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Fig. 3: A SEA (Series Elastic Actuator) used as a robotic leg, realized from the
. . . . . . L Yobotics! company. Picture from:
Fig. 2: Schematic drawing of a typical servomotor used for industrial applications. http://yobotics.com/actuators /actuators .htm

Fig. 1: Schematic drawing of an electric motor used for industrial applications.
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Labs, Waseda University, in 1997. Picture from: E. Piaggio”, in University of Pisa.
[ ] L] [ . I_l .. | = = http://www.sugano.mech.waseda.ac.jp/wendy/arm/mial-e.html
® =i J ()RR
) —l - ~f Sd wd S

*Poor dynamics dynarics * Programmzable e Real-time variable compliance
(position source) cormnpliancs *Variable embedded dynamics

e Yors SJYIJEHIJ]CS oAdvantages
are possiols « Safety / Performance trade-off
optirmization

* Actuator Robustness

» Adaptability to environment

: * Energy optimization

: * Applications

_

-

o [rad/s]
o [Nm/rad]

* Hurnan Robot Interaction
<N * Rehabilitation
e Gait locomotion

VSA adds one degree of freedom to the possibilities of robotic actuation! *...Mmore to come!
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Fig. 7: typical workspace of a DC motor Fig. 8: Example workspace of a VSA.
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Fig. 11: VSA HD, the third VSA developed within the Interdept. center “E. Piaggio”,
Fig. 9: VSA I, the first electric variable stiffness actuator, developed within the Fig. 10: VSA 1, the second variable stiffness actuator developed within the Interdept. optimizes and integrates the whole actuation system trough the clever usage of
Interdept. center “E. Piaggio”, of University of Pisa. center “E. Piaggio”, of University of Pisa, uses bidirectional non-linear springs. harmonic drive gearboxes

Fig. 12: the Qbot is the ultimate version of VSA developed within the Interdept. center “E. Piaggio”. Completely integrates prime movers,
earboxes, sensors and low level control logic and power drivers inside a modular structure to offer an easy variable stiffness robotic
evelopment platform. The Qboid on the right is just one example of the many multi-dof robot that can be realized combining more Qbots.
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Fig. 15: Performance of two different types of stiffness observers, developed within University of Pisa, tracking the stiffness of a VSA. Due to the absence of stiffness
Fig. 14: Performance of VSAs can be optimized to achieve very different goals, achieving profound insights which can help to understand also biomechanical behavior of human sensors, stiffness must be identified either oftline, trough accurate calibrations, or online with a non-linear observer.
and animals. In the picture an example of the optimal control pattern designed to drive a nail with the fewest hits of a VSA-hammer .
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