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A LOW-ENERGY-BARRIER AND HIGH-POWER ENERGY RELEASE MECHANISM FOR LUNAR
PNEUMATIC SOFT JUMPING ROBOTS

Abstract

Lunar exploration missions are expanding to resource-rich regions with complex and harsh terrains,
such as lunar permanently shadowed regions, steep craters and lunar rilles. Conventional rigid wheeled
and legged detectors face prominent mobility bottlenecks on soft lunar soil and in environments with
unknown obstacles. Soft robots, endowed with intrinsic compliance and excellent impact resistance, offer
a highly promising solution for locomotion on the complex lunar surface. Moreover, the low-gravity lunar
environment makes jumping a more energy-efficient locomotion mode than others. Traditional pneumatic
soft jumping robots rely on high-pressure gas sources to generate take-off driving force, which requires
large gas storage devices and thus conflicts sharply with the stringent mass and volume constraints of
lunar detectors.

To address this technical challenge, an optimized mechanism is proposed to effectively reduce the
energy barrier and enhance energy release power. By translating the fixed slot position of the elastic
strip on the support rod downward, the support rod exerts an auxiliary deformation torque during the
robot’s bending energy storage process. Preliminary modeling and analysis verify that this mechanism
lowers the overall energy barrier of the robot during jumping deformation and enables more energy release
in an instant of deformation. The mechanism was integrated into the pneumatic soft robot previously
developed by our team for physical validation tests. Results show that the take-off pressure of the improved
robot drops to 129 kPa (a 26.3% reduction from the original 175 kPa), and the take-off height rises to
approximately 12 cm (a 71.4% increase from the original 7 cm). Under lunar low-gravity conditions,
the integrated mechanism allows the robot to achieve long-distance jumping with extremely low gas
consumption, well adapting to the actual working condition of limited gas supply in lunar exploration
missions. In conclusion, this low-pressure and high-efficiency soft jumping robot architecture provides a
highly reliable, mass-optimized and tough locomotion solution for autonomous reconnaissance missions
in the extreme unstructured lunar surface environment.
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