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Fig.1 Morphing wings inspired by plant morphing
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Fig.2 Variable trailing edge wing based on honeycomb

adaptive structure!”!
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Fig.3 Zero Poisson ratio morphing wing™”
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Fig4 Morphing wing sample composed of honeycomb structure"
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Fig.5 Energy absorption of bistable elastic beam'*
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Fig.6 Multistable configuration demonstration!!
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Fig.7 Multistep multimode mechanical metamaterial
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Fig.8 Demonstration of mutistable configuration of origami

microstructures®
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Fig.9 Rapid shape reconstruction of three-dimensional

metamaterials®”
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Fig.13 Bistable expansion metamaterial®"
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Fig.15 Predictable deformation indication
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Fig.16 Shape morphing structures basing on the re-entrant bi-functional metamaterials””
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Fig.17 Recoverable transformations of metamaterials using temperature-responsive polymers™!
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Fig.18 Self-folding deformation schematic'
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Fig.19 Design of 2D mechanical metamaterials with tunable

thermal expansion™!
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Fig.21 The transition from bistable to monostable!*!
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Fig.22 Two-dimensional morphing microstructure composed of repeating unit cells™

YRS S ASCBASIE o &5 R R, A i b e T
S BT R AT IR AR R .

(DR T <k 7y S BBV T - e (AR R AN VR LS WE R 7
THRN EE IR S5 ThRE o DA— AN o] S e i) 05 2 2 7 5
FEARHEA R, AN BEAR G SE P 2S5 A B . Chen
Tian ST T — MO FE Y R 0B I 254, &l
23 PR o BT ERCTOLEA TS ARG B, B0
FA AT LA 5 K st g S L R A 8 R T A 2 A
DI, I BT LAAE R GURCE T A 2 AT A 7l 30

Ferrand S5 & 1 —MOBERASERAF , EA 1T LA sl
ORI €TV L i SLEN RS i bu b a7/ R eI

UL IR o IR IER T AR TAR A AOE B RE 1 A PR B
SN FEALARSE I BRI X R BEAS A4 AT LIAE
BN 5238 A 2 S U I 2R L A 3207 =B 52
TGS, HREREEIR .

FEATAH AR 8 5 R o 1 3 I 2 R BT oR SE B
Hopkins 555 BF il 17— bl 38 K 2 45 2 Rl A1 ), 4] 24
IR o R BB A o S B REAR B ER 1 R AL T A
TN S A BRAZ AR TS I BE o REABLZE SRR I B X
FOSFIIER/IN A T A3 BE bR, AT PRk 572 B B4 H1
JEFE o AL i N R B, I EERTE AL, i T SEBE
TARTEHTHCE -

2()mm l()mm
23 AR IR OC R A AR AR
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Fig.24 Metamaterials with tunable stiffness characteristics™"
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K26 1 ULV 9K sl A 2 TR Al A )
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Fig.27 The planar structure composed of a single multi-stable primitive and the three-dimensional multilevel structure

formed after expansion™!
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Advances on Metamaterial Based Adaptive Morphing Structural Technology
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Abstract: Morphing technology, as one of disruptive technologies for aircraft, can improve aerodynamic efficiency and
increase range. Generally, aircraft morphing is realized through mechanical mechanism, which limits the freedom of
deformation and increases the weight of the system. Morphing metamaterials that can precisely regulate the
deformability of structures, possessing a high level of lightweight and intelligent potential, are expected to promote the
development of morphing technology. This paper reviews several types of deformable metamaterials and their
corresponding application exploration for adaptive structures, explicating their significant potential in the integrated
design for morphing/actuation/load-bearing structures. Furtherly, the authors give a prospective outlook on future
development trends of morphing technology.
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