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Swimming in low-Re regime
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Distributed body torques
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Distributed body torques cause the
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COMPUTATIONAL METHODS
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(a) Sketch of the magnetorheological elastomer robots with 3.7 mm in length with the
mechanics boundary conditions. Deflections of the robots composed of ten (b), twenty (c),
forty (d), and eighty (e) elements under free-free end conditions and varying magnetic
field flux. The deflections at B = 0.003 mT, 0.03 mT, 0.3 mT, and 3 mT, respectively, are
multiplied by 1000, 100, 10 and 1, respectively. A theoretical curve under the field

strength of 3 mT is plotted for comparison.
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& The deformations of the robots are linear when the
magnetic field strength is not more than 0.3 mT

&€ Non-linear deformations of the robots appear
under the magnetic field strength of 3 mT
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RESULTS & DISCUSSION



Swimming speed
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€ Robot curls and rolls
easily in the underwater
case, resulting in
deteriorated swimming
performance

Soft Robot. 5 (2018) 761-776.
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Average swimming speed of the ten-element robot

of L = 3.7 mm under varied magnetic field strength

(a) and at B = 0.03 mT with various lengths (b).

The rotating frequency is 5 Hz. The results

obtained from 0.003 mT and 0.03 mT times 10000

and 100, respectively, for clear display.
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Re

L (mm) B (mT) Re
3.7 0.003 3.28x10°
3.7 0.03 3.28x10%
3.7 0.3 3.23x102
1.85 0.03 2.33x10°

5 0.03 2.74x1073
6.35 0.03 1.9x102

€ Robots in all cases could be treated as low Re

swimmers
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Swimming pattern
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Swimming gaits of the robot of 3.7 mm (a, b, ¢), 1.85 mm (d), 5 mm (e), and 6.35 mm
(f) in length at 0.85 s (n=0) and 0.90 s (n=1) under the field strength of 0.003 mT (a),
0.03 mT (b,d,e,f), and 0.3 mT (c) with a rotating frequency of 5 Hz.
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Amplitude
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Amplitudes of the points along the neutral layer of the robot of 3.7 mm (a, b, c), 1.85
mm (d), 5 mm (e), and 6.35 mm (f) in length under the field strength of 0.003 mT (a),
0.03 mT (b, d, e, f), and 0.3 mT (c) with a rotating frequency of 5 Hz.

€ Amplitudes are inconsistent

€ Largest beating amplitudes appear at the head and tail of
the robot in both simulations and theories e



Amplitude

w
o

. @ Simulation *
/é 30" m Theory
bl — @
ey ool ® k,=k;=0 o
2 ky=0
- &
< 1.0. = .
05} o |
' N ‘ g e 5 P
0.0 L ? ’ ‘ VA é é X !“-’ é*i "
02 00 02 04 06 0.8 1.0 1.2
x/L

Amplitudes of the points along the neutral layer of the
robot with 3.7 mm in length predicted by varied
values of k;, k,, and k; under the field strength of
0.003 mT. The simulated results are plotted for
comparison.
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Phys. Rev. Lett. 106 (2011) 208101

€ Inconsistency also extensively exists in undulatory

microbial swimmers with finite body lengths
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Trajectory of the tail
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The trajectory of the tail in the robots with the length
of 3.9 mm (a,b,c) and 1.85 mm (d) under the field
strength of 0.003 mT (a,d), 0.03 mT (b), and 0.3 mT
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CONCLUSION




Conclusion

1. Present an approximation method for the calculation of

distributed magnetic torques in soft robot.

2. Demonstrate the invalidation of Taylor’s model in the soft robot

with continuously magnetization profile .

3. Present a novel swimming gait function for the soft robot with
continuously distributed magnetization profile.
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