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Project Outline
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Magnetic and Thermal Modeling
Magnetic Field Lines Between Two Magnets

Magnet
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Heating Scheme Proof of Concept

Velocity of a particle subject to a pulsating fluid


 vu

s

2

3

u particle velocity
ρ fluid density
ρsparticle density
v∞ imposed pulsating field

Offset Weight
Motor
Teflon® Mold

Peaks: magnetic field too strong
magnetic field unbalanced

D.V. Lyubimov, A.Y. Baydin, T.P. Lyubimova; Particle Dynamics in a Fluid Under High Frequency Vibrations of Linear Polarization, J. of Microgravity 
Science & Technology, vol. 25, pp 121‐126, 2013
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Heating Scheme Proof of Concept

5 vol% 3‐7 µm Nickel particles
Neodymium magnets 40mm separation
350 Hz vibration
212°F for 3 hours 
Mold: 10 x 10 x 0.75 cm

1.27 mm 250 μm

1.0 mm

17 μm

90 μm

c =0.41 (50 µm diameter, δc 10 nm)
exp =0.10
10 vol%, 10V, random orientation: 60s
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Heating Scheme Proof of Concept

Tested several Copper, Steel, 
and NiChrome mesh electrodes
100x100 Cu most promising

Current activation: 10V, ~60s

Side View Nickel

End View of Nickel

End View of Particle Chains
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Epoxy SMP Characterization

Epoxy SMP Characterization

Experimental Results

Tg 65 °C

E (ambient) 1300 MPa

E (115 °C) 19 MPa

T Xie, IA Rousseau, Facile tailoring of thermal transition temperatures of epoxy shape memory polymers, Polymer, 2009

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

Values consistent over several 
batches, 0‐8 week sample age
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Composite Analytic Model
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Composite Analytic Model
Analytic Model

Empty Honeycomb
Young’s Modulus (MPa)

Hot Composite
Young’s Modulus (MPa) Cold Composite
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Composite Characterization

23 °C 115 °C

EEpoxy 1.3 GPa 19 MPa

EHX 62.8 kPa

EHY 16.6 kPa

ECX 2.19 GPa 33.9 MPa

ECY 2.04 GPa 11.8 MPa

23 °C 115 °C

GEpoxy 1.27 GPa 1.06 MPa

GCXY 1.19 GPa 13.9 MPa

GCYX 1.13 GPa 13.0 MPa

Z on XYZ

Shear Angle
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Composite Characterization
Analytic Model
Experimental Results
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Composite FEA Model
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Composite FEA Model

23 °C 115 °C

ECX 1.40 GPa 52.4 MPa

ECY 1.08 GPa 17.9 MPa

GCXY 0.81 GPa 16.3 MPa

GCYX 0.81 GPa 16.4 MPa

X Hard Von‐Mises Stress (MPa)

X hard tension, axial stress top left beam

XY Hard Von‐Mises Stress (MPa)
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Composite FEA Model
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Composite FEA Model
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Composite FEA Model
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System Modeling
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Honeycomb Geometry Optimization
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Heating Pattern Optimization

Genetic Algorithm

13 full cells
12 partial cells
7 hot cells
18 cold cells

Not included:
Out‐of‐plane def.
Deformation req.
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Future Work

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)
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Conclusions

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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