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In FY 1998, the multi-functional sensor, which can detect the flow-front position and the
cure status of the resin in the RTM forming process, has been developed. In FY 1999, the
new sensing method for autoclave molding process has been developed. This method uses
the embedded piezoelectric ceramics and monitors the change of the mechanical impedance,
which indicates the cure status of the resin. By using this method, the multi-functional
materials with piezoelectric ceramics do not need an another sensor for the cure monitoring,
because the embedded piezoelectric ceramics can be used as a sensor in the forming process.
Therefore, the method reduces the total cost, and the formed products eliminate the
embedding effects of the cure-monitoring sensor, which is used only in the forming process.

The sensing technologies developed in this financial year are described in terms of the
molding processes.
(a) Autoclave molding

The monitoring technique of the internal strain of FRP laminates by the optical fiber
sensors, which embedded to the off-axis direction, has been investigated in the autoclave
molding. The results show that the capability and the difficulty of the strain monitoring.
The results in the last financial year show that the molding pressures affect the precision of
strain monitored in the autoclave molding. Then, the effects of transverse and compressive

load on the strain outputs have been investigated. From the results, it is found that the effect



of the load equivalent to the molding pressure (about 0.5Mpa) on the strain outputs can be
negligible.

The change of specific volume of the matrix resin of FRP in the curing process was measured
and that of FRP laminates was calculated. The calculated values were compared with the
experimental results and it is found that the embedded optical fiber sensor can measure the
curing shrink of the FRP laminates.

(b) RTM molding

From the measurement results of flow-front position in the RTM molding process, it is
found that the pressure is proportional to the position. The relation between the
permeability and the volume fraction was also investigated. Furthermore, it is found that the
multi-functional dielectric sensor can detect the lace-tracking, which is the phenomena that
the resin impregnates faster along the edge of die.

(¢) Hot press molding of thermoplastic FRP

From the investigation in this financial year, it is found that the viscosity of the matrix
resin can be measured by dielectric sensors.

The modeling technologies developed in this financial year are described as follows.
The theoretical modeling of curing process has been conducted. The temperature
distribution of FRP laminates in the curing process was predicted by the equation of cure
reaction rate and the thermochemical model. Then, the resin transfer simulation in the die
was conducted. The both simulated results agree well with experimental results and it is
found that the models are useful for prediction of the temperature distribution and the flow-
front position.

Regarding to the integration technology of sensor and actuator with composites, the
compressive and transverse strength of CFRP laminates with embedded piezoelectric
elements were measured. The results show that the effect of embedded piezoelectric

elements on the strength can be negligible.
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(a) Ceramic actuators
(a-1) Development of functionally graded piezoelectric ceramic actuators
This research aims to develop high performance bending piezoelectric actuators
by fabrication of functionally graded materials, designed for minimizing of stress
discontinuous and improving endurance. The bending displacement was verified in
fabricated actuators which were graded with high dielectric and piezoelectric
materials. The structure of functionally graded materials was determined by stress
analysis in actuators at electric field.
(a-2) Development of high performance piezoelectric ceramic actuators
The purposes of this research are to determine the most suitable composition in
the PNN-PZT system and to improve performance of piezoelectric ceramics by using
new fabrication process like microwave sintering. The piezoelectric properties
diagrams, which includes P-E hysteresis, Cure temperature, piezoelectric properties
and electro-strictive of 40 different PNN-PZT composition, were completed. The
sintered samples with uniformity and large scale were obtained by 28GHz microwave
sintering.
(b) Improvement of shape memory alloy actuator elements
(b-1) Improvement of thermoelastic shape memory alloy actuator elements
Material characteristics of thermoelastic shape memory alloys (TSMAs) have to
be improved at least up to two times higher level so that those can be applied to
smart material/structure systems in engineering view point. For this purpose, it will
become a very important key that we can develop a new, novel material processing
technique and then, we get an optimum control of metallurgical microstructures for
more high performance SMA. In this work, electro-magnetically controlled nozzleless
melt-spinning method was originally designed and its equipment was fabricated. This
method is characterized by combining the control of the flow down of the metal melts
after levitation with rapid solidification by rotating roll. It was confirmed by
SEM/EBSP crystalline analyzing technique that the produced, rapid-solidified

intermetallic TiNi shape memory alloy thin plate showed very strong crystal



anisotropy, higher shape memory effect, higher ductility and stronger corrosion
resistance than those of the conventionally processed melt-worked samples having its
same origin. Moreover, the originally designed, laser microscope having cyclic tensile
micro stage have been developed to investigation of thermal hysteresis and fatigue
degradation test of various kinds of thermal SMAs whose phase transformation
temperature from 20C to 1400C.
(b-2) Improvement of ferromagnetic shape memory alloy actuator elements
The research of the shape memory alloy series on the Ni-Mn-Ga alloys have shown
the importance of the two features for actuating in a magnetic field. The first are the
system of the structural transformations between martensite and austenite phase by an
applied stress and temperatures. The second are the transition temperatures of the
ferromagnetic (T,) and the structural one with the change of the direction of magnetic
anisotropy. To realize the magnetic shape memory effect by an external magnetic field,
we studied these features of the Ni-Mn-Ga alloys in the fiscal year of 1998. The findings
of this investigation was the way of sample preparation on the Ni-Mn-Ga alloys delieved
from the measurement of various physical properties.
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Summary

FY1999 Research Summary of the Demonstrator Testing

The following items are under research and development as the NEDO’s “Smart Materials and
Structural System” program.
(DStructural Health Monitoring Technology
(@Smart Manufacturing Technology
@Active Adaptive Structural System Technology
@Actuator Materials and Elements

Purposes of the Demonstrator Testing are composed of the followings.
1. Verification of target achievement in each research and development item by producing actual

structure components experimentally which integrate the above items

2.Establishment of common basic technology in smart materials and structures

FY1999 is the phase of system concept and design. In this phase we planed to clarify the basic
concept of the Demonstrator Testing in order to proceed these research and development
themes smoothly after next year.
In FY1999, the Demonstrator Testing activities in were composed of the following three(3) sub-
items.
1)Aircraft fuselage structure;

- selection of six(6) demonstration themes
* sizing of the demonstrator
* conceptual fuselage structure
* testing apparatus and testing evaluation methods
2)Static vane for a fan of a jet engine;
* application of smart manufacturing technology to the press formation of thermoplastic FRP
+ embedding of dielectric constant sensors and optical fiber sensors
* producing a FRP flat plate experimentally
3)Satellite antenna structure
* conceptual design of the antenna structure demonstrator — vibration control and quasi-
static configuration control for a flexible structure

- applied actuators(piezoelectric ceramics film and stacked piezoelectric element)



In addition to the above industrial stand point, research work for fundamental estimation on
behaviors of defects and damages, and recovery mechanisms of damages has started under

the contract research with Professor Teruo Kish, The University of Tokyo, with applying AE, X-ray

Supersonic and optical methods.

After FY2000, the Demonstrator Testing is going to be focused on the aircraft fuselage
structure. Efforts at improving demonstration contents will be continued in order to enrich the

Demonstrator Testing. The Demonstrator Testing will finish on FY2002.
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—Summary —
Comprehensive Investigation and Research

The comprehensive investigation and research aims to integrate and manage research
and development of the project toward the originally designated object as a whole, in
respecting and activating the respective related university research centers.

In principle, more importance has been put was than last year to the promotion of
common understanding of the final target of the project by making cooperation tighter
and denser among the four subleaders, with holding the subleader committee to check
and review of the respective research and development to have in common the scientific
and technological information of not only the project but also others research inside and
outside the country. In addition to the subleader committee, we have started from this
year the research center technical meeting and participated there in order to grasp the
progress of research and development by contacting directly researchers on site and
discussing with them to understand the general direction of the advancement of project
by the respective researchers.

Furthermore, demonstrator test program has started in order to confirm and verify the
expected performance of the smart materials and structural systems on the actual scale
by integrating the results of fundamental research and developments in the four research
centers. This year, the concept of fundamental plan and the retatecl basic design
concepts have been investigated. To pursue it, the demonstrator committee has been
started, of which members are from companies expected to practice the tests, subleaders
and other specialists outside the project. Additionally, smaller special technical
committees has been also held corresponding to the respective technical problems.

In the investigation, direct discussions on site at the research centers have been
considered to be important particularly in order to establish an effective and organic
cooperation between companies and universities.

It has to be mentioned here, too, that the 1** Smart Materials Symposium was held on
December 7™ and 8" of December at Tokai University Koyu-kaikan at Kasumigaseki of
Tokyo to make presentation and discussion by researchers and to give an opportunity for
them to communicate each other and also with all the related people even from the
administrative department. There have been totally 29 presentations in addition to
the general lecture by the project leader Teruo Kishi, Professor of the University of Tokyo
and the special invited lecture by Professor N.W.Hagood, Massachusetts Institute of

Technology. Over 200 people in all has participated.

—116—



Finally, in order to manage the project as a whole, the general technical committee has
been held with participation as observer members from MITI, AIST and NEDO, where the
general direction of management has been proposed and accepted and the fundamental
policies have been decided.

It should be also referred to it that governmental research institutes such as National
Mechanical Engineering Laboratory, National Institute of Materials and Chemical
Research, and National Research Institute of Nagoya have much contributed to the
project and their results of this year have been estimated to be important.

In addition, investigation on the information of research and development of the
related fields inside and outside the country have been promoted and complementary

researches on the special themes have been entrusted to other university laboratories.
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Smart Stuctures 2000 Conferences

e 3984 - Mathematics and Control in Smart Structures

3985 - Smart Structures and Integrated Systems
o 3986 - Sensory Phenomena and Measurement Instrumentation
for Smart Structures and Materials
5657‘:[—-:I;;t:.;c->>active Polymer Actuators and Devices (EAPAD)
e 3988 - Smart Systems for Bridges, Structures, and Highways

e 3989 - Damping and Isolation
e 3990 - Smart Electronics and MEMS
o 3991 - Industrial and Commercial Applications of Smart

Structures Technologies
e 3992 - Active Materials: Behavior and Mechanics

Exhibitor Index

Active Control eXperts, Inc.-ACX ... ......... .. ... . 100
BlueRoadResearch................ .. ... . .. . 201
Business Communications Co. . ........... ... ... . 112
CSAEngineering, Inc................. .. .. .. . 118
Dunegan Engineering Consultants .. ........... ... . 504
Dynamic Structures and Materials, LLC .. ....... .. .. ... 403
Endevco.......... ... .. ... ... B 110
Hysitoninc. .......... ... ... ... ... . ... .. 105
Kluwer Academic Publishers ... ... .. .. ... . .. ... 302
Luna Innovations, Inc. ........... ... .. ... . . 121
MagsoftCorp. .............. ... ... .. . . ... 502
Materials Systems, Inc......... ... ... . . ... 303
Micron Optics, Inc. ................... ... ... . . 113
MicroStrain, Inc. ... o 106
Mide’ Technology Corp............ ... ... . . 402
Photonics Spectra, Laurin Publishing Co., Inc. . ... ... .. .. 404
Polytec Pl Inc............. ... .. 115
QMiinc. ..o 301
ROCTEST L. ... 114
Rohrer GmbH Mess-& Systemtechnik ............. 102
SmartecSA....... 203
Thermal Wave Imaging, Inc. ......... ... ... .. . 107
TREK Inc. ... oo 104
Varian Imaging Products .......... .. . ... .. . . . 123
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Neural Net Based Controller for Flutter Suppression Using ASTROS*
with Smart Structures

C.Nam™ P.C. Chen®, D.D. Liu®, J. Kim"
¥ ZONA Technology Inc., 7430 E. Stetson Dr., Suite 203, Scottsdale. AZ 85251-3540
® Dept. of Mechanical and Acrospace Eng.. Arizona State University, Tempe, AZ 85287-6106

Modeled F-16 Wing with 7 Sets of PZT Actuators

Objective: 10 % increase in flutter speed by active means using
PZT actuators

FEM Model with
7 Sets of PZT

Actuation

—
PZTs on Wing:

I TN 19010 S e I Toma TECISLOGY

Control Mode Shapes due to PZT Actuation
Applied Voltage = 200 Volts

Actuator No 1 Actuator No 2
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Buffet Alleviation in Aircraft ~er—=DaimlerChrysler Aerospace

Military Aircraft

Source: J. Becker, DaimlerChrysler Aerospace
H. Zaglauer& U. Herold-Schmidt, Daimler-
Chrysler Research and Technology

MI? C. Boiler 28 Verofftl/SPIE00/Vortrag ppt

Fibre OptiCS _,_\ DaimlerChrysler Aerospace

Military Aircraft

Features:
- small size, light weight
» compact, robust

' * immunity to EMI

Fiber-optic Bragg grating

Bragg grating

- —i=i~id 4 : * lead insensitive
- I * self calibration

T |aragg-wavelength / sensor net trailing °‘9°J * multiplexing (!)

|fiber core - smart structure compatible
[ &/&,&’* fiberoptic sensor//-; ! / * Jow cost potenﬁa/
rofracuvo index modulation, - ng

Lty s 4

AT # refractive index iy &

Applications:

continuous monitoring of shock control bump

camber with adaptive flap

sinternal strain

in
sload . . .
. . ~adaptive systems (e.g. adaptive wing)
.;//bratlontstate «structure diagnosis g
emperature -health monitoring
sstructural integrity

~impact detection
Source: M. Trutzel, DaimlerChrysler Research & Technology

MIZ € Roller 15 Verofitt/SPIEQD/Vortrag ppt
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Structural health monitoring: demands and challenges, F. Chang, Stanford

.....................
............................

[3990-17]
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Stanford Univ. Fu-Ko-Chang ##%
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Crack Growth Detection and Monitoring using Broadband Acoustic
Emission Techniques

Eric Haugse, Tamara Lecks, Roy lkegami and Pat Johnson
Boeing Phantom Works

Fracture Surface with

Fracture Surface Acoustic Emission Predictions

|

2
101

10 THS

100 THS 1 R A 2 mor‘}?s CE-616 2
123456 T8 9| 123456789 1?7 Tave T e |1 234567009
Measured fatigue crack depth: 5mm Predicted fatigue crack depth: 4.8mm
fatigue crack width: 23mm fatigue crack width: 24mm

Figure 2.3. Ulustration of F-16 bulkhead test results

-
-

Figure 3.1. Summary of CMS Preliminary Design Results
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3993-26
Cure Monitoring of Composite Laminates Used in the Manufacturing of

Snowboards
Noel V. Pelczarski, Dryver R. Huston (University of Vermont, Burlington, VT 05405)

A comparative study was performed on the use of embedded sensors for monitoring the cure reaction of
thin laminate composites manufactured in a heated press. This study points to the application of a cure
monitoring system for the manufacturing of snowboards. Snowboards consist of several layers that are
laminated together. Two very important layers consist of fiber — reinforced epoxy — matrix composites.
The use of epoxy requires a cure cycle to complete the manufacturing process. These composite layers are
considered as thin laminate composites because the thickness is approximately one millimeter each. The
two composite layers bond the other layers together and control the longitudinal flex and torsional stiffness
of a snowboard. The embedded sensor methods incorporate electrical capacitance measurement, and
ultrasonic wave transmission. The two methods measure changes in specific features of the epoxy matrix
during the cure reaction. A change in capacitance results from the restriction of ionic mobility and dipolar
motion in the curing epoxy and can be correlated to the end — of — cure. A waveguide system was
developed for the ultrasonic method which, in tum, measures the transmission of waves from the
waveguide to the hardening epoxy which is correlated to a change in stiffness of the epoxy as it cures.

3993-27
Long Period Gratings as Flow Sensors for Liquid Composite Molding

Sylvia R. M. Kueh, Richard, S. Parnas, Joy P. Dunkers, Suresh, G. Advani, Paige, S. Furrows, Mark E.
Jones, Timothy A. Bailey (Department of Mechanical Engineering, University of Delaware, Newark, DE
19716-3140) (RSP, JPD Polymers Division, NIST, 100 Bureau Drive, Gaithersburg, MD 20899-8543)
(PSF,MEJ,TAB F&S/Luna Innovations, P.O. Box 11704, Blacksburg, VA 24062-1704)

One of the most important issues in liquid composite molding (LCM) is the complete saturation of the
preform by the resin to eliminate voids or dry spots in the structure which could later adversely affect the
structural integrity of the part. While there have been efforts in developing reliable mold filling
simulations for LCM, very few successful flow sensing systems exist for detecting actual resin arrival
during mold filling. In this study, the feasibility of using optical fibers with long period gratings (LPG) as
sensors for monitoring flow in the LCM process was investigated. An advantage of using LPGs is that
they are more robust and less susceptible to background noise than simple bare fibers. Furthermore, the
location of resin arrival can be easily identified as the signals from each LPG uniquely correspond to
predetermined wavelengths along the source spectrum. The LPGs are sensitive to changes in the refractive
index and register a strong signal change when covered with resin. In this study, the LPG sensors were
placed in the middle of a preform stack inside a mold and the sensor response after the mold was properly
closed, and when the resin covered a particular LPG was monitored. An assortment of preforms, which
included random mats and unidirectional fabrics, with a series of fiber volume fractions were used to
determine their effects on the sensor response.

Composite Process Monitoring

Luna Innovations has developed two types of novel composite process monitoring
devices based on LPG fiber optic sensor technology The first device is a novel
optical fiber sensor for use with an FT-IR spectroscopic instrument which addresses
the need for an on-line spectroscopic—based composite cure monitor. This device is
useful in process monitoring because it combines remote sensing with the ability to,
obtain a direct measurement of the chemical state of the resin. The second device is
an LPG-based fiber optic flow front sensor and a visualization tool to monitor real
time resin flow during LCM processes. The LPG-based flow sensor is an embeddable
process monitoring tool that is unigue in that numerous sensors can be multiplexed
on a single optical fiber so that there is only a single ingress ‘egress point. The actual
sensors can be placed in critical flow locations to guarantee appropriate resin flow.
To visually monitor the flow front. Luna Innovations developed a visualization tool to
map the flow using LabVIEW. a graphical programming language. Following composite
manufacture. the sensors remain in the part and can be used for structural health
monitoring throughout the service life of the part. The figure below is a photograph of
an RTM test performed using the LPG resin flow front sensors. Potential market
areas include the following: aerospace. sporting goods. heavy industry. automotive.
infrastructure, oil and gas. and government and academic laboratories.
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