SCIENCE ROBOTICS
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Fig. 5. Impulsive takeoff from the water surface. (A) Sparker plate input voltage and current when a visible spark is generateB) Pressure profile within the
chamber upon oxyhydrogen ignition. A reinforced chamber without micro-openings experiences higher pressure than one with micro-openi@ydm{age sequence
comparison of initial robot takeoff. For the robot without chamber micro-openings (left), the detonation cracks the chamber top plate and detaches a robot balanc
beam and wing. For the chamber with micro-openings (right), gas and water are released upon ignition, and the robot remains undamaggdOyerlaid image
comparison of robot takeoff. A robot without chamber micro-openings experiences substantial body rotation and has a higher takeoff speed (left). A robot witl
chamber micro-openings maintains upright stability and has lower takeoff speed (right). Scale bars, 1 cm.
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Furthermore, we show that thelyot is capable of demonstratinghovering after affixing the component and tuning. This implies that

open-loop takeoff after explosion. Figure S9 compares the takeoff déraimpulsive takeoff does not cause critical damage to thesohain

onstration of the robot before and after explosion. For open-loggructure or actuators. However, it creates small changes to the
takeoff, we only turn on the robot for 0.3 s (~100 flapping periods), beperating condition such that tuning is needed to demonstrate hovering.
cause without control the robot may experience large body rotation ahghing the operating condition is something that could in the future be
its wings may collide with the safety tether. After explosion, the rolaathieved autonomously through either adaptive control or iterative

can still lift off with an average acceleration of 20 énhis implies learning techniques.

that the robot can generate a mean lift force larger than its weight after

the impulsive takeoff.

To achieve similar hovering perimance, we performed additional

wing hinge pairing, open-loop trimming, and closed-loop contr@ur presentation of a hybrid aeriatiaatic, flapping-wing microrobot

parameter identification, because the explosion created small chaimgisdes (i) a detailed analysis of the observation on robot passive
to the robot structure. This tuning process was only required fapright swimming stability in water, (i) the challenges and benefits im-

hovering flight and was a regular procedure that was frequently dguesed by water surface tension on miéter-scale robots, (jii) a discus-

between flight trials. Details of the tuning procedure are given sion of mesoscale device design, and (iv) an impulsive water-to-air
Materials and Methods. For cases that involve small visual damaggssition method. The observation that a flapping-wing vehicle can

(e.g., lost of a leg or a buoyant outrigger), the robot is also capablbeopassively stabilized in water cargbeeralized to larger, traditional

Chenet al, Sci. Robot2, eaa05619 (2017) 25 October 2017

8 of 11



