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1 (¢) Now the lay-up is unsymmetrical. This will cause curvature associated with in-plane loading.
The boundary conditions of the problem will affect whether there is any curvature induced due to
Poisson's ratio effects. To solve these we need to follow the same method as (b), but now the full
ABD matrix needs to be calculated. If a stress boundary condition is applied, then the strains and
curvatures can be found directly from inverting the ABD matrix. If the boundary conditions include
some displacement constraint (for example if the ends are clamped or restrained in some way to
prevent curvature), the mixed problem will need to be solved. Once the global strains are found the
stresses in the individual plies again follows from the Q matrix.

2. (a) CFRP - good for lightweight applications where stiffness and strength is important. For larger
structures there is a premium on performance (and self-weight becomes important) so that the cost
implications are less critical. Pultruded material is relatively easy to make into prismatic shapes
giving a cheap manufacturing route with a good production rate. For the spar the unidirectional
nature of the pultruded composite (with fibres being well-aligned) can give good stiffness and
strength properties.

(b) Joints have a complex stress pattern, with the anisotropic nature of composites meaning that it is
difficult to get load into the fibres. This tends to produce mixed-mode loading. This combination of
factors, together with the various failure modes in composites, means that it is difficult to predict
failure. For this reason there is little by way of codes and standards for joining. This means that to
design a joint reliably there needs to be substantial testing. This would not just be on smaller typical
coupons but also on larger sub-components or structures, which might change the loading or
manufacturing details. Moreover airworthiness certification will require strict testing.

(c) Although specific strength and stiffness will always work in the favour of composites, they also
possess a range of other properties which can tip the balance either in favour or against them. Often
material selection requires a portfolio of properties. For example

Cost - always important. The raw material cost of composites tends to be high, but a good
manufacturing route might bring the component cost down.

Corrosion resistance can be good - e.g pipes, boats

Surface finish - good finish using smooth moulds

Radar resistance for stealth

Thermal expansion tends to be small

Aesthetics - e.g. helmets

Others examples ...

(d) The issue here is that out-of-autoclave manufacturing will tend to produce lower mechanical
properties, but it is a cheaper route which can allow much faster cycle times than autoclaving (both
the installation and running costs of autoclaves are high). Moreover there is not a limitation on size.
As commercial manufacturers of aircraft extend both the size and extent of composites parts in their
aircraft the cost considerations mean that an out-of-autoclave route giving decent mechanical
properties becomes attractive. Moreover making lots of smaller parts will introduce joints, always a
source of concern and added weight.

(e) Transverse tensile strength of composites is affected either by failure in the matrix or by failure
in the matrix-fibre interface. Sizing, a chemical treatment of the fibres, can prevent premature
failure of the interface and hence increase the transverse tensile strength.

[This question was well answered, with lots of good comments backed up by details. To get full
marks most of the points mentioned in the cribs were required.]
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