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(a) In general CFRP laminates are popular for lightweight structures due to their good specific strength
and stiffness. Laminates are needed to cope with loads in more than one direction, and to avoid splitting.
It is difficult to design against and prevent splitting and delamination in composites, hence the increasing
use of tough epoxy matrix, which limits these modes of failure. The compressive strength of the
composite is governed normally by the shear strength of the matrix, rather than toughness, so that tough

epoxies may have reduced compressive strength.
[25%]

(b) The primary purpose of torque shafts - to transmit torque - is best served having +45° plies which
carry the loads along the fibres. However it is often the case that axial stiffness is required, perhaps for
bending stiffness or to prevent whirl in high-speed applications. Here some axial fibres are needed. The
motivation for using composite tubes in the first place is often weight, but may also be for whirl (e.g. in
the Renault Espace where the E/p ratio of other materials is insufficient to prevent whirl without a central
bearing), or perhaps on account of its good thermal expansion properties (e.g. cooling towers) or

corrosion resistance.
[25%]

(c) Yachts need high stiffness and strength with low weight. This is best achieved using CFRP composite
material with well aligned and consolidated fibres. This is most easily achieved using hand lay-up and
autoclaving, to give good consolidation and strength. However this method of production is expensive
(particularly the autoclave), but the market for top-rate (e.g. racing) yachts can bear this. By contrast
leisure boats need to be much more price-conscious, and here a cheaper alternative is chopped strands
mat, laid dry and impregnated by hand. Although the strength and stiffness is not so good, particularly
with the random fibre orientations, it is a simple but relatively tough construction with good mechanical
properties, good corrosion resistance and easy to make into relatively complex shapes.

[25%]
(d) The bending strength of the beam is predicted assuming that the face sheets yield. In practice other
failure mechanisms come into play, for example shear failure of the core, indentation of the skin, skin
wrinkling and delamination. Indentation is a particular problem for thin face sheets or at the load points,
and can often be the limiting factor in design. Care in load introduction is needed to ensure that these
failure modes don't dominate, to exploit the full potential of a sandwich beam.

[25%]



	
	
	
	
	
	
	

