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This work presents results of experimental tests of surface acoustic wave vibration sensor. Measurements
of the static sensitivity, resonance frequency, frequency amplitude characteristics and linearity were carried out.
Measurements were carried out with the help of the acceleration of gravity and a digital oscilloscope.
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1. Introduction

The structure of probes for measurement of mechan-
ical vibrations bases on three basic types of vibration
sensors: seismometers, geophones, accelerometers [1-4].
A measuring sensor should remain in a rigid contact
with the substrate. It transforms substrate vibrations
into an output electric signal proportional to the vibra-
tion parameters. For harmonic vibrations the substrate
displacement is determined by the following relation:
Y (t) = Dsinwt. The vibration parameters are as follows:
the vibration frequency w and one of the amplitudes: the
displacement amplitude D, the vibration velocity ampli-
tude [(dY'(t)/dt) = Dw coswt] or the vibration accelera-
tion amplitude [(d?Y (t)/dt?) = —Dw? sinwt].

The output signal from a seismometer and a geophone
is approximately proportional to the enforced vibration
velocity, where the output signal from an accelerometer
is approximately proportional to the enforced vibration
acceleration.

2. Design and parameters of surface acoustic
wave vibration sensor

Measurements of mechanical vibration parameters can
be performed using a surface acoustic wave vibration sen-
sor (SAW-VS) [5-7]. A SAW vibration sensor is shown
in Fig. 1. The main part is an anisotropic plate made of
a piezoelectric material. One side of the plate is stiffly
attached to the sensor casing, while the other free side is
loaded with the seismic mass. On the upper surface of
the plate a SAW delay line in the form of a four-terminal
network has been made. Any motion of the casing of a
sensor creates vibrations of the plate and an alternation
in the time delay of a SAW delay line. It results in a
high frequency signal phase which goes through such a
line. The magnitude of an alternation of signal phase is
proportional to the alternation in time delay of the SAW
delay line.
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Fig. 1. Surface acoustic wave vibration sensor.
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Fig. 2. Measuring system of SAW vibration sensor.

A measuring probe system with SAW-VS is shown
in Fig. 2. It consists of a measuring signal generator
(HF Generator), a sensor (SAW-VS) and a phase detec-
tor with a system of filters. Measuring probe output
signal is a voltage and its value is proportional to the
phase shift of the measuring signal passing through the
SAW vibration sensor.

The value of the line delay is proportional to the mo-
tion of the upper side of the plate described by the y(t)
function. Basic parameters of the sensor are its sensitiv-
ity, resonance characteristic, and linearity. These param-
eters depend on the plate structure, the structure of the
SAW delay line and on the probe electronic measuring
system. Using models of the mentioned components one
can make a measuring probe having specified parame-
ters. To describe movement parameters of an anisotropic,
piezoelectric plate of a sensor a model with one degree of
freedom was formulated [8]. The resonance frequency of
the sensor plate w is given by the relation
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r is the relation of the seismic mass to the mass of the
sensor plate, EF, — equivalent Young’s modulus, 7 —
equivalent material damping coefficient.
The movement of the plate end is given by the function
2
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where the constants A and ¢ are calculated from the
initial conditions.

Both components of the solution comprise the function
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This is the system impulse response to the sensor excita-
tion by the §-Dirac impulse.

The frequency characteristic of the sensor plate is as-
sociated with the impulse response by the Fourier trans-
form. The form of the theoretical amplitude-frequency
characteristic of the SAW vibration sensor is as fol-
lows [8]:
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An exemplary theoretical amplitude frequency charac-
teristic for the SAW vibration sensor of a resonance fre-
quency of 29 Hz is shown in Fig. 3.
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Fig. 3. Theoretical amplitude—frequency response of
the plate.

For the purpose of tests a vibration sensor with SAW
was prepared, and the plate was made of the ST quartz
0.5 mm thick. The equivalent Young modulus for the ST
quartz is 76 GPa and the equivalent material damping
coefficient is 29.3 us [8]. The frequency of the measuring
signal was 74 MHz.

3. Experimental testing of the sensor parameters

The basic parameters of the SAW vibration sensor were
performed with a probe measuring system presented in
Fig. 2. The sensor output signal was recorded with a
digital oscilloscope type DSO-X 2024A operating in the
refresh mode (Roll).

Experimental impulse responses of a sensor with a
57 mm long plate without a seismic mass and after plac-
ing the seismic mass of 1.8 g on the sensor plate are

presented in Fig. 4. These responses were generated by
an impulse hitting on the sensor casing. The resonance
frequency of the sensor was measured automatically dur-
ing recording of the impulse response on the oscilloscope.
The resonance frequency of the sensor without the seis-
mic mass was 81 Hz and for the plate with the mass of
1.8 g was down to 29 Hz. The obtained results of exper-
imental research comply with the results obtained from
the theoretical model of the sensor plate.

Fig. 4. Sensor impulse response of a sensor with a
57 mm long plate without the seismic mass (a) and with
the 1.8 g seismic mass (b).

A direct measurement of frequency characteristics of
a sensor requires proper test stations. Knowing their
relation with the impulse response one can obtain infor-
mation on their shape. Figure 5 shows the Fourier trans-
form of the sensor impulse responses from Fig. 4. They
were calculated with the help of the VEE Agilent pro-
gramme operating in combination with an oscilloscope.
Placing the seismic mass causes the resonance frequency
to shift and practically a decay of the harmonic (its level
is —40 dB for a plate without a seismic mass). Obtained
results confirm the accuracy of the used model.
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Fig. 5. Spectrum of impulse responses of sensor shown
in Fig. 4, plate without seismic mass (a) and with 1.8 g
seismic mass (b).

The sensitivity is one of basic parameters. It is the re-
lation of a change of the level of the output signal from a
sensor “AU,,t” to the change of the value of the accelera-
tion acting on the “Ag” sensor. To determine it we must
be able to change the value of the acceleration acting on
the sensor. Figure 6 presents the way the acceleration
value changes by changing the sensor position in relation
to the gravitational acceleration direction.
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Fig. 6. Determination of static sensitivity of sensor.
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Fig. 7. Method of determination of sensor static sen-

sitivity.

Figure 7 presents an experimentally determined change
of the sensor output signal by changing by “2¢” the ac-
celeration acting on it.

The sensor sensitivity was determined from the rela-
tion

S

_ AUvout _ Uout,+1g - Uout,—lg (6)
- Ag 2¢ '
The determined sensor sensitivity is 100 mV /g.

Much more difficult is to determine the sensor linearity.
It requires to determine the dependence of the “AUq,¢
output signal on the value of the acceleration acting on
the sensor “Ag”. Figure 6 shows the way to obtain three
acceleration values (+1“¢”, 0“g”, —1“¢g”) acting on the
sensor. Basing on that it was attempted to estimate the
sensor linearity in the manner presented in Fig. 8.
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Fig. 8. The way to determine the sensor linearity.

The relation below is the linearity measure
ML = Uout,Og - 0.5 (Uout,—i-lg + Uout,—lg) . (7)
During performed experimental research the value of
ML ~ 0 was obtained thus allowing to confirm a good
static linearity of a SAW vibration sensor within changes
of the static linearity by “2¢”. This simple method allows
only to evaluate the sensor linearity but it is used for all
the types of acceleration sensors.

4. Conclusions

This work presents results of the experimental research
of surface acoustic wave vibration sensors. Measurements
of the static sensitivity, the resonance frequency, the im-
pulse response and the linearity were made. Obtained
results allowed to confirm the appropriateness of the sen-
sors modeling and determining their basic parameters.
The research was conducted using very simple methods
using only the gravitational acceleration and a digital os-
cilloscope.

The impulse response of the surface acoustic wave vi-
bration sensors of a resonance frequency of 91 Hz and

its spectrum is presented in Fig. 9. A digital oscillo-
scope is practically the only instrument required to ex-
amine static parameters of vibration sensors within the
presented range.
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Fig. 9. Impulse response of surface acoustic wave vi-
bration sensor (yellow) and its spectrum (pink).

Taking the advantage of the possibility to measure the
sensor output signal as a function of its rotation in the
earth gravitational field will make it possible to determine
the static thru-sensitivity and next a precise measure-
ment of the linearity within the change of the constant
acceleration by “2¢”. Determination of the dynamic sen-
sitivity, the frequency—amplitude characteristic and the
dynamic linearity requires to carry out tests on special
test /research stations. The results of these tests can be
interesting since the sensor resonance frequency can be
selected over a very wide range: from a few Hz to sev-
eral kHz and at very small resonance frequencies occurs
a multiple increase of the free vibration amplitude. The
market offer does not include surface acoustic wave vibra-
tion sensors. Their properties we have mentioned above
and possible measurements of constant accelerations of-
fer an alternative solution to use these sensors in lieu of
currently used vibration sensors.
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