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ULTRASOUND CUTTING DEVICE

The invention resides in an ultrasound cutting dev
with at least one ultrasound transducer, at least o
conductor and at least one cutting blade, wherein t
conductor is arranged between the ultrasound transd
cutting blade so as to interconnect the two and whe
longitudinal center axis of the sound conductor ext
a line which deviates from a straight line.

Such an ultrasound cutting device for cutting food
such as baked products, cheese, fish or similar pro
be cut, is known from DE 43 19 832 Al. The cutting
disclosed therein comprises a cutting blade which e
sentially in a plane and which is connected at its
from the blade tip to a sound conductor forming the
single piece. A section of the sound conductor spa
the cutting blade is threaded to an ultrasound tran
that the ultrasound oscillations can be coupled int
sound conductor in the longitudinal direction of th
blade. Between the ultrasound transducer and the c
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blade, the sound conductor includes a 90 ° bend with a prede-

termined radius of curvature which extends in a pla
to the plane in which the cutting blade is disposed
the longitudinal direction of the cutting blade. A
which is connected to the cutting blade, the curved
verges toward the cutting blade in a continuously d
able manner. Via a course which deviates from the
line of the sound conductor, the sound conductor is
to vibrate in the longitudinal direction of the cut
as well as in a plane extending normal to the plane
cutting blade. Herein, the vibration component in
tion normal to the plane of the cutting blade provi
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reduction of the friction between the flanks of the
blade and the product to be cut. Still, during cut
certain amount of friction will occur, which limits
ting speed. It has also been found that the cuttin
subjected by the ultrasound vibrations at different

to different mechanical loads.

It is therefore the object of the present inventio
provide an ultrasound cutting device of the type de
above, which is of a compact design but nevertheles
high cutting speed and facilitates a uniform mechan
stress of the cutting blade.

The object is solved in that the at least one gene
includes means for running through a predetermined
range

Advantageously, the nodal points of the ultrasound
on the cutting blade are not stationary but change
sition with the vibration frequency. In this way, a
or adhering of the cutting blade to the product bei
prevented. With the frequency variation, also the
load on the cutting blade is reduced since large re
amplitudes occur only for short periods, so that a
excitation is obtained as a result, which has been
be advantageous for the cutting procedure since, in
the product is shaken off the blade. The frequency
provides for the excitation of different blade geom
the use of several ultrasound transducers in connec
a particular generator so that very wide cutting kn
be provided. The course of the sound conductor whi
ates from a straight line can be so selected that t
blade can be excited in such a way that it vibrates
sound vibration directions which extend transversel
another. In this way, plate waves can be coupled i
cutting blade which can extend between the side sur
which are parallel to one another and/or extend wed
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toward the cutting edge of the cutting blade. The
waves have a component which is oriented longitudin
the plane defined by the cutting blade as well as a
which is oriented transverse to this plane. This i
geous for the cutting procedure, since the product
is subjected to an impulse acting sidewardly, that
verse, with respect to the plane of the cutting bla
results in a better release of the product or mater
cut from the cutting blade. On the other hand, the
blade is also excited to vibrate in the direction o
ting blade plane, preferably in the longitudinal di
the cutting blade. In this way, during the cutting
dure, the friction is reduced so that the ultrasoun
coupled into the cutting blade is utilized better f
cutting procedure. With the plate waves, the cultti
can be comparatively large without the need to prov
in the cutting blade. This permits a relatively in
blade design. There are practically no restriction
as the geometry of the cutting blade is concerned.
Although DE 10 2007 014 635 Al discloses an arrang
for the ultrasound excitation of structures which i
ultrasound transducer connected to a generator and
passing through a predetermined ultrasound frequenc
this arrangement has no cutting blade. Rather, the
ment is provided for an ultrasound excitation of se
sieves which have different resonance frequencies.
The sound conductor is preferably curved. Herein,
direction in which the sound conductor extends may
at least 45 °, particularly at least by 60 degrees and possi-
bly by at least 75
In an advantageous embodiment of the invention, th

°, preferably however by 90 °,
ting blade is a laminar element and the sound wave

is in the form of a guide rod which is connected to

ting blade in a direction transverse to the plane i
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the cutting blade extends. The plate waves in the
blade can be better excited in this way. The cutti

may have surfaces which extend parallel or concentr
with respect to each other and/or side surfaces whi

in a wedge-like manner.

In an expedient embodiment of the invention, the s
conductor has an annular shape wherein a first end
the sound conductor is connected to the ultrasound
and a second end area of the sound conductor which
posed diametrically opposite the first end area is
to the cutting blade. In this way, the ultrasound
coupled into the cutting blade symmetrically from t
The sound conductor which is disposed in a plane ha
bly an annular or oval shape. But it may also be r
lar.

The cutting blade may also be cylindrical wherein
sound wave conductor is connected to the cutting bl
outer cylinder surface thereof. Herein, under a cy
sound conductor, a laminar sound conductor is to be
stood which extends along an area which is generate
ing a curve extending in a plane along a straight |
is not disposed in this plane. The straight line m
normal to the plane (straight cylinder) or inclined
spect to the plane (aslant cylinder).

In a particular embodiment of the invention, the ¢
blade is of circular or oval shape. With such a cu
blade, rod-like objects can for example be cut out
material.

However, the cutting blade may also have corners,
example it may have a rectangular shape. Such a cu
blade permits for example the cutting of prism-shap
from a body of material.

In an advantageous embodiment, the ultrasound cutt
device includes several ultrasound transducers whic
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nected each via at least one sound conductor to sou
coupling locations of the cutting blade which are s
one another.

In a further development of the invention, the sou
conductor is formed integrally with the cutting bla
in the form of a knife shaft which is preferably U-

This arrangement provides for a particular simple a
design for an ultrasound cutting device.

Below the invention will be described on the basis
exemplary embodiments with reference to the accompa
drawings. It is shown in:

Fig. 1 a front view of an ultrasound cutting devic
which includes a straight blade which is excited wi
of several ultrasound transducers,

Fig. 2 a side view of the ultrasound cutting devic
shown in Fig. 1,

Fig. 3 an ultrasound cutting device including a ci
cutting blade,

Fig. 4 an ultrasound cutting device including a re
gular cutting blade,

Fig. 5 a top view of an ultrasound cutting device
which the cutting blade is connected to an ultrasou
ducer by way of an oval sound conductor,

Figs. 6 and 7 side views of an ultrasound cutting
with blade onto which a sound conductor is integral
and

Fig. 8 a side view of an ultrasound cutting device
wherein the ultrasound waves are coupled into the ¢
blade from the top.

In Fig. 1, the numeral 1 indicates overall an ultr
cutting device which includes an ultrasound generat
is provided with means for running through a predet
ultrasound frequency range (sweep function). The g
is connected via a first high frequency cable 3 to
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connection of a distributor 4. The distributor 4 h as three
output connections, each connected by means of a se cond high
frequency cable 5 to a high frequency input of an u Itrasound
transducer 6.

Each ultrasound transducer 6 is connected to a par ticu-
lar coupling location of a cutting blade 8. As sho wn in
Figs. 1 and 2, the cutting plate 8 is in the form o f a thin
plate, which has two side surfaces 9 which extend p arallel to
each other and of which one is firmly connected to the sound
conductors 7. At its lower edge area, the cutting blade 8
thins out wedge-like toward a cutting edge 10. How ever, oth-
er configurations are possible wherein the cutting blade be-
comes thinner toward the cutting edge 10 over its w hole
height.

Fig. 2 shows that the sound conductor 7 has a curv ed
section which is disposed in a plane extending norm al to the
longitudinal axis of the cutting blade 8 and parall el to the
drawing plane of Fig. 2. The curved sound conducto r section
7 has a curvature of about 90 ° and is connected at its end
facing the side surface 9 to the cutting blade 8 by means of
a welding joint which is not shown in the drawing. At its
opposite end remote from the cutting blade 8, the ¢ urved
sound conductor section is connected to the respect ive ultra-
sound transducer 6 via a straight sound conductor s ection
which couples vibrations into the end of the sound conductor
7 which is remote from the cutting blade 8 in a dir ection
normal to the longitudinal axis of the cutting blad e.

It is pointed out however that the sound conductor 7 may
also have other configurations which deviate from a straight
line such as an S- or L-shaped sound conductor conf iguration

With the sound conductor 7 in the form of a curved con-
ductor rod, the cutting blade 8 is excited in a dir ection
normal to the longitudinal axis of the cutting blad e 8 which
is in the drawing plane of Fig. 2 as well as in the direction

6
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of the line of intersection of this plane with the
which the cutting blade 8 extends as shown by the d
rows 11 as well as in a direction normal to the pla
which the cutting blade 8 extends as indicated by t
arrows 12.
For determining the energy supplied from the gener
2 to the ultrasound transducers 6, the ultrasound ¢
vice 1 includes a measuring arrangement which is no
the drawings. The measuring arrangement is in comm
via a control arrangement with the means for runnin
the predetermined ultrasound frequency range. Orig
first scan is performed wherein, starting with a pr
mined start-out value, the ultrasound frequency is
to a predetermined end value. The start-out value
example be 30 kHz and the end value about 38 kHz.
During running through the ultrasound frequency ra
the energy output of the generator 2 is measured as
tion of the ultrasound frequency. Thereafter, by m
microprocessor the frequency point f
the highest energy output is provided. This freque
is stored. Then the smallest frequency value f
largest frequency band are determined which, with a
ble bandwidth of for example up to 4000 Hz is provi
erably symmetrically about the frequency point f
est frequency value may for example be f min = f
the largest frequency value may be f
The generator 2 is first so controlled that the cu
blade 8 is excited with the lowest frequency value
Thereafter the frequency is increased in each case
determined value of for example 1 Hz for exciting t
blade 8 at the respective new frequency.
After each increase of the frequency, it is examin
whether the new frequency is smaller than the earli
mined largest frequency value f
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earlier mentioned steps comprising the increase of
guency, the excitation of the cutting blade 8 with
guency and the examination whether the new frequenc
smaller than the largest frequency f max are repeated.
If the new frequency is not smaller than the large
frequency f  nax the frequency is reduced in each case by a pre-
determined amount and the cutting blade 8 is excite
newly obtained frequency value.
After each reduction of the frequency, it is exami
whether the new frequency is larger than the previo
termined smallest frequency value f min -
the above-mentioned steps comprising a reduction of
guency, the excitation of the cutting blade 8 by th
guency and the examination whether the new frequenc
er than the smallest frequency f min IS repeated.
If the new frequency is not larger than the smalle
frequency f  qin, the above mentioned steps are repeated start-
ing with the smallest frequency value f min -
The user can adjust the bandwidth in which this sw
performed between 200 Hz and 4000 Hz. The value of
width may also be greater than 1 Hz. By adjustment
bandwidth, the cutting result may be optimized. In
counteract a drifting of the resonance point by tem
influences or coupling variations, a new scan is in
after regular periods as performed originally at th
tion of the cutting procedure in order to re-establ
resonance point f o
However, this new scan is not performed on the who
range from 30 to 38 kHz, but only immediately aroun
onance point f
since the new scan can be performed at a lower ener
In the exemplary embodiments as shown in Figs. 3 a
the cutting blade 8 is essentially cylindrical. In
plary embodiment of Fig. 3, the cutting blade 8 is
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a thin-walled circular cylindrical tube which becom
wedge-like in its lower edge area toward the cuttin

The ultrasound energy is coupled into this cutting

a curved sound conductor 7, whose geometry correspo
tially to that of the sound conductor 7 shown in Fi
in-coupling location is spaced from the cutting edg
arranged at the upper edge area of the cutting blad
ever, the in-coupling location may also be arranged

at the cutting blade 8, for example, in the lower e
near the cutting edge 10.

In the exemplary embodiment shown in Fig. 4, the ¢
edge 10 has a rectangular shape. It is clearly sho
the cutting edge 8 has two parallel first cutting b
tions 13 and two second parallel cutting blade sect
which extend transversely to the first cutting blad
13. The first cutting blade sections 13 and the se
ting blade sections 14 are each in the form of thin
plates which, at their lower ends, are wedge-shaped
the cutting edges 10 thereof.

The first cutting blade sections 13 are connected
second cutting blade sections 14 in a box-like mann
ultrasound is coupled into the blade arrangement ag
curved sound conductor 7 whose geometry corresponds
tially to that of the sound conductor 7 as shown in
The in-coupling location is remote from the cutting
the upper edge area of the cutting blade 8.

In the exemplary embodiment as shown in Fig. 5, th
sound conductor 7 has an oval shape. Here the plan
the sound conductor 7 is disposed extends at a righ
the plane in which the plate-shaped cutting blade 8
ranged. The cutting edge 10 of the cutting blade 8
essentially parallel to the plane in which the soun
tor 7 is disposed.
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A first end area of the sound conductor 7 is conne
to the ultrasound transducer 6 and the second end a
metrically opposite the first end area is connected
cutting blade 8. The ultrasound transducer 6 is ar
line with the cutting blade 8 and couples the ultra
waves into the sound conductor 7 in the longitudina
tion of the cutting blade 8.

In the exemplary embodiment as shown in Figs. 6 an
the cutting blade 8 is in the form of a thin planar
which becomes thinner, wedge-like, toward the cultti
preferably over the full height of the cutting blad
height of the cutting blade 8 becomes continuously
toward the sound conductor 7 starting from the end
cutting blade 8 remote from the sound conductor 7.

The sound conductor 7 is an integral part of the ¢
blade 8 and forms the blade shaft or, respectively,
of the cutting blade 8. In a plane extending norma
cutting blade 8 and parallel to the longitudinal ax
cutting blade 8, the hilt is U-shaped. The sound c
has an about rectangular cross-section. At its fre
mote from the cutting blade 8, the sound conductor
nected to the ultrasound transducer 6 by means of a

In this exemplary embodiment as shown in Fig. 8, t
cutting blade 8 is connected to the sound conductor
back end of the cutting blade opposite the cutting
As a result, the ultrasound waves are coupled into
ting blade 8 from the top thereof. It is clearly s
the end area of the sound conductor 7 facing the cu
blade 8 extends about normal to the cutting edge 10
the sound conductor 7 is curved in the plane, in wh
plate-shaped blade 8 is disposed, so as to extend i
directions forming a U-bend therebetween. The ultr
converter 6 is oriented with its longitudinal axis
parallel to the cutting edge 10.
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Patent Claims

1. Ultrasound cutting device (1) comprising an
sound transducer (6) connected to a generator (2),
one sound conductor (7) and at least one cutting bl
wherein the sound conductor (7) is arranged between
trasound transducer (6) and the cutting blade (8) s
interconnect the ultrasound transducer (6) and the
blade (8) and wherein the longitudinal center axis
sound conductor (7) extends along a line which devi
a straight line,
cludes means for running the ultrasound waves throu
determined ultrasound frequency range.

2. Ultrasound cutting device according to claim 1,
characterized in that
it includes a measuring arrangement for determining
gy supplied by the generator (2) to the ultrasound
(6) and that the measuring arrangement is in contro
cation with the means for running through the prede
frequency range in such a way that the ultrasound f
range is so selected, that it includes the ultrasou
guency, at which the generator (2) supplies its max
to the ultrasound transducer (6).

3. Ultrasound cutting device according to claim 2,
acterized in that, the measuring arrangement is in
communication with the means for running through th
termined ultrasound frequency range in such a way t
generator (2) supplies its maximum power at an ultr
frequency to the ultrasound transducer (6) which is
middle between the highest and the lowest frequency
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ultrasound frequency range through which the genera
runs.

4. Ultrasound cutting device according to claims 1
characterized in that the cutting blade (8) isin t
a laminar element and that the sound conductor (7)
form of a guide rod which extends transverse to the
which the cutting blade (8) is disposed and is conn
the cutting blade (8).

5. Ultrasound cutting device according to one of ¢
1 — 4, characterized in that, the sound conductor (
nularly shaped, that a first end area of the sound
(7) is connected to the ultrasound transducer (6) a
cond end area disposed diametrically opposite the f
area is connected to the cutting blade (8).

6.Ultrasound cutting device according to claim 5,
characterized in that, the cutting blade (8) is ess
cylindrical and the sound conductor (7) is connecte
cylinder jacket area of the cutting blade (8).

7. Ultrasound cutting device according to claim 6,
characterized in that the cutting blade (8) is one
lar and oval cylindrical.

8. Ultrasound cutting device according to claim 6,
characterized in that the cutting blade (8) is prov
corners, in particular, it is rectangular.

9. Ultrasound cutting device according to one of ¢
1 - 8, characterized in that it includes several ul
transducers (6) which are connected to the cutting
via at least one sound conductor (7) to sound in-co
12
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cations of the cutting blade (8) which are spaced f
another.

10. Ultrasound cutting device according to one of
1 to 9, characterized in that the sound conductor (
formed integrally with the cutting blade (8) and is
preferably by a knife shaft which is formed in abou
shape.
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