(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

2 May 2013 (02.05.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/063063 A1l

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
B65B 7/28 (2006.01) B65B 51/22 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
PCT/US2012/061615 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
24 October 2012 (24.10.2012) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(25) Filing Language: English ZIM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
13/284,056 28 October 2011 (28.10.2011) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: SONOCO DEVELOPMENT, INC. [US/US]; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
1 North Second Street, Hartsville, South Carolina 29550 EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
(72) Tnventors: MORIN, Jeremy; 7346 Diamondback Ave. E/E) I\?IQPII\I](EBE,I\IB‘IEDCFI: GCG’ CL CM, GA, GN, GQ, GW,
NW, Canal Fulton, Ohio 44614 (US). PRICE, Trevor; ’ -NE, SN, TD, TG).
8010 Sandleford Ave., North Canton, Ohio 44720 (US). Declarations under Rule 4.17:
(74) Agents: HILL, Donald M., Jr. et al.; Alston & Bird LLP, — as to applicant’s entitlement to apply for and be granted a
Bank of America Plaza, 101 South Tryon Street, Suite patent (Rule 4.17(ii))
4000, Charlotte, North Carolina 28280-4000 (US). Published:
(81) Designated States (unless otherwise indicated, for every __

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

with international search report (Art. 21(3))

(54) Title: APPARATUS AND METHOD FOR INDUCTION SEALING OF CONVEYED WORKPIECES

40 - 30
\ - /
! //\'I i T
: RN | // \\/// ////\,/I/EF2 I)
I Al 7 &, 36 |
Lt L J ANy ™
r |
|
! 1
‘ I
T —_
I
Iy
V'{
I
iy A P
( 7
e 4
50

wo 2013/063063 A 1[I I NPF V0RO A A0

FIG. 2

(57) Abstract: Apparatus and method for induction sealing workpieces (W), in which a series of workpieces are conveyed along a
path extending in a conveyance direction, and each workpiece is exposed to a first electromagnetic field generated by a first induc-
tion head (40) and to a second electromagnetic field generated by a second induction head (42), each of the first and second electro -
magnetic fields inducing eddy currents through the entirety of each workpiece. Respective magnetic axes (Al, A2) of the first and
second induction heads are non-parallel to each other such that each workpiece is exposed to a plurality of differently oriented elec -
tromagnetic tields as the workpiece is conveyed along the path.
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APPARATUS AND METHOD FOR INDUCTION SEALING OF
CONVEYED WORKPIECES

BACKGROUND OF THE INVENTION

The present disclosure relates generally to induction heating, and more
particularly to induction sealing in which a workpiece is sealed, for example, to another
structure, via inductive heating of a heat-sealable material disposed therebetween. Still
more particularly, the disclosure relates to induction sealing of lids, closures, caps, or the
like, to containers such as cans, jars, bottles, or the like.

It is known to induction seal a lid or cap to a container. For example, U.S. Patent
No. 3,909,326 to Renck describes a method for applying a heat-sealable membrane to a
mouth of a container. A heat-sealable packaging material, which preferably includes at
least a heat-sealable membrane and a metal foil, is applied to the mouth of each
container. A conveyor for conveying the containers is driven by means of a motor. A
continuous belt spaced above the conveyor is driven by means of a drive assembly also
coupled to the motor.

An overcap is also placed over the container so as to restrain the heat-sealable
member and prevent its movement during movement of the container through the
apparatus. The container with the heat sealable packaging material in place is then
moved onto the conveyor. The conveyor passes the container into position under the
continuous belt. The continuous belt is controlled to move at the same speed as the
conveyor so that there is no differential motion between the continuous belt and the
conveyor. The continuous belt presses down upon the mouth of the container and holds
the heat-sealable packaging material tightly in position as the container is passed under
an induction coil. The induction coil is energized with sufficient power to heat the metal
foil laminate of heat-sealable member and to cause the metal foil laminate to attain a
sufficient temperature to activate the heat-sealing membrane of the heat-sealable
packaging material.

Variations in the type of apparatus and process described in the ‘326 patent have
been proposed, mainly addressing ways of achieving intimate contact between the heat-
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sealable lid and the container mouth during induction heating and subsequent cooling;
see, for example: U.S. Patent No. 4,095,390; U.S. Patent No. 5,562,799; and U.S.
Patent No. 5,858,141. While these developments in some cases have provided useful
contributions to the state of the art, further improvement in induction sealing apparatuses
and methods is sought.

BRIEF SUMMARY OF THE INVENTION

The present disclosure describes an apparatus and method for induction sealing
of workpieces. The particular embodiments of the invention described herein relate to
induction sealing of closures, and specifically metal ends, to containers, but the invention
is more generally applicable to induction sealing of any workpieces that are induction-
sealable. To be “induction-sealable” as used herein, a workpiece must meet two
requirements: (1) either the workpiece itself has, or the workpiece is in heat-conductive
communication with another structure that has, a metal component in which eddy
currents can be induced in an alternating electromagnetic field; and (2) either the
workpiece itself has, or the workpiece is in physical contact with another structure that
has, a thermoplastic material that can be heated by the inductive heating of the metal
component so that the thermoplastic material will melt when heated to a sufficiently high
temperature, and will re-solidify when cooled.

As noted, a particular application of the inventive apparatus and method is for
sealing of metal ends to containers. The inventors discovered, during trials of a
commercially available inductive sealing apparatus and method generally of the type
described in the above-noted ‘326 patent, that the induction heating coil provided non-
uniform heating, and therefore non-uniform sealing of the metal end to the container.
Specifically, going around the circumference of a given metal end, there were “hot spots”
where the thermoplastic material evidently had been heated sufficiently to achieve a good
seal, but there were also “cold spots” where evidently the thermoplastic had not been
heated sufficiently. These cold spots could be areas of weakness where the seal could
be breached, for example under conditions of high internal pressure in the container,
which could occur, for instance, during retort processing of the container. The present
invention was developed as a result of efforts to solve this non-uniform heating problem.

One embodiment described herein is a multiple-head induction sealer for
inductively sealing each of a series of workpieces being conveyed along a conveyance
direction and adjacent to the sealer. The sealer comprises:
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(a) a first induction head and at least one additional, second induction head,
arranged along the conveyance direction;

(b) the first induction head comprising a first coil and a first core and defining a
first magnetic axis, the second induction head comprising a second coil and a second
core and defining a second magnetic axis;

(c) each of the first and second induction heads being configured and
arranged to induce eddy currents through the entirety of each workpiece; and

(d) the first and second magnetic axes being non-parallel to each other such
that each workpiece is exposed to a plurality of differently oriented electromagnetic fields
as the workpiece is conveyed along the conveyance direction.

In one embodiment, the first and second magnetic axes are substantially
perpendicular to each other. For example, the first magnetic axis can be oriented
substantially parallel to the conveyance direction and the second magnetic axis can be
oriented substantially perpendicular to the conveyance direction.

In one embodiment, the first and second magnetic axes are substantially coplanar
with each other.

An included angle between the first and second magnetic axes can range from
about 30°to about 90°.

It has been found that by using multiple induction heads each acting upon the
entirety of each workpiece but having differing orientations, a more-uniform heating of the
workpieces can be achieved.

The apparatus can further include a cooling device located downstream of the
induction heads with respect to the conveyance direction, the cooling device being
operable to cool the workpieces after induction sealing. The cooling device can be any
suitable device that is able to cool the workpieces after induction sealing, examples of
which include a water spray device, an air knife, or a water bath.

The present disclosure also includes a method for induction sealing. In one
embodiment, a method of induction sealing comprises the steps of:
conveying a series of workpieces along a path extending in a conveyance
direction; and
exposing each workpiece to a first electromagnetic field generated by a
first induction head and to a second electromagnetic field generated by a second
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induction head located adjacent the path, each of the first and second electromagnetic
fields inducing eddy currents through the entirety of each workpiece;

wherein respective magnetic axes of the first and second induction heads
are non-parallel to each other such that each workpiece is exposed to a plurality of
differently oriented electromagnetic fields as the workpiece is conveyed along the path.

The method can also include the step of cooling the workpieces at a location
downstream of the induction heads with respect to the conveyance direction.

In one embodiment, the workpieces comprise containers each comprising a
container body and a metal end engaged with one end of the container body, and at least
one of the metal end and the container body of each workpiece has a heat-sealable
material. The first and second electromagnetic fields generate eddy currents in the metal
ends so as to heat the heat-sealable material and seal the metal ends to the container
bodies.

The containers can be conveyed atop a conveyor, with the metal ends engaged
with upper ends of the container bodies, beneath the first and second induction heads.

The method can further comprise the step of applying pressure on the metal ends
against the container bodies as the first and second electromagnetic fields are inducing
eddy currents in the metal ends and during the subsequent cooling after the containers
leave the induction-sealing zone. The step of applying pressure can comprise engaging
the metal ends with an endless belt spaced above and parallel to the conveyor and
traveling at a speed maitching that of the conveyor. The belt prevents the containers from
growing in height and thus effectively clamps the metal ends on the container bodies.
The vertical position of the belt can be adjustable to accommodate containers of different
heights.

As noted, the method can include the step of cooling the metal ends at a location
downstream of the induction heads with respect to the conveyance direction. The cooling
step can occur while the belt is still applying pressure on the metal ends.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms, reference will now be made

to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
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FIG. 1 is cross-sectional view of an apparatus, along line 1-1in FIG. 2, in
accordance with an embodiment of the invention, showing one step of a method in

accordance with an embodiment of the invention;
FIG. 2 is a top view of the apparatus of FIG. 1;

FIG. 3 is a view similar to FIG. 1, showing a further step of a method in

accordance with an embodiment of the invention; and

FIG. 4 is a view similar to FIG. 3, but illustrating an alternative embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention now will be described more fully hereinafter with reference
to the accompanying drawings in which some but not all embodiments of the inventions
are shown. Indeed, these inventions may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements throughout. The drawings are not
necessarily to scale, and thus the relative proportions of various elements suggested by
the drawings is not necessarily indicative of the actual relative proportions.

With reference to FIG. 1, a multi-head induction sealer 10 in accordance with one
embodiment of the invention is depicted in a diagrammatic cross-sectional view. The
sealer 10 includes a conveyor 20 comprising an endless belt 22 looped about a pair of
spaced parallel rolls 24, 26. At least one of the rolls 24, 26 is rotatably driven about its
axis and in turn drives the belt 22. As shown in FIG. 1, the rolls 24, 26 rotate clockwise
and the belt 22 thus travels clockwise such that its upper flight moves from left to right in
the figure. The belt 22 supports a series of workpieces W on the upper flight of the belt.
In the illustrated embodiment, the workpieces W comprise containers. Each container
has a container body CB and a metal end ME. The present invention is applicable to any
container whose closure or end is induction-sealable to the container body, including but
not limited to containers having: a metal body and a metal end; a plastic body and a
metal end; a composite body and a metal end; a metal body and a plastic end; a
composite body and a plastic end; a plastic body and a composite end; etc. (where
“composite” is understood to include a metal foil layer).
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FIG. 1 depicts a step in a process of sealing metal ends to the ends of the
container bodies. Each container body CB is open at both its opposite ends, and a first
step in the process of applying and sealing metal ends to the container body is to apply
and seam a metal end ME to one end of the container body. This applying and seaming
step is not depicted in the drawings, but is known to those skilled in the art. One or both
of the metal end ME and the container body CB has a thermoplastic or heat-sealable
material present on a surface thereof opposing the other component, for purposes to be
described below.

Once metal ends are seamed onto one end of each of a series of container
bodies, the containers are loaded (by suitable means, not shown) onto the conveyor 20.
There is a gap between adjacent containers in the conveyance direction (i.e., the left-to-
right direction in FIGS. 1 and 3), as illustrated. This gap may be maintained in a uniform
fashion by, for example, configuring the belt 22 to have a series of uniformly spaced
recesses each of which receives a container W. The belt 22 can be a “single-lane” or
“multiple-lane” belt. A single-lane belt has a single row of such recesses extending in the
longitudinal (conveyance) direction. A multiple-lane belt has two or more such rows
spaced apart widthwise on the belt so that multiple series of containers can be conveyed
simultaneously through the induction sealing process. The open ends of the container
bodies are against the belt 22 and the metal ends ME are located at the upper ends of
the container bodies.

The apparatus 10 further includes a pressure belt 30 comprising an endless belt
32 looped about a pair of spaced parallel rolls 34, 36. At least one of the rolls 34, 36 is
rotatably driven about its axis and in turn drives the belt 32. As shown in FIG. 1, the rolls
34, 36 rotate counterclockwise and the belt 32 thus travels counterclockwise such that its
lower flight moves from left to right in the figure. The pressure belt 32 is driven to travel at
the same linear speed as that of the conveyor belt 22, and the pressure belt is arranged
so that its lower flight presses down on the metal ends ME in a downward direction
toward the conveyor 20.

Disposed within the loop of (as illustrated), or adjacent to a lower flight of (not
shown), the pressure belt 32 are a plurality of induction heads. In the illustrated
embodiment, there are two such induction heads 40, 42, but the invention is not limited to
two heads, and three or more can be used if desired in a particular application. Each
induction head comprises a wire coil 44 and a ferrous core 46, depicted schematically in
the figures. While induction heads 40 and 42 are depicted as being discrete, contained in
separate respective housings, it is also within the scope of the invention to have two or
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more induction heads within a given housing. The wire coil of each induction head is
wound in a particular configuration so as to produce the desired electromagnetic field
when an alternating electrical current is passed through the wire. In particular, as known
to those skilled in the art, the coil configuration dictates the pattern and strength of the
electromagnetic field for a given AC current. In accordance with the present invention,
the induction heads 40, 42 have differently oriented electromagnetic fields.

More particularly, the magnetic axis A1 of the first induction head 40 is not parallel
to the magnetic axis A2 of the second induction head 42. In the embodiment illustrated in
FIG. 3, the magnetic axis A1 of the first induction head 40 is shown as parallel to the
conveyance direction, while the magnetic axis A2 of the second induction head 42 is
oblique to the conveyance direction. Both magnetic axes can be parallel to the plane
defined by the lower flight of the pressure belt 30, and they can be coplanar with each
other or can lie in different planes. The illustrated orientations of the magnetic axes A1,
A2 are exemplary only, and other orientations can be used, as long as the two magnetic
axes are differently oriented. For example, the second magnetic axis A2 could be
perpendicular to the conveyance direction such that the two axes are perpendicular to
each other; as another example, both magnetic axes could be oblique to the conveyance
direction. An included angle between the first and second magnetic axes can range from
about 30°to about 90°.

As a result of the differently oriented magnetic axes of the induction heads 40, 42,
each workpiece/container Wis subjected to a plurality of differently oriented
electromagnetic fields as it is carried on the conveyor 20 along the conveyance direction.
Thus, the electromagnetic field of the first induction head 40, schematically illustrated by
field lines EF1in FIG. 2, induces eddy currents through the entirety of a metal end ME
when it comes beneath the head 40, and the electromagnetic field of the second
induction head 42 having field lines EF2 induces eddy currents through the entirety of the
metal end ME when it comes beneath the head 42. These eddy currents heat the metal
layer of the metal end and this heat is conducted to the heat-sealable thermoplastic
material. Because the two fields are differently oriented, it is highly unlikely that a given
spot on the metal end ME will be a “cold spot” where the heat-sealable thermoplastic fails
to be heated sufficiently to seal the metal end to the container body. That s, while a
given spot on the metal end may be in a weak zone of the electromagnetic field of one of
the induction heads, it is highly unlikely that the spot will also be in a weak zone of the
other electromagnetic field. In this way, more-uniform heating of each metal end may be
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achieved, in comparison to a sealing apparatus having a single induction head or having
multiple induction heads all oriented the same.

The containers or workpieces W thus have the metal ends ME sealed to the one
end of the container bodies CB by the action of the induction heads 40, 42. As the
containers are conveyed beyond the induction heads on the conveyor 20, a cooling
device 50 (FIG. 2) such as an air knife, water sprayer, or the like, provides cooling to the
metal ends while the pressure belt 30 is still applying pressure on the metal ends to keep
them from coming off the container bodies. As noted, the pressure belt 30 can be
vertically adjustable, as denoted by arrow A in FIG. 1, to accommodate containers of
different heights. The pressure belt 30 acts to prevent the containers from growing in
height, and thus effectively clamps the metal ends on the container bodies during the
cooling process. The cooling of the ends by the cooling device 50 ensures that the heat-
sealable thermoplastic material is solidified before the containers are discharged from the
conveyor 20.

Containers produced by the process explained above and depicted in FIG. 1 are
of course only partially completed, but are in condition to be filled with the desired
contents and sealed closed. FIG. 3 depicts the process of sealing the filled containers
closed. After the containers are filled and metal ends are applied and seamed onto the
open ends, the containers are again loaded onto the conveyor 20 for a second pass
through the apparatus 10. It will be understood, of course, that the apparatus 10 of FIG.
3 may be a duplicate of the apparatus 10 of FIG. 1, and may be located at a different site
from that of FIG. 1. For example, at a first site, partial container assemblies, consisting of
container bodies CB closed at only one end by metal ends ME may be produced as in
FIG. 1. These assemblies may be transported to a second site at which another
apparatus 10 is located. At this second site, the containers may be filled, metal ends may
be seamed onto the open ends to close them, and then these filled containers may be
loaded onto the conveyor 20 of the apparatus 10.

In the second pass through the apparatus 10 illustrated in FIG. 3, the process of
FIG. 1 is essentially repeated to seal the metal ends ME onto the container bodies CB.
Again, the induction heads 40, 42 heat the metal ends ME to seal them onto the container
bodies, and the cooling device 50 cools the metal ends before the containers are
discharged from the conveyor 20.

FIG. 4 depicts an apparatus 10' in accordance with an alternative embodiment of
the invention. The apparatus 10’ differs from the apparatus 10 previously described in
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that the induction heads 40, 42 are located within the loop of (as illustrated), or adjacent
to a lower flight of (not shown), the lower belt 22 rather than the upper pressure belt 32.
With this arrangement, the product within the containers acts as a heat sink when the

second metal end is induction-sealed to each container.

In the embodiments illustrated and described above, the conveyance path for the
workpieces is linear. The present invention, however, is not limited to any particular
conveyor configuration. For example, a rotary conveyor (turntable, turret, etc.) can be
used for conveying workpieces and multiple induction heads can be disposed adjacent
the resulting circular conveyance path for exposing the workpieces to a plurality of
differently oriented electromagnetic fields, in a manner closely analogous to that
described herein.

Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit
of the teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the inventions are not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only and not for purposes of

limitation.
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WHAT IS CLAIMED IS:

1. A multiple-head induction sealer for inductively sealing each of a series of
workpieces being conveyed along a conveyance direction and adjacent to the sealer, the
sealer comprising:

(a) a first induction head and at least one additional, second induction head,
arranged along the conveyance direction;

(b) the first induction head comprising a first coil and a first core and defining a
first magnetic axis, the second induction head comprising a second coil and a second
core and defining a second magnetic axis;

(c) each of the first and second induction heads being configured and
arranged to induce eddy currents through the entirety of each workpiece; and

(d) the first and second magnetic axes being non-parallel to each other such
that each workpiece is exposed to a plurality of differently oriented electromagnetic fields
as the workpiece is conveyed along the conveyance direction.

2. The multiple-head induction sealer of claim 1, wherein the first and second
magnetic axes are substantially perpendicular to each other.

3. The multiple-head induction sealer of claim 2, wherein the first magnetic axis is
oriented substantially parallel to the conveyance direction and the second magnetic axis
is oriented substantially perpendicular to the conveyance direction.

4. The multiple-head induction sealer of claim 2, wherein the first and second
magnetic axes are substantially coplanar with each other.

5. The multiple-head induction sealer of claim 1, wherein an included angle between
the first and second magnetic axes ranges from about 30°to about 90°.

6. The multiple-head induction sealer of claim 1, further comprising a cooling device
located downstream of the induction heads with respect to the conveyance direction, the
cooling device being operable to cool the workpieces after induction sealing.

7. The multiple-head induction sealer of claim 6, wherein the cooling device

comprises a water spray device.

8. The multiple-head induction sealer of claim 6, wherein the cooling device

comprises an air cooling device.

-10 -
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9. The multiple-head induction sealer of claim 6, wherein the cooling device
comprises a water bath.

10. The multiple-head induction sealer of claim 6, wherein the workpieces comprise
containers each comprising a container body and a metal end engaged with one end of
the container body, and at least one of the metal end and the container body of each
workpiece has a heat-sealable material, and further comprising:

a conveyor atop which the containers are conveyed along the conveyance
direction, with the metal ends engaged with upper ends of the container bodies, beneath
the first and second induction heads such that the first and second electromagnetic fields
generate eddy currents in the metal ends so as to heat the heat-sealable material and
seal the metal ends to the container bodies;

an endless pressure belt spaced above and parallel to the conveyor and traveling
at a speed matching that of the conveyor, the pressure belt applying pressure on the
metal ends in a direction toward the conveyor to prevent the containers from growing in
height; and

a cooling device located downstream of the induction heads with respect to the
conveyance direction, the cooling device being operable to cool the workpieces after
induction sealing and while the pressure belt is applying pressure on the metal ends.

11. A method for induction sealing, comprising the steps of:

conveying a series of workpieces along a path extending in a conveyance
direction; and

exposing each workpiece to a first electromagnetic field generated by a first
induction head and to a second electromagnetic field generated by a second induction
head, each of the first and second electromagnetic fields inducing eddy currents through
the entirety of each workpiece;

wherein respective magnetic axes of the first and second induction heads are
non-parallel to each other such that each workpiece is exposed to a plurality of differently
oriented electromagnetic fields as the workpiece is conveyed along the path.

12. The method of claim 11, wherein the magnetic axes of the first and second
induction heads are substantially perpendicular to each other.

13. The method of claim 11, wherein the magnetic axis of one of the first and second
induction heads is oriented substantially parallel to the conveyance direction and the
magnetic axis of the other of the first and second induction heads is oriented substantially
perpendicular to the conveyance direction.

-11 -
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14. The method of claim 11, wherein the magnetic axes of the first and second
induction heads are substantially coplanar with each other.

15. The method of claim 11, wherein an included angle between the magnetic axes of
the first and second induction heads ranges from about 30°to about 90°.

16. The method of claim 11, further comprising the step of cooling the workpieces at a
location downstream of the induction heads with respect to the conveyance direction.

17. The method of claim 11, wherein the workpieces comprise containers each
comprising a container body and a metal end engaged with one end of the container
body, and at least one of the metal end and the container body of each workpiece has a
heat-sealable material, wherein the first and second electromagnetic fields generate eddy
currents in the metal ends so as to heat the heat-sealable material and seal the metal
ends to the container bodies.

18. The method of claim 17, wherein the containers are conveyed atop a conveyor,
with the metal ends engaged with upper ends of the container bodies, beneath the first
and second induction heads.

19. The method of claim 18, further comprising the step of applying pressure on the
metal ends against the container bodies as the first and second electromagnetic fields are
inducing eddy currents in the metal ends.

20. The method of claim 19, wherein the step of applying pressure comprises
engaging the metal ends with an endless belt spaced above and parallel to the conveyor
and traveling at a speed matching that of the conveyor, the belt applying pressure on the

metal ends in a direction toward the conveyor.

21. The method of claim 20, further comprising the step of cooling the metal ends at a
location downstream of the induction heads with respect to the conveyance direction.

22. The method of claim 21, wherein the cooling step occurs while the belt is still
applying pressure on the metal ends.

-12-
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