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NDEAA Technologies

* Sensors
—USDC as a platform for bit integrated sensors

—In-process and in-service monitoring (Surface
Acoustic Wave (SAW) and Bulk Acoustic Wave
(BAW) sensors)

* NDE

——Materials'properties and flaws characterization using
leaky Lamb waves (LLW) and polar backscattering

 Ultrasonic Medical Diagnostics and

Treatment
v mrconen PO pyERREE Ultrasound (FMPUL): blood clot lysmg,



List of content

e (Current status

» Area needing sensors
— Planetary in-situ sample
analysis (Lab-on-a-drill)
— Multi-radiation source

— Biomimetic robots and
artificial Muscles

— Gossamer and adjustable shape
membranes

— Haptic Interfaces
— Tele-sensors

* Qutlook

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov


mailto:yosi@jpl.nasa.gov

Many sensors have already been developed
so: what else 1s needed?

REF: White, R. M.,

scheme”

“A sensor classification

IEEE Transactions on Ultrasonics,

Ferroelectrics, and Frequency Control, Vol.
UFFC-34, No. 2, March 1987, pp. 124-126
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Sensors categories

* Imbedded sensors (localized or distributed)

* Surface coated (e.g., bruising paint, brittle éoating)

* Attached sensors (e.g., cracking fuse, strain gage, fiber optics)

* Adjacent/inductive (e.g., eddy current, ultrasonic, magneﬁc, visual)

* Remote sensors (e.g., visual, sonic, infrared)

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov




Ultrasonic/Sonic Driller/Corer (USDC)

Backing ” i
Stack
\
Ultrasonic Actuator
Horn (Backing/Stack/Horn)
Y
Powder H K Free-Mass
cuttings

Drill bit

Rock \ ] \
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Ultrasonic/Sonic Driller/Corer (USDC)
video

8
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Ultrasonic/Sonic Drill and Corer (USDC)

USDC 1s a drill
that uses low
axial force and
does not require
bit sharpening

: Smart-USDC: A drill with
Ultrasonic Gophers integrated probing and sensing
for deep drilling capability

Ultrasonic rock abrasion
tool

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov
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Lab-on-a-drill

The USDC is being studied as a probing
device that can sample cores and powdered

cuttings as well as operate as a platform for
SENsors |

Noninvasive probing -The reflection and
transmission of imparted elastic waves (bulk and
surface) are measured to establish means of rocks

characterization. Also, the effect of loading the
actuator by the sample are monitored by

measuring the change in impedance and
resonance frequency. 10
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Sensor requirements

The characteristics of the required sensors are

« Detect life, biological markers and water

« Support mineralogy, chemical, physical properties, crystallography
and/or geological content analysis

« Small cross-section and low mass
* Driven by minimal power

* Operational at high (Venus: 460°C) and low (Titan ~ - 200°C)
temperature

« Durable to harsh environment and cyclic impacts

11

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov



mailto:yosi@jpl.nasa.gov

L

“mission of multiple radiation typ

CS

‘using a single Ferrosource and support

fixtures

Positive/Negative grids’

Generates electron ~ Or aperture

and 1on particles as
well as flashes of
visible, UV and x-ray

AN

Sample

Transmission sensor
space
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Optical or electrostatic
lens, collimators,
filters, apertures

Refection sensor space

Ferrosource

X-ray targets
(Mo, Cu metal)

Required: miniature,
multi-functional sensors
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Nature as a model for engineering nove
robotics

Helicopter | Glider

(Tipuana tipu) (Alsomitra macrocarpa)
Aerodynamic dispersion of seeds
(Courtesy of Wayne's Word)

Ref: http://waynesword.palomar.edu/plfeb89. htm#helicopters

Courtesy of William M. Kier, of North Carolina Courtesy of Roger T. Hanlon, Director,
Marine Resources Center, Marine

Octopus adaptive shape, texture and camouflage =~ Plological Laboratory, Woods Hole, MA

Ref: http://www.pbs.org/wnet/nature/octopus/

13
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ectroactive Polymers (EAP)

video

14
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Electronic EAP

Electric field or coulomb forces driven actuators

electrode

Electrods

Silver paper

Adhestve

electrode

Paper EAP

. Ferroelectric
[J. Kim, Inha University, Korea] rerrocies

[Q. Zhang, Penn State U.]

MAOC4/MACCS
(50/50 mole%)
with 10mole% of
hexanediol
diacrylate
crosslinker

Applied tensile stress: 8kPa
Heating/cooling rate: 0.5°C/min

—r

e 3 I 7
Voltage Off Voltage On 1060 ijnpei‘;mﬁgo(cl)w 120130
: i Liguid crvstals L
@%E{%&i e AP (Picmcicfi and t’nc:'mo mechanic) Graft Elastomer
sroelectiic o stmo-mechanic)
[R. Kornbluh, et al., SRI International] (B. R. Ratna, NRL] [J. Su, NASA LaRC]
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Ionic EAP

Turning chemistry to actuation

[JPL using ONRI, Japan & UNM
materials]

EiectroRheological Fluids (ERF)

t=0gs
t=1.1s
Force Force
Tonic Gel Carbon-Nanotubes
[ T. Hirai, Shinshu University, Japan] [R. Baughman et al, Honeywell, et al]

16
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Applications

Underway or under consideration

* Mechanisms

— Lenses with controlled configuration
— Mechanical lock
— Noise reduction

— Flight control surfaces/Jet flow control
~ Anti G-suit
* Robotics, T oys and Animatronics
— Biologically-inspired robots
— Toys and Animatronics
o Human-Machine Interfaces
— Haptic interfaces
— Tactile interfaces
— Orientation indicator
— Smart flight/diving suits
— Artificial nose
— Active Braille display
« Planetary Applications
— Sensor cleaner/wiper
— Shape control of gossamer structures

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov

« Medical Applications

EAP for biological muscle augmentation
or replacement

Miniature in-vivo EAP robots for
Diagnostics and microsurgery

Catheter steering mechanism
Tissues growth engineering

Interfacing neuron to electronic devices
Using EAP

Active bandage

Liquid and Gases Flow Control

Controlled Weaving

Garment and clothing

MEMS

EM Polymer Sensors &Transducers

17
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Arm wrestling with human
=

Emerging biomimetic technologies

Biologically inspired robots

Nano-bio technologies

Scalable and/or reconfigurable robots
Artificial muscle actuated mechanisms

Required sensors

: Electroactive Polymer {EAP)
Flex1ble fictuators as Artificial Muscles
Reality, Pofential, and Chalienges
Light weight
Imbeddable

Miniature distributable
Easy to multiplex

Easy to connect and integrate

Self powered or utilize the equivalence of biologically system (use resources from the
adjacent environment)

18
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Enabling Fabrication, Deployment, and Control of
Precision Gossamer Apertures (PGA) Through

| Adaptive Gore/Seam Architectures

The problem
« Large PGAs have been made in the past by seaming together smaller segments or gores

 This is likely to continue for the near-term.

'
|
]

f£cho Sateliite
HASA Langley Research-Cenler

&

8/5/1968 Image # EL-2000-00441

“Active Seams” — PI: C. Jenkins, SDSMT
Team: Y. Bar-Cohen, M. Salama and A. Vinogradov

19
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The problem

“Active Seams” — PI: C. Jenkins, SDSMT
Team: Y. Bar-Cohen, M. Salama and A. Vinogradov

.  Seams have, for good reasons, largely been considered a necessary evil
One example, among many, of the problems with seams 1s that they
represent a mismatch in structural compliance over the aperture

20
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The solution

Shifting the paradigm to: “let’s take advantage of the opportunities that

seams present!”

gore

gore

active seanm

/ ~ “Active Seams” — PI: C. Jenkins, SDSMT
Team: Y. Bar-Cohen, M. Salama and A. Vinogradov

 Communication filaments
Power filaments

Misc. active elements
Sensors

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov
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Haptic Interfacing — MEMICA System

(MEchanical MIrroring using Controlled stiffness and Actuators)

LCD MONITOR

Abdominal Acrtic
Aneurysms (AAN)

MEMICA GLOVES

Pivatting Anchaor

Points on Glove 7ER Cylinders

ER Fluid

Electro-Rheological Fluid at reference (left) and activated states (right).
[Smart Technology Group, UK]

22
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MEMICA-based exoskeleton for
countermeasure of astronauts bones
and muscles loss in microgravity.

It has potential application as:

* Assist patient rehabilitation

* Enhance human mobility

23
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Tele-stick-on sensor system

24
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Probing elastic properties using SAW and BAW
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Summary

There is a need for sensors that can:
operate at

« Harsh environments and extreme conditions (physical, mechanical, chemical or

biological)
« Areas that are beyond reach

perform
« Test large-areas at high-speeds

« Real-time operation from cradle to retirement

« Broadband with phase and amplitude spectral data
« Accurately acquire nonlinear data

 Distributed sensing

« Multifunction

e Reliable and robust

« Scalable (MEMS, Miniaturizable to nano levels, etc.)
« Wireless

« Self powered or utilize the equivalence of biologically system (use resources
from the adjacent environment)

Y. Bar-Cohen, 818-354-2610, yosi@jpl.nasa.gov
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Planetary prospective for future
development of sensors
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