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Michael Sutcliffe

1. (a) Should mention tensile-shear interactions — tensile strains from applied shear stresses &
vice versa lead to distortions. These can be minimised if the stacking sequence is chosen
carefully, since the distortions from individual laminae will largely cancel each other out. A
balanced laminate is one in which the laminate as a whole exhibits no tensile-shear
interactions for any loading angle. Also, mention through-thickness stresses, which can cause
out-of-plane distortions. These can be minimised by choice of stacking sequence. In general,
a symmetric laminate (ie one possessing a mirror plane lying in the plane of the laminae) will
exhibit low distortion from through-thickness stresses, because the various interactions will
tend to cancel out.

(b)
From Datasheet: S, = (28,-2S8,- S66)c3s —(25,-28,-Sg)cs’
(i) For |§16| to be zero (no tensile-shear interaction):

A=28,,-28,-S, andB=2 S, —2 S, — S,
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Now 5’16 = Ac’s — Bes® = cs(Ac* — Bs?)
= §,, =0 when
(1) cos8=0= 6 =90°
(2) sind=0=0=0°
A 1/2
(3) Ac* =Bs* =0 =tan"' (Ej

S.0=59°



(i)
S, = Ac’s — Bcs®

63-16 2 2 4 4 2.2
=A(3c s  +c Y- B(-s" +3c¢"57)
70 X ) —B( )

= Ac* + Bs* —34c*s* —3Bc*s?

= A(1-5*)? + Bs* —(34+3B)s*(1-5?)

=5 (A+B+34+3B)+s*(-24-34-3B)+ 4
=5*(44+4B)+s*(-54-3B)+ 4

:% =0 when (4+ﬂ£)s4~(5+§£) 2+1=0
o4 y y

5.44s* —65* +1=0

s°=0.91&0.2

for 0<@<x/2,60073° or27°

By substituting these values into the equation for |§1 6[

- We find that S, is maximum at
(i) S,; =0.028 GPa™' (0 = 73°)
(i) S, =-0.12 GPa™'(6 = 27°)

i

is a tensile-shear interaction term, an important feature of off-axis loading of laminates.

As a result of a tensile stress oy, a shear strain y,, = S,40 . is produced.

1S16]

6 (%)

6=27°

A reiaziveiy straighfférward q{;estion applying laminate plate theory. Hence very popular and well
answered. Most of the problems arose in the algebra, rather than the composites understanding.



2. Materials: performance indicates CFRP with excellent specific stiffness and strength. High
value component so cost not so critical.

Process: High performance and relatively large number of components indicates autoclave use.
Size doesn't preclude this. Hand lay-up or (more likely) tape lay-up of pregpreg components
will give the required quality. Perhaps some form of moulding (RTM) for attachment structure.

Structural design. Need to consider loading and constraints. Here the wind pressure loading
gives a maximum bending moment at the attachment point. Could manufacture using a plate
with decreasing thickness from root to tip. Or perhaps include a network structure (c.f.
stiffeners or spars) to carry the main loads, with a thinner skin to spread the load and provide
the correct surface.

Laminate lay-up. Loading predominantly in bending away from the hinge, but need some
material in other directions to prevent splitting and provide buckling resistance. Also impact
resistance will be very important (run-way stones) so perhaps include 45s or a woven
protective layer.

Joints: this aspect will be critical, with the hinge joint and lugs to get the actuation load in.
Need to consider how to spread the load, perhaps via metal inserts or thicker sections. Where
stiffeners are used, should consider how to bond them (adhesives would be preferred).

Testing and certification: Again critical.
Air worthiness certification requirements
force a very expensive testing pyramid as
illustrated, from resin to coupon to sub part
to full-scale prototype. Late in the design
process much of this testing will already
have been done, and the delays and cost
involved in starting again are prohibitive.
Need to include design of attachments,
fatigue, compression after impact. Non-
destructive testing at the manufacturing
stage will be required, for example using
ultrasonic c-scanning. Effect of
environment (hot-wet, cold) should be
included, as well as corrosion with metal
inserts/connections.

Guite a few good answers, showing a good depth of knowledge about the issues affecting design
and manufacture of composite parts. Marks tended to be lost for a scatter-gun approach to answers,
listing information rather than focussing on the particular application.
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This looked like a difficult question on pull-out of tows and shear lag theory, hence the '
unpopularity. In fact the analysis was quite straightforward and mirrored material learnt in lectures
so that those students who attempted it {perhaps the braver ones) tended to do well.
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In many vears questions about fatlure can be rather tricky, involving substantial algebraic
manipulation, but this year the question proved no match for the students, with many essentially
correct answers. Clearly the students had learnt the principles well {in fact a substantial part of this
question was about laminate plate theory) and could apply it.






