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ABSTRACT

The design of composite sandwich panels in terms of face fdfreairientation layout is exam-
ined searchindor a maximum stiffnessvith total mass constant. Twaeasic layoutsre consid-
ered: thefirst usingconstantfibre orientation and the secoidving a different fibre angle for
each panefjuarter.Specimensare testedshowing good agreement withe first natural fre-
guencies calculated for thdinite element models. Taking fibre angles as design varialotés
layouts aremaximizedfor thefirst eigenvalueTwo subsequent partitions aneodeled with im-
portant stiffness increases achieved.



INTRODUCTION

The use of sandwichtructureshas been increasing necent years as a result of their light
weight andhigh stiffness. They have beesed in a variety of applications such as automotive
bodywork, marine hulls, aircraft wing skins and satellite bodies and Hudar panelsSpecial
attention is devoted to thpossibility of improvingthe performance of those structures by
structural optimization of composite face sheets.

In this paper th@roblem of an optimum fibriayout of symmetricomposite sandwich panels is
treated. The objective is to maximize the stiffness of composite sandwich panels initread-

ing their weight. The optimum layout is obtaineddmpdividingthe faces in regions withliffer-

ent fibre orientations. Initially a unidirectional fibre orientation is considered. The optimization is
carriedout bydividing the face sheet ismallerregions each of them allowed to havspacific

fibre orientation.

The normal modes of composite sandwich paasdscalculated by thnite elementmethod,
usingthefirst eigenvalue as a measuretloé stiffness. Thdibre orientation thayieldsthe opti-
mum layout is calculated through the MSC/NASTRASSandard optimization procedures.

The numerical figures have be@ompared to moddkestresultsaiming mainly to vablate the
studies. As a second outcoméwsd new modelswere developedipartitioning the previous
models in both directions.

THE APPROACH

To examine the effectiveness of subdividing the faces of a sandwich panel and attributing to each
one of thenoptimum fibreorientations one needsliablecomputational toolddavingused the
MSC/NASTRAN (presently versiof8) as the main software for structuaaklysis in Brazilian

space program, it was chosen to be the processor for normal modetamdation analyses.

Pre and post-processing was performed using MSC/XL version 3B.

A first instance of practical optimizationtise search of enaximumfor predictiveanalysis suc-
cess before th&abrication phase. To achieve it a gradajpproach was adoptemhtercalating
finite element modeling, optimizatioand testing of specimens. Ongetten, bettermodels
could be developed.

THE BASIC PANEL

A squaresandwich panel with 0.32m sides, identical faces and diihgéorientation was de-

fined. The facesvere composed of Carbon T36@bres in EpoxyDER 331,having a 0.0003m
thickness and 4740.0kg/m® density consideringhe FM73adhesive as distributed mass. The
honeycomizore wasmade of Al5052-3/8-0.0007, with a 0.00955¢ell-height andL6.0kg/m®

density. Other relevant properties, expressed in the international system of units, are presented in
Table 1.

Young Modulus | Poisson’s Ratio| Shear 1-Z Shear 2-Z

N/m? N/m? N/m?

Face 1.15 106" 0.34 5010 | 5.010
Core negligible irrelevant 8.274 10 | 4.287 10

Table 1: Basic panel properties



A finite element modelvas developed for theasic panel, using 6ebmpositesymmetricsquare
(4-node,3-layer) elements. Aet ofmodal rundor the unconstrainethodel was performed to
identify the fibre orientation with highest resulting panel stiffness.

The results presented in Figure 1, shoglabal optimum at 4%legrees and amigenvalue al-
most 30% higher than that calculated for the layout with fibres parallel to the sides.
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Figure 1. Stiffness of the basic panel as a function of fibre angle

The natural frequencfor the unconstrainethodel and optimunfibre orientation is 294.7 Hz
(3.429188 1beigenvalue).

THE BASIC SPECIMEN

A sandwich panel specimen, with optimum fibre orientation, was constructed as a second step of
the proposed gradual approatts.first natural frequencieswere determined bynodal testing.
The measured first natural frequency was 196.2 Hz, for the panel in its testing environment.

An updatedfinite element modelvas developed tanclude the masses ddll involved testing
hardware and the related constraints. The accelerometers usetestshene in thpanel cen-
ter and one near each one of its corners, were considered as concentrated masses and inertias.

The testing boundary conditions were represented imthgel as constraints in x and y direc-
tions (paralel to the panel sides) at test supporting points.

Using that model, thefinite element analysidetermined a first natural frequency 188.5 Hz,
showing an excelent agreement with the measured one.

AN IMPROVED MODEL

A new modelfor thesandwich panel was developadpdividing each face i#our square quar-

ters. An optimization run was performed, using the seventh eigenvalue as the objective function,
and thefibre angles of eachuarter as theesign variables. Thguarters wer@umbered coun-
terclockwise from bottonteft andfibre angle values o, 5, -5and 5 degrees were used as ini-

tial guesses. The optimum was achieaéidr an observed assymptotic tendencydts 45, -45



and 45 degrees for thibre angles. Figure 8hows the evolution of thebjective function with
the cycle number, while Figure 3 presents the first design variable history

When compared with thebasic model optimumthe achievedobjective function value
(eigenvalue 5.751479 i0frequency381.7 Hz) shows a growth of about 67.7 %, that for the
frequency means a 29.5 % increase.
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Figure 2. Stiffness history for 2x2 layout
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Figure 3. Fibre angle history at bottom left quarter of the 2x2 layout



THE IMPROVED SPECIMEN

Based in the interesting results obtainedibye element analysis, secondspecimerwas built
following the achieveaptimum directions. Practicéasibility was attained byneans of eight
0.01m width orthogonal striggaving fibreorientations perpendicular to their longitudinal axes.
A schematic drawing of the panel face is shown in Figure 4.
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Figure 4. Schematic improved panel

The first natural frequency measuifed that specimernwas 231.1 Hzagain in its testing envi-
ronment. That means an increase of 17.8% with respect to the basic specimen.

THE IMPROVED MODEL
A more detailedinite element modelvas developed taking into account thedifications in-

cluded forfeasibility of the improved specimen. It had 122@®des, 1152 quadrilateral 4-node
elements and 8 triangular 3-node elements.

Its first natural frequency was found to B84.4 Hzshowing again an excelelavel of agree-
ment with the measured value.

SOME ADVANCES

Having therefore a goodevel of confidence irthe numericalprocedures new advances were
found following the partitioning procedure previously shown.

The third step was teubdividethe basic model in 16 equabjuare regiong-ollowing the nu-
mericalapproach used for previofisite element model optimizationrgew significant increase
was obtained in théirst eigenvalue that attained 6.675460, ibrresponding to a frequency of
411.2 Hz. The set of the sixteen fibre angles is presented in Figure 5.

509 | 34.1| -33.4| -44.5
48.5 | 48.3 | -52.7| -47.7
-48.5 | -48.3 | 52.7| 47.7
-50.9 | -34.1| 33.3| 445

Figure 5. Set of fibre angles for a 4x4 partition




The final improvement was obtained Iloyeans of 8x&ubdivision attaining still #mall gain in
the eigenvalue calculated to be 6.795800 d0414.9 Hzpeing itsset ofoptimum fibre angles
is presented in Figure 6.

44.1 441 | 33.1| 351 -38.1 -38. -50 -50
441 | 441 | 351, 351 -404 -38.1L -50 -50
47.3 | 473 | 49.2) 70.5 -47.9 -47D -48 -48
445 | 445 | 555 79.5 -47.9 -47.P

-48.1 | -48.1| -47.9| -47.9 79.53 55
-48.1 | -48.1| -47.9| -47.9 70.53 49/
-50.5 | -50.5| -38.1| -40.4, 351 351 44
-50.5 | -50.5| -38.1] -38.1 351 331 4471 44

Figure 6. Set of fibre angles for an 8x8 partition
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CONCLUSIONS

The achievedinite elementresults aresummarized in Table 2 showing each frequency and also
partial and accumulated increases.

Frequency | Increase over | Accumulated
Layout previous layout increase
Hz % %
1x1 0° 259.1 - -
1x1 45° 294.7 13.7 13.7
2x2 381.7 29.5 47.3
4x4 411.7 7.9 58.9
8x8 414.9 0.8 60.1

Table 2. Summary of finite element results

The obtained improvements, encourdige continuation of research and development of com-
posite panels with such an approach.
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