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The Optimization of Comeld™ Joints: a Novel
Technique for Bonding Composites and Metal

Wei Tu, Pihua Wen and Felicity Guild

Abstract— Current and future structural applications for
composite laminates frequently involve design solutions
combining composite laminates and metal; the materials must
be joined. A novel surface treatment for metals developed at
TWI, Surfi-Sculpt™, leads to the formation of surface
protrusions on metal surfaces. The surface modified metal can
be bonded with composite laminates to form a Comeld™ joint.
Finite element modeling has been used to study this novel
joining system.

Index Terms—Adhesive joints, composite laminates, metals.

I. INTRODUCTION

Composite materials are slowly gaining acceptance as
structural materials particularly in applications when weight
saving is a critical consideration. However, in general, the
uptake in structural applications for composites during the
last decade has been disappointingly slow. In many
large-scale applications, a total composite solution may be
unrealistic; composites must be joined to metals. Reliable use
of composite materials therefore relies on reliable joining
technologies. The development of good joining methods
between metals and composites may be described as a
pre-requisite for increased applications for composites.

There is an intrinsic dilemma for the design of composite
joints, since the two alternatives of mechanical or adhesive
bonding both show significant disadvantages [e.g 1-2]. The
most promising way forward may be a combination of
adhesive and mechanical bonding. This combination of
joining methods may now be attained following the
development of Surfi-Sculpt® technology by TWI. This
technology uses a power electron beam to create various
surface textures through the manipulation of the electron
beam. This technique is applicable to a wide range of
materials, allowing the creation of a range of hole and
patterns, which can be precisely controlled.
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Bonding of the sculpted metal surface to composite
laminates forms a Comeld™ joint. Various joint geometries
could be manufactured using this technology; we have
chosen a double-lap joint stressed in tension as a reasonable
analogue of typical joints between composites and metals.
This paper describes the strategy for finite element modeling
of stress concentration around the protrusions. The strategy
for modeling within the row has already been established
using repetitive boundary conditions [3]. Methods to analyze
the protrusion at the end of the row are explored.

Il. JOINT GEOMETRY

The analysis presented here is for a two-step joint
double-lap joint in quasi-static tension; the geometry of the
joint is shown in Fig.1. The total length of the joint is 150
mm, width 25 mm, and the total thickness is 3 mm. The
height of both steps is 1 mm.

The metal adherends are Titanium Ti-6Al-4V and the
composite is carbon fibre prepreg AS4/8552 from Hexcel.
The laminate lay-up was [0/90]s, with ply thickness of
approximately 0.125mm. The material properties for the
Titanium and the unidirectional CFRP were gained from the
literature [4].

The height and diameter of the protrusions were gained
from experimental measurements and remained constant:
height 1mm, diameter 0.6mm. All results presented in this
paper have been gained assuming a square array of
protrusions. The measured density of the protrusions, D, was
0.54 per mm?,
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Fig.1 Geometry of the Joint
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The analysis of the protrusions within the row can be
achieved using repetitive boundary conditions [3]. However,
the highest stress concentrations initiating joint failure are
expected to occur for the end protrusion (see Fig. 1). The
boundary conditions for the end protrusion must be
established.

All analyses have been carried out in 2-dimensions using
plane strain elements. The accuracy of this formulation has
been checked using generalized plain strain elements;
identical results were obtained. All results in this paper are
for 1 MPa global tensile load.

Il. FINITE ELEMENT MODELS

The most complex finite element model is a detailed global
model including individual protrusions (see Fig.1). This
model is used to compare results from our simpler strategies
to model the end protrusion. These strategies are:

1. Row of two protrusions with twice the length of
composite for loading (see Fig.2).

2. Single end protrusion with region of homogenized
properties representing the neighboring protrusion with twice
the length of composite for loading (see Fig.3).

3. Row of six protrusions loaded at the end using values of
displacement extracted from the global model (see Fig.4).

Fig.2 Schematic illustration of model 1

Fig.3 Schematic illustration of model 2

Fig.4 Schematic illustration of model 3
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The loading and boundary conditions for the models are
shown on Figs 2-4. The loading for models 1 and 2 is 1 MPa
pressure load on the edge of the composite. The loading for
Model 3 are the displacements extracted from the global
model. The boundary condition on the top of all models is
free. On the left edge of all models, opposing the load,
displacement is restrained in the loading direction but
displacement is allowed in the vertical direction. Along the
bottom edge of all models, which is the symmetry plane of
the joint (see Fig.1) displacement is restrained in the vertical
direction but allowed in the horizontal direction.

IV. RESULTS

Results from the global model for the end protrusion are
shown in Fig.5. Fig.5a shows contours of axial stress, S11.
Maximum value for the whole model is found within the
titanium at the base of the protrusion. This stress
concentration is not expected to cause failure. Fig.5b shows
contours of transverse peel stress, S22. The highest value is
found within the titanium in the same location, which is not
expected to cause failure. However, a further stress
concentration of transverse peel stress is found around the top
of the protrusion region within the composite. Composites
are very weak in transverse tension and this stress
concentration could easily initiate failure. Similarly, the
maximum stress concentration of shear stress, S12, is in the
titanium at the base, but there is a stress concentration around
the top of the protrusion within the composite layer. This
stress concentration could contribute to the initiation of
failure.
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Fig.5 Contour results of the global model, (a) axial stress, (b)
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transverse peel stress, (c) shear stress S
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This novel method of bonding composites and metal shows
considerable potential. Failure is expected to initiate around
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b established to analyze the stress concentrations around the
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