The effect of thermal residual stress on the strength of joints with multi-
material laminate composite adherends
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Introduction

The study examines the impact of residual stresses resulting from
coefficients of thermal expansion mismatch during curing on bonded
joints, particularly when multi-material adherends are used. The use of a
multi-material concept, specifically comprising CFRP and aluminum, is
anticipated to give rise to significant improvements in joint strength and
failure mode. A finite element software (ABAQUS) was used to conduct
the numerical analysis, with the resultant models being validated with
experimentally obtained data [1].
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Single lap joint (SLJ) testing were performed according to ASTM D1002-01.
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Figure 2 — SLJ specimen geometry, in mm.

Numerical details

e 2D analysis in ABAQUS®

software; Static general;
Adhesive

e four-node plane stress (CPS4R)
elements for the aluminium;

CFRP-elastic

Aluminium

CFRP-cohesive

e four-node plane strain (CPE4R)
elements for the elastic CFRP);

e cohesive elements (COH2D4)
for the cohesive sections

Figure 3 — Section of the numerical models used.
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Results

The digital image correlation (DIC) experimental results measured in the
SLJ and the numerical values presented a good agreement, see Table 1.

Table 1 — Maximum deflection at the end of the SLJ.

Distance measured with numerical analysis

Average distance measured with DIC

2.05+0.08 mm

1.84 mm

The deflection after curing exhibited by the CFRP-AIl specimens can be
depicted in Figure 4.

DIC analysis to measure displacement

Numerical analysis to measure displacement

Figure 4 — CFRP-AI deflection after curing.

A good level of correlation was obtained, with the difference between
experimental and numerical failure loads never exceeding 10%.
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Figure 4 — Experimental versus numerical representative load-displacement curves of
the different tested geometries.

Conclusions

SLJ performance

 The studied SLJ geometry presented a large deviation from its initial
geometry, after curing. Nonetheless, the controlled use of these
deviations could be advantageous.

e Joint strength was improved in more than 35% and the delamination
was avoided, for both tested FMLs.

* Although the joints with one layer of aluminium performed similar to
the symmetrical one, the first has a reduced weight.

Numerical analysis

* The numerical models presented a good correlation with the
experimental results, with a difference always lower than 10%, for the
failure load.

 The failure modes were reproduced adequately.
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