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Abstract
The objecs of interest arelassfiber-reinforcedplastics GFRP and carbonfiber-reinforcedplastics CFRP
composite sandwich shellgith a foam core. Such a structure hadseencommon sincethe beghnning of
compositeapplicatiors in aircraft construction The strengtHightness factors of typical sandwich structiege
large in comparison tdaminatestructures without a foam core. @wever the loading abilities of lamate
structuresare not fully consumedah both structures For examplea typical GFRP sandwich shell in a glider
wing spar sharweb is able to consumabout 60% of loading abilities of pure GFRP laminate subjected to
tension load alontghe warp direction Thisis caused by buckling phenomenon of #ghell under shear loads.
The significant influences on the bucklippenomenon have physical properties of the foam core material and
the relation between elastic modules of the foam core and laminate 8hHeh the same kind of foam core is
applied for CFRP sandwicstructuresthe level of CFRP laminate loading ability to consumseworsethan in
GFRP sandwich structuredhis feature of sandwich structures could be improved by application of additional
reinforcement inside the foam cor®escribed arehe successful results of exprental investigations aimed
to improve loading abilities of CFRP sandwich shells without worsening the strhgigtihess factors.

Introduction where mis the value of the areal density all fabrics in the

It is widely known, aerodyamic performance ogliders . dk. i 0 of fibersri din the load
strongly depends on the wing aspect ratio because the rat,gmmatean o 1S @ mass ratio of fibersriented in the loa

influences the induced dragThe requirement of high aspect direction (for standard dbrics with equal number of warp and

ratio creates several problemgaeding materials and strength weft fibers K, =0.5) and g = 9.81 m/§ is the gravity
Sim boam. Therefore the.wing must be desiged wit & 27O

proper safety margin ana mass as small as possibl&ince Note, Qsp ?_ISO can be expressed by the formula,
German engineers were the pioneers Qf polymer composite Oop =S Qf ©)
applicaton in gliders technology,the first standards of . <ic the stress(measured inthe direction of the
compogte structure design were elaborated in Germaihy. ] ) ) )

1981 German aviation authorities issued an advisory documesgmpressed fiberspnd d'is the thickness of the laminate
regarding composite wing spar dedign This document Without the optional foam (formed under pressure). )
contains several charts, whicteatonstructed ashown in Fig. The indexpccomes from Ger mainn fADr
1. The vertical axis ofhe chart concerns the values of stress irf@se of tensioned fiberthez index suses( f r o m fllZeu g 0)
the wing spar flanges, while the horizontal axis concerns thealues of K, or K, for s =R, or s =R arelabeled
values of the structure stress rate (SSR) in a skebr

The definition of the SSR in case of compressiogiven as Kge or Kgp. They both have the sense offgess

by the following expressidn factorsand ae peculiar material constafts
_ Oy Q) This paper concerns loadirgpilities of composite shells.
sD ~ m, @ Results of some experimentse presentedegarding different

) o _ o shell structures subjected to the shear loads.
where (|, is the distribution of force in the direction tife ] ) )
compressed fibergalculatedby the formula given in Fig. 3), Comparison of laminar and _sandW|ch
- "~ S . . shells strength poperties
Mmymeans fneffectiviedefmeddya!| dens sty Hediflefeflces in the strength propertieslaminar

m. =k. &n 5 and classic CFRP sandwich shellswere investigated.
My =Ko @) Experimens were performed usg composite specimensf
flat, 0.2 x 0.2 mplates. The shear load wastroduced using a

special foufoint steel frame Kig. 2). It was assumed that all
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layers ofthe fabrics used in the shells hidir fibers oriented Another significant redty from Fig. 7, is that since the
in the same, proper direction; oriented for optimal applied loadkickness of the foam cerincreases in sandwich sheltsme
(Fig. 3). Both types ofshell structures wae considered: can observe smalldecrease in shear stiffnes$he decrease
laminar (wthout a foam coregnd sandwich. Materials used may be explained by deterioration of transversal stiffness of the
for the specimens atisted in Fig. 2 L4, L6 7 specimens with foam core when thickness inciess. The deterioration due
laminar structure, consisting from 4nd 6layers of carbon to lower impregnation and lower saturation of the foam cells by
fabric and S4/6, S4/8, S4/12° specimens with sandwich the resin inside the cordJnfortunately,a quite differentresult
structure with the foam tbkness of 6, 8 or 12 mm. occurredfrom more detailed analysis with the consideration of
Two kinds of test were conducted: shear stiffnesstiffness vesus weight ratecritical loadsand safety factors
measuremestand critical load determinatisn During both illustratedin Fig. 1. In this approach to shear stiffness analysis
tests.the spe_cimens were cyplically Ioadgd on the strengtﬁ is better to usehe factor K
machine achievingload-deflection hysteresis loops. Later
analysis ofthose loops alloweihvestigated parametete be lightness factor which gives the informatian how many
estimated The external loads of the Specimens Wer@hear stiffiess can bebtaired from the unit of areal density of

transformed to loads on directioffibers (see Fig. 3and were all fabrics in the laminafe The factor is given by

G- Thisis a specific kind of

related to the areal density of the reinforcatmiabrics using _ G W
Eq.(1). Ke, = = 4)
m, @
FEM analysis of shell buckling where symbolG, is a shear stiffness modulus for laminate

Simultaneouslywith the experimental investigatiagFEM  reinforced by fibers oriented ashown in Fgs. 2 and Jearlier,
an_alysis of the shells subjected to _shemds was conducted the other symbols werexplained). It was assumed fohe
usingMSC Nastran 2001 softwarés linear model of budkng  gp05; stiffness case thamer =M. The results ofhis analysis

(algorithm Lanczos) identifiedhe bifurcation paits. The o . _ .
physical model and explanations of bifurcation pointsare shownin Fig. 9. On horizontal axis are marked critical

estimated in the FEM analysis are displayed in Fig. 4. Thipads expressed H¢ . Horizontal arrows ended by sto

examples of derived results are displayed on the right side fhe segments showne usable limits (i.e. critical loads divided
the Figure. As can be se@ in the graph the.5|mulated by the typical safety factors 1,5 * 1,15 = 1,725).

buckling of theshell was similar to the real behavior It is visiblein Fig. 9 thatthe sixlayerlaminar plate can be

o competitive to andwich platesonly for small values of

_ Investigation results . K (less than 10 km).Taking into consideratiotthat the

The comparison between measured and calculated critical
loads of the CFRP shells is shown in Fig. As seen inthe practicalmaximum allowable value oK  is KRC =93km

chart both results are consistenEigure 6 presenthysteresis (see next section), thimeans thathe effectiveness of using

loops, wten the load was applied in the form of cycles Withstrength properties of the carbon fabrics wouldsbll
increasing amplitude, witlvisible symptom of buckling and

failure. The results of shear stiffness measurement, expressed Improving loading abilities
by the produt G,d are shown in Fig. 7.The principle of of CERP sandwich shells

G, d value estimation is explained below the chararameter As canbe see in Fig. 1,therecommended value of SSR

x was measured by linear displacement transducer fixed to thdn the classic GFRP wing spar shear web is 15 Rine wing
specimersupports. All possible skids were eliminated. sparis |-shapein cross sectioh The Kg value for glass fabrics
The specimens representing laminar structure & #6) is 41 km andmeans that only 37% of loading abilities of pure
increaed G,dwith thickness according expectatiom Fig. 7, laminate would be used in the wing spar fvelConsidering
can be seen significant tendency oB,d reduction with higher the value 0f25.8 km is interpreted ake minimum required
load which is explainable by buckling deformationsThis  compression strength at 54f@ans thaonly 63% of loading
behavior did not occuwith the sandwich specimeniooking  gpjjity of the composite is consumedhis is not efficienuse
at the values msented in Fig. 7 ahat the comparison of of material. The inefficiencyis caused bythe buckling

masses and thickneg&ig. 8), one can conclude that laminar . .
shell L6 hasa largershear stiffness, while the mass is not Ver)}endency of the slesubjected to the shear loadshich

different than the mass of sandwich shell S4/6 (just 139nanifests itself much beforthe stress in compressedbéirs
higher). Having in mind easr manufacturing process andreaches the level ahe compression strengthThe problem
smaller thickness (which is importawhen the shell isgplied which occurs her is how to increase this rateithout
as a wing surface of a thin airfoil}y, seems that laminar shell worsening the strengiightness factors?

L6 could be competitive (in certain conditions) for sandwich

shell S4/6.
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In order to answer thiguestion, additionaéxperimental
investigationswere conductedvith CFRP shells. The same
four-joint steel framewas usedfor shear load application as
was used in eperiments described in the second sectidi

Before the ultimate strength tete bears were subjected
into stiffness tests.The results are shown in Fig. 15While
the bending stiffness in both specimens was the same, the
torsional stiffness of improved sandwich structure was a little
bit lower. This wa due toa small drop inthe momen of

specimens where loaded in the way shown in Fig. 2 Up et value ofthe beam box crossectioncaused by transfer

destruction. Then the K, valueswere calculatedor each
specimen and the ratié,,

Rc

Description of the specimens

of some fibers fronthe external surface of the bedmox to the
interior of the core.The dtimate strength test was done using
the test bed showiin the schematiin Fig. 16. The chartin
Fig. 17 presents load versus deflection of the beamAipcan

Six speémens were prepared (Figs. 10 and 11): five had &e se@, the result obtained forthe improved sandwich
sandwich structure (staamtl or modified type) and one had a Structure is much higher than fihre classic sandwich structure
laminar structuravhich was made focomparison of strength (almost 137%).

properties. It must beemphasizd thatall sandwich structures

had almost the same weigh¢cause it was assumed that any

modification of the structure could not increase the mass.

Results and conclusions
The results are shown Fig. 13. The assumel . value

Final conclusions
Comparing results from Fig. 9 afiilg. 13 it is concluded
that laminar structures of CFRP shells subjected to shear loads
could be competitive to sandwich structures only in case when

the assumeddmissible value of théK  in the wing spar

for CFRP laminate, applied in calculations of loading abilitiesshear web wabe below 10 km This result is far from full

of the shells, was equal to 93 km (thialue was obtainedy
the author in other investigations). Standard sandwich
structure is represemtedoy CFRP1 and CFRP2 specimemrss
canbesea in Fig. 13the rate of loading abilities consumption
in this type of structure is worse than case of GFRP shear
web. The best result obtained by the CFRP shells wition
modified foam core wa about 5% (CFRP1), while an
expected value for GFRP shell should be at least 63%e
modified sandwich structures veerepresented bihe CFRP3,
CFRP4 and CFRP5 specimens. While the flat shear tinalbs
formed parallel to the edge of the specimen didaantseany
effect, the flat shear weltkatformed along the line of P force
(Fig. 2) gave a significant result @2%. This resultis more
than in case of GFRP sheéllsOn this patternthe value of
loading abilities consumption for laminar specimeRRP_L

consumption othe loading abilities of CFRP laminatéVhen

the lightness factors of the structure arestrimportant for the
designer, ifs necessary to apply reinforcement inside the foam
core (assuming that typical shetic foams are used like
Divinicell, Rohacell and other foams of similar strength
properties). The resuls of the tests hereiprove that this way

of improving the loading ability of sandwich shellsei§icient.
Unfortunately while the impovement of andwich shells used

in the wing spar web igot too difficult for both cases of shear
webs orientation in the core (i.e. perpendicular or diagonal),
the application of shells with reinforcexdre in the wing skin

is possible only in the direction preseniad-ig. 18.
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