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Fig. 1. The initial structure of flexible boundary (red) in the
active particle bath (green). The dashed lines represent four
rigid trestles. The black arrow in the green particle indic-
ates the active force direction of the active particle in the
upper left. The upper right part is the particle arrange-
ment on a boundary. The spacing between the particles is
0.250.
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Fig. 2. (a) Schematic diagram of the ratchet rotation with time for Ny = 4, ¢ = 0.025, D, = 0.0001, F = 40. The black dot on the

top left figure represents the center of mass of the ratchet; the black arrows denote the orientation from the center of mass of

ratchet to the fixed point of boundary to indicate the rotation of the ratchet. The right-down figure shows the time evolution of

angle and angular velocity of ratchet. (b) The curvature distribution (up) of boundary and the pressure distribution (down) around it.
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Fig. 3. (a) Average angular velocity and (b) instantaneous
angular velocity for the four rigid trestles with various act-
ive forces. The error bars represent the standard the devi-
ations of angular velocity of rigid trestles.
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Fig. 4. Average angular velocity vs the number density of
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0.025 and ¢ = 0.1. The error bars represent the standard

the deviations of angular velocity.
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Abstract

Self-propelling motionisubiquitous in the biological world, ranging from the molecular-level transportation
of motor proteins along the microtubules, to the swimming of bacteria on a micrometer scale. An intriguing
topic is to design microdevices or micromotors that can rectify the random motion and convert the energy into
mechanical work. Here we design a soft microdevice, which may possess the advantages such as damage
resistance, durability and adaptability, by utilizing two-dimensional Langevin dynamics simulation. We use a
flexible chain to mimic the soft boundary of microdevice. We investigate the dynamical behaviors of microdevice
when it is immersed in a thin film of active particle suspension. We find that the microdevicecan
rotateunidirectionally and hence output the work. To uncover the physical mechanism of unidirectional
rotation, we calculate the pressure distribution along the soft boundary. The spontaneous symmetry breaking of
flexible boundary is the origin of the unidirectional rotation, which can lead to the inhomogeneous pressure
distribution and hence torque on ratchet. It is because the persistent motion drives the particles to accumulate
near the boundary and induce the soft boundary to deform. Further, we focus on the effect of active force and
particle density on the angular velocity. With the increase of active force, the average angular velocity increases
monotonically due to the increase of torque. With the increase of the number density of active particles, the
average angular velocity increases. This is because the aggregation of a large number of particles is beneficial to
the increase of ratchet torque. Additionally, we pay attention to the effect of rotational diffusion rate, D,, of
active particles and the number of ratchet wheels. We find the average angular velocity decreases with the
increase of rotation diffusion D, because ofthe ability of particles to weakly accumulate at high D,s. The average
angular velocity also decreases with the increase of the number of ratchet wheels. This is because a large
number of ratchet wheels weaken the asymmetry of pressure distribution and hence reduce the torque on wheel.

Our work provides a new insight into the design of soft microdevices for studying the non-equilibrium system.
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