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Mechanical and failure behaviors of adhesively bonded dissimilar materials %5

joints incorporating bio-inspired morphological irregularities
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ARTICLE INFO ABSTRACT

Reywords:
Adhesive bondisg
Dissimflar materials
Colsive zane model
Mechanieal interlock
Morphedogieal imegularicy

Adhesive disimilar material joints between stainless steel grade 3161 and palyethylene terephthalate ghyeol
(PETG) plastic were examined, in which iregular interface morphalogies nspired by nataral sutures were
incorparated. The joint interfaces exhibited various teeth-like, non-repetitive zigmg patterms based on a pseado
randomization method and sutural interdigitation index. Effects of their regularities on mechanical and failire
characteristics of adhesive butt joints were studied by means of experiments and FE simubations. The cohesive
sume model, Dracker-Prager plasticity model and ductile failare eriterion were applied for the interface and
PETG, respectively. Predicted kiad.s cisrves of joints with different teeth profiles were well validated.
The degres of irmegularity became higher to 20 %, 40 %, and 60 %, the joint strengths decreased by 1.47 %, 5.39
5%, and 11.95 %, while the total energies to faflare increased by 110.74 %, 129,33 %, and 161.23 %, accordingly.
Mare inhomogensous morphologies bed to earlier local damage nitiation, but enhanced damage evlution range
by impeding abrape joint separation. Smaller teeth angles provided higher joint strength, whereas significant
declines of bonding strength were observed by too acite teeth angle due 1o excessive stress localization and
resulting teeth breakage. The teeth angle of 45° enabled the superior joint performance owing to a proper
combination of interlocking and large adhesive foroe under shear stress state. Firsally, 2 key insight for designing
an optimal dissimilar joint with morphological irregularities was provided.

1. Introduetion polymer or composite materials when in contact with metal part are

mandatory, adhesive bonding has thus become 3 prominent joining

Lighs-weighting plays a vizal role in the automotive and aeroipace
industies, which are strongly driven by energy costs. Hence, the de-
mand fos lightweight materials and designs had dramatically i

method az to itz homogeneous atress distribution at bond interface [5].
In addition, adhecive bonding offers great energy absorption and vi-
bration rad: [7]. However, adhesive joint also nhuw— nnmgmajul

in recent years [1-4]. Composite structures are in the farefzant of
Lightweight technologies due to it high sength and low weight, in
which zome mle ]a;un are often irreplaceable. For multi-materiala

ies can be enhanced beyond the capa-
bilities of conventional materials and mare El.mble design are also
allowed [2,5]. of such mult

imevi-

with other
which s isz danuge tolerance when subjected to high stresses []. The
adhesion strongly depends on surface roughness and/or surface treat-
ment of maserial pairs and physical properties of adhesive itmeli
Recendy, there have been many stalies on improvement of adhesive
bonding pes L inteclocking features

tably requires an appropriate joining procesz. In :dd.nmn.
materials can have greatly different physical and mechanical propesties
=0 that only » few joining metheds are feasible that include mechanical
joining and chemical bonding. Traditionall 1

wsing mechanical i chemical ﬂ:hnn: laser texturing and 3D
prinsed surface, in which load bearing capabilities of substrase massrial
could be better uLi].i.wed [3,5-13].

jointz by means of riveting and screwing are widely employed for con-
necting pretty large componentz [5]. Hereby, weight increaze because of
additional fasteners, distinct stres: concentration, and degradation of
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nchading those for text and data min

Many biok ] systems involve diszimilar joints that resemble each
other, for example, the sagittal suture joine [13], which bonda betwesn
two parietal bones of the shulls with connective tiscues, and suture
patternz within Ammonites fosails [15]. Despite different geometrien

Received 15 Februsary 2024; Received in revised form 27 Aungust 2024; Accepted 21 October 2024

£ Al iraining, and similar technologies.
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