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The invention relates to a sonotrode for the ultrasonic
welding of plastic components of an electronic cigarette.
The sonotrode comprises: a body comprising a first end
which can be connected to an ultrasound generator, and a
second end; a cavity that develops from the second end
towards the first end, for receiving at least partially a plastic
component of an electronic cigarette to be welded. The
cavity defines an opening at the second end of the body,
communicating with the outside of the sonotrode.

In particular, at the opening, the cross section of the cavity
has an outline comprising: a first portion that has the shape
of a first arc of a reference circumference, which comprises
a first end and a second end, opposite each other; and a
second portion, that has the shape of a second arc of said
reference circumference, which comprises a first end and a
second end, opposite each other.

The aforementioned outline further comprises: a third por-
tion, connected to the first end of the first portion and to the
first end of the second portion, which develops externally
with respect to the reference circumference; and a fourth
portion, connected to the second end of the first portion and
to the second end of the second portion, which develops
externally with respect to said reference circumference.
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SONOTRODE FOR THE ULTRASONIC
WELDING OF PLASTIC COMPONENTS OF
AN ELECTRONIC CIGARETTE

[0001] The present invention falls within the technical
field of electronic cigarettes. In detail, the invention relates
to a sonotrode for the ultrasonic welding of plastic compo-
nents of an electronic cigarette.

BACKGROUND OF THE INVENTION

[0002] As known, an electronic cigarette allows the vapor-
ization of a solution (usually water-based, propylene glycol
and glycerol) by heating the same by means of, precisely,
electrical energy.

[0003] In detail, an electronic cigarette comprises a
rechargeable battery for supplying electrical energy to a pair
of terminals. These latter are fixed to a resistor, which
comprises a plurality of coils wound on a wick soaked with
the solution to be vaporized. The activation of the battery
which supplies the terminals causes the heating of the
resistor, until the vaporization of the solution takes place.
[0004] The electronic cigarette also comprises an airflow
channel, which protrudes from a support element of plastic
material, through which the vaporized solution, together
with air, can be inhaled by a user.

[0005] From the support element two attachments also
protrude, made of plastic material as well, inside which the
terminals are housed (one for each attachment). In detail, the
terminals protrude with a respective end beyond the attach-
ments, in order to be welded to the coils of the resistor,
whereas at the opposite ends they carry connectors, for the
connection with the rechargeable battery.

[0006] The presence of these connectors causes the attach-
ments, in order to cover the connectors at least partially, to
form each an enlarged portion (i.e. a protrusion with respect
to their development) at the connection zone with the
support element.

[0007] The group made of plastic material just described
(which is obtained by moulding) is fixed, at the respective
support element, to a base, generally having a cylindrical
section and being made of plastic material as well.

[0008] In particular, the fixing of the plastic base to the
support element (and therefore to all the above mentioned
group) can take place by means of ultrasonic welding.
[0009] The ultrasonic welding, as known, uses high-fre-
quency sound energy to fuse plastic materials to each other
at a welding zone. During the respective welding, the
components to be welded (for example, the base and the
group, to which the terminals are already fitted), are held
together under pressure and subjected to ultrasonic vibra-
tions.

[0010] For this purpose, a welder is used comprising: a
generator, which transforms the low frequency network
energy by raising the same to a higher frequency, thus
producing vibrations; a converter, to transform the vibration
mechanical energy at ultrasonic frequencies; a booster,
which increases the amplitude of the sound waves; a sono-
trode, which transmits energy in the form of vibrations to the
parts that need to be fixed to each other.

[0011] In particular, the sonotrode comprises a head pro-
vided with a cylindrical cavity inside of which, during
welding, the components to be welded (e.g. in the example
proposed above, the airflow channel and the lateral attach-
ments incorporating the two terminals) are partially
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arranged. The vibrations that the head of the sonotrode
transmits onto the components to be welded causes the
heating of the same, thus allowing the welding.

[0012] However, by means of the sonotrode described
above it is not possible to obtain an optimal welding of the
plastic components of an electronic cigarette. In fact, the
irregular conformation that these components often have
(for example, in the case of the base and of the group
described above, due to the presence of enlarged portions of
the attachments in the connection zone with the support
element), only allows a partial control of the welding.
[0013] Consequently, with the aforementioned sonotrode
inaccuracies in the welding often occur, and, once the
components are welded together, these may present in
certain areas unwanted excess of material, or non-continu-
ous welding can occur.

SUMMARY OF THE INVENTION

[0014] The object of the present invention is to overcome
the drawbacks of the prior art mentioned above.

[0015] This object is achieved by proposing a sonotrode
for the ultrasonic welding of plastic components of an
electronic cigarette according to the accompanying claims.
[0016] Advantageously, with the sonotrode according to
the invention it is possible to obtain a particularly precise
welding of plastic components for an electronic cigarette,
also in case of irregular conformations and/or outlines of the
same. It is therefore possible to avoid inaccuracies and/or
material excesses on components in unwanted areas, once
the welding operation is completed. Additionally, with the
invention the continuity of the welds is guaranteed, unlike
the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Specific embodiments of the invention and further
advantages will be made apparent in the following disclo-
sure, with the aid of the accompanying figures, wherein:
[0018] FIG. 1 illustrates a perspective view of a sonotrode
for the ultrasonic welding of plastic components of an
electronic cigarette according to the invention, with some
internal parts put in evidence;

[0019] FIG. 2 illustrates a partial plan view of the sono-
trode of FIG. 1;

[0020] FIG. 3 illustrates a side view, partially sectioned, of
the sonotrode of FIG. 1;

[0021] FIG. 4 illustrates an enlarged view of the detail K
of FIG. 3;
[0022] FIGS. 5A, 5B illustrate each perspective views of

some components of an electronic cigarette, welded by
means of the sonotrode according to the invention;

[0023] FIG. 6 illustrates a front view of the components as
referred to in FIGS. 5A and 5B;

[0024] FIG. 7 illustrates a side view of an ultrasonic
welder according to the invention, during the welding of
components of an electronic cigarette;

[0025] FIG. 8 illustrates an enlarged view of a detail of
FIG. 8.
DETAILED DESCRIPTION OF THE
INVENTION
[0026] With reference to the attached FIGS. 1-4, 7-8, a
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G, B of an electronic cigarette according to the present
invention has been indicated with the reference number 1.

[0027] The sonotrode 1 comprises a body 10 having a
longitudinal development along an axis H. The body 10
comprises a first end 2 which can be connected to an
ultrasound generator, and a second end 3 opposite to the first
end 2. The second end 3 contacts at least partially a plastic
component G to be welded.

[0028] The sonotrode 1 also comprises a cavity 4 that
develops from the second end 3 of the body 10 towards the
first end 2 of the body 10, along an axis parallel to the
longitudinal axis H, for receiving inside the same, at least
partially, a plastic component G of an electronic cigarette to
be welded (see FIG. 1).

[0029] In detail, the cavity 4 defines an opening 5 at the
second end of the body 10, communicating with the outside
of the sonotrode 1.

[0030] In particular, the cross section of the cavity 4, in the
area of opening 5, has an outline (i.e. a peripheral edge)
which comprises: a first portion 6 that has the shape of a first
arc of a reference circumference C1 and which comprises a
first end 61 and a second end 62, opposite each other; and
a second portion 7, that has the shape of a second arc of said
reference circumference C1, which comprises a first end 71
and a second end 72, opposite each other. In detail, the first
end 71 of the second portion 7 is proximal to the first end 61
of the first portion 6, and the second end 72 of the second
portion 7 is proximal to the second end 62 of the first portion
6.

[0031] The aforementioned outline further comprises a
third portion 8, connected to the first end 61 of the first
portion 6 and to the first end 71 of the second portion 7,
which developer externally with respect to said reference
circumference C1.

[0032] The outline further comprises a fourth portion 9,
connected to the second end 62 of the first portion 6 and to
the second end 72 of the second portion 7, that develops
externally to said reference circumference C1.

[0033] In other words, the outline of the opening 5, at the
second end 3, is not shaped as a circumference, but only as
two arcs of (the same) reference circumference C1 between
which are interposed and to which are connected two
portions (the above mentioned third portion 8 and the fourth
portion 9) protruding towards the outside with respect to the
reference circumference C1 (particular reference to FIG. 2 is
to be made, wherein the plan view of the opening 5
corresponds to the cross section of the same).

[0034] Advantageously, this allows an optimal welding of
said plastic components G, B of an electronic cigarette
having irregular conformation and/or outline, as will be
better specified in the following disclosure.

[0035] For example, the plastic components G, B of the
electronic cigarette to be welded comprise an airflow group
G and a base element B (see FIGS. 5A, 5B, 6).

[0036] The airflow group G in turn comprises: a support
element S; a tube-shaped portion T which defines an airflow
channel and that develops from the support element S along
a longitudinal axis L. (e.g. perpendicularly to the support
element S); and a first attachment Al and a second attach-
ment A2, bilaterally arranged (i.e. at opposite sides) with
respect to the tube-shaped portion T and that developed from
the base element S, at a corresponding connection zone 71,
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72, along longitudinal axes parallel to the development axis
L of the tube-shaped portion T (for example, perpendicularly
to the support S).

[0037] In detail, the first attachment A1l and the second
attachment A2 each shape an enlarged portion 11, 12 (i.e. a
protrusion with respect to their development) at respective
connection zone 71, Z2 with the support element S (always
with reference to FIGS. 5A, 5B, 6).

[0038] Preferably, the cavity 4 of the sonotrode 1 is shaped
and predisposed for receiving within the same the tube-
shaped portion T, the first attachment Al and the second
attachment A2 of an airflow group G. In detail, the third
portion 8 and the fourth portion 9 of the outline of the cross
section of the opening 5 of the cavity 4 are predisposed and
shaped to receive each an enlarged portion I1, 12 of a
corresponding attachment Al, A2 of the airflow group G
(see FIGS. 1-4).

[0039] In other words, the cavity 4 has a shape (as much
as possible) complementary to that of the unit formed by the
tube-shaped portion T, by the attachments A1, A2 and by the
respective enlarged portions 11, 12. This advantageously
allows to perform a welding in a particularly controlled
manner.

[0040] For example, the support element S has a circular
outline, and the base member B has a cylindrical section.
[0041] For example, the airflow group G is obtained in a
single body by means of moulding.

[0042] The first attachment A1 and the second attachment
A2 may each house, in the inside thereof a metal terminal E
of an electronic cigarette (see FIGS. 5A, 5B, 6).

[0043] As mentioned in the introductory part of the pres-
ent text, the terminals E protrude with a respective end
beyond the attachments (A1, A2), in order to be welded to
the coils of the resistor (not illustrated), which will be used
to heat the solution to be vaporized. The terminals E,
furthermore, at the opposite end to the abovementioned one
each have a connector (not visible), for the connection with
the means for supplying electrical energy (e.g. a recharge-
able battery, not illustrated).

[0044] The presence of these connectors allow the first
attachment Al and the second attachment A2, which cover
the connectors at least partially, to necessarily have said
enlarged portions 11, 12 at the respective connection zone
71, 72 with the support element S.

[0045] According to the preferred embodiment of the
invention, the cavity 4 comprises a first portion having said
cross section previously described, that develops from the
second end 3 of the body 10 towards the first end 2 of the
body 10, and a second portion that is cylindrical, with the
development axis parallel to the development axis H of the
body 10; the second portion extends from the first portion
towards the first end 2 of the body 10.

[0046] Preferably, the reference circumference C1 coin-
cides with the circumference defined by the edge of the
second end of the cavity 4.

[0047] Preferably, the development axis of the second
portion of the cavity 4 passes through the center O of the
reference circumference C1.

[0048] Still preferably, the development axis of the second
portion of the cavity 4 coincides with the development axis
H of the body of the sonotrode 1.

[0049] According to the embodiment referred to in the
enclosed FIGS. 1-4, the third portion 8 and the fourth portion
9 are asymmetrical with respect to a diametrical axis D of
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the reference circumference C1 (i.e. with respect to an axis
passing through the diameter of the reference circumference
C1).

[0050] Alternatively, according to an alternative not illus-
trated, the third portion and the fourth portion are symmetri-
cal with respect to a diametrical axis to the reference
circumference. Always with reference to the figures, the
third portion 8 and the fourth portion 9 are diametrically
opposite with respect to the reference circumference C1 (i.e.
arranged at opposite ends of the diameter of the reference
circumference C1).

[0051] For example, the reference circumference C1 has a
diameter comprised between 5.5 millimeters and 6.0 milli-
meters (preferably equal to 5.5 millimeters), and the maxi-
mum diametrical distance between the third portion 8 and
the fourth portion 9 is comprised between 6.70 millimeters
and 6.72 millimeters (preferably equal to 6.71 millimeters).
[0052] For example, the maximum distance between the
third portion 8 and the center O of the reference circumfer-
ence C1 is comprised between 3.49 millimeters and 3.59
millimeters (preferably equal to 3.54 millimeters), whereas
the maximum distance between the fourth portion 9 and the
center O of the reference circumference C1 is comprised
between 3.12 millimeters and 3.23 millimeters (preferably
equal to 3.17 millimeters).

[0053] With reference to the attached figures, the third
portion 8 and the fourth portion 9 have a different longitu-
dinal extension one from the other, calculated along the
direction of the longitudinal development axis H of the body
10.

[0054] This may be due to the fact that the development of
the terminals E along the direction of the axis H may be
variable as a function of the position in which each terminal
E is connected to the supply means (not visible in the
drawings), for example by means of a suitable connector
(also not illustrated). Practical and/or constructive reasons
can, in fact, make necessary the connection of the two
terminals E at different positions with respect to said axis H
(i.e. at different “heights™). These practical and/or construc-
tive reasons may relate to, for example, the conformation
and/or the type of supply means.

[0055] Consequently, the development of the third portion
8 and the development of the fourth portion 9 along the
direction of the longitudinal development axis H of the body
10 may be asymmetric, considering the start from the second
end 3 towards the first end 2 of the body 10.

[0056] For example, the third portion 8 may have a
longitudinal development along the direction of the devel-
opment axis H of the body 10 comprised between 1.6
millimeters and 2.1 millimeters (preferably equal to 1.6
millimetres) starting from the second end 3 towards the first
end 2 of the body 10.

[0057] For example, the fourth portion 9 may have a
longitudinal development along the direction of the devel-
opment axis H of the body 10 comprised between 1.3
millimeters and 1.8 millimeters (preferably equal to 1.3
millimeters) starting from the second end 3 towards the first
end 2 of the body 10.

[0058] Alternatively, according to an alternative not illus-
trated, the third portion and the fourth portion may have the
same longitudinal development along the development
direction of the body, i.e. may have a symmetrical devel-
opment with respect to the axis direction, considering the
start from the second end towards the first end of the body.
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[0059] Note that, of course, the dimensional ranges indi-
cated above correspond to dimensional ranges of the plastic
components to be welded to an electronic cigarette, in
particular for the size of an airflow group G described above.
[0060] Clearly, the sonotrode 1 described above can be
used to weld together other plastic components of an elec-
tronic cigarette, such as, for example, the outer tube-shaped
containing element to the base element B or the covering
element to the outer container.

[0061] The invention further relates to an ultrasonic
welder 11 comprising a sonotrode 1 according to any of the
embodiments described above (see FIGS. 7 and 8).

[0062] The ultrasonic welder 11 may comprise, in addition
to the sonotrode 1, a generator, to transform the low fre-
quency network energy by raising the same to a higher
frequency, thus producing vibrations; a converter, to trans-
form the vibration mechanical energy at ultrasonic frequen-
cies; a booster, which increases the amplitude of the sound
waves; a sonotrode, which transmits energy in the form of
vibrations to the parts that need to be fixed together.
[0063] Clearly, the use of the ultrasonic welder 11 involves
the same advantages described for the sonotrode 1.

1. A sonotrode (1) for the ultrasonic welding of plastic
components (G, B) of an electronic cigarette, comprising:

a body (10) having a longitudinal development along an
axis (H);

the body (10) comprising a first end (2) connectable to an
ultrasound generator, and a second end (3) opposite to
the first end;

a cavity (4) for at least partially receiving a plastic
component (G) of an electronic cigarette to be welded,
developing from the second end (3) of the body (10)
towards the first end (2) of the body (10) along an axis
parallel to said longitudinal development axis (H);

the cavity (4) defining an opening (5) at the second end (3)
of the body (10), communicating with the outside of the
sonotrode (1);

characterised in that:

the cross section of the cavity (4) at the opening (5) has
an outline comprising:

a first portion (6) that has the shape of a first arc of a
reference circumference (C1) and that comprises a first
end (61) and a second end (62), opposite each other;

and a second portion (7), that has the shape of a second
arc of said reference circumference (C1) and that
comprises a first end (71) and a second end (72),
opposite each other; the first end (71) of the second
portion (7) being proximal to the first end (61) of the
first portion (6), and the second end (72) of the second
portion (7) being proximal to the second end (71) of the
first portion (6);

a third portion (8), connected to the first end (61) of the
first portion (6) and to the first end (71) of the second
portion (7), that develops externally to said reference
circumference (C1);

a fourth portion (9), connected to the second end (62) of
the first portion (6) and to the second end (72) of the
second portion (7), that develops externally to said
reference circumference (C1).

2. The sonotrode (1) of claim 1, wherein the plastic
components (G, B) of an electronic cigarette comprise an
airflow group (G) and a base element (B); the airflow group
(G) comprising: a support element (S); a tube-shaped por-
tion (T) that defines an airflow channel and that develops
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from the support element (S) along a longitudinal axis (L);
a first attachment (Al) and a second attachment (A2),
bilaterally arranged with respect to the tube-shaped portion
(T) and that develop from the support element (S), at a
corresponding connection zone (Z1, Z2), along longitudinal
axes parallel to said development axis (L) of the tubular
portion (T); each of the first attachment (A1) and the second
attachment (A2) having an enlarged portion (I1, 12) at the
corresponding connection zone (Z1, Z2) with the support
element (S);
in which the cavity (4) of the sonotrode (1) is shaped and
predisposed for receiving within the same the tube-
shaped portion (T), the first attachment (A1) and the
second attachment (A2) of the airflow group (G); in
which each of the third portion (8) and the fourth
portion (9) of the outline of the cross section of the
opening (5) of the cavity (4) is shaped and predisposed
to receive an enlarged portion (I1, 12) of a correspond-
ing attachment (A1, A2) of the airflow group (G).

3. The sonotrode (1) according to claim 1, wherein the
cavity (4) comprises a first portion having said cross section,
that develops from the second end (3) of the body (10), and
a second portion that is cylindrical, has a development axis
parallel to the longitudinal development axis (H) of the body
(10), and develops from said first portion towards the first
end (2) of the body (10).

4. The sonotrode (1) according to the preceding claim,
wherein the developing axis of the second portion of the
cavity (4) passes through the center (O) of the reference
circumference (C1).

5. The sonotrode (1) according to claim 1, wherein the
third portion (8) and the fourth portion (9) are asymmetrical
with respect to a diametrical axis (D) of the reference
circumference (C1).

6. The sonotrode (1) according to claim 1, wherein the
third portion (8) and the fourth portion (9) are symmetrical
with respect to a diametrical axis (D) of the reference
circumference (C1).
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7. The sonotrode (1) according to claim 1, wherein the
third portion (8) and the fourth portion (9) are diametrically
opposite with respect to the reference circumference (C1).

8. The sonotrode (1) according to claim 7, wherein the
reference circumference (C1) has a diameter comprised
between 5.5 millimeters and 6.0 millimeters, and wherein
the maximum diametrical distance between the third portion
(8) and the fourth portion (9) is comprised between 6.70
millimeters and 6.72 millimeters.

9. The sonotrode (1) according to claim 8, wherein the
maximum diametrical distance between the third portion (8)
and the center (O) of the reference circumference (C1) is
comprised between 3.49 millimeters and 3.59 millimeters;
and in which the maximum diametrical distance between the
fourth portion (9) and the center (O) of the reference
circumference (C1) is comprised between 3.12 millimeters
e 3.23 millimeters.

10. The sonotrode (1) according to claim 1, wherein the
development of third portion (8) and the fourth portion (9)
along the direction of the longitudinal development axis (H)
of the body (10) are asymmetrical, evaluated starting from
the second end (3) towards the first end (2) of the body (10).

11. The sonotrode (1) according to claim 10, wherein the
third portion (8) has a development along the direction of the
longitudinal development axis (H) of the body (10) com-
prised between 1.6 millimeters and 2.1 millimeters, whereas
the fourth portion (9) has a development along the direction
of the longitudinal development axis (H) of the body (10)
comprised between 1.3 millimeters and 1.8 millimeters,
evaluated starting from the second end (3) towards the first
end (2) of the body (10).

12. The sonotrode (1) of claim 1, wherein the develop-
ment of third portion (8) and the fourth portion (9) along the
direction of the longitudinal development axis (H) of the
body (10) are symmetrical, evaluated starting from the
second end (3) towards the first end (2) of the body (10).
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