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Propagation of indentation fracture was firstly monitored on α-SiC ceramics through a
current drop accompanied by the decrease in current conduction area. The current decrease
ratio before and after indentation during the constant voltage application was proportional
to the crack area formed. However, during the indentation, the current anomalously
increased even though the indentation crack propagated. This phenomena is probably due
to the piezoresistance effect which has already reported in SiC single crystal. When
bending stress was applied to α-SiC ceramics, the current increase ratio was proportional
to the bending strain. A fracture foreseeing system is proposed for α-SiC ceramics in which
initial crack monitoring without stress application and bending strain monitoring utilizing
the piezoresistance effect are combined. C© 1999 Kluwer Academic Publishers

1. Introduction
To improve the reliability is the most important factor
when ceramic is used as structural material. In prac-
tice, it is necessary to evaluate the mechanical property
of ceramics and to grasp the crack propagation prop-
erty. Furthermore, it is also desired to foresee a catas-
trophic fracture of a ceramic part during the operation,
which should based on the precise detection of fracture
controlling flaw and strain. For these purposes, electric
response could be utilized. Compared with optical ob-
servation, electric measurement is simple because, for
visible crack area determination on opaque material, the
cracked material should be fractured along the crack.

We have already reported a real time monitoring of
indentation fracture in CuO ceramics [1]. Based on this
result, identical monitoring of indentation fracture was
performed onα-SiC ceramics which is semiconductive
as well as a representative structural ceramics. Apart
from such damage estimation through the monitoring
of fracture controlling flaw, bending strain was tried to
be monitored through a conduction change probably
due to the piezoresistance effect in SiC ceramics.

2. Experiments
2.1. Monitoring of indentation fracture in

SiC ceramics
Commercial SiC ceramics (JIS; Japanese Industrial
standard, supplied from Nihon Gaish, Co. Ltd., Japan)
∗ Author to whom all correspondence should be addressed.

were employed as test bars, which are hexagonalα-SiC
with density of 3.08 g/cm3. As received sample ceram-
ics was first cut into bars with predetermined width
(1.5 mm). After fixed in a resin (Castoglas resin,
Buehler, Germany), sampled bars were sliced with
thickness of 1.0 mm. Indentation surfaces were finished
with diamond paste and silver pastes were attached as
electrodes on the finished side. The final sample con-
figuration is illustrated in Fig. 1. Current change during
constant voltage (1 V) application was monitored when
Vickers indentation was conducted for 30 s with load
of 49, 98, or 196 N using a Hardness tester (HSV-20,
Shimadzu, Japan).

2.2. Measurement of stress effect on
electric conduction of SiC ceramics

Effects of mechanical stress were examined on electric
resistance for SiC ceramics, where a conventional au-
tograph (SV-950, Marubishi Co. Ltd., Japan) was used.
First, on rectangular sample bars (3×0.7×18 mm3)
prepared similar to the previous section, tensile stress
was increased at a constant rate, hold, then decreased.
During such process, electric current was monitored
while a electric field was applied parallel to the stress
direction. Stress effect perpendicular to the electric field
was similarly examined. Sample setup is illustrated in
Fig. 2a and b.
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Figure 1 Sample configuration for monitoring of indentation fracture.

Figure 2 Sample setups for tension (a), compression (b) and bending
(c) stress monitoring.

2.3. Monitoring of bending strain
Bending strain was monitored using the piezoresistance
effect examined in the previous section. Commercial
SiC ceramics were cut into bar (1.7×1.4×13 mm3)
and their indentation surface as well as the opposite
sides were finished with diamond paste. Almost at the
center of the finished surfaces, indentations were con-
ducted with load of 9.8, 24.5, 49, 98 and 196 N. Two

electrodes (Ag paste) were attached on the opposite
side of the indentations and constant voltage (1 V) was
applied between the electrode during monitoring. Each
sample bar with electrodes and a indentation mark was
put on supports (10 mm span) so as to make the indented
side down and bending load was applied at the center of
the electrodes. The sample setup is illustrated in Fig. 2c.
During this process, current change was monitored with
the electrometer.

3. Results and discussions
3.1. Monitoring of indentation fracture
Fig. 3 illustrates the time-electric current curves ob-
tained in the monitoring with load of 196 N. Elec-
tric current jumped substantially as soon as indenta-
tion starts, then remain constant during indentation. On
unloading, current descendent to a small value which
is lower than the initial value before indentation. In-
dentation monitoring for CuO ceramics is illustrated in
Fig. 4 [1]. There are two step wise drops which are cor-
responding to crack propagation indentation onset and
unloading, respectively. Such two steps crack propaga-
tion on indentation has already reported on transparent
ceramics [2]. Contrary to CuO case, current increase
was observed during indentation, which is probably
due to the piezoresistance effect in SiC [3–6]. Current

Figure 3 Time-current curves accompanied by indentation on SiC ce-
ramics with load of 196 N.

Figure 4 Time-current curves accompanied by indentation on CuO ce-
ramics with load of 98 N [1].
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Figure 5 Dependence of fractional decrease in current on indentation
load.

difference before and after indentation is thought to be
caused by the crack propagation because current con-
ducting area decreases accompanied by crack increases.
In SiC ceramics, indentation fracture should proceed
with similar manner to other ceramics, i.e., crack prop-
agates both indentation onset and unloading. However,
the piezoresistance effect is comparable to conducting
area decrease, then the crack propagation can not be
detected by electric conductions.

The decrease in current and the fractional decrease
in current were defined as1I1 and1I1/I , respectively.
Fig. 5 shows the dependence of the fractional decrease
in current on indentation load. As indentation load in-
crease,1I1/I increases. Considerable scattering in1I1
can be seen between samples even with the same load
indentation, which is probably due to the difference
in crack figure affected by the microstructure of SiC.
In the present samples, cracked area can not optically
be determined, however, which should directly related
to1I1/I like CuO case [1]. When the indentation load
was smaller than 24.5 N, current decrease cannot be de-
tected. In such cases, indentation crack had not grown
well in any direction.

3.2. Measurement of piezoresistance effect
in α-SiC ceramics

Theα-SiC ceramics demonstrated a clear, reproduce-
able stress sensitive resistivity change even though it is
polycrystal. In the previous section the current change
due to the piezoresistance effect seems to be related to
the load applied. Then it can be utilized to a selfmoni-
toring of applied stress in SiC ceramics.

It is widely known that SiC single crystal exhibits
a piezoresistance effect, which is tried to be utilized
in various fields [3–5]. However, there are few reports
concerning the piezoresistance effect in SiC polycrys-
tal. Hexagonalα-SiC single crystal possesses indepen-
dent six piezoresistance coefficients which has already
measured [3]. The piezoresistance coefficients for poly-
crystal are thought to be different from those of single

Figure 6 An electric current change under a constant voltage when stress
is applied parallel to the electric field.

Figure 7 An electric current change under a constant voltage when stress
is applied vertical to the electric field.

crystal because polycrystal consists of grain boundary
and grain randamly oriented. Then the effect of stress
parallel or vertical to the electric field on electric resis-
tance were measured.

Fig. 6 illustrates a electric current change under a
constant voltage when stress is applied, hold, and re-
leased parallel to the electric field. The coefficient of
electric conduction change is negative to the stress ap-
plied and almost linearly related. Fig. 7 shows the re-
sult when stress is applied vertical to the electric field.
The electric conduction change is almost linear to the
applied stress. The coefficient of conduction change is
positive to the compressive stress, that is, negative to the
tensile stress, which is the same as the parallel stress
application. The current recovered to the initial level
when applied load was released from the sample.

From these results piezoresistance coefficients par-
allel (πpara) and vertical (πver) stress application were
calculated to be 4.2×10−11 and 6.5×10−11 m2/N, re-
spectively. The latter is a little larger than the former,
however, both of them are in the same order. Taking into
account ofπpara, πver and the geometry of Vickers in-
dentor, resistance decrease on indentation is combined
results from the piezoresistance effects derived from
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the compressive stress both vertical and parallel to the
electric field.

3.3. Monitoring of bending strain
Fig. 8 illustrates a electric current change when bend-
ing stress is applied on SiC ceramics indented with
load of 9.8 N. As the applied load increases, the current
increases, then suddenly drops at around 70 N, corre-
sponding to the catastrophic total fracture.

Then current change on loading turned from positive
to negative when both electrodes were replaced to
the opposite side of loading. It is well known that ten-
sile strain is generated on the opposite side of loading
while compressive strain is generated on the loading
side. Such strain of rectangular sample under bend load-
ing is schematically illustrated in Fig. 9. Since both
strain rates are almost the same in absolute value, the
piezoresistance effect would have been canceled be-
tween tensile and compressive sides. The current den-
sity becomes large at the vicinity of loading surface
when both electrodes are attached on the surface. When
the electrodes are attached to the opposite side of load-
ing, the current density of this side becomes large. As a

Figure 8 Time-current curves accompanied by bending fracture of SiC
ceramics.

Figure 9 Schematic illustration of stress direction on bending.

Figure 10 Dependence of fractional increase in current up to fracture
and fracture load on indentation load.

result, the piezoresistance effect only for the electrode
side was monitored on bending. Current increase rate of
loading side electrodes condition is a little larger than
the other condition. It is probably the vertical compre-
ssive stress contributes the current increase. In practice,
larger current change is favorable for stress detection,
then the electrodes were attached to the loading side.

The current change up to the fracture is defined as
1I2, and current change ratio is also defined as1I2/I
(I ; current before loading). Fracture load and current
decrease ratio are plotted against the indentation load
as Fig. 10. The fracture load is inversely proportional to
power to 1/3, which accord with experimental rule [7]
as,

KIC = 0.59

(
E

H

)1/8(
σf P

1/3)3/4 (1)

whereKIC is fracture toughness,E is the Young’s mod-
ule,H is hardness,σf is fracture stress, andP is indenta-
tion load. The relationship between current change and
indentation load is different, i.e., the slope of1I2/I vs
indentation load is larger compared with the fracture
load vs indentation load relation. This result indicates
that piezoresistance coefficient slightly increase with
indentation load. This is probably due to the decrease in
real thickness accompanied by indentation crack prop-
agation.

Based on the linear fracture mechanics, fracture
stress is related to the fracture initiating crack length
(c) with the following expression [8],

εf E = σf = KIC

Y
√

c
(2)

whereεf is the fracture strain andY is the figure constant
of the crack.

When a large fracture initializing crack is introduced
to a SiC ceramic part, fracture stress as well as fracture
strain can be estimated from conduction change with-
out loading before and after damage. This fracture stress
can be converted to the conduciton change up to frac-
ture during loading using piezoresistance coefficient
taking into account of initial crack length. Catastrophic
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fracture can be prevented by stop the operation judging
from the conduction monitoring.

4. Conclusions
Conduction change accompanied by crack formation
and strain were examined for SiC ceramics which is
a representative structural ceramics as well as semi-
conductive ceramics. Indentation crack length can be
determined by the conduction change before and after
indentation. Bending strain can be monitored by the
conduction change probably due to the piezoresistance
effect of SiC. Catastrophic fracture can be prevented by
combining these two conduction changes, one between
initial and damaged and the other during straining.
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