Directional Stiffness Control of Soft Robotics Materials

Washington State University | M3 Robotics Laboratory | Dr. John Swensen

labs.wsu.edu/m3robotics

Summary and Motivation Traditionally, robotic systems have followed the paradigm of being comprised primarily of rigid structures with relatively few References
degrees of freedom and well-characterized motion driven by actuators directly connected to the rigid links. In recent years,
there has been an explosion of research in the area of soft robotics, as they provide the promise of allowing robots and humans to work and collaborate in the same workspace. However, soft
robotics have inherently limited ability to exert forces and interact with their surroundings in a meaningful way because of their compliant nature. Hence there is a great need for materials ) _ _ _ o
] ) ) o ) ] ] ) ] o ) i [2] E. A. Allen and J. P. Swensen, “Versatile Layering Approach to Pneumatic Soft Actuator Fabrication,” in Proc. ASME 2019 Conference
and mechanisms that can dynamically change between acting as a soft or a rigid robotic component. This work focuses on the directional control of stiffness within soft robotics materials. on Smart Materials, Adaptive Structures and Intelligent Systems (SMASIS2019), Louisville, KY, 2019, p. VOO1TO1A001.

[1] E. A. Allen, B. C. Townsend, and J. P. Swensen, “Configuration Modeling of a Soft Robotic Element with Selectable Bending Axes,” in
Proc. IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2019), Macau, China, Nov. 2019.
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T tﬂ SChemeS dare explored in th|S Work. Actuator Segment Models [Connolly, 2016]
Pneumatic Actuator with Embedded Shape Memory Alloy “Muscles” (PneuSMA Actuator) Here, SMA springs are embedded in the walls (?f the actuator, sc.ervmg Thg Pn.euSMA-actuator is contr.olled \./la- T'he b.e.ndlng of the PneuSMA actuator is descrl!oed using a
as intrinsic muscles that may be selectively activated to constrain the  activation of different SMA springs within the simplified modeling approached based on the linear
The PneuSMA actuator consists of shape memory alloy (SMA) springs attached along the side(s) of a silicone device. actuatf)r, in conjunction with pneumatic stiffness of th.e silicone rubber and finite element ana!ysis
tube. The wrapped inextensible fibers prevent radial expansion and hold the SMA coils in place. Copper wires e T . actuation. The aFtuator demo.r?strat'es of parallel springs along the Ieng’Fh of the actuator. This
are attached at various locations along the coils to enable Joule heating of selected segments of the coils. 1 coil 2 coils i 3 coils remarkable spatial controllability evidenced  model accounts for the lengthening of the actuator due to

by testing under different pressures and SMA the pressure on the inside walls of the actuator, the spring
activation combinations. force from the SMA coils, and the effective spring forces
e - from the silicone material.
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results in an apparent increase in stiffness of the actuator. .
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