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Bending analysis of a new deformable sandwich structure
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ARTICLE INFORMATION ABSTRACT

In this paper, an innovative flexible sandwich structure is introduced which can be used in shape
changing (morphing) aircrafts that adapt their external shape to different flight conditions. First,
different ideas for achieving smart aircraft in the literature are briefly reviewed and then characteristics
of the new deformable sandwich structure as well as its different features in comparison to other
proposed structures are described. Moreover, fabrication details of deformable and load bearable
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Deformable and load bearable sandwich sandwich panel are explained. In an aircraft with varl_able camber wings, deformable_sectlons can be
structure supposed as a cantilever beam. As a result, some specimens of new deformable sandwich structure are
Hyperelastic behavior constructed and then tested as end-loaded beams. Since the numerical study of the new proposed
Smart wing structure requires an understanding of the mechanical behavior of components used, a comprehensive

study about the mechanical behavior of individual components of structure is conducted. According to
the observation of broken samples, a distribution of cavities resulting from the manufacturing process is
supposed in one type of model to obtain more accurate numerical results. Finally, another example is
analyzed with the same assumptions and it is shown that in the second example, the numerical results
are close to the experimental data.
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Fig. 2 Different flexibility of sandwich panel
;_;5La...e 6).4.\4~_9L]a;4‘ L ool asle ‘57::5..\;[...; Slxias 2 JSJM

Widths of slot epeating section
NEEEEEEEEENEEEEN
. Panel thickness N

N~
Thickness of glass layer

Fig. 3 Effective parameters on flexibility of initial sandwich
panel

HEEEEEEEEEEEEEEE

Fig. 4 Up and down slot pattern in sandwich panel core
sy Bllasil o5l ais 5o cpnl 9 YU LS sS4 s

237

amio )| Sag ke g aed SujpnalS slaas, Wunko 5 plS
Glrle e ol Sl Sl S pddllbal e coe (ugaile
g 003 ol izl leaz & by slaThs 5l (amgailes ojle colo
SaS 4 ol sl o e T sl ole oo sl 4 Legyd
o3l sk )3 355 e 03l aagg, o cilis oSS 4 a5 lacslS
S35 3 o bl sla)lt ST aises lpe 358 0o Sl (Sl j505e
)Ll 5 dgee S )0 355 03l Loy, 51 (S )0 5 ol (55lpe zrlaw SO
walioe sy ppdpillan LS Ly oSy 5 o azdlsyy ksl colo
ol o ead olml JLd g8l g adsl (mgails adsl )l Joe 1 IS
sus obmyl sl )Los a5 355 azmgt a5 (il a4 Wb wws e L |, sl
il o B 03,555 e oily agg Lol azily adlsl il gy o U
Sl ol osdme ool ole _msile LSl s a5 S 5l as
ot sl clyled s 4y e 53 gl s 5 spiycilland DLlS & g
s b ol Cenny ol (nlplly ool o5 55 il el T ()
30 .00,8 Lass o g pduillan ool ial38l el a5 00,8 Cogls
Cebl b g e il SO cwlhs b (ol axmio S 4 LS g0
9 gy ane N Jode b (Gigs wiz w50 legyd po Sl
ol 51 sl JISble 00 iz ol o iz s3ke & 4gg, sl
SIS Lo gVl aies Lo jest¥l cas) 5 camr l ) i 4255 9,
ol s 53 5 Wl (e gl g ensy (5TUSS L ol
e SO L LS 5055 g alape Led sl Al e Sl s il
5 7732 G5 5 5T )l Bl L (S £55 93 Canl i (6 osn¥!
oslical Lo 25y, JLal izmos 5 Wyl (3,5 5 6107736 55 5 ]
Sdpdllanil 5T ceoay gz (5Slon L LadlSs (0,5 5y o oa
2ilise 6952 < Seeliadgnl caslis o (izmen 5 calis

g aplin A0 der e dy S i g ) 850 o it s
s i i Bllatl osisilas b 3 31 08 L bt
gae SO Lol ego¥ b atie GladdlSs ol 5l aw ead LSS
S0E sl o B B [ el s

4)453“’5” Lol ooy idg gleaz )l IS cnl Gl oeile 43S
Pl oo s il by o pies Sl ezl g5 nl o
Slie L Wlgi o az )y Sl g5 4 i 225 Sl o azibo B

Fig. 1 Initial sandwich structure and slots
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Fig. 5 a) Flexibility in the widthwise direction (perpendicular to
slats) & b) stiffness in the lengthwise direction (parallel to
slots), for innovative flexible sandwich panel
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Fig. 6 Results of tensile test for one, two and three layer coated
fabric in 0° and 90° directions
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Fig. 9 Vertical deflection of cantilever beam in the more
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Fig. 7 Flexibility test set up; a) sample before grooving under 1

kg load, b) sample after grooving under the 520 gr load
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Fig. 11 Samples, cutting die for silicon sheet and testing
process of samples
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Fig. 15 Sections of flexible samples in the slot locations
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Fig. 16 FEM model for panel bending study
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Fig. 21 Stress distribution in the X direction for 3D flexible
sandwich beam model with negative bending moment
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Fig. 18 Stress distribution in the X direction for 2D flexible
sandwich beam model with positive bending moment
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Fig. 19 Stress distribution in the X direction for 2D flexible
sandwich beam model with negative bending moment
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Fig. 20 Stress distribution in the X direction for 3D flexible
sandwich beam model with positive bending moment
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