Humanoids2009 Workshop on Mechanical Design of Humanoids
Using Compliant Actuators in the Mechanical Design of Humanoids
Bram VANDERBORGHT
Vrije Universiteit Brussel
 (VUB) - Pleinlaan 2, 1050 Brussels, Belgium 
Italian Institute of Technology (IIT) - Via Morego 30, 16163 Genova, Italy
E-mail: bram.vanderborght@vub.ac.be
URL: http://mech.vub.ac.be/bram.htm
Abstract — Since a humanoid robot has typically many degrees of freedom, actuation of a robot is a serious problem for the mechanical design. Typically electrical motors are used with a gearbox and high gain PD control to track precisely desired trajectories. Regarding safety this is not interesting because in case of a collision the total inertia of the robot is felt. Also for energy efficiency stiff actuators are not interesting because no motion energy can be stored and released. For the advancement of the new generation of humanoid robots, new actuators are important. The biological counterpart is the muscle tendon structure which has functional performance characteristics and a neuro-mechanical control system that has far superior capabilities. One of the key differences of biological systems is their adaptable compliance or variable stiffness. An emerging research field in robotics is the development of such variable impedance actuators. This presentation will present the state of the art and discuss advantages and disadvantages. Also will be shown how they are or will be implemented in robots as the bipedal walking robot Lucy, the huggable robot Probo and the humanoid robot iCub.
A compliant actuator allows deviations from its own equilibrium position, depending on the applied external force. The equilibrium position of a compliant actuator is defined as the position of the actuator where the actuator generates zero force or zero torque. Passive compliant actuators contain an elastic element, e.g. a spring which can store energy, which is not the case for actuators with active compliance, where the controller of a stiff actuator mimics the behavior of a spring. Adaptable compliant actuators can change the compliance during normal operation. Adaptable passive actuators can further be divided according to their working principle in actuators with “Equilibrium Controlled Stiffness”, “Antagonistic Controlled Stiffness”, “Structure Controlled Stiffness” and “Mechanically Controlled Stiffness”. Although different designs of compliant actuators are currently under investigation, the ultimate design combining a stiffness range from completely stiff to zero stiffness, lightweight and compact, and easy to control has not yet been invented.
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