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The focus is mostly on the use of elastic waves, mechanical vibrations
and electroactive materials for actuators and sensors. The group efforts
led to novel methods, processes, mechanisms and devices including
piezo-electric actuated drills and motors, biomimetics and NDE.
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The JPL's Nondestructive Evaluation and Advanced Actuators (NDEAA) Technologies labis involved with innovative research
and development (R&D) for space applications and technology transfer to terrestrial applications. It was established by Dr.
Yoseph Bar-Cohen in May 1991 and it is part of his JPL's Electroactive Technologies Group for which he is the Supendsor. Dr.
Bar-Cohen and his Group members are intemationally leading scientists in the fields of electroactive materials, biomimetics,
and related mechanisme. The members of his Group are Dr. Mircea Badescu, Dr. Xiaogi Bao, Dr. Zensheu Chang, Dr. Shyh-
Shiuh Lih Dr Hyeong Jael ee and Dr Stewart Sherit In addition, thru the JPL E ducational Outreach Program professors,
wisiting scientists and students are participating in varous studies at this lab. The current topics of Group’s R&D efforts include
novel actuators (using mostly using electroactive ceramics and polymers), drilling and sample handling systems, transducers,
sensors, biomimetics, operation in extreme environments, robotic mechanisms and NDE methods. The Group conducts
analytical madeling, simulation, design and fabrication of novel mechanisms and devices, performance testing and

characteriz stion. The analysis involves the multi-physics parameters: mechanical, electrical, magnetic and thermal, as well as
their interactions. Between Jan. 1, 2000 and Jul. 2, 2001, this NDEA A webhub had 1,000 007 (crossedthe one million) total
hits with 87,082 unique hits and by Sept. 3, 2001 it crossed the one hundred thousand (100,006) unique hits. The highest hits
per day was recorded on March 9, 2005, where 9063 total hits and 3626 unigue hits were recorded. This lab has been the
subject of many articles in the news media The NDEAA lab is involved with a broad range of R&D topics as described in the
following clickable icons. The photos of the NDEAA members are clickable to their biography
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The mechanisms that were developed at the NDEAA Lab are driven by elastic waves, mechanical vibrations and/or
electroactive materials. Examples of these mechanisms include the ultras onic/sonic diller corer (USDC) that uses low preload
and is developedfor planetary sanpling, deep drilling, hightemperature drilling, probing, sensing and in situ analysis making it
a Lab-on-a-Crill. Also, they developed ultrasonic and surface acoustic wave motors and piez oelectric pumps that are driven by
traveling flexural waves, This lab made major contributions to the field of electroactive poly mers for use as actuators (arificial
muscles) and, thru various forums, is mentoring the activity worldwide. Other technologies that are being ex plored include
Haptic interfaces, high power uktrasound for medical treatment, feroelectric source that generates varous radiations and
charged particles, wireless high power transmission, biomimetic technologies and geophy sical probing using elastic waves. In
addition to planetary applications, the developed devices and mechanisms have potertial temestrial applications for medical,
commercial, construction and others. These efforts involve technical cooperation with scientists and engineers at various
universities, research institutes, medical centers and industry in the USA and internationally. Collection of photos that shows
various activities of the Group can be seen oat the The Advanced Technologies Group and its MDEAA Lab - collection of
photoswebsite. Further, the MNov. 2001 issue of the NASA Tech Briefs covered Dr. Ba~Cohen and MDEAA ina "Who's Who in
NASA” article

Applications of electromechanical materials in space mechanisms is one of the links:
http://eis.jpl.nasa.gov/ndeaa/nasa-mp/nasaonly/flight-hardware/piezo-in-space.htm

Y. Bar-Cohen, yosi@jpl.nasa.gov



In-situ sampling and electroactive mechanisms
http://ndeaa.jpl.nasa.gov
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Innovation at NDEAA
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Medical applications

 Blood clots transcutaneous decomposition

» Piezoelectric actuated lithotripter

» Wireless communication and remote charging
» “Roto-rooter” — Calcified occlusions penetrator
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Actuation for
dexterous manipulation and mobility

Piezo-Barth and piezo-ratcheting motors were developed.

» The Piezo-Barth provides superior advantage of making multi-dimension motors that are
integrated into the robotic structure allowing multi-functionality, low mass while operating
as efficient low power actuators.

» The piezo-ratcheting motor has the unique advantage of allowing operation through walls.
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Wave propagating

e NAWAWAW Awriiwa:

"\‘ I’\‘ ! Recirculation
NI 77y, <

| i i
"‘\||||||| VR ”’9

e S Snapshots from the travel of WCA 12 powder with 50%
I "‘\""“ L 7-8.5 um particles.

Surface Acousﬂc Waves (SAW)

’ Fluid drop

] _-‘ ';ﬁmﬂdtravel
ey F)

Start

Water Droplet

Snapshots from the travel of water droplet (the travel
direction here is from right to left).




« Low speed and direct drive

« Order of magnitude higher torque
density than electromagnetic motors

Traveling Wave

Unique configurations: Pancake as
well as annular shape for electronic
packaging

Lower cost, easy to miniaturize and to
mass produce

Inherently backdrivable (self braking)

Not affected by magnetic field or
radiation




Acoustic Mechanical Feedthroughs
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Video of the three configurations
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