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Research on the Status and Key Technology in Morphing
Airfoil of Adaptive Wings
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Abstract: The adaptive wing has enormous potential for application. It is an inevitable trend of future aircraft
design and has received extensive attention. This paper focuses on the adaptive compliant leading edge. the a-
daptive compliant trailing edge and the morphing thickness wing, in which the principles of morphing are dis-
cussed in detail. Skins, actuation and research method are summarized. At the same time, the future trend is
presented. And the key technology that adaptive wing needs to be solved urgently is put forward, including flex-
ible skin design, adaptive actuation design, collaborative controller design and distributed sensor net, which can
provide some technical reference for the design and implementation of adaptive wing structure.
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Fig. 1 Adaptive compliant wing with an embedded

compliant mechanism
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Fig. 2 CAD model of variable geometry

leading edge structure
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Fig.3 FEM of continuous drooped nose structure
K IS 21 A A4 RE L ) FAS ) 4 41l J2 5 BPL 3

T 5 140 R 1) D 88 A1 7 [+) IR 7 J 1] A ' — 5 B i
(T A4S HEAT N8 L B - 1 AR MR SR



5531 {58300 A8 25 . [ 38 W AL 3 3 AR T 04 B 5T BROIR B S Bl B R 299

2 )5 .M. Kintscher Z84F H. P. Monner &AL F

il T B A RTE R L A 4 BRSO

HAEAT T A ROF B RE AT S 45 M 1 S 3 . X ke
rHT A 57,107, LR 16° A9 458 R T S Mk i At

5 12 AT DUAR G H S50 1 3 AR AE

300

250 - A1 BRIGHIALR AT
< AIRTTE AT
200 | | o WL
150
100
g 50
S 0f
=50
-100
-150 e
=200 T ———
_250 1 1 1 1 1
0 100 200 300 400 500 600
x/mm
(a) FHE5°
300
250 - A1 BRIGHIALR AT
< AIRTTE AT
200 | | o WL

-200 e —
_250 1 1 1 1 1 J
0 100 200 300 400 500 600
x/mm
(b) T3 10°
300
250 | A BT A A
< AIRTTE AT
200 || o WEEfE
150
100
g 50 |
= 0r
-50 b
-100
-150
-200 F : ,
_250 1 1 1 1 1 J
0 100 200 300 400 500 600
x/mm
(¢) T 16°

P4 IR o A 1 TR L

Fig. 4 Comparison of shapes in drooped position
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Fig.5 Flexible leading edge
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Fig. 6 “Finger” concept
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Fig. 7 “Belt” concept
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Fig. 8 Principle of eccentuator and flexible

structure design
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Fig. 9 Tendon-actuated compliant cellular
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Fig. 10 Trailing edge of morphing wing
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Fig. 11 Flexible skin morphing structure
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Fig. 12 All-composite morphing trailing edge concept
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direction of flap trailing edge
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Fig. 15 MFC structure and morphing wing
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Fig. 17 Distributed flexible morphing trailing edge flap
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Fig. 18 Truss-based morphing wing
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Neuro-fuzzy controller
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Fig. 23  Principle of actuator system

M B T 3 TR S LA (Pneumatic Ar-
tificial Muscle, faj #k PAM) 1 3 3l i 5% 45 ¥4 1Y 75
JERENLFE S5, an &l 24 F1lEl 25 iR . iz T 2R
SNLAE T LT AL3 8% 55 25 44 =22 [8DE i 3= 2 e 5
SEA8 K B LA 3 TR FLEEL 5% K R K T ) 1
it 38 3 KB ILA S SO, SE AL EE B A AR AL

(a) RFIE

(b) #JE

24 R 1) Bl 150 S Bl UL PR A R AL B R A
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Fig. 25 Morphing thickness wing concept based on

chordwise pneumatic artificial muscle
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