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(64) Improvements in or relating to accelerometers

(657) An accelerometer comprises an elongate sensor
having a plurality of contiguous piezo-electric elements 4 - 9
extending between its two ends, conductive terminals 11, 12
on the two ends and further terminals 13 - 17 at regions of
contiguity between the said elements, so that voitages are
produced between the said terminals when the sensor is
subjected to acceleration, and signal processor means
arranged to be responsive to the said voltages for providing
in dependence thereon a signal characteristic of the
acceleration experienced.

The device is stated to have a higher than usual
resonant frequency.

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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. 2282450
IMPROVEMENTS IN OR RELATING
TO ACCELEROMETERS

This invention relates to accelerometers and more especially
it relates to piezo-electric accelerometers.

Accelerometers having a piezo-electric sensor are well
known. Known piezo-electric accelerometers comprise an elongate
piezo-electric sensor element which is loaded by means of a
predetermined load mass which is secured thereto. When the
sensor element and more particularly the load mass experience
acceleration, a voltage is generated across the sensor element
which is related to acceleration. This voltage is used in
subsequent signal processing the precise nature of which is
determined in accordance with the application in view.

One problem with known piezo-electric accelerometers is
that the frequency of operation can be undesirably limited due to
resonant effects which may also affect sensitivity as will
hereinafter be explained.

It is an object of the present invention therefore to provide
an improved piezo-electric accelerometer affording improved
sensitivity and extended frequency operating range.

According to the present invention we provide an
accelerometer which comprises an elongate sensor, comprising a
plurality of contiguous piezo-electric elements extending between
one end and the opposite end thereof, a conductive terminal being
provided on each of the said ends and at regions of contiguity

between the said elements, so that voltages are produced between



the said terminals when the sensor is subjected to acceleration,
and signal processor means arranged to be responsive to the said
voltages for providing in dependence thereon a signal
characteristic of the acceleration experienced.

The conductive terminals may comprise layers of conductive
material which are sandwiched between the said elements and
which are arranged to cover each of the said ends.

The layers of conductive material may be fabricated by an
electro-plating technique.

The material from which the layers are made may comprise
silver.

The elements may be made of lead zirconium titanate.

One embodiment of the invention will now be described by
way of example only with reference to the accompanying
drawings in which:

FIGURE 1 is a generally schematic side view of a known
piezo-electric accelerometer sensing device,

FIGURE 2 is a generally schematic side view of an
accelerometer sensor according to one embodiment of the present
invention,

FIGURE 3 is a somewhat schematic block diagram of an
accelerometer according to one embodiment of the present
invention, and

FIGURE 4 is a graph showing accelerometer operational
characteristics.

Referring firstly to Figure 1, an accelerometer sensor

comprises a mass 1 which is coupled to one end of a piezo-electric
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element 2 the other end of which is anchored to a surface 3.
When the mass 1 is subjected to acceleration in a direction as
indicated by an arrow, a voltage is developed across the piezo-
electric element 2 which is generally proportional to acceleration.
As is well known to those skilled in the art however, this
proportional relationship obtains below mechanical resonance
only. The mechanical resonant frequency is generally
proportional to the inverse square root of the mass 1. A high
resonant frequency is to be desired because as the resonant
frequency is increased the useful bandwidth of the sensor is
extended.

Below the mechanical resonant frequency the sensitivity of
the accelerometer to acceleration is independent of frequency and
proportional to the mass used. High sensitivity is to be desired
since this reduces the amplification required and is associated
with lower noise which therefore permits a higher dynamic useful
range. The sensitivity and resonant frequency are interdependent
and when one is increased the other tends to reduce.
Consequently the design of piezo-electric accelerometers tends to
involve a compromise between sensitivity and resonant
frequency.

Turning now to Figure 2, an accelerometer sensor according
to one embodiment of the present invention comprises piezo-
electric elements 4, 5, 6, 7, 8 and 9 which are serially stacked to
define a piezo-electric sensor 10. Opposing end faces of each of
the elements 4 to 9 are plated with silver so as to define terminals

11 and 12 on end faces of the sensor 10 and so as to define



- -

terminals 13, 14, 15, 16 and 17 which are sandwiched between
individual elements of the sensor 10. The terminal 12 on the
bottom end face of the sensor is secured to a surface 18 so that
when the sensor 10 is subjected to acceleration in a direction as
indicated by an arrow 19, voltages are developed between the
terminals 11 to 17. It will be apparent that the mass with which
each of the elements 4 to 9 is loaded will be dependent on its
position in the sensor. Thus the element 9 will be loaded by the
mass of the sensors 4 to 8 which are positioned above it whereas
the element 4 will be the most lighted loaded since it is positioned
at the free end of the sensor 10.

Referring now to Figure 3, wherein parts corresponding to
Figure 2 bear the same numerical designations, outputs signals
from the terminals 11 to 17 are fed to a signal processor 20. The
signal processor may simply be used to add the signals applied
thereto so as to produce an output signal on a line 21.
Alternatively however, the signals may be suitably processed or
weighted so as to compensate for undesirable characteristics of
the sensor. The sensor as shown in Figures 2 and 3 has the
advantage that it is somewhat lighter than known accelerometers
which commonly have a mass element made of heavy material
such as tungsten for example. A lighter accelerometer sensor is
an advantage since it tends to have a proportionately smaller
loading effect on surfaces to which it is attached for measurement
purposes.

An important additional advantage of the accelerometer

sensors shown in Figure 2 and Figure 3 is that they provide a
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higher resonant frequency than known piezo-electric
accelerometer sensors of equivalent size. Comparative
accelerometer characteristics are shown in Figure 4, wherein
voltage per unit acceleration is plotted against frequency for a
known accelerometer sensor as shown by a broken line 22 and for
an equivalent sensor fabricated in accordance with one
embodiment of the invention as shown by a line 23. A typical
frequency range may be between O and 100 KHz and will be
determined by design and in accordance with the application in
view. The sensitivity of the sensor 10 as shown in Figure 2 and
Figure 3 is determined largely by the number and arrangement of
the piezo-electric elements and by the amplifier used. It has been
found in practice that a sensor of the kind shown in Figure 2 or
Figure 3 can be configured to have improved sensitivity and
improved noise performance, size for size, than known
accelerometer sensors.

A particular feature of the sensor shown is that signal
processing techniques may be employed to modify resonance
characteristics whereby useful bandwidth may be extended.

Various modifications may be made to the arrangement
shown without departing from the scope of the invention and, for
example, although the sensor shown comprises six serially stacked
elements other arrangements are envisaged comprising two or
more elements. It will also be apparent that signal processing
techniques comprising weighting of the signals may be utilised as

required by a particular application.
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It will also be apparent that although, by way of example
only, the piezo-electric sensor 10 is shown anchored at one end, in
an alternative arrangement the sensor may be annular and
mounted on a cylindrical rod which may itself be secured at one
end to a mounting surface structure and may provide tension to

hold the parts together.

\




CLAIMS

1. An accelerometer comprising an elongate sensor, comprising
a plurality of contiguous piezo-electric elements extending
between one end and the opposite end thereof, a conductive
terminal being provided on each of the said ends and at regions of
contiguity between the said elements, so that voltages are
produced between the said terminals when the sensor is subjected
to acceleration, and signal processor means arranged to be
responsive to the said voltages for providing in dependence

thereon a signal characteristic of the acceleration experienced.

2. An accelerometer as claimed in Claim 1, wherein the
conductive terminals comprise layers of conductive material
which are sandwiched between the said elements and which are

arranged to cover each of the said ends.

3. An accelerometer as claimed in Claim 2, wherein the layers
of conductive material are fabricated by an electro-plating

technique.

4, An accelerometer as claimed in Claim 2 or Claim 3, wherein

the material from which the layers are made comprises silver.

5. An accelerometer as claimed in an preceding claim, wherein

the elements are made of lead zirconium titanate.



-8 -

6.  An accelerometer as claimed in any preceding claim and
substantially as hereinbefore described with reference to the

accompanying drawings.

7. For use in an accelerometer as claimed in any preceding
claim, an elongate sensor, the said sensor comprising a plurality of
contiguous piezo-electric elements extending between one end
and the opposite end thereof, a conductive terminal being
provided at each of the said ends and at regions of contiguity
between the said elements, so that voltages are produced between

the said terminals when the sensor is subjected to acceleration.
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