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Smart Materials and Structures and Their Applications on Smart Aircraft
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Abstract: In order to meet the growing demands of smart aircraft in both civil and military industries, smart
structures that are capable of self-diagnostic, self-adaptive, self-control, self-healing in addition to load
bearings are developed. Those new types of structures also propel new developments in aerospacing
industries, e.g., shape memory alloys are used to drive morphing structures to improve the flight performance
of advanced air vehicles, and piezoelectric materials act as both sensors and actuators for structural health
monitoring and vibration/noise control. In the context of those novel technologies, this article introduces the
newest research development of the Laboratory of Smart Materials, Structures & Applications of Nanjing
University of Aeronautics and Astronautics to potentially offer insights for the future development of smart
materials and structures.
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Fig.26  Unidirectional fiber-reinforced elastomer skin and

variable trailing edge structure with skin

Fﬁﬁﬁﬁé& &

) f ~
(b) Variable sweep structure with skin

P27 B A7 B 5 27 4 A 32 1 0 D) AR Y 52 B M B A B Y
R 5 PR
Fig.27 Flexible shear-deformed skin with reinforcing fibers

and variable sweep structure with skin

TH, S RA ARSI, R Ifem T
600 , ELX AR SRS J1 s W B/ o T2 v R R R
RASTE FR R A PERE o H1BAAR I 0t T —
Fofr ey S 3 O 40 R P [ 4 R R S 0 ) A
FEBHER T R B R B BTE A O RR I A A 16
EVRCHIDIE NI RSS2 QU N (B R 1L Y
RE % A7 25 3t 19 AL IR A T AR, DA 36 R T g 5 ]
i TS5 4 i B3 08, L3R 45 A T R R 5 AT, OF H
A B R R BE ST, A 28 BT
2.3 RATSREMEN QN5 7
2.3.1 A REMNE K

e FL A SRR ) 4 R BRI R M R
P A RRH 14 T 308 T R 80 A2 S AR i A P D, T S

(a) Large deformation skin with mechanical metamaterial

™~
"" ,

(b) Variable area airfoil
28 Jy i bRt AR T 52 R A% T AR 3R Y

Fig.28 Large deformation skin with mechanical metamate-

rial and variable area airfoil

S50 S o AN O B AL TR SR o SR, e H
MOEHEA M B ZhBE 5 — |, 5 2% I B A% B B A 25
I I 25 S A RS B R AT S . L, A B TR
FEL TG 4 114) 85 e fE B W D0 5 AR A i 25 i R 454 Y
R, B 5 AT B A JR 8 38 1 28 A 0 A R 45 4
WU 7 4 T e T 2T AT .

6 7 AU J& &% 1Y 5115 0 1 J5 T, MPF R AL
FE 8 I 2t 45 A4 v 0 R 75 S 08, g EL AT LA i e A
Ira) J7 25 ) BRIy 9 10 A% 46 7 1), Al R ) T — Rl R T
S Ik 1 ARE A T 1) b o A T i Al 29
JiER 5 4% Ge 0 s BN A8 AR AL, MIPF 38 R 1 AR
S5 M AT S A% B F AR £ 4 9 A 5K AR
120°, FIHHE— LIRS S AR MR, &
A EF Y A A% S 18 08 AR Al e 1 R A 1 20 0 T o
LB SRR B LA TR A
B2 ARG FONER VA RZRTE = N X O - SVAN R LB S R {4
T AL IR v T AL 0] 107 1) oo 0y 1) M 23R A5 07 125, A 4
P A AN ) 57 B 19 46 T8 A% 1% 4 3t e 08 S5 30 o < 488 £
MY E L. QA 30(a) it 7, 5 52 I T 1) Ak 256 4 DB
) el 2 67 77 95 B ) N T ART21BE B 45 44 1) o
o W, BE MK /N 86 em X 55 em, JE B Ch
1 mme. X AETE AR BA% HEAT AN [R) A B o i 40L& 5
5, W IE T AR B e N oy R S S AR
] C & WAL 30(b) i o ARG L4 B dl E A7 T
B M i 2 A7 52 58, I Y R 30 em X 30 em, 41
30 () fraw , 3 A5 55 48 19 F 49 40 X iR 25
2.7%

TE 52 = IR A% P45 T 1 g ) P AT e B o 4
S5 AR {dt R W Ty TR, 6T 5 AT AP A R 7R 6 )



%5

SEHEN A R REA RS A h SRR BE TR AT A B R 879

MPF2 MPF3

60°
MPF1

(a) MPF rosette sensor

PC+
LabVIEW

T

R BOR SR

/\|

300 Al 400
i)

[=J
[=4
o

(b) Experimental setup
P29 FET MPF Jy 1] 4 14 ek <2 £ 92 6 J 0 P81 (B A3 - mom)
Fig.29 Experimental schematic diagram of impact localiza-
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Fig.30 Application validation MPF based impact localization method in aircraft structure
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Fig.37 Laser ultrasonic testing of carbon fiber reinforced composites with delaminations
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Fig.38 Laser ultrasonic testing of metal-organic laminate structure with internal debonding
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