEM model was created in thidystThis FEM model has three layers
(0°, -45°, 45°) with mechanical properties by Table

Table 1. Physical parameters of the material in Fiiulation.

Material Density qu_ule of Tensile strength  Elongation
[kg.m] elasticity [GPa] [GPa] [%]
Fibers of carbon 1750+150 250 2.3 1.14
Epoxy resin (matrix) 1150+370 3.2 0.067 1.1
Core (PU foam) 50+0.36 2.6 - -

The multiphase composite tube (core - fiber - matan be optimized by directional fiber
orientationa on the constant distan¢eusing a numerical model solved by finite element
method (Fig. 2). Where the fibers are disposesvimgerpendicular directions (layefH1ayer
2), there transverse fibers only minimally conttdto the longitudinal strength in a tensile
test (Eq. 1).
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Tensile strength of the transverse fibers begirehtmge with the orientation angleWith
the angle of 45 ° or 30 ° or 60 ° the compositetghins quasi-isotropic behavior the optimal
fiber orientation with respect to the requiremefds the final construction mechanical
properties can be found.
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Fig. 2. Scheme of winding fibers (a), CAD model #ipd FEM model (c).

The composite tube axial force can be describetiéyext equation:
I:11 = 27Rtall (2)
where F; is the composite tube axial forcB,is the core radiug, is the layers total thickness

and o,, is the mayor stress, based on the generalized d®daw for inhomogeneous
composite materials.



Verification M easur ement

The classical tensile test was chosen for FEM maedefication. Anchoring of the tube
specimen is the biggest problem in its mechanicapgrties measurement. The axial force
(Eq. 2) for tube rupture may be up to 50 kN so spen anchoring to the clamps has to be
excellent. Traditional clamps fail because the tigbeery soft in the cross direction. A new
method of anchoring had to be designed. End podfdhe core was removed from the tube
and the composite layer was glued to the metal (falg. 3). Of course, success of this
principle depends on the suitable glue selectich therefore several types of epoxy glues
have to be tested. The best result was achievddepibxy glue Cyberbond CA 2000er Serie
(1000 — 2999) where the glued bond endured urdikfiecimen rupture. The glued joints can
be disassembled after the test by jaws heatingrenws can be used for the next test.
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Fig. 3. The principle of tube specimen anchorirgdtland real measurement (right).

Extension measurement was a second problem whithohae solved. It is very difficult
to estimate the maximal extension value for varipustotype composite specimens and
selecting of a necessary extensometer range isulifftoo. Also the specimen rupture in the
end of the test can be dangerous for classicalnsgauge extensometer. Therefore a
contactless displacement incremental sensor was fesethis measurement (Fig. 4). Two
small plates with anchor edges were made. Thenmeméal sensor reading head is mounted
on the first one and the magnetic scale on thensecbhis scale can freely move under the
reading head. If the specimen is loaded, the platsanchor edges are moved together with
the specimen surface and the scale is moved aghm$teadThe extension measurement is
very precise because the magnetic scale resolstibmm. The initial anchor edges distance is
arbitrary and maximal extension value is limitedlyobby used magnetic scale length.
Therefore, this extensometer can also be usedfoistandard length specimens.
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Fig. 4. The contactless incremental extensometer.

Results

The FEM model stress distribution, real specimgatute and comparison of the FEM model
and real tensile test results are shown in FigCéntinuous curve shows finally good
specimen anchoring (full load until tube rupturéhe tube rupture force was 54kN and this



value very well corresponds to the FEM model resulhe example of the bad anchoring is
shown by dashed curve (the specimen was pulledfdbe jaws).
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Fig. 5. Comparison of the FEM model and real tensibt results.

Conclusions and Acknowledgements

FEM model of the composite tube and methodology iftsr mechanical properties

measurement were resolved in this work. A tailgaueporting frame prototype is being
prepared now and its composite tube has a nonkairctoss section. Proven FEM modeling
principles and created mechanical properties measmt methodology will be now applied
to this real composite tube. It is expected thatgpoxy glue anchoring system will be very
suitable especially for non-circular specimens.
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