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Assembly of Microstructure

• Microstructures of printed composites can be
controlled using magnetic assembly.

• Tuning mechanical and optical properties has been
demonstrated. Future work will elucidate the
relationship between microstructure and thermal &
electrical properties.

• Future efforts will be geared towards custom
prosthetics.

Summary & Future Work

Contact Information
Martin.Joshua1@husky.neu.edu

scottngoodrich@gmail.com 
shores.d@husky.neu.edu
Professor Randall M. Erb, 

r.erb@neu.edu
More info at: www.DAPSLAB.com 

Im
a
g
e 

C
o
u
rt

es
y 

o
f 

 S
tu

d
a
rt

[2
]

[1] R. M. Erb, R. Libanori, N. Rothfuchs, and A. R. Studart, "Composites Reinforced in Three 

Dimensions by Using

Low Magnetic Fields," Science, vol. 335, pp. 199-204, January 13, 2012 2012. 

[2] A. R. Studart, "Towards High-Performance Bioinspired Composites," Advanced Materials, vol. 

24, pp. 502, 5044, 2012

[3] J. C. Weaver, D. Kisailus et al., “The Stomatopod Dactyl Club: A Formidable Damage-Tolerant 

Biological Hammer”

Science, 2012, 336, 1275-1280.

Patented 3-D Printing 
Technology

3-D printing’s ability to create
complex structures allows for
high resolution of the overall
geometry. Magnetic assembly
introduces an additional
degree of freedom with
control over the orientation of
reinforcing particles.
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Tuning Mechanics

Finite element analysis (FEA) can be used as a
predictive tool for where and when principle
stresses will arise. Using FEA, the optimal fiber
orientation for a pierced sample was determined.
The reinforced part was then printed, and shown to
out perform it’s less optimally reinforced
counterparts.

Manipulating internal fiber microstructure results in
drastic differences in strength, stiffness, and
hardness.

Hardness Mapping on a rectilinear print two differet
orientations, weak axis (light regions) and strong axis
(dark regions), shows distinct differences in hardness
with orientation.

Despite the material selection limitations faced by biological
systems, many natural composites achieve mechanical properties
that greatly exceed the intrinsic strength of their constituents due in
part to the precise ordering of their microscopic building blocks. We
have replicated three choice bio-composites that exhibit exceptional
mechanical properties with hierarchical microstructures.

Learning From Nature

Understanding the strengthening mechanisms of various
structural bio-composites can lead to implementing efficient
reinforcement designs in man-made composites. Using
magnetic assembly with 3D printing, discontinuous fibers with
tunable, complex reinforcement architectures can be realized
and used to create a new generation of multifunctional
materials. This new class of materials will revolutionize the
biomedical, aerospace, and electronics industries.

Motivation

Reinforcing aluminum oxide
(Al2O3) particles are first labeled
with iron oxide nanoparticles.
Proper design enables
architectures to be assembled
with magnetic fields only an
order of magnitude above the
Earth’s natural magnetic field
(~0.05 mT). These fibers are
mixed into photopolymer resins
and can be oriented during the
3-D printing process.

Assembly of Microstructure
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Once the desired magnetic field is applied, UV light is
used to selectively polymerize each region with
resolution down to 90 microns, fixing particle orientation.

Magnetic Printing Process:

Direct-WriteSteriolithography

High-Resolution Fiber 
Architectures

Patient-Specific Biomedical Devices

For specialized biomedical applications, devices such 
as catheters, implants, and prosthetics can be custom 
made to fit each patient.

Microfiber alignment can be controlled with a voxel 
size less than 90 microns, leading to the highest 
resolution architectures to date.
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