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Summary

A sailplane wing design was developed
that extensively utilizes advanced compo-
site materials (graphite/epoxy or ara-
mide/epoxy pre-pregs); two cellular
cross-section wing boxes have been ma-
nufactured combining thermal expansion
rubber cores with an autoclave pressure
cycle. A mass of 4.8 kg has been obtained
for each wing box saving a 40% of mass in
comparison with the original alumininm
extruded structure. Pure bending test
have been carried out achieving good
results; a failure bending moment of
33 KN'm and 43 KNm has been reached
in two tests.

A half fuselage shell, 1000 mm long has
been manufactured utilizing Aramide/
Epoxy/PVC sandwich material; in this
way a wood male building form is used
avoiding the most expansive reinforced
plastic mold.

Introduction

Many primary and secondary advanced
composite structural components have
been installed in the last ten years in
transport airplanes and are being evalua-
ted in service throughout the world; how-
ever, only 3-4 percent of the mass of the
overall structure is actually made by gra-
phite/aramide/epoxy materials, but the
trend is to increase them to 65 per cent at
the end of 80’s. In the L ear Avia Lear Fan
2100 executive airplane, that was test
flown in 1981, 70 percent by mass of the
airframe consists of graphite/epoxy and
aramide/epoxy, reducing operating costs
by over 50 per cent. In fact, although ma-
terial cost of advanced composite in the
prepreg form is higher than aluminium-
alloy, a remarkable reduction up to 20-30
percent of the production cost is possible
by using numerically controlled cutting
equipment.

Furthermore, as the technology of pro-
duction by pre-preg composite material
requires a curing cycle in autoclave under
temperature and pressure, a very smooth
surface is possible by this process; this is,
may be, very important in sailplane con-
struction where, roughly speaking, about
one hundred manhours are required to
smooth a 15 m wing surface.

This paper describes the fabrication pro-
cess and the experimental results of an
advanced composite sailplane wing struc-
ture designed using graphite/epoxy and
aramide/epoxy pre-preg materials.
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Preliminary design

The design of a sailplane wing was repor-
ted in Ref. 1; it was related to the modified
15 meter M-300 glider conveived for
an extruded wing (Ref. 2).

A possible typical cross-section of the
wing, leading to a structure with very few
components, is sketched in Figure 1;
the central box will carry all bending load
and most of the shear/torsion load. The
central box was designed like a cellular
structure, leading to the realization of an
integral ribless wing.

The wing had to withstand (according to
the OSTIV Airworthiness Requirements)
an ultimate bending moment of 35 KNm
and an ultimate shear load of 9.5 KN cor-
responding to a load factor n = 10.

Since a sailplane wing might frequently
be subjected to impacts, the lower panel
was designed of hybrid graphite/aramide/
epoxy material because of the better
impact resistance of aramide fibers; the
upper panel was designed of graphite/
epoxy material because of the proven bet-
ter compression properties.

The two wing box panels have a lamina
stacking sequence sketched in Figure 2;
the inner and outer skins were designed
as (E 45°/0°/90°)s laminates, while the
bridges consist of & 45° laminates.

Both panels of the second wing box have
been designed of graphite/epoxy because
of the problems during the production
process of aramide material (excess resin
content - cutting and drilling of holes of
cured panels by standard tools).

Fig. 1: Advanced Composite Sailplane
Wing Cross-Section.
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Fig. 2: Laminae stacking sequence of cel-
lelar wing box.

Production process

In a first attempt, flat panels were utilized
both for saving the cost of curved moulds
and for improving the skill of the ad-
vanced compositematerials work group of
the Politecnico di Torino.
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Each panel was manufactured combining
thermal expansion rubber cores with an
autoclave-controlled pressure cycle.

The silicon rubber cores were made by
pouring a liquid “Rhone Poulenc RTV
1549” into a rectangular mould.




The composite material used in manufac-
turing the wing boxes was prepregged by
Hexcell Belgium, aiming at a cured fibre
volume content of 60 percent.

An epoxy resin system designed for
autoclave curing at 120°C was used to
impregnate the graphite (T300) and ara-
mide (Kevlar 49) fibres.

The pre-pregs used in the first wing box
(graphite tape (T3T 145/F550 - graphite
Fabric W3T 282/F550 - Aramide Fabric
Kevlar 49-285/F550) had an excess resin
content (Tape: 41% - Fabric: 37,5% - Kev-
lar 60%). In the vacuum bagging the
stacking sequence was: one ply nylon-
peel ply on top of layup - one ply of perfo-
rated release film - one ply of fibreglass
type 181 as surface bleeder - release film
and pressure plate - breather - vacuum
bag.

The prepregs used in the second wing box
(graphite tape T3T 145/F155 - graphite
fabric W3T 282/F155) had a net resin
content (Tape: 35% - Fabric 34%), simpli-
fying in this way the vacuum bagging
sequence only to: release film on top
of layup - pressure plate - breather -
vacuum bag.

The cure cycle was: Heat up, under va-
cuum, to 120°C at 2°C per minute - Apply
0,7 MPa pressure - Hold 90 minutes -
Cool down to 50°C at 2-3°C per minute.

Experimental results

First a compression test was carried out
on a small panel to check the capability of
the cellular panel to withstand the design
compression stress without local buckling
failure. The panel was 730 mm long and
103 mm wide (only 3 cells); T300/5208
NARMCO graphite/epoxy material has
been used to manufacture this panel and
cured at 175°C.

The panel was simply-supported on four
sides; failure occurred at a load of 125 KN
(corresponding to an index load N, of
1213 N/mm) by local buckling of the
laminates between the bridges and fol-
lowed by an explosive delamination of
the skin. In Figure 3 longitudinal strains
are reported versus compression load. Al-
though the ultimate compression index
load (N, = 1190 N/mm) was achieved, the
failure load was 30% lower than the theo-
retical one calculated by using the ortho-
tropic plate theory of compression panels.
Simple compression tests, indeed, cannot
represent properly the load condition of a
wing box compressed panel because of
the constraints and deformations induced
by the edges and because of the effects of
the bending curvature. Furthermore one
of the main objectives of the program is to
check the capability of the webs to with-
stand the crushing loads introduced by
the bending curvature.

For these reasons compression tests have
been set aside and bending tests were
planned.

Each wing box was 920 mm long. At the
end of the specimens each panel is rein-
forced by glass/epoxy for a length of
140 mm; suitable fittings are bolted in or-
der to fix them to the bending machine.
The specimens are bolted to the machine
by two clamps hinged to the frame by four
rods. On the other side of each clamp a
hydraulic jack is hinged, by which the
bending moment is applied.
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Fig. 3: Load versus longitudinal strains of
compression test.

Deflection curves at different load levels
are taken by means of 3 dial deflecto-
meters; the central one runs on a guide
for a length of 420 mm and is connected
to an x-y recorder.

Longitudinal stresses are determined by
linear strain-gauges placed on the outer
and inner laminate of the upper and lower
wing panels and on the four halfwebs.
The applied bending moment has been
increased step by step to record the
deflection curves and to make the strain
measurements at constant loads. For the
first specimen under bending load failure
occurred at a bending moment of 33
KNm (corresponding to an index load of
1070 N/mm) by local buckling of the lami-
nates between the bridges and followed
by an explosive delamination of the skin.
In Fig. 4 longitudinal strains versus bend-
ing moments are reported,; it is very clear
that the inner laminate of the compressed
panel, beginning from low loads, has a
reduced stiffness and at about the half fai-
lure load does not increase its deforma-
tion; it then seems that failure occurred in
this laminate, although stresses are lower
than in the outer laminate. The behaviour
of tensioned panels has been quite linear
and like it was expected; indeed the fai-
lure load has been 40% lower than the
theoretical one. In the second bending
test failure occurred at a bending moment
of 43 KNm in the same way of the first-

one. Deflection curves at different values
of the bending moment are reported in
Figure 5; very small deflections have
been recorded up to highest loads proving
the very high flexural stiffness of graphite
composites. The same behaviour of the
first test was recorded for longitudinal
strains (Figure 6). )

Although the ultimate bending moment
(35 KNm) was widely exceeded, the
results of this test were not completely
satisfactory, because of the differences
between theoretical and experimental
results.

The main reason for this difference is, in
my opinion, a few defects in the cured pa-
nels; infact, there are, especially in the
corners, resin pockets, with cracks, fibres
bunched up, distorsion of fibres at inter-
section of the webs with the panels;
pinching over compaction etc. The
defects can, in particular, give rise to the
delamination of the outer laminate from
the inner laminate of the cells reducing
the theoretical critical load.

A second reason is that in wing boxes
subjected to bending, the curvature of the
box has a remarkable effect on the defor-
mation of compression panels reducing
the critical load. The theoretical analysis
has then to take into account this effect

(Ref. 4).
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Fig. 4: Longitudinal strains versus bend-
ing moments.

Fuselage production process

In the construction of the composite
fuselage a simpler production process
was used, avoiding the most expensive
mould; a PVC foam core, called AIREX
(Ref. 5), was used for a sandwich con-
struction. At first a wooden building
frame was constructed and planked with
AIREX; the outer skin (Kevlar 49/epoxy)
was then laid up by hand; after the
hardening a cradle was built on top of the
hull prior to turn over; at the end the
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inner skin was laid up completing the half
hull. The construction process seemed to
be quite easy and a good hull came out;
some problems arose in bending the
foam to conform to the curvature of the
frame; it will be easier warming the
AIREX in an oven at 40-50°C.

A torsion test is planned for the near
future.
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