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SU14l"lARY

A sailplane wing design is be'ing
developed that extens i vely uti I izes
advanced composite materi al
(grdphite/aramjd/epoxy). A cellular
cross-section has been designed leading
to the real jzation of dn integral
ribless wjnq box. The lower panel uses
a hybri d graphite/aramid/epoxy material
because of the impact resistance of
aramid fibers; the upper panel uses
graphite/epoxy material because of the
proven beltpr properLies ir co,nprp\sion.

A small panel has been manufactured
aro rcsled under unia{ial conprqsSion.

INTRODUCTION

ln lne Lq/U's, pdrticular dllentior was
paid to advanced composite materials for
future aerospace structures because of
thejr potenti a1 mass sdvings.

This objective is very important in
te6lirg ilignL dl'o for three mdin
reasons: for high performance
sailplanes, a larger wing loading
variation is available between the
minimLm dnd marirL"1 valJe, improving
flight perfonnance; for powered
sailpldnes, reduced engine power cdn be
used with resulting beneficial effects
in fuel savings; for training saiiplanes,
reduced minimum wing loading allows
flight with a lower sinking speed.

l" rorodri\or wiTh gla.s fiber
re inforced plastic, advanced composite
nateri al s (grdphite/epoxy and lower
ararni d/epoxy) present higher Young's and
shear moduli leading to a higher bending
dr d lorsiondl srillress of Lhp lvi'rg.

A .]ass sdvrngs ia Lhe ranqe oF Il to
24% has been obtained on sdilpldne erings
by using advanced cornposite materjals
instead of some GFRP elementsl. In
Ref. 2, the theoretica'l mass savings of
graphite/epoxy hat stiffened panels is
up to 502 of the aluninum stiffened
panel data presented by NACA. However,
an experimental mass savings of 32 to
42% has been obtained.

A computer program has been designed
to evaluate the mass optimization of hat
stiffened paneis3; however, because of
the io\,{ a'irfoil thickness of sailplane
wings, the utilization of such panels
(and also open-section stiffened panels)
does not gjve the same good structlral
efficiency. For this applicatjon, the
honeycomb sandwich panels give better
structural eff iciency,

Thjs paper describes the design and
fabrication process of a new advanced
composite cel lular wing structure.
Being a part of a wider program leading
to the realization of a "Very Advanced
Technology Light Twin" airpiane, it has
been developed during six month's
research dt the Delft ljnjversity of
Tech nol ogy, Dept. of Aerospace
Engineering, in cooperation with the
te(hnicdl cLdlf d1d , ollpdque\ ol che
Compos i te l4aterials l.lorl Gioup4.

A wing box, 1300 mm long, 600 mm wide
and 160 mm high, wds nanufactured of
graph i te/ arami d/epoxy material and was
tested by shear/bending loads (Fig, 1).
Previously, d flat cellular panel 500 mm

long and 155 mm wide was manufactured of
grdoh itp/poo'y bv Lhe Lhprnal erpansion
molding process to get acquainted with
fabricotion lec,rniq res (Fiq. 2).



TECHNICAL SOARING

Cellular l,ling Box Specimen

I

Il
@

l
t

.1
ItlOI

+l
j

1.44J

t

.48 50.5 1.4 4 .96

Fig- 2 Dimensions and Specimen of the Cellular Flat panel
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Fiq. 3 Advanced Composition Sailplane l,ling Cross-Sectioir
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with d structural swrnetry. A -4r"r
90", +45" qraphite/;poxV material was
used jn all half-webs for jmprovinq both
the criticdl cruising lodds and the
bedring strenqth ir the rive- hol.s (50i
of +45' and 50% of 90').

The buckling stresses of the
conpressjon panel were calculated by
using the simply supported orthoLropic
platp theory of stiffell.d pare1s6. 11
vras designed to withstand a load index
of 1350 N/rnrn to make the structure
critical for local buckl i ng of the
I ami nate between two bridges.

The theoretical r dss of the 9 meter
untapered central wing box is 27 kg.

l',lATERIAL SELECTI0N

Since t.he temperature of 54'C is
normally not exceeded, the resin system
used for sailplane construction is cured
dt,room temperature dnd postcureo at
b0 C; the fabric is t sudlly i-lpregrated
\'jth resin by hand and several layers
are applied in order to obtain the
requ j red th j ck nes s,

For an airplane structure, a prepreg
layer is used instead, realjzed by

.) upD€r p.n.l (Gr.phite/tpory x.terial)

b) tde. p.n.l {llrbrid€ nnt.ridl)

.i45tL/r-. r.o r;)

-, 
o'n/r r.o /\ It 90'c/E, !.0.,5, s

Fig, 4 Stacking Sequence and Dimensions of the Panels

TECHNICAL SOARING

-.I"i:: l= 3li \
L eo', 1- n ?t l5

ddvdnaed (ompo5ite materials dnd cureo
dt a minirum ol 120'C, 0f course, this
process is nore expensive than the first
one; however, some advantages result:

- better mechanical properties at high
temperatures

- better alignment of the fibers and
close control of the resin content

- reduced time during the layup process
- less toxic and cancer effects on the

workers'health
The material used in manufacturing the

wi ng box was unidirectional
graph ite/epoxy T300/F550, the square
fabri c s graphite/epoxy T6341/R2503, and
aramid/epoxy kevl ar 49/R2503. They
t1ere prppregged by 'lexcel I Be19iur,
diminq dL d cured I iDer volune content
of 60'-

The eldstjc mechanjcal properties of
the unidirectional material are reported
in Fjgure 5. The discontinuity shown in
this figure is due to the use of
djfferent specimens for the tensi le and
compression test; however, in testing
the compression specimens starting from
a sligrrr te'rsile looo, no oi\conIi.ui-y
at zero load was observed/-

(11!' GrI]-..-o.n(i{t: -clE )

-il- "' ''' q';
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Fi g. 5 Young ' s l4odul us/Stress curve for
Unidirectjonal l"laterial T300/F550 Hexcel

PRODUCT ION PROCESS

l, ,rr otl{pt lo,r,/u o _h .'of ,

autoclave process, Some experjment5 have
beef carried oLrt with a thenLral
expansion nolding technique and the
pdnel of Fiqure 2 vra5 produced' Indeed,
r .. or.a 1..' I o , rro,!h lL,i\

process, tll-o pressLrre rise caused by
solj.l expandinq rubber i5 badlY

controlled by the te rperature because
there wjll always be an unpredictable
volune gap in the closed mold, so this
technique has been set aside.

The compression test on this panel to
check the capdbjljty to withstand the
design compression stress without local
buckl'ing fai I ure has not been ful ly
satjsfdclory; the failirre occurred at a

load of 150 kN w'ith local buckling of the
I amjnate between two bridges. It was
followed by an explosjve delamination of
the skjn, Figure 6, However,
te I egrdphi ng effects and jnjlial
'imperfections \"Jere present in the
ldmindte and both probably caused a

reduction of 2,51" af the local buckling
I oad.

Better results should be possible
Lrs i nq the i nf I ated rubber te.h-
' roJe..u. PJWpvor. 'or it p i, tt,,
the panels of the wjng box of Figure 1

have been nanufacLured 0n a mold that,
combired \aith solid silicon rubber
cores, !.r'as sujtable for dn autoclave
control led pressure cycle using a vacuum
bag, Fi gure /.

In the sailpldne production, the rnain
di sadvantage of thi s process i s the
ircreased cost of the long auLoclave
equipnrent; therefore, from this point of

ulZ

o ir"di l

Fiq Compressi on Fai I ure of the ce ll u lar Fl at Panel



vie/r', tne i nf I dterl
prefcrred 5i rr( e lhtl
edsiar to control.
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Fiq. 7 Vacuum Bag Stacking Sequence


