47085253 A2 | I YO0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

7 October 2004 (07.10.2004)

(10) International Publication Number

WO 2004/085253 A2

B65B

(51) International Patent Classification’:

(21) International Application Number:

PCT/EP2004/050385
(22) International Filing Date: 26 March 2004 (26.03.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

TO2003A000238 28 March 2003 (28.03.2003) IT
(71) Applicant (for all designated States except US): TETRA
LAVAL HOLDINGS & FINANCE SA [CH/CH]; Avenue

Général-Guisan, 70, CH-1009 Pully (CH).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FERRARI, Clau-
dio [IT/IT]; Via A. Manzoni, 7, 1-41042 Fiorano Mode-
nese (IT). MELANDRI, Antonio [[T/IT]; Via Picasso, 2/1,
1-42048 Rubiera (IT). JAVED, Saquib [PK/IT]; Via della
Vite, 38, 1-41100 Modena (IT). GALAVOTTI, Giorgio
[IT/ITY; Via Gramsci, 61/B, 1-41032 Concordia (IT).

(74) Agents: JORIO, Paolo et al.; Studio Torta S.rl., Via
Viotti, 9, I-10121 Torino (IT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: INDUCTION SEALING DEVICE AND METHOD WHICH MAY BE USED FOR PRODUCING PACKAGES OF

POURABLE FOOD PRODUCTS

1
3) 3a S(w)] CONTROL CIRCULT 0 5 ,// 4 0
A ( 2la | 24a | 252 | 26a |2/ 2b) 23 | -
T T R T T2 i
SIGNAL | | 4]_%‘ Wik / - (/ - / A i
: I i e Sl | |mwoucror
GENERATOR H 20 |
g T Toa T TRos N27 ;
\ i 22a(22 MATCHING CIRCUIT 22b '
3aj & i
Lot Zi—~

(57) Abstract: An induction sealing device which may be used for producing packages of pourable food products by transversely
& sealing a tube (13) of sheet packaging material having at least one layer (12) of inductionheatable material covered with plastic
& material (16). The sealing device has: a generator (3) for generating an alternating power signal S(®); an inductor (4) receiving the
alternating power signal S(®) to induce a parasitic electric current in the layer (12) and locally melt the plastic material (16) to form a
transverse seal; and a matching circuit (7) for achieving optimum power transfer between the generator (3) and the inductor (4). The
matching circuit (7) includes an inductive -capacitive circuit, in which the capacitance of a variablecapacitance capacitive element
(20, 24, 25, 26, 27) is adjustable so that the current-voltage phase angle is close to zero.
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INDUCTION SEALING DEVICE AND METHOD WHICH MAY BE USED FOR

PRODUCING PACKAGES OF POURABLE FOOD PRODUCTS

10 TECHNICAL FIELD

The present invention relates +to an induction
sealing device and method which may be used for producing
packages of pourable food products.

In particular, the invention may be used preferably,

15 though not exclusively, din a form-and-seal unit for
forming and sealing packages from a tube of sheet
packaging material filled centinuously with a pourable
product.

BACKGROUND ART

20 As is known, many pourable food products (e.g. fruit
or vegetable Jjuice, pasteurized oxr UHT (ultra-high-
temperature-treated) wilk, wine, etc.) are sold in

packages made of sterilized packaging material.
A typical example of this type of package 1is the
25 parallelepiped-shaped package for pourable food products
known as Tetra Brik Aseptic ®, which is made by folding
and sealing a web of laminated packaging material.

The laminated packaging material comprises layers of
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fibrous material, e.g. paper, covered on both sideé with
heat-seal plastic material, e.g. polyethylene, and, in
the case of aseptic packages for long-storage products,
such as UHT milk, also comprises, on the side eventually

5 contacting the food product in the package, a layer of
oxygen-barrier material, e.g. a sheet of aluminium or
EVOH, which in turn is covered with one or more layers of
heat-seal plastic material.

As is known, such packages are produced on fully

10 automatic packaging machines, on which a continuous tube
is formed from the web-fed packaging material; the web of
packaging material is sterilized on the packaging machine
itself, e.g. by applying a chemical sterilizing agent,
such as a hydrogen peroxide solution, which, once

15 sterilization is completed, is removed, e.g. vapourized
by heating, from the surfaces of the packaging material;
and the web of packaging material so sterilized is kept
in a closed, sterile environment, and is folded and
sealed longitudinally to form a vertical tube.

20 The tube is then filled from the top with the
sterilized or sterile-processed pourable food product,
and is gripped at equally spaced transverse sections by
two pairs of jaws. More specifically, the pairs of jaws
act cyclically and successively on the tube to seal the

25 packaging material of the tube and form a continuous
strip of pillow packs connected to one another by
respective transverse sealing bands.

The pillow packs are separated by cutting the
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relative sealing bands, and are then conveyed to a final
folding station where they are folded mechanically into
the finished parallelepiped shape.
In the case of aseptic packages with an aluminium
5 layer as the barrier material, the transverse sections of
the tube are normally sealed using a sealing device for
inducing a parasitic electric current in the aluminium
layer to melt the heat-seal plastic material locally.
More specifically, one of the jaws in each pair
10 comprises a main body made of non-conducting material,
and an inductor housed in a front seat on the main body;
and the other jaw has pressure pads made of elastically
yielding material, such as rubber.
The inductor is powered when the relative pair of
15 Jjaws is gripped onto the tube, so as to seal a transverse
section of the tube by sealing the plastic material
covering.
More specifically, in addition to the inductor, the
sealing device also comprises an alternating power signal
20 generator, and a matching circuit‘for optimizing power
transfer between the generator and dinductor. The
generator, in fact, supplies maximum power when the
current-voltage phase angle is close to zero.
Known matching circuits are normally defined by an
25 inductive-capacitive circuit, din which a capacitive
element (normally defined by a number of parallel
capacitors) is connected parallel to an inductive element

(normally defined by a transformer); and the capacitance



WO 2004/085253 PCT/EP2004/050385

values of the capacitive element, and the dinductance
value of the inductive element are so selected as to
produce phasing whereby the current-voltage phase angle
is close to zero. Such phasing, however, is best for a
5 predetermined electric load associated with given
operating conditions (e.g. package volume, £illing
machine output rate and operating speed, type of
inductor, etc.).
Consequently, alongside a variation in electric load
10 caused by varying operating conditions, there is a
noticeable departure from the optimum phasing condition,
thus reducing power transfer to the inductor.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide
15 a sealing device designed to eliminate the drawbacks of
known devices.

According to the present invention, there is
provided an induction sealing device which may be used
for producing packages of pourable food products by

20 transversely sealing a tube of sheet packaging material
comprising at least one layer of induction-heatable
material covered with plastic material, said sealing
device comprising: generating means for generating an
alternating power signal S$(®); at least one inductor

25 receiving the alternating power signal S(w) to induce a
parasitic electric current in said layer and locally melt
said plastic material to form a transverse seal; and a

matching circuit for achieving optimum power transfer
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between said generator and said inductor; characterized
in that said matching circuit comprises an inductive-
capacitive circuit, in which at least one inductive
element is connected to at least one variable-capacitance
5 capacitive element; the capacitance of the capacitive
element Dbeing adjustable so that the current-voltage
phase angle is close to zero.
The present invention alsc relates to an induction
sealing method which may be used for producing packages
10 of pourable food products by transversely sealing a tube
of sheet packaging material comprising at least one layer
of induction-heatable material covered with plastic
material, said method comprising the steps of: generating
an alternating power signal S(w); supplying said
15 alternating power signal S{(®) to at least one inductor
to induce a parasitic electric current in said layer and
locally melt said plastic material to form a transverse
seal; and optimizing power transfer between said
generator and said inductor by means of a matching
20 circuit; characterized in that said optimizing step
comprises the steps of adjusting the capacitance of at
least one capacitive element connected to at least one
inductive element so that the current-voltage phase angle
is close to zero.

25 BRIEF DESCRIPTION OF THE DRAWINGS

A  preferred, non-limiting embodiment  of the
invention will be described by way of example with

reference to the accompanying drawings, in which:
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Figure 1 shows a simplified electric diagram of an
induction sealing device which may be used for producing
packages of pourable food products;

Figure 2 shows a portion of the Figure 1 device in

5 more detail;
Figure 3 shows a variation of the Figure 1 device.

BEST MODE FOR CARRYING OUT THE INVENTION

Number 1 in Figure 1 indicates as a whole an

induction sealing device which may be used for producing
10 packages of pourable food products.

More specifically, sealing device 1 comprises a
generator 3 for generating an alternating power signal
s(®); an inductor 4 which receives alternating power
signal S(®); and a matching circuit 7 for optimizing

15 power transfer between generator 3 and inductor 4.

More specifically, generator 3 may conveniently
generate a variable-voltage (e.g. sinusoidal) signal of
medium frequency (e.g. 530 kHz) with a peak voltage of
around a few hundred (e.g. 540) volts, may generate a

20 continuous or pulsed alternating power signal S{(}, and
supplies maximum power (e.g. 2500 watts) when the phase
angle between the current and voltage (both measured at
the output of generator 3) is clecse to zero.

Inductor 4 is conveniently defined by a winding 10

95 which receives alternating power signal S(®) to generate
a pulsating magnetic field which in turn produces a
parasitic electric current in an aluminium sheet 12

forming part of a vertical tube 13 (shown partly and not
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to scale) made from an appropriately shaped web of
laminated packaging material.

The laminated packaging material comprises a central
layer 15 of fibrous material (e.g. paper) covered on both

5 sides with a heat-seal plastic material 16, e.g.
polyethylene; aluminium sheet 12 4is interposed between
the central layer 15 of fibrous material and one of the
layers of plastic material 16; and the parasitic current
locally melts the plastic material 16 of two contacting

10 portions of wvertical tube 13 to seal tube 13
transversely.

Matching circuit 7 comprises at least one first
capacitor 20 interposed between a first and a second
electric line 21, 22; and a number of capacitors 24, 25,

15 26, 27 (four in the example shown, but which may
obviously be of any other number)
connectable/disconnectable to/from electric lines 21, 22
on the basis of control signals acting on respective
switches 24a, 25a, 26a, 27a. Capacitor 20 may

20 conveniently be defined by a number of parallel
capacitors (e.g. three - not shown), and may conveniently
have a capacitance of around 14-40 nF.

More specifically, first ends 2la, 22a of electric
lines 21, 22 define the input of matching circuit 7, and

25 second ends 21b, 22b of electric 1lines 21, 22 are
connected to the end terminals of a primary winding 23a
of a transformer 23 having a secondary winding 23b

defining an output of matching circuit 7. Transformer 23
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preferably has a ferrite core, and windings 23a, 23b made
of Litz conductors to greatly reduce internal losses.

Matching circuit 7 therefore defines an inductive—
capacitive circuit comprising an inductive element

5 (defined by winding 23a of transformer 23) parallel to a
capacitive element of variable capacitance which is
modified by connecting one or more capacitors 24, 25, 27,
27 parallel to capacitor 20.

According to the present invention, the capacitance

10 value of the capacitive element is regulated so that the
current-voltage phase angle is close to zero.

The capacitance 1is conveniently regulated by a
control circuit 30 which measures parameters (e.g. the
instantaneous value of the current-voltage phase angle

15 ¢ at the output of generator 3 and/or the impedance at
the output of generator 3, i.e. the input impedance of
matching circuit 7) during the package production
process, and determines the target capacitance Cearg the
capacitance element must have to obtain a current-voltage

20 phase angle close to zero. The current and voltage are
measured at the output of generator 3 by a known
instrument (not shown) which measures the instantaneous
values of voltage V, current I, and phase angle @.

A control signal is thus sent to one or more

25 switches 24a, 25a, 26a, 27a to connect one or more
capacitors 24, 25, 26, 27 parallel to capacitor 20 and
achieve the determined target capacitance Cearg -

Variations in operating conditions therefore vary the
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parameters supplied to control circuit 30, which
opens/closes a predetermined combination of switches 24a,
25a, 26a, 27a, so that the total capacitance satisfies
the above condition.

5 Figure 2 shows an example embodiment of one of
switches 24a-27a. More specifically, each of switches
24a-27a comprises a first and a second IGBT transistor
40a, 40b having emitters (E) connected to each other, and
collectors (C) connected respectively to electric line 21

10 and to an end terminal of respective capacitor 24-27. The
gates (G) of IGBT transistors 40a, 40b are connected to
each other by an electric line 42 which, via a resistor
44, receives the command in voltage Vs (e.g. 24 volts)
defining the control signal to turn IGBT transistors 40a,

15 40b on/off. A resistor 46 1s interposed between the gates
(G) and the emitters (E) of IGBT transistors 40a, 40b to
discharge the current stored in the internal capacitors
of the IGBT transistors when these are off. A Zener diode
48 is also interposed between the gates (G) and the

20 emitters (E) of IGBT transistors 40a, 40b to limit the
voltage Vg of the IGBT transistors to a predetermined
maximum value (e.g. 16 volts).

A recirculating diode is interposed between the
collector (C) and emitter (E) of each IGBT transistor to

25 permit current flow during the half-wave opposite that of
direct flow through the IGBT transistor (which is a one-
way device).

Alternatively, a first and second MOSFET transistor
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(not shown) may be used, with the sources (S) connected
to each other, and the drains (D) connected respectively
to electric line 21 and to an end terminal of respective
capacitor 24-27.

5 In the Figure 3 variation, device 1 also defines a
variable-inductance inductive element parallel to the
variable-capacitance capacitive element.

In the non-limiting embodiment in Figure 3, the
variable inductance is defined by a transformer 23 having

10 a primary winding 23a with a number of dinputs 50
associated with respective turns and so producing, when
selected, different transformation ratios of transformer
23. Inputs 50 are connected selectively to lines 21 and
22 on the basis of a control signal from control circuit

15 30. More specifically, inputs 50 are selected to alter
the inductance of the matching circuit, so that the input
impedance of matching circuit 7 (i.e. the impedance
“seen” by signal generator 3) assumes a value close to an
optimum impedance value Zoee (e.g. 50 ohms) to maximize

20 power transfer from generator 3 to inductor 4.
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CLAIMS

1) An induction sealing device which may be used for

producing packages of pourable food products by

5 transversely sealing a tube (13) of sheet packaging
material comprising at least one layer (12) of induction-
heatable material covered with plastic material (16),
said sealing device comprising:

- generating means (3) for generating an alternating

10 power signal S(w):;

- at least one dinductor (4) receiving the
alternating power signal S(®) *to induce a parasitic
electric current in said layer {(12) and locally melt said
plastic material (16) to form a transverse seal; and

15 - a matching circuit (7) for achieving optimum power
transfer between said generating means (3) and said
inductor (4);

characterized in that said matching circuit (7)

comprises an inductive-capacitive circuit, in which at

20 least one inductive element (23a; 23) is connected to at
least one variable-capacitance capacitive element (20,
24, 25, 26, 27); the capacitance of the capacitive
element being adjustable so that the current-voltage
phase angle is close to zero.

25 2) A sealing device as claimed in Claim 1, wherein
said inductive element (23) and saild capacitive element
(20, 24, 25, 26, 27) are parallel to each other.

3) A sealing device as claimed in Claim 1 or 2,
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25

12

wherein said capacitive element (20, 24, 25, 26, 27)
comprises at least one main capacitor (20), and a number
of auxiliary capacitors {24, 25, 26, 27) selectively
connectable/disconnectable parallel to said main
capacitor (20).

4) A sealing device as claimed in Claim 3, wherein
switching devices (24a, 25a, 26a, 27a) are connected to
respective auxiliary capacitors (24, 25, 26, 27) to
switch respective auxiliary capacitors (24, 25, 26, 27)
on/off.

5) A sealing device as claimed in Claim 4, wherein
each switching device (24a, 25a, 26a, 27a) comprises a
first and a second IGBT transistor (40a, 40b) having
emitters (E) connected to each other, and collectors (C)
communicating respectively with an electric 1line (21)
communicating with the main capacitor (20), and with an
end terminal of a respective auxiliary capacitor (24-27);
the gates (G) of said IGBT transistors (40a, 40b) being
connected to each other, and receiving a voltage command
Vge to turn said IGBT transistors (40a, 40b) on/off.

6) A sealing device as claimed in Claim 5, wherein
at least one resistor (46) 4is interposed between the
gates (G) and the emitters (B) of the IGBT transistors
(40a, 40b); said resistor (46) ensuring discharge of the
current stored in the internal capacitors of the IGBT
transistors when these are off.

7) A sealing device as claimed in Claim 5, wherein

at least one Zener diode (48) is interposed between the

PCT/EP2004/050385
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gate (G) and the emitter (E) of each IGBT transistor
(40a, 40b); said Zener diode (48) limiting the voltage
Vgo of the IGBT transistor to a predetermined maximum
value.

5 8) A sealing device as claimed in Claim 1, wherein
said dinductive element (23a; 23) has a variable
inductance value; said inductance value being regulated
so that the impedance of said matching circuit assumes a
value close to an optimum impedance value Zote, e.g. of 50

10 ohms, to maximize power transfer from said generating
means (3) to said inductor (4).

9) A sealing device as claimed in Claim 8, wherein
said inductive element (23a; 23) comprises a transformer
{23) having a primary winding (23a) with a number of

15 inputs (50) associated with respective turns and so
producing, when selected, different transformation ratios
of the transformer (23).

10) An induction sealing method which may be used
for producing packages of pourable food products by

20 transversely sealing a tube (13) of sheet packaging
material comprising at least one layer (12) of induction-
heatable material covered with plastic material (16),
said method comprising the steps of:

- generating (3) an alternating power signal S(®) by

25 means of a generator (3);

- supplying said alternating power signal S(w) to at
least one inductor (4) to induce a parasitic electric

current in said layer (12) and locally melt said plastic
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material (16) to form a transverse seal; and

- optimizing power transfer between said generator
{3) and said inductor (4) by means of a matching circuit
(M

5 characterized in that said optimizing step comprises
the step of adjusting the capacitance of at least one
capacitive element (20, 24, 25, 26, 27) connected to at
least one inductive element (23a, 23) so that the
current-voltage phase angle is close to zero.

10 11) A sealing method as claimed in Claim 10, and
comprising the step of regulating the inductance value of
said inductive element so that the impedance seen by saild
generator assumes a value close to an optimum impedance
value Zote, €-g9- of SO obms, to maximize power transfer

15 from said generator (3) to said inductor (4).
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