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Research Progress and Prospect of Morphing Aircraft
Structural Design

[ABSTRACT] With the advancement of smart materials and advanced manufacturing processes, bio-
inspired morphing aircraft have progressively overcome the limitations of morphing mechanisms in terms
of weight and energy efficiency, sparking growing research interest among domestic and international
aviation industries and academic institutions. Morphing aircrafts face multiple design challenges during
development, including requirements for maintaining smooth and continuous aerodynamic surfaces,
control efficiency, anisotropic load-bearing and deformation stiffness characteristics, as well as flight
controllability. This paper comprehensively reviewed the structural design and key technologies for
morphing mechanisms in large-scaled aviation platforms and small-scaled UAVs. The synergistic
integration of compliant architectures, intelligent material systems, and advanced fabrication techniques
was emphasized to advance the development and implementation of morphing mechanisms. Key
technologies such as mechanical metamaterials, smart actuators and sensors, flexible skins, and compliant
mechanisms were analyzed, along with their main challenges and unresolved issues, to prospect future
development trends in morphing aircraft technology.

Keywords: Morphing aircraft; Smart materials; Compliant structures; Mechanical metamaterials;
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Figure 4 Deformation scale and deformation degree of freedom classification
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Table 1 Effects in-plane geometric wing parameters on aircraft performance
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Table 2 Effects out-of-plane geometric wing parameters on aircraft performance
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Table 3 Comparison table of typical variable span wing design schemes
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Figure 5 Variable span wing design schemes
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Figure 7 Variable sweep wing design schemes

R 4R TR IR ST R

Table 4 Comparison table of typical variable sweep wing design schemes
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Figure 10 Torsional deformation mechanism wing design schemes
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Figure 12 Camber morphing wing design schemes by compliant mechanism

AHEL T-A% G R 5 s SE L) AR T, 385 DX Bl 2 1 45 4 7 A AR 3 — 20 7 A S i e 8 1Y) 2 AR T
FITREAWERE . 1988 4F, NASA FFEMEZNZMENFEAFW)IH frEE BENVL AR R H RS
PR, HRERMEWES RZEHMES S, RRIES MR AT R 715, 1995
-, DAPPA {157 BEALH (Smart Wing) Il H 25— #I2%0UR - NS B IR A2 6 22 /E NIk Bh 2%, LASEEL A
ZIEEARTY, (BT SMA fr A PR e, R4, 78 E 5 R (DLR) T ADIF 1t H 0 =125 f 45
BRIk B — Rtk s, 7R A AR SRS R 5 T EUE T 4D U, MR IREIH AR 5 £ 2
B THAL T VRIS, H G AL FOZ 8 RS0 E AE 17 SEFRIGUE R BE . 1996 4, HH AFW & 175K
(1 2= BN VN R (AAW) I H BT SEEL T ) 2546 22 1 PR AR B XU 4 FH B AR, Ar B S sl
PEFEHIM P07 Fm <RI REEEARIN, 2011 4, KB NOVEMOR T HUOUHFR 7 —2 %%, L
B 25 1) 722 25 AL 3R DAJR /D SR SR R S 2R R LIV I 75 FNBE 77, %00 H 7R RAT 28 T L 5 N AR (R 2
B, ARSI AT S S HI T . 2012 4, KK CHANGE T H AT AN T IR g5 %, 1F
A& RKINGEM A LT UARIE A F AT TOUR N R MR, FESRil 7 AT A HLR IRB) AR TR 1)k
MR =IO, & 2010 45, KB RATIAETH B30, WMo HOR A E I T, 2014 4F, NASA [
ACTE T H 5¢ % 1 4 RN ~F -t 5 2 S5 0.3 2 0.75 0 ATIRES, R M E SR 545 Min st s
T RS, 1R A T ORRE RIS SR RE S T EE RN, 2015 4, EETSEW LR
Z(AFRL)JE TN S wE oA, s i) H A )R ARG H 38 UE 7 — ] A8 25 B L E (VCCW),
SEH T oA SRS B MRS, ARSI RN AT RPN R S, ST — 3N RS U ES IE L
WRRIGIUE T 7 BRI T4 PEN8], 2017-2020 4, FERRER “h-F-28 2020” (Horizon 2020)itXI¥EEI R, 10 2%

12



K2y WERHAFA A TR T B e B I 5L AR(SMS) I H , H EBEESE. BIRICIZ &4 K5)
HATE RS, eI U S AN HIRR . HREARCEETE A320 KT T & L UUERE
HEN, PR RERE AR ACTE WH P, TSRy WG SN ACTE #38, Sk EH
FARMAE . B 12()-(c)N IR ETE.

PR T HE PG R 223 1 e e AR B2 R L 2 6E, et AR RE . S5 R PR AR A P AL
W AR /NFIX5h R Bt vl S L3 25 B 0 R B 4240k« B 72 I BA T o 5 g 1110, 1N A5 22, 1, 1021
PRENFEHEN S B g R R0 T AR RS T S S 1 o ) G D12 VSIS T R . 22
PRURFHFR AR T Smart-X Alpha 4825 fF e 3010 1200 28+ 7 il 6 AN 14045 AR Ja St 4]
W, 6 ASFEHL AR F B 52 i e R, T AR G A SR . TR A E . ORI SN R A i 2
FTHNEIE LA MV R R0 75 2 AT G S TR 22 A 7T [ BAU2UFE F- MEC 3K Bh 28 & 7 4341 NI Bh B AR
TENLE, EFXSA30. g5 A% 7 T B 2 ERi dit, ERIE RS RINEREL T, BERA
RE BT T AR . L VIR SR R ) 12)-(D P BT 22 7 072825 REHL IR J S 7T
FELEN . SRR IR 7 e B bR Xt

R T AT NI T R R

Table 7 Comparison table of typical camber morphing wing design schemes
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Table 8 Characteristic analysis of smart material
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Figure 13 Morphing aircrafts based on SMA actuators
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Figure 14 Morphing aircrafts based on piezoelectric actuators
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Figure 15 Mechanical metamaterials-based morphing framework design scheme
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Figure 17 Minimalistic model of a negative stiffness mechanism for passive energy balancing
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