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Fuel Efficient Structural Design /ﬂ

Aircraft morphing - high elongation and low in-plane stiffness
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Meta-material

e A material which gains properties \
from structures rather than its
composition.

e Periodic cellular architecture.
e Unusual properties
e Multi-functional design /




Honeycomb meta-material shear band
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(a) PC honeycomb (6=-10°) (b) mild-steel honeycomb (6=-10°)



Tweelparameters: Target values (Isotropic materials):

Radius =300 mm

Width = 200 mm

Shear layer thickness = 19.05 mm
Contact pressure = 60 psi =0.4137 MPa

The shear modulus of the shear layer ,G = 6.51 MPa
The contact length, L = 48.35 mm
The max shear strain, r = 0.161 radians

Target values with meta-material samples

The shear displacement during sample testing: 2.05 mm
The force required to reach this displacement: 1270 N
The shear stiffness of the sample: 620.54 N/mm

’/)%/ (2.5 inch)



h

(a) 6=-20°

(b) 6=-10°
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Effective Moduli [MPa]
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Effective Moduli [MPa]

Effective Moduli [MPa]
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Effective Moduli [MPa]

Effective Moduli [MPa]
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Mild-Steel (MS)

E=210GPa
(G=76GPa)
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Effective Moduli [MPa]
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Vieta-material Ashby Chart

G12 (MPa)

Polyurethane

200 400 600 800
density (kg/m”3)

1000

1200

1400

@60 (1 row) PC
W30 (1 row) PC
X 15 (1 row) PC
X 15 (2 row) PC
®-10 (1 row) PC
+-10(2 row) PC
=-10 (3 row) PC
=60 (1 row) MS
@30 (1 row) MS
A 15 (1 row) MS
15 (2 row) MS
-10 (1 row) MS
PU
A 30(2row) PC



Local stress evaluation with plastic deformation
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Summary

s Honeycomb meta- materials with PC & MS

= Vieta-materials can be used for functional design

Future work:

- Local cell stress evaluation with plastic deformation

- R.R. model with cell geometry and material selection




