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Engineering Tripos Part IIA: Module 4C2

Designing with Composites MPFS.
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4 (a) Composites have the ability to be formed into complex shapes, and to be tailored to give strength and
stiffness in the required directions. They also suffer from poor through-thickness properties and joining, and
have manufacturing limitations (e.g. sharp comers). Hence it is essential to couple design of the structure
(e.g. shape, details of joints and cutouts, reinforcements), with the design of the layup to ensure that the
shapes can be readily produced by the composite and that the properties achievable by the composite at a
particular point match those given by the loading and overall design. Often a metal component with a given
geometry can be improved upon when being replaced by composite, by modifying the shape of the
component to take advantage of the composite properties and avoid problems with joining or problems with
secondary material properties, rather than by replacing the metal directly (CFRP as ‘black metal').  [25%)]

(b) Through-thickness properties of the laminate are the secondary properties, which are matrix-dominated.
Such poor properties can lead to matrix controlled failure processes, like delamination cracking. Cut-outs,
holes, surfaces (edges) concentrate shear stresses and tensile stresses at interfaces leading to premature
cracking and damage accumulation and losses in material properties, fatigue, impact damage, etc.  [25%)]

(c) The successful application of structural composites to large integrated automotive structures is dependent
on the ability to use rapid and economic fabrication processes. The fabrication process must be capable of
close control of composite properties to achieve lightweight, efficient structures. The rate of manufacture is
critical to satisfying the economic need. Glass fibre-reinforced composites must be capable of satisfying the
three primary criteria: fatigue (durability), energy absorption (crash loads) and ride quality (vehicle
dynamics). These functional requirements must be totally satisfied in a cost-effective manner. Appropriate
composite fabrication procedures must be applied or developed which satisfy high production rates but still
maintain the critical control of fibre placement and distribution. [25%]

Sheet-moulding composites (SMC) (plastic-based composite materials) are in general antomotive use,
consisting of approximately 25 wt% chopped glass fibres in a polyester matrix. A characteristic moulding
time for SMC is of the order of two minutes, which is on the borderline of viability for automotive
production rates. Currently, the only commercial process which comes close to satisfying these
requirements, is compression moulding of sheet moulding compounds (SMC) or some variant of the process.

The form of the glass fibre will be application-specific and both chopped and continuous glass fibres will
find extensive use. It is expected that most of the structural applications involving significant load inputs
will utilise a combination of both chopped and continuous glass fibre with the particular proportions of each
depending on the component or structure. [25%)

Alternatively or in addition to the above answer, the student could give the following answer:

There is a process, which hold distinct potential in terms of combining high production rates, precise fibre
control and high degrees of part integration. High-speed resin-transfer moulding (RTM) offers these
potential benefits, provided technical developments can be achieved. For comparison of the two alternate
composite construction techniques, consider the body side assembly. In a typical SMC approach the
complete body side consists of two mouldings, which would be bonded together. The major difference of
the RTM procedure for the same structure is the elimination of the adhesive bonding and the incorporation of
a foam core. Note that the degree of integration is higher for RTM reflecting the greater versatility of this
procedure. (In terms of reduction in parts, the moulded SMC body structure could consist of some where
between 10 and 20 major parts (compared to approx1mately 300 major steel parts) and the RTM structure
could be composed of about 10 major parts).

(d) Construction of this section, which includes stringers, would start with the computerised lay-down of
carbon fibre-epoxy pre-preg composite tape onto an appropriately sized mould. The mould would be
mounted on a tool that rotated as the tape was applied (known as filament winding). The structure would
then be wrapped and placed in an autoclave for curing. One critical issue would be the curing (thermal)
cycle and the heating-rate and cooling-rate of the moulding, which would affect residual stresses in the final
part. Finally, it would be unwrapped, inspected, and the tool removed. Subsequently, the windows and door
would be cut out in the section and tested by non-destructive means, followed by a painting process. It
would also be tested for structural integrity. [25%]

(Using a composite material allowed Boeing to create optimised structural designs and develop an efficient
production process. By integrating this section into a single composite structure, Boeing was able to cut the
number of parts in the section significantly and reduced the weight by almost 20% and a corresponding
reduction of 20% less fuel).
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