2009 PARTIIB 4C2 DESIGNING WITH COMPOSITES
Prof N A Fleck

CRIB - 2008/9

1 (a).From Datasheet
§“ =8, + S22s4 + (ZS12 + S66)c2.s2

in which ¢ = cos ¢ and s = sin ¢. Applied 65 —> €= S, o,
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so that, for ¢ = 7°,

7]

S, =ﬁ°054 (7)+ %sin“ (7) +(1 —%—Jcosz (7)sin’(7)=0.00972GPa™

- E,=102.9 GPa

This is just over 50% of the ¢ = 0° case (= 200 GPa).
The minimum value of E; (maximum §,,) is found from the condition

aai; =~8,,4¢’s + 8,,45°c+ (28, + S )(—2cs3 + 2sc3)= 0
Divide through by 4c¢s
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1(b). A laminate is made up of a stacked and bonded assembly of (unidirectional) plies,
each having its fibre axis lying at a specified angle to a reference direction. They are used in
preference to unidirectional composite material because they are more isotropic with regard to
properties of interest (although they may not be fully isotropic).

If a laminate consists of three or more identical orthotropic laminae (i.e., all have the same
material and geometric properties) which are oriented at the same angle relative to adjacent
laminae, the lamina is called quasi-isotropic (or planar isotropic). The [A] matrix is
isotropic in form:

4, 4, 0
Aij =| 4, 4, 0

0 0 (4,-4,)/2

By changing the lamina orientations while maintaining equal angles between adjacent

laminac (e.g. [-45/15/75], [30/-30/-90]), 4, remains unchanged but the B, and D,
don’t. Thus, the laminate is isotropic with respect to its in-plane behaviour only.

1(c). @ Axial Young’s modulus of the composite material (equal strain model)
Ey = fE; +(1- f)Ep, =(0.66)76 +(0.34)3 = 51.2 GPa

Transverse Young’s modulus of the composite material (equal stress model)
E, ={E—ff+%—)} 1 ={976?6+O—;i} 1 =8.2GPa

Hence the Young’s modulus of the cross-ply laminate (equal strain model)

Elam = 0.5E; +0.5E; =(0.5)51.2+(0.5)8.2 = 29.7GPa

Therefore, the strain is given by stress/modulus = 0.1/29.7= 3.4 millistrain.

When the laminate is loaded in uniaxial tension, the difference in Poisson contractions of the
two plies will cause the laminate to distort in the manner shown below (the students are not
expected to draw this). Because the laminate is not symmetric, axial loading will generate
bending and twisting curvatures which will cause out-of-plane distortion.
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Distortion whe
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(ii)) A cross-ply laminate which would not exhibit such curvature could be made by
converting the stacking sequence to a symmetric one (eg 0/90/90/0). ie the stacking sequence
in the top half reflects that in the bottom half. A symmetric laminate is less likely to exhibit
out-of-plane distortions (bending and twisting curvatures) under in-plane loads. This is
because Bj;.=0 ie bending-stretching coupling will not be present in such laminates.



2. (a) (i) As with all structures joints are a cause of stress concentration. The problem is
particularly exacerbated in composites on account of their anisotropic nature, so that getting the
load into the fibres is more difficult. Shear lag models of joints show how the load can get in
via shear at the interface, with some slip at the ends. In general this strategy of tapering the load
in is a good one, for example using tapered thicknesses of laminate. An alternative is to apply
overlays of composite. Adhesive joints are preferred, not least because there is damage typically
found at drilled holes. Finally metal inserts can be used where absolutely necessary.

(ii) The main point here is that air
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.
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(b) The following taken from the notes:

Open or closed mould Vacuum Vacuum
Use vacuum bag with open mould

Vacuum forces flow of thermoset resin
through reinforcement, typically hand lay-up
Injection and outlet ports control flow \
Slow process, but capable of large parts 7). N

SCRIMP - (Seeman composites resin o

Dry reinforcement Vacuum bag\
Resin in

infusion moulding process) carrier layer Schematic of vacuum injection moulding. Astrom, 1997

allows fast path for resin.

This is an attractive route for boat hulls because it is well suited to large structures, with the
vacuum allowing relatively fast injection of the resin (relative to hand lay-up at least). The
properties are not as good as in autoclaving (which might be a preferred route for the most
expensive racing yachts) but still the vacuum gives acceptable porosity.



2 ) The shear
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3. (a) In general the rules of thumb proposed are designed to help a less experienced designer
get a reasonable first design without making significant errors. This is true particularly of the
'simplify’ and 'same material' rules. A balanced symmetric layup prevents odd coupling effects,
which may or may not cause unpredictable problems. Again a more experienced designer might
be able to check whether these actually matter. For axi-symmetric structures the symmetric rule
is not relevant, though balanced laminates will prevent twist. Having at least 10% off-axis plies
is suggested to prevent splitting. Only where there is material elsewhere in the structure to
protect against splitting is a substantial unidirectional laminate likely to be sensible. The
suggestion of using +6 or a sequence of 0°, 90° and +45° plies is again to simplify. The +6
reflects filament winding while the 0°, 90° and +45° set is more relevant to hand layup. But
again these rules are only as guidance and should be relaxed to optimise the layup.
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4 (a) Hot wet environmental conditions will most affect the matrix material, causing it to
soften. This will have a particular influence on microbuckling compressive failure, which is
controlled by matrix strength. We could also expect other matrix-dominated properties such as
transverse strength and stiffness to be affected. Effects on toughness are less predictable.
Perhaps the increased ductility of the matrix will help enhance toughness.
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