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Concept Definition

ration of functions

— sensor, actuator and control mechanisms

The concept of a smart structure can be described as a “system which has
Intrinsic sensor, actuator and control mechanisms whereby it is capable of
sensing a stimulus, responding to it, and reverting to its original state after the
stimulus is removed.”

sensor Technology Limited |



Concept Definition

— stress, strain, light, electric field, gas molecules,
temperature and pressure, etc.

The concept of a smart structure can be described as a “system which has
Intrinsic sensor, actuator and control mechanisms whereby it is capable of
sensing a stimulus, responding to it, and reverting to its original state after the
stimulus is removed.”

Sensor Technology Limited



Concept Definition

e Response

otion or change in optical properties, modulus
surface tension, piezoelectricity or pyroelectricity, etc.

The concept of a smart structure can be described as a “system which has
Intrinsic sensor, actuator and control mechanisms whereby it is capable of
sensing a stimulus, responding to it, and reverting to its original state after the
stimulus is removed.”

Sensor Technology Limited




Concept Definition

The concept of a smart structure can be described as a
“system which has intrinsic sensor, actuator and control

stimulus 1s removed.”
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SmartStructures
Goncent Definition

on,

stimulus is removed.”
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rt Material

aterial which has the intrinsic or extrinsic capabilities to
respond to an external stimulus in a functionally useful

e Zn0 varistors are used as protection against high voltage breakdown
in power lines. When struck by lightning, the electrical resistance of
these varistors decreases and current is passed to grou
high voltage is removed, the resistance properties are restored.
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Involves implementing hardware and/or software control
echanisms.
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Smart Structures
Need for Smart Structures
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Need for Smart Structures

0rm enhancements otherwise not possible

Inimizing a satellite antenna’s surface distortion -
Increase precisio

— control of pointing accuracy under thermal or other
disturbances

Sensor Technology Limited



Need for Smart Structures

e Functionality
— light weight
— preventative maintenance
— performance optimization




SmartStructures

Need for Smart Structures

of large, complex systems

cope with unforeseen circumstances
urvivability conditions

1ts otherwise not possible

intenna’s surface distortion - increase precision
uracy under thermal or other disturbances

dnce

— performance optimiza
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SmartStructures
Smart Structure Classifications

ively Smart

tructures have the ability to respond to a stimulus in
useful manner, without assistance of electronic
ontrols or feedback systems
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e Actively Smart

Structures utilize feedback loops which accelerate the
recognition and response process
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e Very Smart (or Intelligent)

tune the response behaviour

Sensor Technology Limited



SmartStructures
Smart Structure Classifications

e Passively Smart

— Structures have the ability to respond to a stimulus in a useful
anner, without assistance of electronic controls or feedback

e Actively Smart

— Structures utilize feedback loops which accelerate the recognition
and response process

e Very Smart (or Intelligent)

— Structures utilize the nonlinear properties of the sensor,
'y and/or feedback systems to tune the response

behaviour
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SmartStructures

— Firing accuracy of weapons
— Vibration and noise reduction in submarines
— Adaptive wings for aircraft and missiles
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Automated Flaps
Positioning

Cabin Noise
Reduction

Variable Wing
Geometry

Vibration
Damping

Engine Monitoring

and Damping Impact Detection Flutter :
Suppression

Smart systems envisaged for application in aircraft.
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"Smart" fin

material warps to L Smart missile
improve maneuver with rigid fins

Rather than use rotating fins to produce
maneuvers, rigid fins constructed of
"smart" materials will warp to appropriate
shape |
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Smart Piezo Materials for "Srealth"
Technology

K | D Two layers of

Submarine with hull-coating of piezo film . piezo film
Incoming
sonar wave HULL
| Outgoing signal ‘
(phase-shifted) <
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- .o Acoustic Boundary Control Tiles
sma" Str“ﬂ“ll'e Allllllﬂalllllls for Underwater Structures

submarine

smart tile

e
N\ L

actuator N velocity
layer sensor

-

. o~

pressure
sensor

Smart Tile Dimensions

25 cm wide
25 cm long
4 cm thick
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Smart Barrel-Stave Flextensional Projector
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Smart Structures

Power Lithium
Transducer Depth Matching Power Signal Distribution Battery
SX100 Compensator Network Shield Amplifier Processor Board Pack

.
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W W W ¥ ¥ e
Anodized
Aluminum
Housing ﬁ

A

Smart Structure Applications
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SmartStructures

anufacturing (r
— Air conditioning ¢
Ining machinen

rt (noise control in cabin)
(active engine mounts)
g (smart sensors)

machine tool chatter control)
and ventilation (noise control)
/ (vibration control)
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Smart Automobile
Speed sensar & Piezo Stop lemp swé::};rin Sensor Eié%o TEMS
TEMS indicator (Blectronic
Shock absorber ‘ control unit)
(road surface
sensor &
piezoelectric

actuator)
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smart Structure
Applications

B Clamp
Sensing
Electrodes
Positioning
450 Hz Electrodes

Head

Schematic of a ceramic actuator assembly used for micropositioning
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Smart Structure
Applications

Piston Rod

Road Surface
Sensor

Piezo Actuator
Fluid Amplifier

Switching Valve

Schematic of a smart shock absorber
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Smart Structures

cal
mart sensors (tele-medicine)
icro robotics
urgical tools

ridges
arthquake protection
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Dowa Kasai Phoenix Tower
Osaka, Japan

Smart Structure Applications
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Smart Bridges

weather & transmitter B
instruments f/ e
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embedded
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il
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DARPA SMART PROGRAMS

Defense Advanced Research Projects Agency, DOD

Responsible to maintain US technological superiority
over potential adversaries.

1. Sonar beam formation (transmit and receive).

2. Isolation of submarine wide aperture arrays from hull noise.

3. Medical systems based on ultrasonic or passive listening devices.
4. Wind tunnel test of a 1/6-scale F-18 shape adaptive wing at NASA.
5. Spin test of a subscale active helicopter blade.

6. Research on high-strain, high-force actuators for shape adaptive
applications. This technology will be used for vortex wake reduction

in submarines and other aerodynamic/hydrodynamic flow problems.
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Required Smart Material
Development Implementation

+ Standard (ASTM) Method for Characterizing PZT Sub-Assemblies for
Electrical, Mechanical, Thermal and Combined Load Strength/Fatigue
Properties

Experimental Database and Manufacturing Characteristics of
Heterogeneous Structures for Reliable System Design

+ Damage Models for Design of Embedded Sub-Assemblies which
Account for Host Material Manufacturing Processes

+ Better Quality PZT Materials, Especially Stacks
« New Materials Which Combine Attributes of PZT and SMA

+ Robust Control Systems Which Adapt to Device Failures, Reduced
Authority and Plant Changes

* Order of Magnitude Reduction in Size and Weight of Support
Electronics

MCDONNELL DOUGLAS
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Ql/ L. UNITED
% RESEARCH
CENTER

TECHNOLOGIES

Actuator Materials Needs

Control Objective

Possible Actuators

Design Constraints

Materials and Issues I

Cabin Noise

Helicopter Rotors

Variable Area Nacelle

Surge control

Clearance control

Fan Damping

Tunable Reaction Mass
Actuators

Structural Vibration
Control

Panel Vibration Control

Tab actuators

Rotor twist (flexible root)
Direct or Hydraulic
Variable area bleed
actuators

High temperature
hydraulic actuators

PZT (active and passive)

sensor Technology Limited

Light weight, reliable

Co-location, impedance
matching
Co-location, impedance
matching

High power, high g load,
small space

Torque limited, vibration
dampers

High hinge moments on
flaps, small space, cost

High case temperatures,
high stroke-bandwidth

Very high case
temperatures

High bending loads and
strains

Terfenol-D

Electroceramics with sufficient
structural authority

Electroceramics with variable shape
for impedance matcing, embedded
sensors

High power, continuous duty
electroceramic or Terfenol-D
actuators

High specific force actuators, ERFs
or MRFs for damping

Various appeaches including SMAs,
PZT or Terfenol-D hydraulics, smart
composites

High temperatures - unclear whether
active materials can survive. High
temperaure motors are a possibility
Strong need for high temperature
actuators-possible high temp
ferroelectric application

High stiffness actuators, high tensile

strains in PZT, loss tangent




M The Noise and Vibration Sources

ENGINE
VIBRATION

— v W | P ety

B g \E

PROPELLER
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;.?@k de HAVILLAND

B Active Noise and Vibration Suppression (ANVS) System

UNWANTED NOISE / VIBRATION

FUSELAGE FUSELAGE

CANCELLING SIGNAL

SENSOR
RESIDUAL NOISE / VIBRATION
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SmartStructures
Tynical Applications for Space Technology

— communication antenna and reflector performance require phased
arrays for wide parabolic dishes which can maintain their shape to
a high degree of accuracy

sensor Technology limihed




SmartStructures

Tynical Applications for Space Technology

— truss structures are susceptible to complex modes of vi
the absence of gravity

f transient disturbances which induce structural
vibrations needed to maintain stability

— (guasi-static disturbances which produce deformations in the
structure must be corrected for the optimal performance of the
structure to be realized

sensor Technology limihed




100000 e
| .E gisting aniennan
Sea lce
@ Proposed anfennas
10000 E Geasynchramaus
= — Sail Maisture
- I~ Low Droit
E | Pawer franamission
a Geoaynchronous
1000 E
o - Pracipitation Areas
E - Gasaynghronous
o L
'E i Salinity ‘
< 100k R Law Orbil Multichannei
- Sea ice Videophons
H Low Orbit .
e, Hayatack
- Convar i 1980 [Groundbasal
10k Radiaticn® ¢ Precipitation
B ® ATS-8 @ inc. '. ATEAE,
m Flost Saicom Sea State Loaw Crbat
i ® Feoaynchranous
™ 1] Mariner
1 ' 7 0——' =
0.1 1 10

Freguency, GHz

sensor Technology Limited




SmartStructures

Relevance of Technology to Space Applications

Active vibration C

antennas
— thermal cycling,

ontrol in trusses, booms and antennas
structures, large dimensions and absence of

rol of large, flexible structures and

structural loading and environmental stresses

e Health monitoring

— damage control
structures

sensor Technology limihe

and diagnostics from impact, creep, fatigue in




SmartStructures
Space Environment Effects

e Vacuum
— Solar UV degradation, Contamination

Neutral

— Mechanical effects
e Aerodynamic drag, Physical sputtering

— Chemical effects
e Atomic oxygen attack, Spacecraft glow

meteorid/Orbita
Hypervelocity impacts

sensor Technology limihed




SmartStructures
Space Environment Effects
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The most basic definition of a smart structure involves the
sensing of an environmental change and a response to that
change. Usually this process utilizes electronic processing. In
order to carry out these activities, a smart structure must
have the following components:

Sensors, actuators and control systems

sensor Technology limihed



SmartStructures
Components of a Smart Structure

0r(s)

0 monitor environmental changes and genera
ignals proportional to the changing measura
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SmartStructures
Components of a Smart Structure

— The actuators are used to change the properties of
the smart structure in order to achieve the desired

sensor Technology limihed




SmartStructures
Components of a Smart Structure

e Control Systems(s)

— The control system continually monitors the sensor’s
signal, processing the information in order to
determine if action is required. If an action is required,
then a signal is applied to the appropriate actuator(s).

sensor Technology limihed




SmartStructures
Components of a Smart Structure

rtional to

— The actuators are used to change the properties of the smart structure
in order to achieve the desired response

e Control Systems(s)

— The control system continually monitors the sensor’s signal, processing
the information in order to determine if action is required. If an action is
required, then a signal is applied to the appropriate actuator(s).

sensor Technology limihed




System Component Schematic
Y

Forces (outputs)
>?—> Structure g
isturbance A ato
Forces ANSQ @

V=Volt Performance
(+) analysis

Z U
(measurements) y (controls)

i Controller /
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SmartStructures

A number of different actuators can be incorporated into a

smart structure in order to generate the appropriate

response to a detected environmental variation. The
actuator is dependent on a number of parameters.

type of

sensor Technology limihed




SmartStructures
Actuator Considerations

Ire of the actuation
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SmartStructures
Actuator Considerations

Interfacing
Ize, geometry, mechanical properties, etc.

erties of the actuator
Isplacement, force generation, hysteresis, response
me, bandwidth, etc.
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SmartStructures

A number of different sensors can be incorporated into a

smart structure to measure a number of different
environmental variations. The type of sensor utilized
structures is dependent on a number of factors.

In smart

sensor Technology limihed




SmartStructures
sensor Considerations

Ire of measurand
adiation, magnetic, thermal, mechanical, chemical,

— Thermal, magnetic, electrical, optical, mechanical, etc.
e Environment
— Corrosive, thermal, magnetic, electrical, etc.

sensor Technology limihed




SmartStructures
sensor Considerations

facing
ize, geometry, mechanical properties, etc.
ational properties

ensitivity, bandwidth, linearity, gauge length,
perational range, etc.

sensor Technology limihed




SmartStructures
Smart Control System

e The Smart Control System will provide feedback control
for the sensors and actuators.

SCS will include the interfaces necessary for
ation of the sub-system modules
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SmartStructures
Smart Control System

sist of the following:

digital and digital-to-analogue converters
Input signal amplification and filtering
Control algorithm
Digital signal processor (DSP)
Qutput power supply
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System Component Schematic
Y

Forces (outputs)
>?—> Structure g
isturbance A ato
Forces ANSQ @

V=Volt Performance
(+) analysis

Z U
(measurements) y (controls)

i Controller /
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Functional Flow Diagram

atabase of
pected accuracy
ntenna geometry

eData inputs from
sensors

eThermal gradients

*Gravity gradients

«Aerodynamic drag

*Establish current
system status

eMagnitude of
deformation

*Magnitudes of loads
and torgues required

*Decide if the
system needs
correction
*Reconfigure
*Power
actuators
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Smart Structures

urrent ‘stat
ctures has b

space relevan
ented.

e-of-the-art with respect to sm
een established.

Ice of these technologies has bee
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SmartStructures
Conclusions

e The main applications emerging are:

Active Vibration Control (AVC)
Active Noise Control (ANC)
Active Shape Control (ASC)
Active Health Monitoring (AHM)
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SMART SYSTEMS EXPERTISE

y Systems Materials Applied
Engineering Science Physics
N | 4
control systems sensor/structure acoustics, optics
technology compatibility transducers
e | i

microelectronics sensor/structure
algorithms integration
7 4 N
Electrical Mechanical
Engineering Engineering
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Adpplication Secfors for Smart Structure Sub-Systems

Smart Structure
Utilization
SECTOR APPLICATION BENEFIT
ASM | ASP | SCS
Aerospace | Health Monitoring | Damage Detection b
Vibration Control Life Cycle Management & £ &*
Shape Control Fuel Savings <3 #*
Defence | Shape Control Firing Accuracy of Weapons ® £l ®
Fuel Savings through Adaptive Wings, @ ®
Rockets and Missiles
Vibration Control Quieter Submarines and Ships ® @
Life Cycle Management [ ] &
Health Monitoring | Early Detection of Damage ®
Automotive | Noise Control Passenger Comfort (Cabin) ® 2
Vibration Control Engine Life Cycle Management ® &
Health Monitoring Damage Detection (Early Warning) ®

SENSOR TECHNOLOGY LIMITED



Adpplication Secfors for Smart Slruclure Sub-Sysilems

SmEStruchlrt:
Utilization
SECTOR APPLICATION BENEFIT
ASM | ASP SCS
Industrial Vibration Control Machine Tool Chatter Control ® il
Foundation Isolation ® &
Operator Comfort in Heavy L B
Machinery
Noise Control Airconditioning, Ventilation ® &
Exhaust Systems @ @
Medical Health Monitoring | Early Warning Systems
(Preventive-medicine)
Shape Control Surgical Micro-Robots & ®
Surgical Tools ® ®
Civil Vibration Control | Protection of Bridges & [
Earthquake Protection ® ®
Health Monitoring | Bridges o

. SENSOR TECHNOLOGY LIMITED



Smart Structures

Conclusions
acteristics of Smart Materials

ther materials
ezoelectrics
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