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Morphing Wings and Lattice Structures
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Panelized .005" Thk. Kapton Skin
Steel Retaining Pins attach to Ribs
.125"Thk. Alum. Fuselage

3/8" Dia. Carbon Fiber Rod
1/2"Thk. Alum. Load Cell Mount

ABS Nosecone —\\»\

1/2" Dia. Shaft Collar

Servo Actuator

1/4"Thk. HDPE Flexure Arm

1/16"Thk. Waterjet Cut Carbon Fiber Lattice
Carbon Fiber Cap Plate
1/2" Dia. Carbon Fiber Tube
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Testing Approach



12-Foot Low Speed Tunnel

» Type: Atmospheric, closed throat,
annular return

* Test section: 8 sided,
12 feet wide, 15 feet long

‘ air flow
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i laser light

* Operational: 1939

(as free-flight tunnel)

sheet

« Motor: 280 hp

* Velocity: 0 - 77 ft/s

- Static force and moment: -10 to 90
degrees alpha, +/- 90 degrees beta

« Surface pressures

» Arbitrary motion forced oscillation
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Compare Geometrically Identical Rigid and
Flexible Models
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Model has Flaps to Compare to Wing
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Rigid and Flexible Models Mounted
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Symmetric Results
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Comparison of Lift Curves

Maximum C, Greater with Flaps

Zero Lift AoA |

Flap Deflection

5 10 15
Angle of Attack (degrees)

Rigid Model

I 1 I I I I I I
. o8- e fee o
- 06
i 04k —=—10" Tip Twist| _|
08" Tip Twist
. G 02 —*-6" Tip Twist | |
ol | | —+-4" Tip Twist
o _ 0 —
~2-20" Flap . . Ip Twis
—— - o Tip Twist T ~5-No Twist
=@ 0" Flap . 024 o 2R —& 2" Tip Twist |
-10° Flap d e 4" Tip Twist
i -0.4% o |
| 6 Tip Twist
| 06 l \ l \ l l
0 o5 -4 -2 0 4 6 8 10 12 14 16

Angle of Attack (degrees)

Flexible Model

Maximum C, at 4° Twist and 20/30° Flaps



0.5 T 0.5
0.451 = 0.45
0.4 = 0.4
0.35r n 0.35
0.3 7 0.3
o 0.25f 7 025
0.2~ = 0.2
0451 _:_20: Flap | | s
10 Flap
01+ ~©-0" Flap 7 0.1
0.05- 10 Fl| - 0.054:
(-)5 2|0 25 0

Angle of Attack (degrees)

Rigid Model

—&—10° Tip Twist
~@-8" Tip Twist
=% -6 Tip Twist
—+-4° Tip Twist
—£—2° Tip Twist
=& -No Twist
~&--2" Tip Twist
—#-_4" Tip Twist
6’ Tip Twist

"

Flexible Model

4° Tip Twist had a higher C_ but lower C,

16



I T T I I
- »’l' hhhhhh -
- i

Rmel =

- P "'*-.-%_—.—_9_%_:_:::: *?_

i —-6" Tip Twist Flex 1 |

B —©-6" Tip Twist Flex 2 7

- 06 Tip Twist VLM Simulation| —

P A .

i ..{;ﬁ‘ 10 Flap Rigid i

# | | | | | | | |

-4 2 4 6 8 10 12 14 16

Angle of Attack (degrees)

Rigid Model

0.3

0.256

0.2

0.15

0.1

I

—*-6" Tip Twist Flex 1
-©-6" Tip Twist Flex 2

06" Tip Twist VLM Simulation
-+10° Flap Rigid

4 6 8
Angle of Attack (degrees)

Flexible Model

14

16



Comparison of Lift/Drag Curves
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Comparison of Pitching Curves

Smaller C, Range for Flexible Model
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Asymmetric Results



Comparison of Roll Curves
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Comparison of Yaw Curves

103 Not Linear over Small AoA
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Comparison of Yaw Curves across Q
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