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INTRODUCTION

Fiber Materials, Inc. (FMIli') has initiated a program to

demonstrate the capability of economical, automated fabrication

of fiber reinforced 1-3 piezoelectric composite materials.

Ultimately, a multilayer structure containing two panels, each

30.5 x 30.5 cm (12" x 12") will be prepared using the automated

techniques which will be used in full-scale production. Prior to

fabrication of the multi-layer structure, a series of test

specimens, 8.9 cm (3.5") diameter, will also be fabricated to

establish relationships between composite structure and

performance. The results obtained from tests of the small

specimens will be used to design the panels in the multilayer

structure. In a separate task of this program a modeling study

is being conducted by Prof. B. Auld and Dr. J. Hossack of

Stanford University. This is being supported by specimen

fabrication and testing at FMI.

The first task involves fabricating several 8.9 cm (3 ")

diameter PZT composite disks in various architectures so that

this material can be tested and characterized. Several variables

will be studied including PZT rod size, rod concentration, rod

aspect ratio, resin properties, and fiber reinforcement type.

These parameters will be varied in the fabrication of 55 test

disks. PZT-5H rods sizes of 1.0, .75, and .50 mm and PZT

concentrations of 5, 12, and 20 volume % will be used in

manufacturing these samples. The aspect ratio will also be

varied by changing the thickness of the sample. The epoxy resin

systems to be used in fabrication of these disks include HD-68,

HD-77 and HD-85J. The mechanical and electrical properties of

these resin formulations developed and tested at FMI are listed

in Table 1. Two fiber reinforcement types will be employed. S-2

glass roving woven between PZT rod rows in both the X and Y

direction will be used on most samples. Random ceramic fiber-
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will be used as reinforcement on 12 of the samples. All samples

will be delivered to ONR for testing and characterization.

The test results obtained on the small specimens will be

used to design the 30.5 x 30.5 cm (12" x 12") piezelectric

composite panels of the multilayer structure. The panels will be

separated and surrounded by a layer of dielectric sealant. The

entire structure will be surrounded by electrode material.

The second task of this program is to produce 1-3 PZT

composites with random and novel patterned arrays of PZT rods

parallel to the Z axis, as directed by Professor Auld and Dr.

Hossack of Stanford University. Baseline samples will be made

with 1 mm PZT rods at a concentration of 10, 20, and 30 volume %.

Two different hardness epoxy resin systems will be used and no

fiber reinforcement will be employed.

Using the lateral resonance patterns of the impedance curves

generated from these parts, the optimum PZT concentration and

resin type will be selected for fabrication of random samples.

These random samples will include unbalanced rod distributions,

random rod placement at different variance levels and matrix

variations.

The array patterns generated in this program will affect

laterally propagating modes of vibration in a manner quite

different from the regular arrays of vertical PZT rods in rows

and columns. Designed arrays may give rise to improved

directivity characteristic.

This program will investigate the behavior of these random

and patterned PZT composites at low frequencies (below 1 MHz).

Impedance and permittivity measurements will be provided by FMI.

Specimens will be provided to Professor Auld and Dr. Hossack, at

their request, for additional measurements.
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RESULTS TO DATE

Most of the starting materials for these composites such as

PZT rods, cleaning and treatment chemicals, reinforcement

materials, and epoxy resins, have been ordered and received.

Four of the 8.9 cm (3 ") diameter disks have been completed and
impedance spectra have been generated for each sample. For

example, the impedance spectrum for P/N 16913 PZT composite disk

with 1 mm rods, 5 volume % PZT with HD-68 resin is shown in

Figure 1. An additional 24 parts have been started and are at

various stages of fabrication. The status of these parts is

listed in Table 2.

Originally, urethane resins were to be used for the matrix

material of these composite disks. However, calculations

performed at Vector Research, Inc. showed that because of high

Poisson's ratios they would not perform well as matrix resin in

piezoelectric composites. Also, initial test results with the

urethane resins indicated that they were too viscous to fully

impregnate the glass reinforcement fibers and to degas

sufficiently. Also, the pot life of these resins was too short

for large scale processing. Therefore, three of the several

epoxy resin systems developed by FMI were selected for use in

these composites instead. The fourth resin type, if needed, is

yet to be determined.

The status of the PZT composites for Stanford University are

listed in Table 3. A total of 18 parts have been completed. The

six baseline parts were first fabricated, tested and the

resulting impedance curves and k, values sent to Dr. Hossack for

evaluation. Figure 2 shows an example of the strong lateral

resonance peak at approximately 300 kHz which Dr. Hossack hopes

to attenuate by randomizing rod placement. Four composites were

made in which rod locations were unbalanced e.g.: X axis spacing

was twice the Y axis spacing, alternate X axis rows were

4
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stagqered, and rods clustered in groups of four. The samples

have been fabricated and test data sent to Stanford University.

Two additional samples were fabricated with standard X, Y rod

spacing, but holes were drilled in the matrix material between

rods in various patterns to reduce lateral resonances. These

parts were also completed and tested and will be encap-sulated

for hydrostatic testing. The next set of samples to be made will

consist of composites with PZT rods displaced from their target

positions at random distances, based on a Gaussian distribution

with 10, 20 and 30% variance. The random locations were

generated with a computer program and plotted. These plots, have

been sent to Dr. Hossack for his approval.

Additional progress has been made in further development of

PZT composite processing methods. These improvements include

further characterization of epoxy resin systems, optimization of

corona discharge poling techniques, and start-up of a quality

control procedure for incoming PZT rods.

Work has continued at FMI on developing epoxy resin systems

for use in PZT composites. Several resin formulations with

various hardness values have been developed that have proven to

be suitable for use as a matrix material in these composites.

Extensive testing has been done to characterize the mechanical
and electrical properties of these resin systems. The results

are listed in Table 1.

Corona discharge poling techniques have been developed to

replace oil bath poling methods. Advantages of coronal discharge

poling include improved flexibility for poling very large parts,
reduced incidence of shorting at defect locations within the

composite, and the-elimination of the possibility of oil

contamination of the parts. A corona discharge poling chamber

has been set up at FMI and poling procedures optimized such that

9



PZT rods within a composite can be poled to d,, values at least

as high as those resulting from oil bath poling.

Quality control methods are being developed to ensure that

incoming PZT rods have acceptable physical and electrical

properties. Samplings of incoming PZT rods have been poled and

their density, dielectric constant, d,,, k,,, and N, values

measured. This information is being used to establish baseline

data of PZT rod properties. This data will be used as a guide

for evaluating different PZT rod vendors and to check the quality

of future PZT rod shipments.

FUTURE WORK

Fabrication of the 8.9 cm (3 ") diameter disks will continue

and these composites will be shipped as they are completed.

Selection of the fourth resin system will be made per ONR

approval so that these parts can continue to be processed. Also,

the design of the 30.5 x 30.5 cm (12" x 12") multilayer

composite, schedule for fabrication later in the program, will be

addressed.

FMI will continue to provide experimental data to Dr.

Hossack for use in the design of the next set of composites. The

composites designed to have randomly placed PZT rods per a

Gaussian distribution at 10, 20 and 30% variance will be

fabricated next. Additional samples will be fabricated as

directed by Dr. Hossack.

SUMMARY

The task of producing 3k" diameter PZT composite disks in

various architectures for characterization studies is well

underway. Four disks have been completed and an additional 24

disks are at various stages of processing. Also, significant

10



progress has been made in fabricating PZT composite test

specimens with random and unique rod placement designs for

evaluation at Stanford University. FMI has built and tested 18

of the 40 composite samples required. FMI will continue to

fabricate samples per Dr. J. Hossack's designs in an attempt to

improve the piezoelectric properties of these composites.

Progress has also been made in the development of PZT

composite processing methods. Epoxy resin systems for these

composites have been further characterized, corona discharge

poling techniques have been optimized, and quality testing

procedures for incoming PZT rods have been established. FMI will

continue to work to improve fabrication techniques as the

required composite disks are processed and tested.
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