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(54) ULTRASONIC TRANSDUCER ELEMENT
(67)  The invention involves an ultrasonic transducer
element (101; 201) comprising an ultrasonic vibrator (10)
and a transducer body (20) having an input end (21) as-
sociated with the ultrasonic vibrator (10) and having an
output end (22) adapted for attachment to an object (2)
to be treated with ultrasonic vibrations.

The ultrasonic transducer element further comprises
a support ring (130) arranged around the output end of
the transducer body, and pressing means (140; 150) co-
operating with the support ring and engaging the trans-

ducer body for exerting on the transducer body pressing
force towards the object (2).

A method for protecting the object against bio-fouling
involves firmly pressing onto the object an ultrasonic
transducer element comprising at least one ultrasonic
vibrator and a transducer body, and energizing the ultra-
sonic transducer element to generate ultrasonic vibra-
tions into the object;
wherein the pressing force engages the transducer body.
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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates in general to foul-
ing. Fouling in general can be defined as accumulation
of undesired material on the surface of an object. In case
the undesired material consists of living organisms, the
phrase "bio-fouling" is used. Bio-fouling particularly oc-
curs on objects that, during a substantial time of their life,
are at least partly submerged in open water, such as
rivers, seas, oceans. A particular problem relates to
ships, and components of ships, of which atleast portions
of the hull and portions of the drive system and other
components are located below water, and are suscepti-
ble to organisms settling thereon and growing thereon.
This is undesirable, and the present invention relates to
measures for avoiding such bio-fouling.

BACKGROUND OF THE INVENTION

[0002] Measures against bio-fouling can be of different
type. One specific class of measures involves the use of
UV-light: irradiating a surface with UV-light will tend to
kill the bio-organisms present on that surface.

[0003] Another class of anti-bio-fouling measures in-
volves the use of high-frequency vibrations. The present
invention relates particularly to the field of anti-bio-fouling
based on high-frequency vibrations.

[0004] It appears that, if a surface is subjected to vi-
brations, larvae of bio-organisms such as shellfish will
not settle on that surface. An important factor in this re-
spect is the frequency of the vibrations, and also the in-
tensity of those vibrations.

[0005] The typical vibrations used in practice are in the
range of 20.000 Hz and higher, i.e. the ultrasonic fre-
quencies. Vibration anti-fouling is therefore also indicat-
ed as ultrasonic anti-fouling. For applying ultrasonic vi-
brations to an object, an ultrasonic transducer is attached
to the object to be protected. The transducer comprises
a vibration transfer body having an input and an opposite
output end. The input end is attached to an ultrasonic
generator, typically comprising a piezo element with a
resonator. The output end is adapted for attachment to
the surface to be protected. Typically, the transducer out-
put end is attached to the surface by means of an adhe-
sive. For being able to transfer the ultrasonic vibrations
from the transducer body to the object body, the adhesive
has to be of a type that hardens to become a solid.
[0006] The effectiveness of the vibrations at the object
surface may depend on circumstances. With increasing
distance to the transducer, the energy of the vibrations
decreases. Further, the object may be a plate of a certain
thickness, and opposite the surface where the transducer
is attached the plate may be provided with or without
transverse plates for strengthening. Also, the object may
be acomplexobject such as abox cooler. For an effective
vibration, over the whole surface area of the object to be
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protected, it may be necessary to apply multiple trans-
ducers. However, not all locations are suitable for apply-
ing an ultrasonic transducer, and having a multitude of
transducers would increase the costs. Therefore, it is de-
sirable to have transducers of higher power, which will
have a capability of protecting a larger portion of the ob-
ject.

[0007] The ultrasonic generators, i.e. piezo elements,
are driven by a control unit that applies drive current and
drive voltage at the correct frequency. For increasing the
ultrasonic power, i.e. the sound pressure level, it would
in any case be necessary to increase the ultrasonic am-
plitude, which can be achieved by increasing the drive
current and/or voltage.

SUMMARY OF THE INVENTION

[0008] However, merely increasing the drive power of
an ultrasonic transducer is not sufficient for generating
ultrasonic vibrations with sufficient sound pressure level
and in a reliable manner in the object to be protected.
The inventor has found that the interface between the
transducer and the object surface is of vital importance.
More particularly, the inventor has found that the adhe-
sive has disadvantageous properties. In one aspect, the
adhesive layer causes transition losses and reflection
losses. Further, experiments have shown that, with in-
creasing ultrasonic power, the solid adhesive between
transducer and object surface may crack, and may be-
come loose, within a relatively short period of time. Fur-
ther, itwas found that merely being attached to the object
is not sufficient for an efficient transfer of vibrational pow-
er: more efficient transfer is achieved if the transducer is
strongly pressed onto the object’s surface.

[0009] Itis therefore an objective of the present inven-
tion to provide an alternative method of attaching the
transducer to the object surface, i.e. to provide an alter-
native for the adhesive connection with more favourable
properties.

[0010] According to animportantaspect of the present
invention, this objective is attained by providing pressure
means that press the transducer onto the object surface.
[0011] GB-703158 discloses a vibration system that
comprises a vibrator body of magnetostriction type. The
vibrator body has its lower end soldered directly on the
object to be treated with ultrasonic vibrations. Pressing
force is exerted on the opposite upper end of the vibrator
body. In practice, however, it is very difficult to obtain
good contact between such body and the object, whether
by gluing or by welding, because the attachment has to
be executed in situ in difficult circumstances, and further
itis difficult to inspect such contact after attachment. Fur-
thermore, it has been found that exerting compressive
forces on the vibrator body will reduce its energy output
towards the object.

[0012] US-5532980 discloses a vibration system that
comprises an electromagnetic vibrator body screwed on-
to a foot part 54 that is welded directly on the object to
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be treated with vibrations. Vibrations are generated by
the vibrator body vibrating as a whole, and it is difficult
or even impossible to achieve ultrasonic frequencies is
this way. Since the vibration energy has to be transferred
from the vibrator body to the foot part 54 via a screw
connection 48/58, the screw thread is in the vibration
transfer path and liable to failure. The welded joint be-
tween foot part 54 and object 56 constitutes a relatively
small contact surface, while further it is difficult to achieve
good welding quality.

[0013] GB-1044879 discloses a vibration system for
transferring vibration energy to a cleaning liquid in a tank.
The known system is for operating at frequencies in a
range around 13 kHz, i.e. much lower than ultrasonic
frequencies. The known system comprises transducers
2 that are attached to plugs, which in turn are screwed
into an end face of a probe 1. The probe 1 extends
through a hole in the tank bottom 7. The probe is attached
to the tank bottom in a watertight manner, near a nodal
plane of the probe so that little or no vibration energy is
transferred to the tank bottom. The probe has a circum-
ferential flange 4 that is clamped against the tank bottom
7, with aresilient sealing ring 8 in between, which effects
watertightness, reduces transfer of vibration energy to-
wards the bottom and does not hamper the probe’s free-
dom to vibrate and transfer energy to the liquid in the
tank. Effectively, the basic problem onderlying the
present invention, i.e. how to ensure a proper and long-
lasting vibration transfer contact between transducer and
object, is not presentin this known system at the interface
between probe and tank bottom. The only physical tran-
sitions in the vibration path are from transducer 2 to plug
3 (but the document does not disclose how the transduc-
ers are attached to the plugs), from plug 3 to probe 1
(which is a screw joint), and from probe 1 to liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other aspects, features and advan-
tages of the present invention will be further explained
by the following description of one or more preferred em-
bodiments with reference to the drawings, in which same
reference numerals indicate same or similar parts, and
in which:

Figure 1is a schematic cross section of an ultrasonic
transducer element attached to an object by adhe-
sive in accordance with prior art;

Figures 2A and 2B are schematic cross sections of
exemplary ultrasonic transducer elements attached
to an objectin accordance with the presentinvention;
Figures 3A and 3B illustrate variations of the press-
ing means.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Figure 1 schematically illustrates an ultrasonic
transducer element 1, mounted on an object2. The trans-
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ducer element 1 comprises a transducer body 20, having
an output end 22 attached to the object 2, and an opposite
input end 21. The output end 22 includes an object con-
tact surface 24. The output end 22 is attached to the
object 2 by an adhesive layer 23. The transducer element
1 further comprises an arrangement of one or more piezo
elements 10 arranged above each other and on the input
end 21 of the transducer body 20. Each piezo element
10 has one or more electrical contact terminals 11 for
receiving electrical drive current from a control source
which is not shown for sake of simplicity. Opposite the
transducer body 20, a resonator mass 9 is attached to
the arrangement of piezo elements 10.

[0016] The transducer element 1 as shown in figure 1
is only capable of introducing ultrasonic energy into the
object 2 up to a relatively low level of ultrasonic power:
at higher power, the adhesive layer 23 will fail.

[0017] Figures 2A and 2B schematically illustrate two
examples of an ultrasonic transducer element 101, 201
in accordance with the present invention. These trans-
ducer elements 101, 201 also comprise a resonator
mass, but for sake of simplicity the resonator mass is
omitted in these figures.

[0018] The transducer element 101, 201 comprises a
supportring 130, having aninner diameter corresponding
to, yetslightly larger than, the outer diameter of the output
end 22 of the transducer body 20. The support ring 130
is attached firmly to the object 2, i.e. the surface of the
object 2, preferably and as shown by brazing or welding
131. The welding 131 may involve a series of weld spots
or weld beads around the perimeter of the support ring
130, but a contiguous weld of 360° around the perimeter
of the support ring 130 is preferred, since this would pre-
vent water from creeping under the supportring 130. The
support ring 130 is preferably made from a weldable ma-
terial such as aluminium, steel or stainless steel, depend-
ing on the material of the object to be protected.

[0019] The supportring 130 performs atleast two func-
tions. One function is to provide a boundary around the
transducer element 101, 201: even if the transducer el-
ement 101, 201 would move due to the vibrations, it can
notescape fromthering 130. A second important function
is in the context of pressing the transducer element 101,
201 onto the object to be protected, i.e. pressing the ob-
ject contact surface 24 onto the object’s surface, as will
be described in more detail in the following, in which the
direction perpendicular to the object contact surface 24
will be indicated as axial direction.

[0020] The transducer body 20 has its output end 22
arranged inside the support ring 130. Near the output
end 22, the transducer body 20 has a foot portion or
mounting flange 125 projecting radially outward with re-
spect to the transducer body’s remaining portion 127
above the flange 125. The mounting flange 125 has an
upper surface 126 that will also be indicated as a step.
Above the flange 125, the transducer body portion 127
can have a cylindrical contour of constant diameter, as
illustrated in figure 2A, or can for instance have a conical
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contour in which the diameter reduces in the direction
from output end 22 to input end 21, as illustrated in figure
2B. Variations or combinations on this contour are also
possible.

[0021] The transducer element 101, 201 further com-
prises a pressing ring 140 arranged around the transduc-
er body 20 and engaging the step 126 of the mounting
flange 125. The mounting flange 125 has a height slightly
larger than the height of the support ring 130, so that it
is ensured that, when the pressing ring 140 is arranged
around the transducer body 20, it will engage on the
mounting flange 125 leaving a small gap between the
support ring 130 and the pressing ring 140. In practice,
a suitable size for the height difference is between 0.1
and 2 mm.

[0022] The pressing ring 140 has an inner diameter
smaller than the outer diameter of the mounting flange
125, and corresponding to, yet slightly larger than, the
inner diameter of the mounting flange 125, which is equal
to the outer diameter of the transducer body portion 127
at the transition to the mounting flange 125.

[0023] The transducer element 101, 201 further has
tightening means 150 for tightening the pressing ring 140
towards the support ring 130 in axial direction. In the em-
bodiments shown, the tightening means 150 comprise
screw studs 151 attached to, for instance screwed into,
the support ring 130 and projecting upwards from the
support ring 130, while the pressing ring 140 has corre-
sponding passage holes through which the screw studs
extend. The tightening means 150 in this example further
comprise nuts 152 to be screwed onto the studs 151.
The tightening means 150 may comprise a series of three
of more, for instance six or eight of more, screw studs
arranged equidistantly along the support ring 130.
[0024] In an embodiment where the support ring 130
is welded by a series of welding points or welding beads,
those welding points or welding beads are preferably
aligned with the positions of the screw studs.

[0025] In the following, the combination of the support
ring 130 and the pressing ring 140 will be indicated as
mounting means, to reflect the fact that they serve to
mount the transducer body 20 on the object 1. Further,
the combination of the pressing ring 140 and the tight-
ening means 150 will be indicated as pressing means.
[0026] The arrangement of a pressing ring 140 engag-
ing mechanically on the lower end of the transducer body
20, by engaging on the projecting mounting flange 125,
allows for the object contact surface 24 of the transducer
body 20 to be pressed onto the object 2 with high force.
The mounting means 130, 140 are capable of exerting
high pressure force in axial direction, higher than an ad-
hesive, and this force is part of a closed force loop that
passes through the weld between the support ring 130
and the object 2, so that it will not easily break away from
the object 2.

[0027] In the embodiment illustrated and described,
the pressing means engage on the transducer body 20
atalow position, near the output end 22. |.e. the distance
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between step 126 and the transducer’s object contact
surface is relatively small, in the order of a few mm. It is
possible that the step 126 is closer to the input end 21,
so that the pressing means engage on the transducer
body 20 at a higher position, even near the input end 21.
Itis however not allowed to engage higher than the input
end 21; particularly, it is not allowed to engage on the
resonator mass 9, as this would impede its functioning
as resonator mass.

[0028] Inany case, the pressing means should engage
on the transducer body 20 at a position lower than the
input end 21, i.e. between the input end and the output
end 22. Preferably, the pressing means engage on the
transducer body 20 at a position closer to the output end
22 thanto the input end 21. More preferably, the pressing
means engage on the transducer body 20 at a position
less then 2 cm from the output end 22, measured axially.
[0029] Insummary, the invention involves an ultrason-
ic transducer element 101; 201 comprising at least one
ultrasonic vibrator 10 and a transducer body 20 having
aninputend 21 associated with the at least one ultrasonic
vibrator 10 to receive ultrasonic vibrations from the ultra-
sonic vibrator, and having an output end 22 including an
object contact surface 24 adapted for contacting a sur-
face of an object 2 to be treated with ultrasonic vibrations
such as to transfer ultrasonic vibrations to such object.
The ultrasonic transducer element 101; 201 further com-
prises a supportring 130 arranged around the output end
22 of the transducer body 20, and pressing means 140;
150 cooperating with the support ring 130 and engaging
the transducer body 20 for exerting on the transducer
body 20 axial pressing force towards the object 2. In use,
the support ring 130 will be attached to said surface of
the object 2, and the cooperation of the pressing means
140; 150 with the support ring 130 involves the pressing
means 140; 150 exerting on the supportring 130 a reac-
tion force directed away from said surface of the object 2.
[0030] It should be clear to a person skilled in the art
that the present invention is not limited to the exemplary
embodiments discussed above, but that several varia-
tions and modifications are possible within the protective
scope ofthe invention as defined in the appending claims.
For instance, in stead of screw studs plus nuts, it is also
possible to have other mechanical tightening means. For
instance, it is possible that the tightening means 150 in-
clude mutually cooperating threading of the support ring
130 and the pressing ring 140, and that pressing force
is exerted on the mounting flange 125 by screwing the
pressing ring 140 with respect to the support ring 130.
Figure 3A illustrates an embodiment where the support
ring 130 has an upward cylindrical wall 153 with internal
threading, cooperating with an external threading 154 at
the outer perimeter of the pressing ring 140. Figure 3B
illustrates an embodiment where the pressing ring 140
has an downward cylindrical wall 155 with external
threading, cooperating with an internal threading 156 at
the inner perimeter of the support ring 130. Itis also pos-
sible that the support ring 130 has an upward cylindrical
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wall and that the pressing ring 140 has an downward
cylindrical wall with mutually cooperating threadings, in
which case the cylindrical wall with smallest diameter and
external threading may be associated with either the sup-
port ring 130 or the pressing ring 140.

[0031] Further, for exerting the required down-force on
the transducer body 20, it is also possible to use for in-
stance pneumatic or hydraulic means.

[0032] Even if certain features are recited in different
dependent claims, the present invention also relates to
an embodiment comprising these features in common.
[0033] Even if certain features have been described in
combination with each other, this does not mean that
these features must always be applied in combination
with each other, and the present invention also relates
to an embodiment in which one or more of these features
are omitted.

[0034] Features which have not been explicitly de-
scribed as being essential may also be omitted.

[0035] Any reference signs in a claim should not be
construed as limiting the scope of that claim.

Claims

1. Ultrasonictransducerelement(101;201)comprising
at least one ultrasonic vibrator (10) and a transducer
body (20) having an input end (21) associated with
the at least one ultrasonic vibrator (10) and having
an output end (22) adapted for attachment to an ob-
ject (2) to be treated with ultrasonic vibrations;
wherein the ultrasonic transducer element (101;
201) further comprises a supportring (130) arranged
around the output end (22) of the transducer body
(20), and pressing means (140; 150) cooperating
with the support ring (130) and engaging the trans-
ducer body (20) for exerting on the transducer body
(20) pressing force to press the output end (22) to-
wards the object (2).

2. Ultrasonic transducer element (101; 201) according
to claim 1, wherein the support ring (130) is adapted
for being welded onto the object to be treated.

3. Ultrasonic transducer element (101; 201) according
to claim 1 or 2, wherein the transducer body (20) at
its output end (22) is provided with a mounting flange
(125) having a step (126).

4. Ultrasonic transducer element (101; 201) according
to claim 3, wherein the pressing means (140; 150)
comprise a pressing ring (140) arranged around the
transducer body (20) engaging the step (126) of the
mounting flange (125), and tightening means (150)
for tightening the pressing ring (140) towards the
support ring (130).

5. Ultrasonic transducer element (101; 201) according
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to claim 4, wherein the tightening means (150) are
adapted for exerting pressing force on the pressing
ring (140), for pressing the pressing ring (140) to-
wards the support ring (130).

6. Ultrasonic transducer element (101; 201) according
to claim 5, wherein the tightening means (150) com-
prise screw studs (151) attached to the support ring
(130), and matching nuts (152).

7. Ultrasonic transducer element (101; 201) according
to claim 5, wherein the tightening means (150) com-
prise mutually cooperating threading of the support
ring (130) and the pressing ring (140).

8. Method for protecting an object (2) against bio-foul-

ing, wherein the method comprises the steps of at-
taching onto the object (2) to be protected an ultra-
sonic transducer element comprising at least one
ultrasonic vibrator (10) and a transducer body (20),
exerting pressing force to firmly press the ultrasonic
transducer element onto the object (2) to be protect-
ed, and energizing the ultrasonic transducer element
(101; 201) to generate ultrasonic vibrations into the
object (2);

wherein the pressing force engages the transducer
body (20).

9. Method according to claim 8, wherein the ultrasonic

transducer element is the ultrasonic transducer ele-
ment (101; 201) according to any of claims 1-7.

10. Method according to claim 9, wherein the step of
attaching comprises the step of welding the support
ring (130) onto the object (2).

11. Method for protecting an object (2) against bio-foul-
ing, wherein the method comprises the step of at-
taching onto the object (2) to be protected an ultra-
sonic transducer element (101; 201) according to
any of claims 1-7.

12. Method according to claim 11, wherein the step of
attaching comprises the steps of

- firmly attaching the support ring (130) onto the
object (2), preferably by brazing or welding;

- arranging the output end (22) of the transducer
body (20) inside the support ring (130), in con-
tact with the object (2);

- applying the pressing means (140; 150) in co-
operation with the support ring (130) to engage
the transducer body (20) such as effectively ex-
ertingon the transducer body (20) pressing force
towards the object (2).

13. Method according to claim 12, wherein the transduc-
er body (20) at its output end (22) is provided with a
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mounting flange (125) having a step (126). wherein
the pressing means (140; 150) comprise a pressing
ring (140) arranged around the transducer body (20)
engaging the step (126) ofthe mounting flange (125),
and wherein the method comprises the step of ap-
plying the tightening means (150) for tightening the
pressing ring (140) towards the support ring (130).

Combination of an object (2) and at least one ultra-
sonic transducer element (101; 201) according to
any of claims 1-7 attached to the object (2).

Combination according to claim 14, wherein the sup-
port ring (130) is welded onto the object (2).

Combination according to claim 14 or 15, wherein
the object (2) is a portion of a ship.

Ship provided with at least one ultrasonic transducer
element (101; 201) according to any of claims 1-7
attached to a portion of the ship for protection against
bio-fouling.
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