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ABSTRACT

Mvantages and lindtations of ex-
truddd str:uctures ln aircraft construc-
Lron dre discusseq. Some so-Lutions
adopteal for the M-30O sailpfane are
ilhrstrateal. Proce.dures and resufts
of static str:ucturaf tests performeat
at the Pofitecnico di Torino are brief-
ly reported. Considerations are made
on the possible Cevelopnent of this
structural concept.

be Sistributed on a high num-
ber of pieces.

3. Accuracy in the reproaluction
of particufar section shapes.
This aalvantage is particularly
appreciable when conpfex sec-
tion shapes are rAquired or
when the ccrect profite rea-
lization is important in refa-
tion, for instance, to the
aer:odynamlc behavlor of a wing
or taif (la,ninar ftow airfoifs,
s.lor ted conlrol surFaces, or
flaps).

The extrualed structures, however,
are subjec! Lo limiL.-rons as far as
the possibility of their reatization
is concerneal:

1. The maximun dimension and net
area of the profiie section
are lirlited by the Pci$/er of
the avaifable extrusion Press-
ing machines. The nreximum
calFcity of the biggest press-
ing machine actualfy existing
in Ttaly, to! insL'nce, is
5C00 tons. By such a machine,
lhe inaximum Practicable net
section area is 5000 sq nm for
duraf; the naximu,s workabfe
finear dimension of the sec-
tion is 350 mn. In other
countries (i.e., u.S. and USSR),.
much. bigger nachines exist
(up to 25,oo0 tons) 14lith pro-
portionally hlgher Possibili-
ties -

INTRODUCTION

Extrudeal light affoy structural
elements are of wide use in aircraft
metal structures (spar flanges, string-
ers/ eLc.). consioeraLion is given
here, however, to the possibility of
reafizing fulf extruaied structures as
a replacement of conventional metaf
structures (a combination of assembteal
stringers, p.mefs anal ribs, or frames).

The tnain practicaf advantages of
this solution are the fo.lfowing:

1. Reduction of man-hours re-
quireal for the construction,
once the extruded element or
efements are avaifabfe.

Realuction of costs in the case
of series production. The
cost of the expensive extru-
sion alies, in thls case, can
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The extrualeal structures are
typicaffy at constant geo-
metrical anal structural sec-
tion. Through suitabfe mech-
arlical and chemical oPeraLions,
ho.,{ever, it is possible to rea-
lize a certain alegree of cross
section variation afong the
structure axls. Either the
overaff linear allmenslons of
the section or the alimensions
of its elemenls (wa1l thick-
ness. for instance) can be
tapered to a certain extent.

A mlnlmum vafue of the walf
thlckness is imposed by the
technologicaf process of ex'
truslon. As a consequence,
in the case of snall size
sections, su.h a thlckness is
excessive in relatioD to the
strength and weight/strength
ratlo requireal. A subsequent
operation of thickness reduc-
tion is necessary in such
cases. AL Lhis ain, d Particu
farly interesting process is
the chenical milllnq.

TECHNICAI SOARING, VOL. II, NO. 2

truded parts are: (1) the !,/ing spart
(2) the ailerons, and (3) the hori-
zontal tail ( "alr-moving" tt?e).

Wins Spar

Two-thirds of the wing span is a!
corstant choral. The originaf inten-
tion was an extrualed structure for
the whole rectangufar part of the'!,ring. fhis.idea was abantloneC in con-
sialeration of the high cost of the
iliesr the Itafian extrualing machines
being, moreover, inaalequate, anal a
long time neealeal for experimentatlon
and alevelopnent.

The uing wa; thus reatized as a
composite structure, the skin being
made of special prefomred thick ply-
wood panefs anal the ribs mifleal out
of a wooalen sandwlcb. Ttre spar was
alesigneal as r-beam obtaineal from a.n
extrudeC "ERSAI 55" (approximately
corresponding to the 7O?5 A1-Zn aIloy).

The spar section is inalicateal rin
Eig. 3. Taper of the ffanges was
realized by a progressive reduction
of their width. fhe web thickness
(3 m:n) was excessive in relation to
the shear stresses, but necessary for
a correct extrualing process. Weight
was saved, hca{evef, Dy cuttinq c-Lrcu-
lar hofes (60-mm dia,neter, Ios-nun
spacing) on the web.

Ai lerons

A slotted aileron was envisaged
first in corresponalence of the ta-
pered outer parts of the wing. lts
section is shol,rn in fig. 4. It is
a pure she1l structure maale out of a
tubular extrualed profile. Tbe materi-
al employed wtrs an Al-Si-Mg dlLninun
alloy (ANODAT, UNr 3569 TA). The
vafl thickness was oriqinally f.a mm
in order Lo have a correc! extrus.ion
process. The thickness was then re-
duced to 0.5/0.6 mn through unlform
chemicaf miffing of the exterior sur-
face. The butky feading edge (Eig. 4)
as so designeal as to fulfill mass

bafance requirements.

The structure has no ribs at all
except at rits enals, where trwo smal,1
ribs,. maale out of a thj-n steef pfate,
are riveted to the skin anal :arry
the lwo hinges and the controf fever(at the ailerorl inner end).

Notwilhstanating these limitations,
a wiale field. of appfications seem to
be possible for the extrudetl struc-
tures on motorPfanes as well as on
glialers. on gliders, in particular,
owing to their alimensions and to the
high wing and tail aspect ratios, the
adoption of extrudeal structures seems
tu oe pal.Licufarly j nleresLing.

THE M-3OO SAILPI,ANE

Sone extrualed structures have been
introduced in the desj-gn of a high-
performance " standartl cfass" gfid.er:
i.he M-3OO, desiqned try Alberto Morelli.

T1'o M-30O prolotlpes have been
buirt by the "Centro di Volo a Vela
del Pofitecnico di Tolino, cVT." The
first of them made her maiden ffigrht
in April 1969. Both have been flor''n
for several hundred hours and took
part in national and internatiobal
competitions. An early photo of the
first M-3oo is shown in Fig. l. Fiq-
ure 2 shovs a three-view drawing. Ex-
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FIGURE 1

FIGURE 2
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. This type of structure resulteal
in being very fight (2.3 kglaiferon)
EId more than aalequate as far as
strength anai stiffness under the pre-
sclibeat loaAing condit.ions were con-
cerned. T}|e nost. inlerestrng gain
was, ?rcwever, on the man-hours requir_
ed for the construction: a very re-
markabfe illfference with respect to
any other conventiohal construction
methoal from rr.roil, glass/epoxy, or
metaf,

During test flights, however, these
aiferons prozea inatlequate from the
aeloallrnamic point of viev. They were
then replaceal by r,p1ain, ailerons of
Incredseal chord and span (secLion
shown in Fig. 5).

The consefucLron methoC l"ras sifiLi.-
lar to the previous type, the str:uc-
ture being aqain realtzed out o[ a
tubular extruded profile, In this
c3se, an inteflneiliate hinge i,ras aaded.
At the same span station, tbe control
l-ever was located as requireal by the
increased aerodynamic hinge moments
alue to the total absence of aerodynanlic
balaqce.

Thcugh a liltle ,nore complicateal
than the plevious sofution/ the advan-
tages of the constr\rction method were
Largely naintained. The welgtr of the
net aileron lras 2.35 kq.

Afthough the ailerons are apptted
to the tapered outer portions of the
wing, their cross section is constant
along the span. This requireal a s.li.ght
hoaification of the wing proflles in
the tapered outer part. How much this
lnoalification aff ects the aerodyna$ic
airfoif behavior, we are not able to
say.

?ai.1p]ane

The "a]l-movihg" tailplane was
given a rectanguLar planform for the
purpose of einploylng extruded pro-
files for lts structure.

The hj"gh aspect ratio (A=lf) was
adopteal for aerodynamic reasons, the
requlred stability and elevator power
being thus achieveal with a smaller

Eigure 6 shows the taiLplane cross
section. The airfoil was designed
for: (I) an opti-mum negalive angle
of attacki (2) taminar flow within a
given range of incialencer and (3) a
prefixeal value of the pitching mohent
coefficient in relation to the alesiredr'stick force vs. aj.rspeealrr character-
istics.

The structure coDsists of two alumi-
num alfoy tubular extrualeal prof11e6,
joined toqether by ravets alcrg the
span.

As in the case of ailerons, ttte
original skin thjckness was higher
than requj.red (2 mn). This value was
reduced to O.a/1.0 nlln by chenricaf
nlil.llng.

The only aalditions necessary to
comprFLe the Lailpfdne were: (l) a
T steel tube fitting for the taif-
plane/fj.n attachenrent. This was con-
necteal through hj.nges to tbe web of
the front extrudeal profile. A cutout.
(60 x 300 ilml) was therefore necessary
on the fowei skin of the front Pro-
fire; (2) a failed tip at each taif-
pLane end. These were made of vacuum
molded ABS and directly riveled to
the skini (3) a sinI)le fittins for the
control rod connection at the traiL-
ingr edge of the root section.

The same advantages as claimed
for the ailerons were obtained, The
reduction of man-hours was even more
striking, if conpared with convention-
a1 construction nethods. Less skill-
ed labor, moreover is required as
the handwork is practically limited
to asserbling of afready shaped parts.

The load carryinq capabiLity and
stiffness, as determined throuqh stat-
ic tests, resulted by fat in excess of
specified linits.

The weight of the tailplane struc-
ture, not including the tailpfane,/fin
connection fitting and the tips, re-
sulted 4.4 kg corresponding to 6.3 kg
per sq. mi.
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STATIC SI'RUC"URA! TESIS

Al1 above described extruded struc-
Lure. dere suojecled !.o an exLensive
static test program. Bending and tor-
sion, which, of course, occur together
in the real.-loading cases of a tait-
plane, have been studied separateLy.

In order to give an idea of test
procedures and results obtained, some
pecufiaritj.es of the tailplane bend-
ing test are ifl-ustrated here,

The sLructure was loao-d by a simu-
lated span lift distribution, through
a single mechanical jdck and a system
of chain links. The load was distri-
buted afong the elastic axis v/hich
resufted very cLose to the taifplane
aerodframic center (and hinge) axis.

At increasing foad levels, measure-
ments vrere taken of: (1) Vertical
displacements at nine spanwise stations,
(through nineteen mechanical dial ex-
tensometers: two on eight stations,
three on lhe center section station)
(Fig- 8). Figure 9 shows the deffec-
tion curves at lodds of IOO, 2OO, 24O,
300, 350. 400 kq (240 k9 is the design
uftimate load of the tailplaneJ. ?he
dotted lines relate to residual peina-
nent deformations aftei renoval of
the 3O0 and 4o0 ks loads.

In Fig 10, each curve sholrs the
vertical displacenent at a given sta-
tion as a function of the load. It
can be aeen that each curve shows a
decreasing slope at lovr load level
followed by a .lride quasi-1inea! portion
and then again a decreasing slope at
high loads.

The first variation is due to Pro-
gressive buckling of the various skin
panels. The llnear portion is in the
donain of el-astic buckling, whereas
the fast portion corresponds to the
appearance of permanent deforniations
due mainly to loca1 inslabiLitY.

The rupture. load of the structure
\ras consiatered to be 4OO k9. The
corresponding permanent residua] dis-

placement, evaluated at the outer end
of the str:ucture !,/as approxinatefy
5 percent. It is inportant to note,
however, LhaL Lh- pel^nonenL de[orma-
tion was mainfy due to focal instabili-
ty effects at the edge of the central
cutout (Figr. 1l) -

Figure 7 shows the structure under
the 40O kg load.

Ttle focal deformation could be
eLiminated by an appropriate stiffen-
ing af the edge. This was not done,
however, ds the design ultimate load
of the tailplane lras largel,y exceeded.

strain-gauge measurements of 1ocal
strains in 27 points locateal on the
outer surface of the skin and on the

The purapose of these measurements
was the delermination of buckling
stresses of various critical panels,
the location of buckles, their beha-
vior at increasing load and the amouht
of permanent residual deformations.

It would be lengthy to report in
detaif here the e-yperimental results.

A !)p:ca.L di"qram .Ls shown in
Fig. 12. It relates to the critical
panel at the lower lear surface of
the tailp.lane. This I)anel is evident-
fy overloadeal in cbnpression because
of the cutout existing in lhe corre-
sponding front fovrer panel.

The strain (/lc) distr;but;on is
reported at different loads (100, 200,
3OO, and 4OO kg) and after removal of
the correspondins load.

The buckfi.ng wavelength is wefl
in ev-idence. Ihe residual plastic
deformation becomes important at the
higher .load of 400 k9.

h Fiq, .13, the buckling of the
lo\rei reat panel and of the iear web
is clearly visible {load; 2oo kg),
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FIGURE 13

CONCLUS ICTiI

the application of the structulal
concept of extruded structures to
some palts of the M-300 glider demon-
strates lhe feasibility of this tl'pe
of construction.

A wider field of appLication
coul.d be attempted. For instance,
the constructioD of a whole wing (or
Iarge part of it) through the conrbi-
nation of extruded profiles, longitu-
dinally connected one to the other.

The nost attractive advantages of
this solutidr, as alleady outlined
in the introduction, are the realuc-
tion of fabor costs and the easily
obtainable correct reFt_oduction of
section profiles.

The structuiaL taper of bending,
shear and torsion resistinq material
could be achieved through the addi-
tion of tapered structural elements
insi.de the extruded structures and
colnecLed to i_ , and/or bY vdrying
spanwise tlte waII thickness of the
extruded proflles through chemical
IlLilling at varLable cime of irlvnersion.

Of course, buckling Problens of
panefs under comPression and shear
loads, in such a 6hel"f structure

without ribs, are delicate. They
should be faced wi. th a carefuf loca-
tion of webs and stiffening flangres.
Ex?ansion of resins. as stabifizing
nLaterial, inside the stlucture cells
might also be $or:th investigation.

The cost of extrusion dies makes
the process interesting from the
econonlicaL point of view, only in the
case of a senies productiqr program.

It can be interesting to note,
moreover? that this type of con-
struction may be regarded as a pos-
sibfe way of sorting out, !o sorne ex-
tent, of the artisan s work which is
tl'pica1 of actuaf construction methods?
uainq eiLher wood or retal or rein-
forced plastics as basic materials.
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