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The Invention relates to an ultrasonic vibration unit (10) for an ultrasonic welding device for sealing and welding material webs,
comprising a sonotrode (12) connected to a converter (14) and having at least one sealing horn (16) radially protruding from an
axis of rotation (a) and having a free end forming a sealing surface (18). The sonotrode (12) comprises a sonotrode shaft (20)
having the axis of rotation (a). One or both end faces (22) of the sonotrode shaft (20) are connected to a converter (14) and the
sealing horns (16) are attached to the sonotrode shaft (20) directly or by means of boosters (24, 26) when vibrational nodes (K ) of

a longitudinal vibration (S, ,) of the sonotrode shaft (20) are present.
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ABSTRACT

The invention relates to an ultrasonic vibration unit
(10)

welding material webs, comprising a sonotrode (12)

i1

"or an ultrasonic welding device for sealing and

connected to a converter (l1l4) and having at least one

sealing horn (16) radially protruding from an axis ot

rotation (a) and having a free end forming a sealing
surface (18). The sonotrode (12) comprises a sonotrode

shaft (20) having the axis of rotation (a). One or both

end faces (22) of the sonotrode shaft (20) are
connected to a converter (14) and the sealing horns
(16) are attached to the sonotrode shaft (20) directly

or by means of boosters (24, 26) when vibrational nodes

(K.) of a longitudinal vibration (S, ,) of the sonotrode

L

shaft (20) are present.
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ULTRASONIC VIBRATION UNI1IT
TECHNICAL FIELD

The  present invention relates to an ultrasonic
vibration unit for an ultrasonic welding device for
sealing and welding material webs, comprising a
sonotrode connected to a converter and having at least

one sealing horn protruding radially from an axis of

rotation and rotatable about the axis of rotation and

having a free end forming a sealing surface.

PRIOR ART

Ultrasonic welding 1s a method for joining plastics.
Ultrasound 1s a mechanical wvibration above the audible

limit. The frequency range begins at about 20 kHz and

extends up to frequencies of 1 GHz. Such ultrasonic

frequencies are frequently generated from electrical

energy with the aid of piezoelectric converters. This
mechanical vibration energy 1s applied to the workpiece
or the material to be processed via the sonotrode
connected to the converter, 1f appropriate via a
booster. The surface of the sonotrode which 1is
provided to come into contact with the material to be

processed 1s also designated a sealing surface.

The ultrasonic vibration unit thus constitutes a
structure which vibrates during operation and comprises
the converter, 1f appropriate the booster and the

sonotrode.

n order to transfer the ultrasonic vibration
effectively with the aid of the ultrasonic wvibration

unit, 1t 1s necessary to bring the ultrasonic vibration

unit to resonance. Depending on the construction of
the ultrasonic vibration unit, the latter has a
multiplicity of natural frequencies. Only 1f the

converter generates a natural frequency of the
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ultrasonic vibration unit does resonant vibration of

the ultrasonlic vibration unit occur. Therefore,
converter and ultrasonic vibration unit must be matched

to each other.

Strictly speaking, the resonant frequency differs

somewhat from the natural freguency, since every real

system 1s damped. However - as also frequently in the
literature - the terms resonant frequency and natural
frequency will Dbe used synonymously below. The most

important natural frequency of the ultrasonic vibration
unit 1s generally the natural frequency at which a
standing longitudinal vibration wilth nodes and

antinodes is formed in the ultrasonic vibration unit.

In this case, an antinode is formed respectively at the

ends of the sonotrode.

The converter which generates the appropriate

—
p—

ultrasonic excitation frequency 1s connected to one of

the ends. If appropriate, a booster, which changes the
amplitude of the wultrasonic vibration but not the
fregquency, 1S connected between converter and
sonotrode. As a result of the provision of a booster,
the natural frequency of the sonotrode and therefore
the position of the vibration nodes of the longitudinal

vibration are not affected.

For some applications, the booster and the sonotrode
are formed 1n one plece, 1.e. can no longer De

differentiated visually. In order therefore to

distinguish the sonotrode from the Dbooster, 1t 1is
necessary to determine the position of the vibration
troughs of the pure longitudinal vibration. As a rule,
the sonotrode comprises the sealing surface. Each
section which reaches from vibration maximum tO
vibration maximum 1in the longitudinal direction and
which does not affect the natural frequency of the pure

longitudinal vibration is not a part of the sonotrode.
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If, on the other hand, such a section affects the
natural frequency of the pure longitudinal wvibration,
l.e. 1t cannot be removed without a substantial change
in the natural frequency, then it belongs to the

sonotrode.

During the processing of materials with the aid of
ultrasound, the material to be processed is generally
positioned between the sonotrode and an opposing tool
(not belonging to the vibration structure), which 1is
also called an anvil. The sonotrode that is in contact
with the material to be processed then transfers the
ultrasonic energy to the material to be processed,
which, as a result, 1is welded or separated, for
example. The heat needed to plasticize the material
web 1s generated by the conversion of ultrasonic

vibrations into frictional energy. On account of the

interface and molecular friction, heat thus arises,

which causes the plastic to begin to melt.

In the case of most sonotrodes, the 1longitudinal
ultrasonic vibration is used to transmit energy via the

sealing surface.

However, there are also sonotrodes having a sealing
surface substantially in the form of the surface of a
cylinder circumference, which utilize the radial
ultrasonic vibration building up Cransversely with
respect to the longitudinal propagation direction of
the ultrasonic vibration for the transmission of
enerqgy. These sonotrodes frequently comprise a
substantially rod-like section, which is followed by
the converter and possibly the booster, and a wheel-
like or bell-like section projecting radially Dbeyond

the rod-like section. The wheel-like or bell-like

section has the sealing surface.
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These sonotrodes generally have two maln natural

vibration modes.

One natural vibration mode corresponds substantially to
the longitudinal resonant vibration of the rod-like
section. This resonant vibration has a relatively

large longitudinal vibration amplitude. However,

assocliated with this 1s also a forced influence on the

material 1n the transverse direction, 1.e.

perpendicular to the rod axis. This forced influence

manifests 1tself 1in a thickness vibration which
propagates radially with respect to the rod axis. The
vibration amplitude of the thickness vibration 1is
relatively small, the consequence of which 1s that the
major part (more than 90%) of the wvibration energy
absorbed in the vibration system is contained in the

longitudinal vibration.

The other natural vibration mode corresponds

substantially to the resonance of the radial vibration

of the wheel section. Assoclated with this 1s a
comparatively small (forced) vibration in the
longitudinal direction. In this natural vibration

mode, the major part (normally more than 90%) of the
vibration energy absorbed in the wvibration system 1is

contained i1in the radial vibration.

In the case o0of rotational welding, the second natural
vibration mode 1s used since, by producing a relatively
small longitudinal vibration 1n the rod-shaped section
of the sonotrode, a relatively large radial vibration

can be generated in the wheel section of the sonotrode.

Thus, sonotrodes with a sealing surface 1in the form of
a cylinder surface are known, which are employed for
the continuous ultrasonic processing of moving material
webs . During operation, these sonotrodes are rotated

about their 1longitudinal axls, so that the c¢ylinder
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surface-like sealing surface 1s moved substantially at
the same speed as the material web to be processed.
Thus, 1n the case of these sonotrodes, only a small
part of the sealing surface 1s always 1n contact with

the material web.

An ultrasonic welding device of the type mentioned at
the beginning 1s known from WO 2007/012917 Al. The
device, of multi-vane design, comprises two rotating
shafts parallel to each other. The sonotrodes are
mounted on one shaft, the anvils on the other shaft.

The converters used to feed the sonotrodes are likewisge

placed on the rotating shaft. The disadvantage with
this device 1s that a converter 1s needed for each
sonotrode. In the case of a four-vane design, for
example, four converters are thus needed, which gives
rise to high costs. Converter and sonotrode have a
relatively large overall height. Therefore, the axial
spacing of the two parallel shafts has to be chosen to
be large, which needs a great deal of space and has a

detrimental effect on the format range. In the event

of a format change, for example from three wvanes to
four wvanes, complicated conversion with subsequently
difficult adjustment 1s necessary, the conseqguence of
which 1s relatively long stoppage and start-up times

following the format change.

WO 2009/156207 Al discloses a rotating sonotrode which
has a roll-like active surface (sealing surface). The
sonotrode 1s of wavy form and optionally provided with
boosters. The sealing surfaces are formed as radial
elevations 1n the form of wheels or bells. The
sonotrode 1s supplied with ultrasonic energy axially by
a converter. The sonotrode of wavy form is designed as
a unit and as such must be designed as an overall
system with respect to 1ts vibration properties. If,
then, 1n the case of a sonotrode for a tube bag-making

machine, what are known as vanes are formed instead of
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a roll-like sealing surface, this configuration must
also be designed as an overall system. In addition,
restrictions with regard to the number of vanes result.
For instance, the system must be built up
symmetrically, which permits only an even number of
vanes. Changing the sonotrode on account of
malntenance work or else during i1nitial i1nstallation 1is
possible only as a whole and 1s therefore complicated.

In addition, changing the number of vanes on account of

format adjustment makes dismantling of the entire
sonotrode wlth subsequent complicated adjustment

necessary.

From WO 02/060674 Al 1t 1s known to feed the ultrasonic
energy axially from both sides 1n the case of a
rotating sonotrode. On account of the conical shape
and a correspondlng cavity 1in the sonotrode, the
vibration 1s deflected through 90° 1into the radial
direction. The advantage of this sonotrode 1s the
possibility of two-sided mounting, which means that a
higher seallng pressure can be generated. Likewlse,
the distribution of the vibration to the sealing
surface can be implemented more uniformly as compared
with the conventional conversion of the axial into
radial vibration energy Dby means of transverse
contraction. Because of the cavity, only cylindrical
shapes are possible for the sonotrode. Sonotrodes
having a plurality of wvanes, such as are needed for a
tube bag-making machine, cannot be implemented on

account o0f the thin conical walls restricting the

stability of the sonotrode but necessary for deflecting
the waves. A further disadvantage 1s the restricted
sealing width and energy distribution on the active
surface. The result 1s a restricted format range and
also an 1nadequate sealing gquality in the case of wide

sealling seams.
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SUMMARY OF THE INVENTION

The invention 1is based on the object of devising an
ultrasonic vibration unit of the type mentioned at the
beginning which has a small overall shape with the
largest possible sealing surface with a uniform energy

distribution over the sealing surface.

The achievement of the object according to the
invention leads to the sonotrode comprising a sonotrode
shaft with the axis of rotation, sealing horns and
optional Dboosters, one or both ends of the sonotrode
shaft being connected to a converter and the sealing
horns being fixed to the sonotrode shaft at vibration
nodes of a longitudinal vibration wvia boosters or

directly to the sonotrode shaft.

As a result of the configuration of the ultrasonic
vibration unit according to the i1nvention, multi-vane
designs with a free choice o0f the number of vanes

(sealing horns) are possible. Therefore, whilst

avoliding the disadvantages of the known solutions, the
greatest possible flexibility and a high output range
are ensured. Likewlise, simple replacement of the
sealing horns can be achieved with the shortest

possible machine stoppage times and simple adjustment.

The ultrasonic vibration unit according to the

infringement 1S suitable 1n particular for the
production of transverse sealing seams on a tubular
packaging film 1n a vertical or horizontal tube bag-

making machine.

In the following text, the term sonotrode 1s used as a
composition of the sonotrode shaft, the optional
boosters and the sealing horns, separate vibratory
waves being generated in the sonotrode shaft and in the

sealing horns and the sealing surface belng present
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only on the sealing horns. By contrast, a conventional

sonotrode as a rule comprises only one vibratory wave

and i1ncludes the sealing surface.

The ultrasonic vibration unit can have a multiplicity

of sealing horns - also called vanes - fixed so as to

project radially from the axis of rotation. The fixing
can be 1mplemented by wvarious techniques. Sealing

horns with a large width can also be fixed so as to

project radially from the axis of rotation at different

vibration nodes.

Each sealing horn can have an individual fixing point.
A multiplicity of sealing horns can be arranged so as
to project radially from the axis of rotation at one

and the same vibration node or at different wvibration

nodes - that 1s to say offset laterally with respect to

one another in the direction of the axis of rotation.

Each sealing horn can have at least two fixing points,
the spacing of the fixing polints preferably
respectively being a multiple of the wavelength of the
longitudinal vibration. A multiplicity of sealing
horns can be arranged so as to project radially from

the axis of rotation at the same vibration nodes or at

different vibration nodes - that 1is to say offset
laterally with respect to one another in the direction

of the axis of rotation.

BRIEF DESCRIPTION OF THE DRAWINGS
Further advantages, features and detailils of the
lnvention can be gathered from the following

description of preferred exemplary embodiments and by
using the drawing, which serves merely for the purpose

of explanation and 1s not designed to be restrictive.

In the drawlng, 1in schematic form,
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fig. 1 shows an oblique view of an ultrasonic
vibration unit;
fig. 2 shows a side view of the ultrasonic vibration

unit from fig. 1.

DESCRIPTION OF PREFERRED EMBODIMENTS

An ultrasonic vibration unit 10 1llustrated in figures
1 and 2 for an ultrasonic welding device for producing
transverse sealing seams on a tubular packaging film in
a tube bag-making machine comprises a sonotrode 12
having a sonotrode shaft 20 which can be rotated about
an axis of rotation a and one end 22 of which 1is
connected axially to a c¢converter 14. It should be
noted here that both ends 22 of the sonotrode shaft 20
can each be connected to a converter 14, 1.e. the
ultrasonic energy can be i1ntroduced into the sonotrode
shaft 20 simultaneously from both sides. The sonotrode
shaft 20 1s mounted 1n bearings 28 arranged on both
sides of the sonotrode shaft 20 such that i1t can be
rotated about the axis of rotation a and connected to a
drive, not reproduced in the drawing. Fixed to the
sonotrode shaft 20 via two boosters 24, 26 each are two

sealing horns 16 with a width B with a sealing surface

18 at the ends. Boosters 24, 26 and sealing horns 16
project radially from the axis of rotation a, the
sealing surfaces 18 1lie parallel to the axis of

rotation a.

In fig. 2 the longitudinal vibrations (running 1in the
direction of the axis of rotation a) and transverse
vibrations (running at right angles to the direction of
the axis of rotation a) occurring in the sonotrode
shaft 20 are shown. Likewise shown are the wvibrations
generated 1n the boosters 24, 26 and in the sealing

horn (vane) 16.

The following designations are used for the vibrations:
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Swi longitudinal vibration 1n the sonotrode shaft 20

St Lransverse vibration 1n the sonotrode shaft 20

Sh1 longitudinal vibration in the boosters 24, 26

Se1 longitudinal vibration in the wvane 16

K, vibration node of the 1longitudinal wave 1n the
sonotrode shaft 20

K vibration node of the transverse wave 1n the

sonotrode shaft 20

By using figures 1 and 2, the functioning of the
ultrasonic vibration unit 10 will be explained in more
detail below.

Via the converter 14, a longitudinal wvibration Sy; 1s
excited 1n the direction of the axis of rotation a of
the sonotrode shaft 20 and kept operating. The
longitudinal vibration Sw1 generates a standing
longitudinal wave, which 1leads to defined vibration
nodes K; of the longitudinal wave. A longitudinal
vibration results 1n material expanding in length and
compressing endwlise. During endwilise compression of the
material, the sonotrode shaft 20 becomes thicker at the
compressed point; during the expansion 1t becomes
thinner at the expanded point. This thickness
fluctuation leads to a transverse vibration Sy., which
generates a transverse wave with defined vibration
nodes Ky. The transverse wave has a phase shift A with

respect to the longitudinal wave.

The fixing of the sonotrode shaft 20 on both sides to a
machine stand 1s i1implemented 1in a known way at

vibration nodes K; of the longitudinal wave. Sleeves,

for example, are suitable as fixing parts 32. Between
these two fixing points 30, at least three further
vibration nodes K; are necessary. At these vibration

nodes K;, the longitudinal displacement 1s equal to zero

and the thickness fluctuation 1s the greatest. The
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- 11 -

thickness fluctuation 1s used as an actuator for one or

more sealing horns 16, 1t being posslible for boosters

3

24, 26 to be connected between them for the purpose of
amplification. The boosters 24, 26 or the sealing
horns 16 are respectively fixed at those wvibration
nodes K; which increase and decrease synchronously 1in
thickness. A new standing longitudinal wvibration Spi,
which 1is perpendicular to the longitudinal vibration Sy
of the sonotrode shaft 20, 1s formed 1n the sealing

horn 16 with or without boosters 24, 26. In addition,

a new standing longitudinal vibration Sy, which 1s
perpendicular to the longitudinal vibration Sy,; of the

sonotrode shaft 20, 1s formed 1n the boosters 24, 26.

The shape o0of the sealing horn 16 with one or more

optional boosters 24, 26 can be formed independently of

the sonotrode shaft 20. It 1s therefore possible to
generate a uniform amplitude distribution on the
sealing surface 18, which leads to higher quality of
the sealing seamn. Likewlise, a broader sealing surface

of the transverse sealing seam can therefore Dbe

produced.
A plurality of sealing horns 16 - with or without
boosters 24, 26 - can be mounted over the circumference

of the sonotrode shaft 20 and can be formed

iy
—

individually 1independently of one another i1n terms o:

their shape. As a result, as opposed to conventional
rotating sonotrodes, any desired number of sealing
horns 16 with or without boosters 24, 26 can be mounted
on the sonotrode shaft 20, restricted only by the space

avallable.



CLAIMS:

1. An ultrasonic vibration unit for an ultrasonic welding
device for sealing and welding material webs, comprising a

sonotrode connected to a converter and having at least one

sealing horn protruding radially from an axis of rotation and

rotatable about the axis of rotation and having a free end

forming a sealing surface,

whereln

the sonotrode comprises a sonotrode shaft with the axis

of rotation, one or both ends of the sonotrode shaft being

connected to a converter and the sealing horns beiling fixed at

vibration nodes o¢of a longitudinal vibration 1n the sonotrode
shaft wvia boosters, and the boosters and the sealing horns

project radially from the axis of rotation.

2 . The ultrasonic vibration unlit as claimed 1n c¢laim 1,

wherein each sealing horn has an individual fixing point.

3. The ultrasonic vibration unit as claimed 1n claim 2,

whereln a multiplicity of sealing horns are arranged so as to

project radially from the axis of rotation at one and the same

vibration node.

4 . The ultrasonic vibration unit as claimed 1n c¢claim 2,

o

wherein a multiplicity of sealing horns are arranged toO

project radially from the axis of rotation at different

vibration nodes.

5. The ultrasonic vibration unit as claimed 1n claim 1,

wherein each sealing horn has at least two fixing points, the

CA 2812468 2018-01-11
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spacing of the fixing points respectively being a multiple of

the wavelength of the longitudinal wvibration.

6. The ultrasonic wvibration unit as claimed 1n c¢laim 5,
wherein a multiplicity of sealing horns are arranged to
project radially from the axis of rotation at the same

vibration nodes.

7. The ultrasonic vibration unit as claimed in claim 5,

wherein a multiplicity of sealing horns are arranged to

project radially from the axis of zrotation at different

vibration nodes.

8. The wultrasonic vibration unit as claimed in claim 1,

characterized in that the sealing surfaces lie parallel to the

axls of rotation.

CA 2812468 2018-01-11
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