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(54)  Whirlpool bath with ultrasound emission devices

(57)  Whirlpool bath (10) comprising a plurality of ul-
trasonic micromassage devices (13) distributed over the
walls (11) of the bath (10), in which each of the ultrasonic
micromassage devices (13) comprises a device (23, 30)
for orientating the direction of emission of the ultrasound
in a solid angle; the whirlpool bath (10) being character-
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ized in that each ultrasonic micromassage device (13)
also comprises a plate (26) providing electrical insula-
tion between the external environment and the live parts
of the device (13), and in that the plate (26) permits the
correct propagation of the ultrasonic waves from a pie-
zoelectric element (25) associated with the device (13)
to the water in the said bath (10).
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Description

[0001] The present invention relates to a bath com-
prising a whole-body massage system provided with a
plurality of nozzles from which jets of pressurized water
are emitted to strike the body of the user, and addition-
ally comprising an ultrasonic micromassage system
provided with a plurality of sound wave generation de-
vices.

[0002] In particular, the presentinvention relates to an
element capable of electrically insulating the live parts,
in such a way as to prevent any unintended contact be-
tween the user's body and the live parts of the ultrasonic
micromassage system.

[0003] Italian patent applications MI93A002341 and
MI95A000778 disclose a bath provided with whole-body
massage and micromassage systems. The micromas-
sage is carried out by means of devices capable of gen-
erating beams of ultrasound to be sent into the interior
of the bath. In particular, Italian patent application
MI95A000778 describes and claims a whirlpool bath in
which the distribution of the ultrasonic waves is im-
proved by the use of ultrasound emission devices which
comprise means for orientating the direction of emission
of the ultrasonic waves in a solid angle of not less than
30°, preferably more than 40°, and in particular at least
50°.

[0004] Although this type of device for emitting ultra-
sound in a whirlpool bath represents an indisputable ad-
vance towards a better distribution of the ultrasonic
waves in a whirlpool bath, it has the problem of bringing
the outer surface of the live piezoelectric element into
contact with the water in the bath, and therefore, possi-
bly, with parts of the user's body. Moreover, the present
electrical safety standards require that, in installations
where no specialized health personnel are in attend-
ance, there shall be no live part which might, even ac-
cidentally, come into contact with parts of the user's
body immersed in the bath.

[0005] Therefore the problem is one of providing ef-
fective electrical insulation of the live parts of each de-
vice capable of producing ultrasonic waves to be emit-
ted into the bath. The use of a circular plate of ceramic
material, particularly steatite, to be bonded to the piezo-
electric element from which the ultrasound is emitted,
has been considered for this purpose. It has also been
discovered, by an inventive step, that this ceramic plate
must have a preferred thickness, in order to prevent
negative interference of this resonating plate with the
ultrasonic waves emitted from the piezoelectric ele-
ment.

[0006] Consequently, by an inventive step, it was dis-
covered that, for the best results, the thickness of the
ceramic plate which forms both the insulating element
and the resonating element, must be one quarter of the
wavelength of the ultrasonic wave in the material from
which the plate is made.

[0007] In other words, the object of the presentinven-
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tion was to reconcile the requirement to provide effective
electrical insulation of the live parts of the device for pro-
ducing ultrasound with the requirement to provide cor-
rect transmission of the ultrasonic waves from the gen-
erating piezoelectric element to the water of the bath
and then to the user's body.

[0008] To achieve this, use has been made of theo-
retical studies and laboratory experiments which indi-
cate that, in addition to the transmission of the ultrasonic
wave from the piezoelectric element to the ceramic in-
sulating plate and from the insulating plate to the water
in the bath, there is a further phenomenon of back-re-
flection of the ultrasonic wave. Consequently, this ultra-
sonic wave, while being transmitted, obviously in phase,
is also reflected in phase opposition from the water of
the bath towards the insulating resonating plate. For this
reason, if the insulating resonating plate does not have
appropriate dimensional characteristics, phase differ-
ences will be created within it between the outgoing and
the returning waves, which will considerably perturb the
vibratory motion of the whole vibration unit formed by
the piezoelectric element and the insulating resonating
plate.

[0009] As is known, the piezoelectric effect is pro-
duced by subjecting a special element to an alternating
electrical voltage. The effect of expansion and constric-
tion of the piezoelectric element results in the creation
of two ultrasonic waves emitted from the two main faces
of the element. It has been found theoretically, and
proved experimentally, that optimal results are obtained
when the thickness of the piezoelectric element is equal
to half of the length of the ultrasonic wave produced
within the piezoelectric element. This is because, in this
case, a constructive interference is generated between
the ultrasonic wave emitted from the front face and that
emitted from the rear face.

[0010] For example, it has been found that, for an ul-
trasonic wave having a frequency of 1.5 MHz and a
speed of 4000 m/s in the material from which the piezo-
electric element is made, the optimal thickness of the
piezoelectric element is 1.35 mm.

[0011] As regards the insulating resonating plate
bonded to the piezoelectric element, it should be noted
that, in order to prevent this plate from interfering neg-
atively with the ultrasonic waves which are about to
leave the piezoelectric element, the thickness of this
plate must be made equal to a quarter of the length of
the ultrasonic wave within the plate, so that allowance
is additionally made for the ultrasonic wave reflected
from the water towards the piezoelectric unit.

[0012] Furthermore, the electronic exciting circuit
must be tuned to the resonant frequency of the piezoe-
lectric element. Therefore, the insulating resonating
plate must also have a resonant frequency equal to that
of the piezoelectric element, in such a way that the
whole unit consisting of the piezoelectric element and
the insulating resonating plate is made to resonate with
the electronic exciting circuit.
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[0013] In order to determine the correct thickness of
the insulating resonating plate, use was made of math-
ematical models in which the plate is considered sche-
matically as a plate of uniform thickness, not subjected
to any potential difference and fixed rigidly to a solid ring.
[0014] The following theoretical formula, the results of
which have been confirmed experimentally, was used:

_ 0,467t E
f= 2 2
R p-(1-c7)

in which:

t = thickness in centimetres of the plate element

R = radius in centimetres of the plate element

p = density in grams per cubic centimetre

¢ = Poisson's ratio

E = Young's modulus expressed in dynes per
square centimetre.

[0015] When the values for a ceramic material are in-
serted in the formula, together with the value of the fun-
damental frequency used in ultrasound production de-
vices used in whirlpool baths (normally approximately 3
MHz), an optimal value of thickness of the insulating res-
onating plate is obtained, which, as stated above, is
equal to a quarter of the length of the ultrasonic wave in
the material from which the plate is made.

[0016] The object of the present invention is therefore
to provide a bath, using a water jet whole-body massage
system and an ultrasonic micromassage system, which
is free of the disadvantages described above.

[0017] Therefore, according to the present invention,
a whirlpool bath is constructed, comprising a plurality of
ultrasonic micromassage devices distributed over the
walls of the bath, in which each ultrasonic micromas-
sage device comprises means for orientating the direc-
tion of emission of the ultrasound in a solid angle; the
whirlpool bath being characterized in that each ultrason-
ic micromassage device additionally comprises means
of electrical insulation between the external environ-
ment and the live parts of the device, and in that the
means of electrical insulation permit the correct propa-
gation of the ultrasonic waves from a piezoelectric ele-
ment associated with the device to the water in the bath.
[0018] The present invention will now be described
with reference to the attached drawings, which show,
without restrictive intent, an example of embodiment in
which:

- Figure 1 shows a side view of a whirlpool bath com-
prising a plurality of ultrasonic micromassage de-
vices, each provided with the insulating resonating
plate according to the present invention;

- Figure 2 shows schematically and in section an ul-
trasound emitter included in the whirlpool bath of
Figure 1 and provided with the insulating resonating
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plate according to the present invention;

- Figure 3 shows a front view of the emitter of Figure
2

- Figure 4 shows a front view of an insulating reso-
nating plate according to the present invention,
combined with the corresponding piezoelectric ele-
ment; and

- Figure 5 shows a side view of the plate with the cor-
responding piezoelectric element shown in Figure
4.

[0019] With reference to Figure 1, the number 10 in-
dicates a whirlpool bath on whose walls 11 there is lo-
cated a first plurality of nozzles 12 for emitting jets of
pressurized water mixed with air, these jets being capa-
ble of providing the usual whole-body massage effect
on a body (not shown) immersed in the whirlpool bath
10. On the same walls 11 there is also located a second
plurality of ultrasonic wave devices 13 which are capa-
ble of carrying out micromassage. The nozzles 12 are
connected in a conventional way to a recirculating pump
14, while the devices 13 are connected electrically to at
least one electric generator 15 at ultrasonic frequency.
[0020] The whirlpool system comprising the nozzles
12 and the micromassage system which consists of the
plurality of the devices 13 are of conventional types and
will not, therefore, be described here in greater detail.
In particular, the nozzles 12 controlled by an electronic
controller (not shown) emit jets of water mixed with air
when so commanded. This produces a beneficial whole-
body massage effect on the user's body. At the same
time, by activating the devices 13 for producing ultra-
sound by means of the electric generator 15, it is pos-
sible to associate the aforesaid whole-body massage ef-
fect, in a way which is also known, with a micromassage
effect due to the impact of the ultrasonic wave on the
user's body immersed in the water in the bath 10.
[0021] As described fully in the cited applications
MI93A002341 and MI95A000778, the whole-body mas-
sage action due to the action of jets of water mixed with
air, combined with the micromassage action due to the
action of the ultrasound, has a toning and relaxing effect
on the user.

[0022] According to the description and claims of the
cited application MI95A000778, the spatial distribution
and the uniformity of treatment improve significantly if
use is made of ultrasound emission devices capable of
emitting wave fronts of greater width than the conven-
tional ones. In particular, it has been found advanta-
geous to have a beam width of not less than 30°, pref-
erably more than 40°, and in particular at least 50° (for
example 60°), with a power advantageously in the range
from 100 mW to 3 W supplied to each emitter and a fre-
quency in the range from 0.5 MHz to 5 MHz. The power
applied to the immersed body of the user can advanta-
geously be at least 100 mW/cm?2,

[0023] Figure 2 shows an embodiment of a device 13
capable of emitting ultrasound, in which the innovative
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principles of the present invention are applied.

[0024] The device 13 comprises an essentially box-
shaped main body 16 formed by a rear shell 17 and a
front cover 18 connected to the rear shell 17 by means
of screws 19. The device 13 is fitted in a through hole
11ain the wall 11 of the bath 10, and is fixed in its posi-
tion by means of a flange 20 of the front cover 18 and a
locking nut 21 screwed on to a corresponding threaded
portion of the shell 17, in such a way that the edge of
the hole 11a is trapped between the flange 20 and the
nut 21. A seal 22, preferably made from plastic material,
ensures the watertightness of the device 13 in the hole
1a.

[0025] The front cover 18 is made with its concave
surface 23 facing the interior of the bath 10. A piezoe-
lectric element 25 is positioned in the centre of the con-
cave surface 23, in a suitable threaded seat 24, and is
supplied with current, in a way described below, by the
electric generator 15. This piezoelectric element 25 is
bonded (Figures 4, 5) to an insulating resonating plate
26, whose principal characteristics are described in
greater detail below, in such a way as to form a resonat-
ing unit 27. This resonating unit 27 rests on an annular
seal 28 (Figure 2) and is held in the threaded seat 24 by
a securing collar 29, threaded on its outer surface, which
can be screwed into the threaded seat 24.

[0026] As shown in Figure 2, the outer surface of the
plate 26. faces a dispersing reflecting element 30 sup-
ported by the cover 18 by means of thin radial arms 31.
[0027] The surface 23, like the element 30, is made
from ultrasound reflecting material, in such a way that
the beam of ultrasound emitted by the unit 27 with a rel-
atively narrow solid angle is reflected by the convex el-
ement 30 on to the concave reflecting surface 23, which,
in turn, sends the beam of ultrasound back towards the
interior of the bath 10, this time with a relatively large
solid angle. The size of this solid angle depends, as will
be evident to a person skilled in the art, on the curvature
of the surface 23 and on the distance between this sur-
face 23 and the element 30. However, the solid angle is
not less than 30°, and is advantageously greater than
50°, which in any case is considerably larger than the
natural divergence of the source of ultrasound repre-
sented by the unit 27.

[0028] At this point it will be clearly understood that
the specified objects are achieved by providing a whirl-
pool bath in which ultrasound is emitted at discrete
points but with a large divergence of the beams, which
unexpectedly has been found to provide greater effi-
ciency than, for example, a large number of emitters with
small apertures spaced apart from each other.

[0029] With emitters having a large beam aperture, a
high uniformity of distribution of the power of the ultra-
sonic waves is also achieved, with the avoidance of
shadow areas, which are particularly detrimental to the
efficiency of the treatment.

[0030] In particular, the presence of the plate 26
makes it possible to electrically insulate the piezoelec-
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tric element 25 from the surrounding environment, in
such a way as to prevent direct contact of the live parts
of the device 13 with portions of the user's body which
isimmersed in the bath 10. Additionally, the plate 26 per-
mits correct propagation of the ultrasonic waves from
the piezoelectric element 25 to the water contained in
the bath 10.

[0031] Figures 4 and 5 show in greater detail the way
in which the piezoelectric element 25 is joined to the
plate 26. It should be pointed out in the first place that
this joining is carried out by bonding to form the reso-
nating unit 27. This resonating unit 27 will preferably
have a total thickness which is essentially equal to the
sum of a quarter of the length of the ultrasonic wave in
the piezoelectric element 25 and half the length of the
ultrasonic wave in the plate 26.

[0032] As shown in greater detail in Figure 4, the pie-
zoelectric element 25 comprises, in addition to a central
body 25a, preferably made from a ceramic material, two
covering layers 25b and 25c, preferably made from sil-
ver, located, respectively, on the visible face of the pie-
zoelectric element 25 and on the concealed face of the
said piezoelectric element 25, which is located between
the plate 26 and the piezoelectric element 25. Addition-
ally, the covering layer 25b extends over approximately
three quarters of the respective visible face of the ele-
ment 25, while the covering layer 25¢ covers the whole
of the concealed face of the element 25, extends in the
direction of the thickness of the element 25, and also
occupies a portion essentially equal to the remaining un-
covered quarter of the visible face of the piezoelectric
element 25. Thus the two silver layers 25b, 25c can eas-
ily be connected to the electrical generator 15 by means
of the two electrical cables 32, 33 respectively.

[0033] At this point, it is therefore possible to electri-
cally excite the piezoelectric element 25 by means of an
alternating current which is emitted by the electrical gen-
erator 15 in such a way as to generate the desired beam
of ultrasonic waves.

Claims

1.  Whirlpool bath (10), comprising a plurality of ultra-
sonic micromassage devices (13) distributed over
the walls (11) of the bath (10), in which each of the
said ultrasonic micromassage devices comprises
means (23, 30) for orientating the direction of emis-
sion of the ultrasound in a solid angle, the whirlpool
bath (10) being characterized in that each ultra-
sonic micromassage device (13) additionally com-
prises means (26) of electrical insulation between
the external environment and the live parts of the
device (13), and in that the said means (26) of elec-
trical insulation permit the correct propagation of the
ultrasonic waves from a piezoelectric element (25)
associated with the device (13) to the water in the
bath (10).



7 EP 1151 739 A1

Bath (1) as claimed in Claim 1, in which the thick-
ness of the said means (26) of electrical insulation
is equal to a quarter of the length of the ultrasonic
wave in the said means (26).

Bath (1) as claimed in Claim 2, in which the total
thickness of a resonating unit (27), consisting of the
said piezoelectric means (25) for the generation of
ultrasound and the said means (26) of electrical in-
sulation, is essentially equal to the sum of a quarter 70
of the length of the ultrasonic wave in the said
means (25) and a half of the length of the ultrasonic
wave in the said means (26).

Bath (1) as claimed in any one of Claims 2 and 3, 175
in which the visible face of the said piezoelectric el-
ement (25) has three quarters of its surface covered
by a first conducting layer (25b), while the remaining
quarter of the surface of the said visible face is cov-
ered by a second conducting layer (25c), which, af- 20
ter being bent around the thickness of the said pie-
zoelectric element (25), covers essentially all of the
surface of the second, concealed, face of the said
piezoelectric element (25).

25
Bath (1) as claimed in Claim 4, in which the said
conducting layers (25b, 25c) are made from silver.

Bath (1) as claimed in any one of the preceding
claims, in which the said means (26) consist of st- 30
eatite.

Bath (1) as claimed in Claim 3, in which the resonant
frequency of the said electrical generator (15) is es-

sentially equal to the resonant frequency of the said 35
resonating unit (27).
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