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Project Outline
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Magnetic and Thermal Modeling
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Heating Scheme Proof of Concept
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Velocity of a particle subject to a pulsating fluid
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D.V. Lyubimov, AY. Baydin, T.P. Lyubimova; Particle Dynamics in a Fluid Under High Frequency Vibrations of Linear Polarization, ). of Microgravity
Science & Technology, vol. 25, pp 121-126, 2013 8
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5 vol% 3-7 um Nickel particles ¢, =0.41 (50 um diameter, 6. 10 nm)
Neodymium magnets 40mm separation (l)exp =0.10

350 Hz vibration 10 vol%, 10V, random orientation: 60s
212°F for 3 hours

Mold: 10 x 10 x 0.75 cm
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Tested several Copper, Steel,
and NiChrome mesh electrodes
100x100 Cu most promising

Current activation: 10V, ~60s

Side View Nickel
End View of Particle Chains 1
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Epoxy SMP Formulation
0.02 mol (7.28g) EPON 826
0.01 mol (2.3g) Jeffamine D230
100°C for 1.5hr, 130°C for 1hr
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Epoxy SMP Characterization
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@ Analytic Model
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Composite Characterization
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i\\.\.{/ Composite Characterization

@ Analytic Model
@ Experimental Results
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Composite FEA Model
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Composite FEA Model

23°C 115 °C
E,  140GPa 52.4 MPa
E, 1.08GPa 17.9MPa
Gey 0.81GPa  16.3 MPa
Gey 0.81GPa  16.4 MPa

X hard tension, axial stress top left beam

1000k
980
geofi

940

Stress, MPa
oo oo (=] w w
= (=) [==3 o )
(=] =] (=} (=} (=]
T P T

ey
[~
[=3

=3
=3
=]

""" Red Bottom
— —Blue Middle
— Greentop

+3.110e+03
+2.000e+01
+1.860e+01
+1.719e+01
+1.579e+01
- 4+1.439e+01
- +1.298e+01
+1.158e+01
+1.017e+01
+8.771e4+00
+7.367e+00
+5.964e+00
- +4.560e+00

X Hard Von-Mises Stress (MPa)

“I‘ [ f

+4.219e+03
+2.000e-01
+1.818e-01
+1.636e-01
+1.455e-01
+1.273e-01
+1.091e-01
+9.091e-02
+7.273e-02
+5.455¢e-02
+3.636e-02
+1.818e-02

|
:
|
I
|
i1
:
|
|
I
|
I +0.000e+00

=) T
-

Distance along Beam

XY Hard Von-Mises Stress (MPa) 22

22
Approved for public release; distribution unlimited.



23 °C 115 °C [ +3.110e+03
tr
Ecx TBD TBD +1719e+01
+1.579e+01
E

- +1.43%9e+01
cy TBD TBD - +1.298e+01
tioi7esor

+1. e+
+8.771e+00
GCXY TBD TBD +7.367e+00
G +5.964e+00

v TBD TBD W 13'560e+00

X Hard Von-Mises Stress (MPa)

X hard tension, axial stress top left beam

1000k

rrrrrr Red Bofom [
— -Blue Middle {
— Greentop

90 +4.219e+03

|
|
I +2.000e-01
I +1.818e-01
/701 +1.636e-01
A +1.455e-01
i I +1.273e-01
|
|
|
|
|
|
|

geofi

940

+1.091e-01
+9.091e-02
+7.273e-02
+5.455¢e-02
+3.636e-02
+1.818e-02
+0.000e+00

Stress, MPa
w w
o )
(=} (=]

o2}

=}

[=1
T

860[-
840

820F

800 i 1 1 1 Il 1 Il

’ ‘ ® Disarce aong Bean : : XY Hard Von-Mises Stress (MPa) 23

23
Approved for public release; distribution unlimited.




,é Composite FEA Model
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i\\“z Composite FEA Model

@ Analytic Model
@ Experimental Results
FEA Results
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System Modeling
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W2 Honeycomb Geometry Optimization
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Future Work System Scheme

« Heating Pattern Optimization

« System Integration / Fabrication
« System Characteristics Envelope

Future Work Heating Scheme

 Thermal characterization of heating scheme
 Thermal diffusion between cells

* Direct write electrodes (variable patterns)

32
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Conclusions

* Viable Option for Morphing Structures

* 30-40% In-plane Strain Achievable

* Accurate Analytic Model of Filled Honeycomb

« Optimistic High Thickness SMP Heating Scheme
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