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Abstract

A conventional force sensor consists of a beam
or a diaphragm to which a thin-metal film strain
gauge or a semiconductor strain gauge is
attached. The force is detected by the resistivity
change in the strain gauge in accordance with the
applied force. The phenomenon whereby
resistivity varies with the applied force is called
piezoresistivity. The necessity of attaching the
gauges to the beam or the diaphragm limits the
reduction in size and cost of the conventional
force sensor. A material having both structural
strength and the function to detect force, such as
piezoresistivity, would render the beam or

diaphragm unnecessary, and hence the sensor
could be miniaturized and the cost would be
reduced.

Therefore, the authors have developed a novel
ceramic composite which has both the force
detection function and structural strength by
distributing an oxide material having
piezoresistivity in a high-strength ceramic. As
this composite enables the structural member
itself to become a sensor, the size of the sensor
can be markedly reduced. The authors expect
that this sensor material will enable new potential
applications in force detection.
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1. Introduction

The force sensor consists of a beam or a
diaphragm to which athin-metal film strain gauge or
a semiconductor strain gauge is attached has been
invented and used several ten years. Although it is
widely applied for precise measurement, there is
almost no application under severe environment
such like a car. This reason is because the low
reliability of gauge adhesion under severe
environment and large sensor body. A material
having both structural strength and the capacity to
detect force, such as piezoresistivity, would render
not only gauge adhersion but also beam or
diaphragm unnecessary, and hence the sensor could
become highly reliable, miniature and the cost
would be reduced.

The purpose of the present study is to create a
material which has both structural strength and
piezoresistivity. In order to achieve the purpose, we
have investigated the ceramic/ceramic composite
which consists of high-strength ceramic and
piezoresistive ceramic.

2. Experimental procedure

As the matrix, 12mol% Ce-doped partially-
stabilized zirconia was chosen because among
structural ceramics this material has high strength
and toughness. La, xSryMnO; was selected as the
dispersed material in the matrix, because this
material exhibits piezoresistivity near room
temperature®® and has adequate chemical
compatibility with zi rconia® In the present study,
the amount of strontium substitution x in
La,.xSr«MnO; was 0.2, because the piezoresistivity
isrelatively high at this compositon.?

Ceramic composites were produced via the

| Synthesizing Lay ¢St ,MnO; |
|

IMixing of La, ¢Sty ,MnO; and zirconia powder using ball mill

IDie pressing

ISintering in oxygen ﬂowI 1400°C ,4 hour

Printing electrode

Fig. 1 Processto fabricate piezoresistive composite.
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conventional process, as shown in Fig. 1. A green
body was fired in oxygen flow. The fired body was
then machined into a rectangular specimen (5 x 5 x
1.5 mm), and then silver paste was printed on both
sides of the specimen surfaces (5 x 1.5 mm).

Figure 2 shows the experimental procedure used
to measure the piezoresistivity. The specimen was
compressed uniaxially while measuring the
resistivity.

Three-point flexural strengths were also measured.

3. Result and discussion

3.1 Material properties
The XRD chart of the composite and a back

Uniaxial compression

@ Composite, 5 x 5 x 1.5mm

Silver electrode

Fig.2 Schematic figure of measuring piezoresistivity.
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Fig. 3 XRD chart of composite (a) and back scattering

electron micrograph (b) of 30% LaygSr;,MnO;
fraction.



scattering electron micrograph are shown in Fig. 3.
Only LaygSrg,MnO; and Zirconia were identified
from the XRD chart. That is, a third phase was not
synthesized during the process, within the deflection
limit of the XRD.

The density of the composites is shown in Fig. 4.
The density of the composites became more than
98% of the calculated value from the density of
monoalithic zirconiaand La, gSry,MnOs,.

The three-point flexural strengths of the
composites are shown in Fig. 5. The strengths of the
composites were approximately 400 to 500 MPa.
Although the strengths of the composites were lower
than that of the matrix material (zirconia), the
strengths of the composites were approximately four
times higher than the strength of monolithic
LaygSro,MnO;. The strengths of the composites
were considered to be sufficient for use as a
structural component.
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Fig.4 Density of composite versus LaygSry,MnO;
fraction.
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Fig.5 Three-point flexural strength of composite.
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3.2 Electrical properties

The relationship between LagygSry,MnO; volume
fraction and the resistivity of composite is shown in
Fig. 6. Percolation conduction occurred at a fraction
of over 18%, and the resistivity became small as the
fraction increased. One of the advantages of
composite materials is that the resistivity can be
controlled using the fraction in accordance with the
sensor design.

A resistivity change of 30mass% composite and
monoalithic LaygSry,MnO; under compressive stress
is shown in Fig. 7. The slope of the graph, i.e, the
piezoresistivity of the composite was slightly less
than that of LaygSr,.MnO3, as expected, but the
magnitude and of the linearity of the slope seemed to
be sufficient for use as aforce sensor.
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Fig.6 Relationship between La,gSr,,MnO; fraction
and resistivity of composite.
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Fig. 7 Resistivity change of 30mass% composite and
L&y gSro,MNnO; under compressive stress.
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The relationship between La,sSr,,MnO; fraction
and the piezoresistivity coefficient 1y, is shown in
Fig. 8. Piezoresistivity increased slightly with
increasing fraction. This is considered to occur
because the Young's modulus decreases with the
fraction, as shown in Fig. 9, and as aresult the strain
isincreased.

The resistivity and the piezoresistivity coefficient
of the composite exhibited a specific temperature
dependence, which will be discussed in a future
paper. Application of the new material to a wide
range of industrial applications requires
improvement of the temperature dependence.

4. Summary

A force sensor material having both a force
sensing function and structural strength has been
developed for the first time. This new material
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Fig. 8 Relationship between La,¢Sr,,MnO; fraction
and piezoresistivity coefficient ..
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Fig.9 Relationship between La,¢Sr,,MnO; fraction
and Young's modulus.
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enables the structural member itself to become a
sensor, and so the size of the sensor can be reduced
remarkably. The new sensor material is expected to
enable new potential applications in force detection.
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