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Introduction Specific Results Key Outcomes and Future Work
» Blomimetic robot muscles are actuators that closely mimic the properties of Rl PiopaNe _ _ . . .
. . . _ _ « Many technologies exist for artificial muscles, but typically exist as research
biological muscles in nature. Several machine learning models
evaluated for comparing actuators: prototypes.
» These technologies have covered a varied range of configurations, including: ) « multivariate SVM classifier with
- shape-memory alloys (SMAS) - dielectric elastomers (DEAS) an RBE kernel and softmax to  No universally accepted metrics for performance; therefore, no comprehensive
- super-coiled polymers (SCPs) - piezoelectric actuators (PZTs) g find separating boundaries of reporting on common properties.
“ actuators
> Thbe% gffe_r uniquiI prope?ies[\i?luable In realizing compliant, compact, and safe e 679 data pé)in(tjs SO ffar' (ovez Key Outcomes:
robot designs and operation [1]: many undreds of journa
- controlled compliances - large bandwidth ranges papers) across 8 types of i onal modeli _ f 4 conf _
- high power-to-weight ratios - compact muscle-like form factors actuators and 5 parameters Multi-dimensiona mo- eling stra.ltegy using performance and configuration spaces
. Implementing data-imputation to « EM method for actuation selection
trai : . . .
» Widespread use in robot systems and machines has been limited due to Figure 3 Two performance spaces asrera;:;played stress, strain) with actuators solve for missing data « Data imputation method for missing data
significant challenges for robot designers to overcome: o bocatiss of larce differences in mange. ey periormance spaces are

* Further DEA process development and characterization
Hands-on toolkits:  Creation of a new DEA-based fluidic valve and integration into demonstrations of
» Toolkit designed for hands-on controlling fluidic artificial muscles using electrically-activated DEAs.
learning for multiple robot . . . . . . .
actuation types  Demonstration of piezoelectric artificial muscles: integration of high performance
piezoelectric artificial muscles into a compact surgical laser steering device.

1. unclear how to select/compare actuators for use in an application

2. they exhibit significant nonlinear behaviors that require non-trivial
modeling, control, and design

3. few resources available to manufacture repeatable and stable
actuators and compare performance with state-of-art developments

Future Work:

Figure 3: Toolkit designed with SMA, SCP, Mckibbon, Twisted String, and DEA
actuators on one test platform

V\t/e tare ]Ehen tr)n ct)tivateclzl tothin;/estiglgc?tle 9 utr;]imgg m o?eling, (I:ontrol, ar:jd dl;esti_gn « Data imputation evaluation, and use for driving design of new actuator
strategy for robot muscles that could lower the barrier to muscle-powered robotics . . . . .
research. . In addition, we have developed a Integ_rate DEA valve into wide c'_alrray of fluidic actuatpr types, sizes
microscale DEA and quantified its « Continue development of toolkit modules and website
performance including: « Develop a quantitative categorization of numerous classes of artificial muscles

* Dblocked force, free displacement, and
energy and power density.
« The DEA’s free displacement peaks at

e 15% strain when it is driven at 500 Hz. Publications:
e _ « Experiments show the maximum
[4]. (d). A hexapod robot driven by piezoelectric actuators [5]. (e). A robot hand driven by SCP actuators [3]. §0_15.+§§oovv : blocked force, strain, and resonant S. Xu, Y. Chen, N.-S. P. Hyun, K.P. Becker, and R.J.
re 0.2 N, 15%, an Hz. " : - :
= o ° frequency are O  15%, and 500 Wood, "A dynamic electrically-driven soft valve for

« The DEA energy and power density are

' : o a0 0 W0 40 0 @0 0 100 20 W0 w0 s o control of soft hydraulic actuators,” In preparation.
Obj ectives an d Meth ()dS Fepency (i Fesuency i 1.2 J/kg and 600 W/kg, comparable to ’

Obiectives: Confocal microscapy mage of the DEA' cross secton. The slastomer sheets 220 NAtUrAl Muscles. )

ectives; e ooty S5 of he Mude s, Sedle bar renesens 100 um ¢, *  Measurements indicate the DEA canbe | P. York, R. Pefia, D. Kent, and R.J. Wood,

D I I tf th t d t th f b . t N SE;(E:(;IrmiG'}s,ntlaolvvseergg Lor:tirlnia?galgﬁeghethDeEgli‘Ab’Locti:)Tod(IZEG.D',A\ Ejggriﬂe;\rtlglmguerpugor%? used to power hlgh bandWldth “MICFOrObOtIC |asel’ Steel‘lng fOI‘ m|n|ma”y |nvaS|Ve Figure 7. Example outcome of high performlance artificial
o - i he DEA’s f displ : I vib he DEA’ - . ] ] muscles: the creation of a piezoelectric laser-steerin
eve Op Open Sour(?e pa Orm a emocraflizes € fabricatio ’ omsi?lfz;tgonngvélscity. Scsalerf)itrs iipg(;?]rgegtre[ﬁesaesrﬁtrl cmr.og,eg?er;a?ferércT%éAeblockej platformS, SUCh as mlcroscale ﬂylng Surgery,” SC|ence RObOt|CS, VOI. 6, NO. 50, 2021 compact (6mm diameter) SUngEa' tool. Y
Charactenzaﬂon/ca'|brat|on and COntrol Of robOt muscles forceI (IZ) and free displacement (F) as functions of operating frequency and voltage I‘ObO'[S
: amplitude. .

* Investigate a unifying modeling and control strategy for robotic muscles.
* Improve performance / ease of construction of DEA-based, SCP, SMA, TSA, We have applied DEAs to the control of fluidic actuation systems by creating one of the Referen ces

and pneumatic artificial muscles. first DEA-based fluidic valves (Fig. 5). , o
o i T  Fluidic actuators are widespread In soft and /j/ Supporting rod

Charact.erlze anpl cata.log.ue artificial muscles across a range of types and bioinspired robots - [1] A. J. Veale and S. Q. Xie, “Towards compliant and wearable robotic orthoses: A

underlying physical p-r|n0|ples. _ _ _ _ . Control of fluid flow to pressurize and control review of current and emerging actuator technologies,” Med. Eng. Phys., vol. 38, no. 4,

* Apply these muscle-like actuators to unique devices that exploit their features | 0Pl | e =2 Pinchip hp. 317-325, Apr. 2016

and behaviors actuator motion has primarily relied on traditional — Chame T T | o | |

rigid, bulky, power-hungry valves and regulators 2] M. Duduta, R. J. Wood, _and D. R. Clarke, “Multilayer Dielectric Elastomers for Fast,
Methods: . Elastomer Programmable Actuation without Prestretch,” Adv. Mater., vol. 28, no. 36, pp. 8058—
| 8063, Sep. 2016.

. Sottom sheet [3] M. C. Yip and G. Niemeyer, “On the Control and Properties of Supercoiled Polymer

Implement multiple methods for data-driven selection and design of muscle-

actuated biomimetic robots.

« Adapt techniques for multi-scale muscle-like actuators with more refined
process steps.

* Develop easy-to-use and reproducible fabrication and testing modules for SCP,
TSA, and McKibben actuators.

« Characterize piezoelectric and DEA artificial muscles and apply them to

platforms requiring high energy density and bandwidth.

Figure 5: Design of a DEA-based soft valve that consists of a fluidic P 9
channel embedded in an elastomer matrix, a rigid indenter, and a multi- ArtIfICIaI MUSCI@S, IEEE TranS- ROb., VOI- 33, no. 3; pp 689_6991 2017
DEA actuation mechanism that controls the flow within the channel when

activated. [4] P. Polygerinos, Z. Wang, J. T. B. Overvelde, K. C. Galloway, R. J. Wood, K. Bertoldi,
. A DEA-based valve has been and C. J. Walsh, "Modeling of Soft Fiber-Reinforced Bending Actuators,” IEEE Trans.

developed and used to control fluidic Rob., vol. 31, no. 3, pp. 778789, Jun. 2015.

soft actuators, leveraging the maturity [5] A. J. Veale and S. Q. Xie, “Towards compliant and wearable robotic orthoses: A

and high performance of fluidic soft review of current and emerging actuator technologies,” Med. Eng. Phys., vol. 38, no. 4,
actuators and the high energy density pp. 317-325, Apr. 2016.
and bandwidth of DEAs.

Figure 6: Operation of three DEA valves, each controlling flow to separate fluidic actuators.



