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Abstract: This paper presents the design and evaluation of a novel, lightweight, 2 Degree of Freedom (DoF) parallel jaw gripper that
incorporates compact active two-speed gearboxes. The gripper architecture combines frameless BLDC motors, a planetary two-speed gearbox
with a solenoid-actuated clutch, and lead screws to achieve a balance of high grasp force, fast actuation, and low weight. Unlike existing
active multi-speed transmissions that rely on multiple heavy actuators, our approach uses a single primary motor with a lightweight clutch,
enabling substantial weight reduction. The resulting prototype weighs only 269 g—approximately one-third of comparable commercial
grippers such as the Robotiq 2F-85—while achieving a maximum stroke of 85 mm, grasp forces up to 167.8 N, and closing speeds of 102
mm/s. Although manufacturing imperfections in the lead screws limited peak output force below the theoretical maximum of 235 N, the
gripper achieves the highest specific force among analyzed designs and demonstrates reliable grasping across a diverse set of objects. The
proposed two-speed gearbox gripper highlights a promising pathway toward compact, energy-efficient end effectors that extend the
operational life of mobile and collaborative robots, with future work focused on optimizing screw efficiency, clutch weight, and jaw surface
compliance.
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