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Optimisation of the rivet joints of the CFRP
composite material and aluminium alloy
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ABSTRACT

Purpose: The project included analysis of strain, cracking, and failure of riveted joints of plate elements made
from the carbon-fibre-reinforced plastics (CFRP) and from the 6061 aluminium alloy.
Design/methodology/approach: The modelled static tensile strength test carried out for the plates from CFRP
and from the 6061 aluminium alloy joined with the steel rivet. Computer simulation was carried out with IDEAS
software package employing the FEM.

Findings: Simulations using the mesh with a bigger number of FEM elements do not yield better accuracy of
calculations and do not improve convergence with the results of laboratory experiments. Only the calculation
time gets longer. Computer simulation has also show that the type of contacts employed between elements
affects the results significantly.

Research limitations/implications: For the composite materials, joints between materials and computer
simulation examinations are planed.

Practical implications: Results obtained for the mesh with 4 and 5 FEM elements are the closest to the results
of laboratory experiments, which is confirmed by the strain plot. Simulations using the mesh with a bigger
number of FEM elements do not yield better accuracy of calculations and do not improve convergence with the
results of laboratory experiments. Only the calculation time gets longer. Computer simulation has show that the
type of contacts employed between elements affects the results significantly.

Originality/value: The paper presents influence of fibre mesh closeness on convergence of the results with laboratory
tests. Simulation results were collected and compared with the laboratory static tensile strength tests results.
Keywords: Composites; Mechanical properties; Computer simulation; FEM

The widespread applications of these materials result from the

Nowadays, the composite materials, like plastics reinforced

intensive research carried out by many scientific and research
centres all over the world [5-7] whose goals are their optimization
and potential applications in many industry branches, and also

with carbon fibres (CFRP), glass (GFRP) or aramid ones (AFRP),
are widely used in various industry branches: in the armaments
industry, automotive-, aircraft- [1], chemical industry, electrical
engineering, building engineering [2], and even in cryogenics [3, 4].
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employment of FRPs as the starting material for development of

the new intelligent composite materials — smart materials [8].
Operation of the entire structures and also of their elements is

analysed from the point of view of their limiting states which -
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when exceeded - result in change of material's behaviour being
considered by their designer as hazardous for the designed
structure. Loss of load carrying capacity (e.g., crack), and loss of
the elastic- or elastic-plastic stability, like — for example —
buckling, may be examples of the limiting states [9].

It is assumed that there are four reasons for origination and
development of damage processes in the fibre composites. There
are as follows: cracking of matrix, breaking of fibres, loss of
connection of fibres with the matrix or drawing out fibres from
the matrix [10]. One has to mention the following theories among
the effort hypotheses deciding the possibility of appearing any
material damage form in any stress case:

e maximum stress theory,

maximum strain theory,

Tsai-Hill theory,

Tsai-Wu tensor theory,

Hashin-Puck theory.

The above mentioned theories deal only with forecasting the
beginning material failure, except the Hashin-Puck’s theory,
thanks to which one can recognize in addition the defect type
(breaking of fibres or matrix) [11].

On the other hand, the finite element method yields solution
approximated by division of the analysed model into sub-areas
characteristic of: shape, number and type of nodes, nodal values,
approximating functions.

The approximate solution in the finite element method is
assumed to take the following form:.

”p(xj): ZI::Ni(xj)Vi M

where:  Nj(xj) — approximating functions, called shape
functions, v; — unknown nodal values of the searched quantity,
playing roles of coefficients to be determined [12].

Currently, the finite element methods and the boundary
element method are the most often used methods (including the
computer based ones) employed for modeling, analysis, and
simulation of the behaviour of structures [13].

Calculation results are confronted with the laboratory tests
results. The differences noticed are the consequences of the
measurement and calculation errors, resulting from the
computational model, which is differing from the real structures.
The reason may be also a lack of the exact data about the
parameters of the analysed structure and the limited precision of
numerical calculations (numerical errors).

The numerical errors result from the limited precision of
calculations carried out by computers and may influence the
accuracy of calculations significantly [14, 15].

An interesting and important issue is development and
optimisation of riveted joints of the CFRP composite material
with the classic aluminium alloys, whose use is unavoidable
sometimes in the lightweight constructions.

2. Experimental procedure

Two plates were subjected to the static tensile test: aluminium
one from the 6061 alloy and the CFRP (carbon-fibre-reinforced
plastic) joined with the steel rivet. The aluminium plate was fixed
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and the tensile load was applied to the plate made from CFRP.
Contacts were defined between the elements (Fig.1). Geometry of
plates (dimensions for the half used in the calculations):

e width: 22.5 mm,

e length: 100 mm,

CFRP thickness: 1.8 mm,

arrangement of fibres in the CFRP plate 0°

thickness of the aluminium plate: 2 mm,

plate overlap: 20 mm,

diameter of the holes in plates: 4.8 mm,

diameter of the steel rivet: 4.74 mm,

diameter of the rivet head: 12.6 mm,

height of the rivet head: 2.32 mm,

diameter of the headed rivet part: 4.07 mm,

height of the headed rivet part: 1.48 mm,

total rivet height: 11.63 mm.

Fig. 1. Contacts defined between the joined elements

In addition verification according to Tai-Wu criterion was
carried out, to determine the test pieces’ cracking mechanism.
Symmetry of the investigated joint was taken into account to ease
the analysis, so only a half of the assembly was modeled (Fig. 2),
which made it possible to reduce the model complexity and cut
the analysis time.

Fig. 2. Geometry of the riveted joint

Boundary conditions:

e tensile load: 1770 [MPa],

e removing all degrees of freedom in the joint location from the
6061 alloy,

e symmetry,

e preventing the dislocation in the Y axis direction at the load
application place,
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e definition of contacts between the CFRP plate and the rivet,
rivet and the aluminium plate, and between the plates.

Four FEM mesh variants were analysed, differing with
closeness of elements in each plate’s thickness. 3, 4, 5, and 6
mesh elements were assumed for 1.8 mm thick CFRP plate, and
for 2 mm thick aluminium alloy plate. Arrangement of the
elements in the analysed joint’s FEM mesh is presented in Fig. 3.

Fig. 3. Arrangement of elements in the FEM mesh
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Fig. 4. Stresses induced in the riveted joint location for the mesh
with a) 3, b), and 6 FEM mesh elements on the plate cross section
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3. Results

The significant differences in results (location of the biggest
stresses and their values) were observed in the modelled static
tensile strength test carried out for the plates from CFRP and from
the 6061 aluminium alloy joined with the steel rivet — depending
on the contact type between the elements. In case of contacts
generated automatically the results differed significantly from
those obtained in the laboratory tests; however in case of the
contacts defined manually the results were consistent with the
laboratory ones. Moreover, it was noticed that the biggest
differences in stress values and locations in which they occurred,
and also strains and areas of the critical stresses took place for the
FEM mesh defined with 3 and 6 elements on the plate transverse
section (Fig. 4, 5). Differences in the obtained results depending
on the method of defining the contacts between the elements are
listed in Table 1 and 2.
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Fig. 5. Critical stresses according to Tai Wu criterion in the CFRP
composite material for the mesh with a) 3, b), and 6 FEM mesh
elements on the plate cross section

4.Conclusions

In case of defining the FEM mesh with 3 and 6 elements on
the cross section the results obtained in computer simulation
differ most from the laboratory results. The conclusion arising
from this is that the FEM mesh is unsuitable in this case. One can




Table 1.
Comparison of the elongation of the CFRP test piece and generated stresses depending on the contact type

Number of mesh

Contact generated automatically

Contact defined manually

elements Elongation, mm Stress, MPa Elongation, mm Stress, MPa
3 2.44 1200 2.38 876
4 2.40 1130 2.4 1010
5 2.40 1140 2.39 1040
6 2.37 1160 2.37 1160
Table 2.
Analysis results — risk of fracturing the CFRP element according to Tsai Wu criterion
Number of mesh elements . Tsai Wu Tsai Wu
Risk of fracture Mode of fracture
3 9.95 1
4 1.14 1
5 1.10 1
6 1.02 2

notice, using the maximum strain plot that the biggest shift has
occurred in systems with 4 and 5 mesh elements.

Results obtained for the mesh with 4 and 5 FEM elements are
the closest to the results of laboratory experiments, which is
confirmed by the strain plot. Simulations using the mesh with a
bigger number of FEM elements (e.g., 8, 10 or more) do not yield
better accuracy of calculations and do not improve convergence
with the results of laboratory experiments. Only the calculation
time gets longer (Fig. 6).
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Fig. 6. Criterion of strain plot

Computer simulation has also show that the type of contacts
employed between elements affects the results significantly. In
case of contacts generated automatically the location of the
biggest stresses changes its place, and none of them is correct, and
their locations are random; whereas in case of the contacts defined
manually this location is constant.
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