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Results

We analyze the final center of mass of the nanorobots and generate the
probability distributions for different configurations (Shapes 1, 2, and 3) and
particle-field interaction parameter (a = 0, 3, and 10).

Applications: Nanorobots are relevant
In medicine for drug delivery, minimally
Invasive surgery, and other biomedical
applications.

Figure 4: A biohybrid robot Shape 1:
sperm delivering drugs to a
cancerous tumor.??!

Problem: Robots lose actuation and
directed locomotion for smaller scales,
such as at nanoscale.

Figure 3: A soft-robot
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No Net Propulsion

Reynolds numbers, time symmetric movements
(like the swimming scallop fig. 4) generate no
net propulsion.

Breaking the Scallop Theorem. We designed
simple magnetic nanorobots modeled as a
Rauss Bead-Spring model with three spheres
connected by Hookean springs (fig. 5) dictated g;gnu;attszlxi];f;g%r;ggfeng*r%paur;giocriésTiEg

by F_= -kAx. We then exposed these robots to scallop ends exactly where it started.
time-varying magnetic fields.
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Figure 5: Three particle systems connected by Hookean springs of length 4 and dimensionless parameter k = 3. The arrows denote the
permanent magnetic moments on the particles, which are proportional to particle volume. Leftmost sphere radii (r,) labeled on (a)
shape 1, (b) shape 2, and (c) shape 3.

Brownian Dynamics Simulations: Particles translation and rotational
movements in a fluid are described by the Langevin Equation
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Figure 6. Probability distribution of the final nanorobot position after t = 50 for different a values in (a)-(c)
Inertia becomes negligible and motion is determined by magnetic, shape 1, (d)-(f) shape 2, and (g)-(i) shape 3. As the particle-field interaction parameter a increases and the

i i robot’s symmetry is broken the displacement increases.
hydrodynamics, and Brownian forces and torques. ymmet g
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Simulation Overview: We expose the magnetic robots to time-varying B i & S ST~
magnetic fields with different particle-field interaction parameter (a). We track 200 (@)oo shapes i @ oo srepes @ el
the robot configuration in time with respect to its initial position and i
orientation (figs. 5-7). s - L 7T T 1
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Figure 9. Mean displacement in the x direction of the shapes across 10,000 trials as a function of time for
different particle-field parameters (a) a=0, (b) a=3, and (c) a=10. The displacement of shapes 2 (b) and 3 (c)

in a time-varying magnetic fields increases due to symmetry breaking of the nanorobot.
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Figure 5: Overlaid snapshots of the -5 :
asymmetric nanorobot in a time-varying -5 -2.5 0 2.5 5 -10 -5 0 i) 10 _ _ _ :
magnetic field for shape 3. The darker z/Tm 2/ m We show that breaking the symmetry of a three-particles linked nanorobot in
color nanorobot represents the starting . . . . . .
configuration. The faded colors represent Figure 6: Nanorobot center of mass Figure 7: Probability distribution of the d tlme-Varylng field generates a net prOpUISlon. MOVIng forward, we aim to
;cir:]eé ?;;?ezfr?tz tar;cetaiioarggott—tfgjéz;ery.blue ;garjzﬁfgf;for different simulations in time f=|n5acl).nanorobot (shape 3) position after t StUdy diﬂ:erent particle ShapeS (eIIipSOidS), and utilize asym metries tO
generate propulsion and other actuations in 3D nanorobots (fig. 10).
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