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Abstract

This study developed a morphing technology applicable to unmanned aerial vehicles (UAVs) with diverse
flight characteristics. Existing morphing technologies require additional mechanisms and driving devices, posing
challenges in constructing features such as ribs and spars within the wing structure, leading to structural
instability. To address this, we developed a Variable-Camber and Variable-Chord (VCC) morphing flap that
could maintains a continuously transforming surface during deformation, altering both camber shape and chord
length simultaneously. Furthermore, we conducted design and fabrication of UAV wings incorporating these
morphing flaps, ensuring structural stability by developing specialized shapes. Furthermore, structural
experiments were conducted to simulate flight loads, followed by actual flight tests to validate performances
of both morphing mechanism and wings. Finally, wind tunnel tests were conducted to compare results with
aerodynamic analysis, confirming the effective applicability of this morphing technology.
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Fig. 4 VCC Morphing Flap Configuration
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Table 1 Flight Condition of DBUAV

) ) Flight )
Wing Span Weight Altitude
Speed
[mm] [ka] [m]
[m/s]
2180 7 20 100

Table 2 Specification of Morphing wing

Wing N.P

M.A.C Static
Span | (from L.E)

[mm] | Margin[%]

[mm] [mm]
Unextended | 2180 195 350 16.43
Extended 2980 187 301 16.44

1< =

_____ N.P @ Unextended
NP @ Extended

Fig. 6 Position of Neutral Point
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Table 3 Components of Morphing Wing
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Fig. 8 Cross-sections of Morphing Wing

FAoH5].
B-B
D-D
E-E

D : Leading Edge

holhelholhe] ©
_|o|ololo|o S
=18/¢2|2/8 5 5/5/5/ ¢
s|2|212|213|8|8|8|8| 2
C| ol T| © [av]
2x|2| 82| 2|S|8|8|S| e
ol c|d© )
Dm0 |m a8}
<] o
W.:no.wa.nmr o
— Q o)
g~ Yol |o| 2o el z|c
olo o Slclel <
S REEEEEE S
= TS| 0| 2lHh %]
M%RO
| =
©
o]
=
>
@

Fig. 7 3D CAD Model of Morphing Wing
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Lift Coefficient Distribution Folded

—@ Lift Coefficient
X  Center of Pressure
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Fig. 9 Distributed Lift on Tapered Wing

)
o2
2

FE AEste] 2~ Hojo] wE =
tel Fig. 10l Yebddoh =3 A4S
9)3te], XFLR5 Z =218 XFLR5 Curve®
=8y RAUE §4 Ao} wussict 3

2
tlo
4
(<0

T
2
ol
ol
N

o
o
of
o
2

Aol thek Ex stES 5719 7t stF o A
gstel, HAE FA 9 B Wrold A4S
zka1 o] 9|4 gt kS ALtsit.
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Calculated Moment Curve
14} Q- Equivalence Curve
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Fig. 10 Moment Curve at 1G
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Table 4 Magnitude of Equivalent Load (1G)

Load
[N]

8.16 7.77 7.08 5.56 2.23

Span Position
200 400 600 800 1000
[mm]

Chord Position
238.8 | 2416 | 258.1 | 306.8 | 616.6

[mm]

Load Position(AoA=-0.2 °)

Center of Presure

-100 - Equivalance Position

Leading Edge

100
200 [

300 -

Chord[mm]

400 -

500

0 200 400 600 800 1000
Span[mm]

Fig. 11 Position of Equivalence Load
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Fig. 12 Configuration of Wing Structural Test
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Table 5 Result of Structural Test

Displacement [mm]
LE TE
5.56 15.04
10.56 22.48
16.87 32.14
22.38 40.31
28.46 49.69

Twist [deg]

1.36
1.71
2.19
2.57
3.04

fo e
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Fig. 13 Cross-section of Wing with Inte
-grated Morphing Mechanism
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Fig. 14 Fully-Assembled Morphing UAV
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