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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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