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DEVICE AND METHOD FOR DETERMINATION REGARDING THE
LIQUID LEVEL IN CONTAINERS

Technical field

The present invention relates to a device and a method for determi¬
nation regarding the liquid level in a container. Primarily, the pre¬

sent invention relates to a device and a method for measurement of

the liquid level in a septic tank.

Description of the prior art

Septic tanks are used for storage of the waste from for example toi¬

lets which for different reasons cannot be connected to the sewage
system, such as for example toilets in summer cottages and pleas¬

ure boats. When the septic tank is full the waste may be removed
using specially arranged equipment which for example may be ar¬

ranged on a tank lorry. In summer cottages the septic tank may of¬

ten be arranged so that the liquid level easily may be checked for
example through a hole into the tank. In pleasure boats the space is
often limited which makes the installation more complicated. Fur¬

thermore, the movements of the boat during travel results in that it
is required that the septic tank is not to leak. If the septic tank
would be full and eventually start to leak the waste in the septic
tank may flow into the ocean or into the pleasure boat. Despite this
many pleasure boats lack reliable equipment for measurement of
the liquid level in the septic tank. In many countries it has also be¬

come required by law that all pleasure boats equipped with a toilet
must be equipped with a septic tank which has led to increasing
numbers of boat owners to notice the problem with measurement of
the liquid level in the septic tank.

As an example on the equipment which has been available to
measure the liquid level in septic tanks, measurement equipment
which use a float arranged inside the septic tank may be mentioned.
The float is in turn arranged so that the position of the float inside
the septic tank may easily be measured. However, it has proved to



be difficult to achieve reliable measurements of the liquid level in

septic tanks using floats.

It would be desirable to measure the liquid level in septic tanks from
the outside without introducing any parts into the septic tank.

It is previously known to measure the liquid level in tanks from the
outside from for example the US patent US 6,631 ,639. In said pat¬

ent a piezoelectric transmitter and a piezoelectric receiver are ar-
ranged at a distance from each other on a tank wall. The transmitter
excites a vibration pulse in the tank wall, which vibration pulse is
detected by the receiver. By measuring the change in the phase ve¬

locity of the vibration wave when it moves through the tank wall it is
possible to determine whether there is liquid in the tank between
the transmitter and the receiver. However, it is a relatively compli¬
cated solution which is described in said patent. Furthermore, it has
proven to be difficult to determine the liquid level in septic tanks
with the solution which is described in said patent, which may be
due to the fact that the content in septic tanks often has a non-
homogenous composition.

Summary of the invention

An object of the present invention is to provide a device and a
method for determination regarding the liquid level in a container
from the outside of the container, which device and which method
are alternatives to solutions according to the prior art.

A further object of the present invention is to provide a device and a
method for determination regarding the liquid level in a container
from the outside of the container, which device and which method at
least partly solves one of the problems with the prior art.

Primarily the present invention relates to determination regarding
the liquid level in containers of metal, such as aluminium and
stainless steel, but it may also be used on containers of other mate¬

rials.



At least one of these objects is fulfilled with a device and a method
according to the appended independent claims.

Further advantages are provided with the features of the dependent
claims.

According to a first aspect of the present invention a measurement
device for determination regarding the liquid level in a container
with a wall is provided. The measurement device comprises at least
a first actuator arranged on a corresponding level on the wall, which
actuator which comprises an influence part which is arranged for
influencing the wall on the outside of the container. The measure¬
ment device further comprises a vibration sensor for each one of
said at least one actuator, for measurement of the vibrations in the
wall, and a control unit, which is connected to said at least one ac¬

tuator and the vibration sensors, and which is arranged to apply a
predetermined drive signal to the actuators, which drive signal
makes the influence parts influence the wall with an oscillating
force. The vibration sensors are arranged fixed in relation to the
corresponding influence parts so that the vibration sensors moves
in the same way as the influence parts. The measurement device is
arranged to receive at least one resulting measurement signal from
each one of the vibration sensors, which measurement signals de-
pend on the size of the vibrations, and to compare the measure¬
ment signals with earlier measured measurement signals in order to
make a determination regarding the liquid level in the container.
The measurement device is characterized in that the control unit is
arranged to determine, using the predetermined drive signal and the
measured vibration signals, a system response for the container
and to make, from the determined response and at least one earlier
measured response with a known liquid level, a determination re

garding the liquid level in the container, wherein the system re

sponse is one of a frequency reaction, a frequency response and an

impulse response.



It is possible to determine directly from the measured vibration sig¬

nal whether there is liquid at the level on which the actuator is posi¬

tioned. However, a more robust result is provided if the impulse re¬

sponse is calculated and the calculated impulse response is used
for the comparison.

With a measurement device according to the invention it is possible
to determine in a reliable way whether there is liquid in the con¬

tainer at the level of the actuator.

A measurement device according to the invention gives reliable
measurement results also when the contents in the container is
non-homogenous which may be the case in septic tanks.

A measurement device according to the invention is especially ad¬

vantageous to use in the case that the container is made of steel.
When the container is made of steel it is not possible to use capaci-
tive measuring apparatuses.

The amplitude of the system response may be used to determine
whether there is liquid in the container at the level of the wall that
some of said at least one actuator is arranged at. This has shown to
be a parameter of the system response that has a strong correlation
to whether there is liquid in the container at the level on which the
actuator is arranged. By amplitude is in this context meant for ex¬

ample the mean amplitude for a response measured over a fre¬

quency interval or a time interval such as RMS-amplitude over a
frequency interval or a time interval. As an alternative to observe
the amplitude for the response the energy contents or the square of
the amplitude may be observed.

The system response below a predetermined interval may be used
to perform a determination regarding the liquid level in the con¬

tainer. By not arbitrarily choose an amplitude in the system re-
sponse but using a predetermined interval it is possible to further
increase the robustness and safety to make a correct determination.
The chosen interval may be adapted to the current application. De-



pending on which system response that is used the interval may be
a frequency interval or a time interval.

In case the system response is comprised by the impulse response
said predetermined interval may preferably be from the beginning of
the impulse response until between 0,5 and 20 milliseconds into the
impulse response, preferably 1-10 milliseconds into the impulse re¬

sponse and most preferred 1-5 milliseconds into the impulse re¬

sponse.

The actuator may be arranged to influence the wall with a force
perpendicular to the wall. Such an arrangement of the actuator
gives the strongest vibration signal and thus, leads to a safe meas¬

urement of the impulse response.

The actuator may comprise a moving part which is arranged to
move in relation to the influence part in order to give rise to vibra¬
tions. Such an arrangement of the actuator enables transfer of large

forces to the wall.

The influence part may comprise an electromagnet in the magnetic
field of which the moving part is arranged to move. This is in itself a
well known way of creating vibrations and is used for example in

loudspeakers.

Alternatively the actuator may be arranged to affect the wall with a
force parallelly to the wall. Such an arrangement of the actuator
may be favourable in some cases.

An example on when it is favourable to let the actuator be arranged
to influence the wall with a force parallelly to the wall is when the
influence part comprises a piezoelectric crystal. In such a case it is

hard to otherwise transfer sufficiently large forces to the wall. Pie¬

zoelectric crystals may be favourable to use due to the fact that
they do not comprise any movable parts.



The vibration sensor may be an accelerometer. This is the most
common type of vibration sensor. There are also other types of vi¬

brations sensors which are known to men skilled in the art and
which could be used instead.

The measurement signal may be a voltage over the accelerometer.
Alternatively the measurement signal could for example be the cur¬

rent to the accelerometer, a magnetic field or any other measurable
quantity which is influenced by the movement of the accelerometer.

As an alternative to letting the vibration sensor being comprised of
an accelerometer the vibration sensor may be comprised of the in¬

fluence part in the form of the piezoelectric crystal. In this case the
measurement signals are preferably comprised of the current to the
piezoelectric crystal and the voltage over the piezoelectric crystal.
From the voltage and the current the impedance of the piezoelectric
crystal may be calculated. The impedance may then be used as a
system response.

The determination regarding the liquid level in the container may be
a determination of whether there is liquid in the container at the
level on the wall on which one of said at least one actuators is ar¬

ranged. It is when the liquid level passes said level that the largest
difference is seen in the system response. In such cases the meas-
urement device is used primarily as a filling alarm in order to remind
a user that it is time to empty the tank.

Alternatively, the determination regarding the liquid level in the con¬

tainer may be a determination of the liquid level in the container.
This is possible at least for some placements of the actuator while it
may be more difficult for other placements of the actuator due to the
system response not being influenced much for some changes in

the liquid level at a distance from the level of the actuator.

The measurement device may comprise a plurality of actuators
which are arranged to be fastened at different heights on the wall of
the container. With such a measurement device it becomes possible



to determine in a more reliable way on which level the liquid surface
is.

When the measurement device comprises a plurality of actuators
the control unit may thus be arranged to determine from the vibra¬

tion signals from the actuators at which height the liquid surface is.

When the measurement device comprises a plurality of actuators
the control unit may be arranged to determine which actuator the
liquid surface is closest to. Possibly the control unit may also de¬

termine where between two actuators that the liquid surface is situ¬

ated.

According to a second aspect of the present invention a container is
provided on which there is arranged a measurement device accord¬
ing to the first aspect of the present invention. Such a container
may for example be a septic tank.

According to a third aspect of the present invention a pleasure boat
is provided, which comprises a septic tank on which there is ar¬

ranged a measurement device according to the first aspect of the
present invention.

According to a fourth aspect of the present invention a method is
provided for measurement of the liquid level in a container with a
wall. The method comprises the steps of applying to an actuator,
which is arranged on the wall on the outside of the container, a pre

determined drive signal which makes the actuator influence the wall
with an oscillating force in at least one point on the wall. The
method is characterized in that it also comprises the steps of meas¬

uring at least one measurement signal which is a measure on vibra
tions in the wall in said at least one point, to calculate the system
response for the container starting from the vibration signal, and to
compare the measurement signals with earlier measured measure-
ment signals in order to make a determination regarding the liquid
level in the container starting from the system response.



A method according to the fourth aspect of the present invention
gives the corresponding advantages as has been described in con¬

nection to the measurement device according to the first aspect of
the present invention.

The method may comprise the step of calculating the system re¬

sponse for the container starting from the measurement signal,
wherein the determination regarding the liquid level in the container
is made starting from the system response. This gives the same
advantages as has been described in connection to the correspond¬
ing feature for the measurement device according to the first aspect
of the present invention.

The determination regarding the liquid level in the container may be
made starting from the amplitude of the system response. This
gives the same advantages as has been described in connection to
the corresponding feature for the measurement device according to
the first aspect of the present invention.

The amplitude may be based on the amplitude during a predeter¬
mined interval of the system response. Depending on which system
response that is used the interval may be a frequency interval or a
time interval.

In case the system response is comprised of the impulse response
said predetermined interval may be from the beginning of the im¬

pulse response until between 0,5 and 20 milliseconds into the im¬

pulse response, preferably 1-10 milliseconds into the impulse re¬

sponse and most preferred 1-5 milliseconds into the impulse re-
sponse. This gives the same advantages as has been described in

connection to the corresponding feature for the measurement de¬

vice according to the first aspect of the present invention.

The actuator may influence the wall with a force perpendicularly to
the wall. In such a case the drive signal may have a frequency con¬

tent in the interval 100-1200 Hz. This has proved to give reliable
measurements of the system response.



In some cases it may be advantageous to let the actuator comprise
an influence part in the form of a piezoelectric crystal. In such a
case the drive signal preferably has a frequency content in the in-
terval 300-18000 Hz. This has proved to give reliable measure¬
ments of the system response when the force is applied in the plane
of the wall as is necessary when a piezoelectric crystal is used.

In the following preferred embodiments of the invention will be de-
scribed with reference to the appended drawings.

Short description of the drawings

Fig. 1 shows schematically a container with a device according to
an embodiment of the present invention for determination of the liq¬

uid level in the container.

Fig. 2 shows in larger detail the device for determination of the liq¬

uid level according to an embodiment of the present invention.

Fig. 3 shows the amplitude of the impulse response, measured at
different heights on the container, as a function of the filling level in

the container.

Fig. 4 shows schematically a container with a device for determina¬
tion of the liquid level according to an alternative embodiment of the
present invention.

Fig. 5 shows schematically a pleasure boat according to an em-
bodiment of the present invention.

Fig. 6 shows schematically a measurement device for determination
of the liquid level according to an alternative embodiment of the
present invention.



Description of preferred embodiments

In the following description of preferred embodiments of the inven¬
tion similar features in the different figures will be denoted by the
same reference numeral.

Fig. 1 shows schematically in a side view a container 1 with a wall 2
and a measurement device 3 according to an embodiment of the
present invention for determination of the liquid level in the con-
tainer 1. The container 1 comprises an inlet 4 for sewage from for
example a toilet (not shown) and an outlet 5 for emptying the con¬

tainer 1. The measurement device 3 for determination of the liquid
level in the container 1 comprises an actuator 6 which comprises an
influence part 7 with a length axis 8 . The length axis 8 is also the
central axis for the influence part 7 and is arranged on the level X .

The liquid surface is at the level Y. The actuator 6 comprises in the
shown embodiment a movement part 9 which is movably suspended
in relation to the influence part 7 which comprises an electromag¬
net. In the figure it is not shown in detail how the suspension of the
movement part 9 is arranged. However, similar suspensions are
known from ordinary loudspeaker elements. In the movement part 9
there is arranged a permanent magnet 15 which can be influenced
by the electromagnet in the influence part 7 to move back and forth
parallelly to the length axis 8 when an oscillating drive signal is ap-
plied to the actuator 6 . On the influence part 7 there is arranged a
vibration sensor 11 for measurement of the vibrations of the wall 2
of the container 1. By the vibration sensor 11 being arranged on the
influence part 7 the vibration sensor will vibrate in the same way as
the influence part 7 which means that the vibration sensor 11 will
measure the vibrations in the same point of the wall 2 as the actua¬
tor 6 transfers force into the wall 2 . The vibration sensor 11 and the
actuator 6 are both connected to a control unit 10 which is arranged
to apply a drive signal to the actuator 6 and to receive a measure¬
ment signal from the vibration sensor 11, which measurement sig-
nal for example may be the voltage over the vibration sensor 11.



In is not necessary to have the vibration sensor arranged on the in¬

fluence part 7, as is shown in Fig. 1. In Fig. 2 a measurement de¬

vice 3 for determination of the liquid level in the container 1 accord¬

ing to an alternative embodiment of the present invention is shown
in a side view. The measurement device 3 comprises an actuator 6
which comprises an influence part 7 . The influence part 7 is ar¬

ranged fixed in a plate 12 which in turn is arranged fixed in the wall
2 . On the plate 12 there is arranged a vibration sensor 9 . The plate
12 is sufficiently stiff for the vibration sensor 9 to vibrate in the
same way as the influence part 7 . The containers in Fig. 1 and Fig.
2 also comprise an overpressure outlet 2 1 in order to prevent over¬

pressure in the container 1.

As an alternative to the actuators 6 shown in Fig. 1 and Fig. 2 the
actuator 6 may comprise an influence part 7 in the form of a piezo¬

electric crystal. In case the actuator 6 comprises an influence part 7
in the form of a piezoelectric crystal the piezoelectric crystal is ar¬

ranged so that it influences the wall 2 with a force in the plane of
the wall 2 . The vibration sensor 9 is preferably arranged on the pie-
zoelectric crystal in this case.

During operation of the measurement devices in Fig. 1 and Fig. 2
the control unit applies a predetermined drive signal to the actuator
and receives a measurement signal from the vibration sensor 11.
Starting from the predetermined drive signal and the measured vi¬

bration signal the control unit 10 determines a system response in

the form of an impulse response. The impulse response has the
form of a reading as a function of time. In the impulse response the
amplitude at the point of time 2 ms is measured and is compared
with the amplitude at 2 ms in at least one earlier measured impulse
response with a known liquid level in the container 1. From the
comparison a determination is made regarding the liquid level in the
container. The control unit may for example determine whether
there is liquid in the container 1 at the level on which the actuator is

placed.



If there is liquid at the level on which the actuator is placed the con¬

trol unit may send out a warning signal to other equipment which is
connected to the control unit or directly send out a sound or light
signal. Then there is sewage up to the level of the actuator and it is
time to empty the container 1.

Fig. 3 shows the mean value of the amplitude of the system re¬

sponse in the form of the impulse response in the interval 0-2 ms,
as a function of the liquid level in the container 1 in percent of
maximum liquid level, with the actuator placed at 50% liquid level in

the tank. As is evident from Fig. 3 there is a big difference in ampli¬
tude when the liquid level is at 40% compared with when the liquid
level is at 60%. Preferably the measurements that are shown in Fig.
3 are performed in order to be used as reference when the
measurement device is to be used in a real measurement case. Al¬

ternatively, a measurement with only an empty container may be
made as reference. In the first case the liquid level is assumed to
be at the actuator when the mean value of the amplitude reaches
the amplitude value for the liquid level at the actuator measured at
the reference measurement.

As is evident from Fig. 3 there is a small slope on the curve except
in the region when the liquid level passes the level of the actuator
6 . This makes it difficult to determine the liquid level in the con-
tainer when the liquid level is not close to the level of the actuator.
It may however, be possible for some placements of the actuator 6
to determine the liquid level at arbitrary levels using the curve that
is shown in Fig. 3 .

Fig. 4 shows schematically a container with a measurement device
for determination of the liquid level according to an alternative em¬

bodiment of the present invention. In Fig. 4 the measurement de

vice comprises a plurality of actuators 6 in the form of piezoelectric
crystals and corresponding vibration sensors 11. With a measure-
ment device according to the embodiment in Fig. 4 each one of the
actuators 6 and the corresponding vibration sensor 11 is used to
determine whether the liquid level is over or under the level of the



actuator 6 . It is thereby possible to determine which actuator 6 that
is arranged closest to the liquid level. By the level for the current
actuator 6 being known the liquid level in the container 1 may be
determined.

Fig. 5 shows schematically a pleasure boat 15 according to an em¬

bodiment of the present invention, which pleasure boat comprises a
container 1 with a measurement device (not shown) according to
the invention.

Fig. 6 shows schematically a measurement device 3 for determina¬
tion of the liquid level according to an alternative embodiment of the
present invention. The measurement device 3 comprises a control
unit 10 and an actuator 6 in the form of a piezoelectric crystal which
also comprises vibration sensor 11. The control unit 10 is arranged
to measure current I to the actuator/vibration sensor 6 , 11, as well
as the voltage U over the actuator/vibration sensor 6 , 11, at the
same time as the control unit feeds a drive signal to the actuator 6 .

From the current I and the voltage the control unit 10 determines
the electrical impedance of the piezo which is considered as a sys¬

tem response.

The drive signal that is used to drive the actuators may have many
different forms. Preferably a drive signal with a frequency content in

the interval 100-1200 Hz is used to drive an actuator 6 which com¬

prises an influence part 7 and a movement part 9 which moves in

relation to the influence part 7 .

With advantage a drive signal with a frequency content in the inter-
val 300-18000 Hz is used to drive an actuator 6 which comprises an

influence part 7 in the form of a piezoelectric crystal.

The above described embodiments are only to be regarded as non-
limiting examples which may be modified and amended in many
ways without departing from the spirit and scope of the present in¬

vention which is limited only by the appended claims.



It is for example possible to use other types of actuators, which are
know to men skilled in the art in order to induce vibrations and
measure vibrations.



CLAIMS

1. Measurement device (3) for determination regarding the liquid
level in a container (1) with a wall (2), which measurement device
(3) comprises at least a first actuator (6) arranged on a correspond¬
ing level on the wall (2), which actuator (6) comprises an influence
part (7) which is arranged for influencing the wall (2) on the outside
of the container (1), a vibration sensor ( 1 1) for each one of said at
least one actuator (6), for measurement of the vibrations in the wall
(2), and a control unit (10), which is connected to said at least one
actuator (6) and the vibration sensors ( 1 1), and which is arranged
to apply to the actuators (6) a predetermined drive signal which
makes the influence parts (7) to influence the wall (2) with an oscil¬

lating force, wherein the vibration sensors ( 1 1) are arranged fixed in

relation to the corresponding influence part (7) so that the vibration
sensors ( 1 1) moves in the same way as the influence parts (7),
wherein the measurement device is arranged to receive at least one
resulting measurement signal from each one of the vibration sen¬

sors ( 1 1), which measurement signals depends on the size of the
vibrations, and to compare the measurement signals with earlier
measured measurement signals in order to make a determination
regarding the liquid level in the container (1), characterized in that
the control unit (10) is arranged to determine a system response for
the container (1) using the predetermined drive signal and the
measured measurement signals and to make a determination re¬

garding the liquid level in the container (1) starting from the deter¬

mined response and at least one earlier measured response with a
known liquid level, wherein the system response is one of a fre¬

quency response, a frequency reaction and an impulse response.

2 . Measurement device (3) according to claim 1, wherein the
amplitude of the system response is used to make a determination
regarding the liquid level in the container (1).

3 . Measurement device (3) according to claim 2 , wherein the
amplitude of the system response during a predetermined interval is



used to make a determination regarding the liquid level in the con¬

tainer (1).

4 . Measurement device (3) according to claim 3 , wherein the
system response is comprised of the impulse response and wherein
said predetermined interval is from the beginning of the impulse re¬

sponse until between 0,5 and 20 milliseconds into the impulse re¬

sponse, preferably 1-10 milliseconds into the impulse response and
most preferred 1-5 milliseconds into the impulse response.

5 . Measurement device (3) according to any one of the preced¬
ing claims, wherein the actuator is arranged to influence the wall (2)

with a force perpendicularly to the wall (2).

6 . Measurement device (3) according to claim 5 , wherein the ac¬

tuator (6) comprises a movement part (9) which is arranged to move
in relation to the influence part (7) in order to give rise to vibrations.

7 . Measurement device (3) according to claim 6 , wherein the in-
fluence part (7) comprises an electromagnet (15) in the magnetic
field of which the movement part (9) is arranged to move.

8 . Measurement device (3) according to any one of claims 1-4,
wherein the actuator (6) is arranged to influence the wall (2) with a
force parallelly to the wall (2).

9 . Measurement device (3) according to claim 8 , wherein the in¬

fluence part (7) comprises a piezoelectric crystal.

10. Measurement device (3) according to any one of the preced¬

ing claims, wherein the vibration sensor is an accelerometer.

11. Measurement device (3) according to claim 10, wherein the
measurement signal is a voltage over the accelerometer.



12. Measurement device (3) according to claim 10, wherein the
vibration sensor is comprised of the influence part (7) in the form of
the piezoelectric crystal.

13. Measurement device (3) according to claim 12, wherein the
measurement signals are comprised of the current to the piezoelec¬
tric crystal and the voltage over the piezoelectric crystal.

14. Measurement device (3) according to any one of the preced-
ing claims, wherein the determination regarding the liquid level in

the container (1) is a determination of whether there is liquid in the
container (1) at the level on the wall (2) on which one of said at
least one actuator (6) is arranged.

15. Measurement device (3) according to any one of the preced¬
ing claims, wherein the determination regarding the liquid level in

the container ( 1) is a determination of the liquid level in the con¬

tainer.

16. Measurement device (3) according to any one of claims 1-14,

comprising a plurality of actuators (6) which are arranged to be fas

tened at different heights on the wall (2) of the container (1).

17. Measurement device (3) according to claim 16, wherein the
determination regarding the liquid level in the container (1) is a de¬

termination of which actuator that the liquid surface is closest to.

18. Container (1) on which there is arranged a measurement de¬

vice (3) according to any one of the preceding claims.

19. Septic tank on which there is arranged a measurement device
(3) according to any one of claims 1-10.

20. Pleasure boat (14) comprising a septic tank on which there is

arranged a measurement device (3) according to any one of claims
1-10.



2 1 . Method for determination regarding the liquid level in a con¬

tainer (1) with a wall (2), comprising the steps of
applying to an actuator (6), which is arranged on the wall (2)

on the outside of the container (1), a predetermined drive signal
which makes the actuator (6) to influence the wall (2) with an oscil

lating force in at least one point on the wall (2), and
characterized in that it also comprises the steps of
measuring at least one measurement signal which is a meas¬

ure on vibrations in the wall (2) in said at least one point,
calculating the system response for the container (1) starting

from the vibration signal, and
comparing the measurement signals with earlier measured

measurement signals in order to make a determination regarding
the liquid level in the container (1) starting from the system re-
sponse.

22. Method according to claim 2 1 , wherein the determination re¬

garding the liquid level in the container (1) is made starting from the
amplitude of the system response.

23. Method according to claim 22, wherein the amplitude is based
on the amplitude during a predetermined interval of the system re¬

sponse.

24. Method according to claim 23, wherein the system response is
comprised of the impulse response and wherein said predetermined
interval is from the beginning of the impulse response until between
0,5 and 20 milliseconds into the impulse response, preferably 1-10
milliseconds into the impulse response and most preferred 1-5 milli-
seconds into the impulse response.

25. Method according to any one of claims 21-24, wherein the ac¬

tuator (6) influences the wall (2) with a force perpendicularly to the
wall (2).

26. Method according to any one of claims 21-25, wherein the
drive signal has a frequency content in the interval 100-1200 Hz.



27. Method according to any one of claims 21-24, wherein the ac¬

tuator (6) comprises an influence part (7) in the form of a piezoelec¬
tric crystal.

28. Method according to claim 27, wherein the drive signal has a
frequency content in the interval 300-18000 Hz.









n erna ona app ca on o.

PCT/SE2008/050738

A. CLASSIFICATION OF SUBJECT MATTER

A
I
cc
P
o
C
rd
:
ing t

s
o
e
I
e
nter

e
n
x
at
t
io
r
n
a
al P
s
a
h
te
e
n
e
t C
t

lassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: GOlF

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL. WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5836192 A (GETMAN, I ET AL), 17 November 1998 1-28
(17.11.1998), column 6 , line 1 - line 14, figures
1,3,12

US 5035140 A (DANIELS, J W ET AL), 30 July 1991 1-28
(30.07.1991), figures 1-6, abstract

CH 683375 A5 (VIBRO-METER AG), 28 February 1994 1-28
(28.02.1994), abstract

US 5264831 A (PFEIFFER, H), 23 November 1993 1-28
(23.11.1993), figures 1,3, abstract

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international

filing date "X" document of particular relevance: the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance: the claimed invention cannot be

"O" document referring to an oral disclosure, use, exhibition or other considered to involve an inventive step when the document is

means combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

21 October 2008 22 -10-

Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM Lars Jakobsson /PR
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2008)



.

PCT/SE2008/050738

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 4107994 A (SOGO, M), ZZ August 1978 1-28
(22.08.1978), figures 1-5, abstract

GB 1531729 A (BRITISH STEEL CORP), 8 November 1978 1-28
(08.11.1978), figures 1,2, claims 1-4

US 20060042386 Al (YOUNG, W B ET AL), 2 March 2006 1-28
(02.03.2006), figures 1,2, abstract

Form PCT/ISA/210 (continuation of second sheet) (July 2008)



.
PCT/SE2008/050738

International patent classification (IPC)

GOlF 23/00 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

• In English/Searches and advisory services/Cited documents
(service in English) or

• e-tjanster/anf δrda dokument (service in Swedish).
Use the application number as username.
The password is IWXXF JBLCD.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85) .

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)



Information on patent famiiv members
30/08/2008 PCT/SE2008/050738

us 5836192 A 17/11/1998 CA 2187839 A C 18/04/1997

DE 19538678 A ,C 24/04/1997

EP 0769682 A 23/04/1997

JP 2911834 B 23/06/1999

JP 9113334 A 02/05/1997

ZA 9608357 A 27/05/1997

us 5035140 A 30/07/1991 NONE

CH 683375 A5 28/02/1994 NONE

US 5264831 A 23/11/1993 AT 144322 T 15/11/1996

CA 2038158 A C 15/09/1991

DE 4008135 A ,C 19/09/1991

DE 59108274 D 00/00/0000

EP 0449023 A,B 02/10/1991
HU 66025 A 29/08/1994
HU 210399 B 28/04/1995
HU 910819 D 00/00/0000
JP 2504628 B 05/06/1996

JP 5107098 A 27/04/1993

ZA 9101868 A 24/12/1991

US 4107994 A 22/08/1978 DE 2632297 A 27/01/1977

JP 1066842 C 30/09/1981

JP 52003795 U 11/01/1977
JP 52012860 A 31/01/1977
JP 54018317 Y 11/07/1979
JP 56007569 B 18/02/1981

GB 1531729 A 08/11/1978 NONE

US 20060042386 Al 02/03/2006 US 6925868 B 09/08/2005
US 7216536 B 15/05/2007
US 20030015036 A 23/01/2003
US 20060021448 A 02/02/2006
US 20080115581 A 22/05/2008

Form PCT/ISA/210 (patent family annex)(April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

