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The paper will present an overview of recent and current work at Cranfield

University in the general area of through-the-thickness reinforcement of composites.

The lessons learnt from extensive studies of Z-pinned and tufted polymer matrix

composites are being utilized in the design and manufacture of new types of

metal-to-composite joints. For design purposes, the use of micro-fasteners must be

treated as a local structural modification, not a material change.

Both Z-pinning and tufting exhibit the manufacturing advantage of only requiring

one-sided access to the laminate stack or preform to be reinforced. While Z-pinning is

intended for use with preimpregnated fabrics, tufting is best suited for the dry preform /

liquid moulding processes. In the case of new types of metallic micro-fasteners these are

anchored on a metallic substrate (see Fig.1), which needs to be incorporated into the

(hybrid) structure.

The Z-direction reinforcement, of any kind, results in the creation of large scale

bridging and thus in significant improvements in the resistance of the (layered) structure

to the propagation of a delamination crack along the bridged plane. These toughening

effects have been well documented [1,2]. The Z-direction reinforcement, however, does

not increase the load level at which the delamination cracks first initiate. This fact,

coupled with concerns about the level of reduction in the in-plane properties of such

locally reinforced structures, gives focus to current investigations.

The insertion of Z-direction causes significant disruption of the arrangement of the

in-plane fibres of the composite, even if instances of actual fibre breakage are found to

be surprisingly low. Depending on detail of the lay-up, the fibres of prepregs re-arrange

themselves around the solid Z-pin during insertion and the matrix resin fills the space

during the subsequent cure. The situation in tufted composites is more complex, as the

tuft itself becomes a part of its environment during the resin infusion and cure. The final

topology then depends on the environment that the tuft is inserted into. In either case,

in-plane fibre bending and creation of resin-rich pockets typify the morphology of the

cured samples [Fig.2] Recent work in the author’s group has produced detailed

characterisation of the morphology of tufted composites, including an analysis of the

effects on local fibre volume fraction variations and hence of the changes to the in-plane

properties of the composite [3].



Generalised summary of the effects of Z-direction reinforcement is that it:

- results in minimal effects on the stiffness of composites;

- can lead to significant reductions to in-plane strengths of UD dominated

laminates;

- reduces the in-plane strengths of QI laminates by around 10%.

It is recommended that parametric studies be carried out by experimental

characterization of single-fastener crack bridging laws, coupled with validated

analytical and FE modeling schemes.
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Fig 1. Stainless steel Z-pins on stainless steel

substrate. The pins are produced by a
cold-metal-transfer pin welding process.
Fig.2 Polished cross-section through cured

tufted composite, showing typical local fibre

layout disruption around a (carbon thread) tuft.

Significant morphology parameters include the

length and the width of the resin rich pocket,

local fibre deviation angle and local as well as
the global fibre volume fractions.


