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Description

[0001] The present invention relates to a method of
and apparatus for curing a coating on to an electrically
conductive cylindrical workpiece, and more particularly,
to a method and apparatus for inductively heating metal
can bodies for partially curing or curing a coating thereon,
and for transporting the can bodies through the induction
heating apparatus.
[0002] The process of manufacturing 3-piece metal
cans for the storage of food and perishable items typically
involves forming a cylindrical can body from a sheet of
pre-coated metal and then attaching two pre-coated lids
to the opposite ends of the can body. The pre-coat pro-
tects the contents of can against contamination and pre-
vents corrosion of the metal can by the can contents.
After the can body is formed into a cylinder, the edges
of the sheet are welded together along the seam. The
welding process damages the protective pre-coat around
the seam, thereby necessitating application of a side
stripe of protective coating at least in the area of the seam.
[0003] It is known to apply a protective coat around
360° of the circumference of the can body during the can
fabrication process after the seam has been welded. This
may be done instead of using pre-coated can stock, or
in addition to the pre-coated can stock where an extra
layer of protective coating is desired. Application of a
360° coating after the seam has been welded further may
allow the step of applying the protective side stripe to the
welded seam to be omitted. Such a protective coating
may be applied to the can body in the form of a powder
resin or as a solvent-based liquid. After the protective
coating has been applied to the can body, the coating is
cured onto the can body through a heating process which
is generally a function of both heating and time.
[0004] As the protective coating applied around the cir-
cumference of the can body may detach before it is cured,
it is important that the coating be heated as soon as pos-
sible after its application to adhere the coating to the can
body. It is also important that a can body is evenly heated
to ensure that all portions of the coating are fully cured
without overheating any one section. Heating a can body
too little may result in insufficient curing of the coating
thereon, and heating a can body too much may cause
blistering of the coating and possibly a reflowing of the
metal from which the can is formed. Blistering of the coat-
ing results in an uneven and poorly finished protective
coat.
[0005] In conventional can fabrication assembly lines,
a can body is typically transported from the coating proc-
ess to a heating oven to cure the coatings generally by
convection air flow. Such systems tend to be large and
bulky, requiring a large amount of space within the fab-
rication site. Moreover, much of the heat generated by
such ovens is absorbed into the walls and air within the
heating chamber, and only a small portion of the heat
generated, in most cases about 20%, actually heats the
can bodies. Therefore, such systems are inefficient and

expensive to operate.
[0006] Can bodies typically leave the coating process
in single file. In order to increase the throughput of the
fabrication process, the can bodies are taken from their
single file and lined up generally ten to twenty cans across
for entry into the curing oven. After the heating process,
the can bodies are again realigned in single file. Such a
procedure has two-fold disadvantages. First, equipment
and extra processing steps are necessary both to line up
and realign the can bodies before and after the heating
process. This adds to the time and cost of the fabrication
process. Second, the can bodies must be handled to align
them in rows prior to curing of the protective coating,
which handling may result in loss of or damage to the
protective coating.
[0007] A further problem associated with convection
heating to cure, in particular, liquid coatings is that such
conventional heating mechanisms heat from the outside
of the coating inward. Thus, the outer surface of the coat-
ing tends to form a skin, and the liquid underneath gets
trapped and blisters in trying to break through the outer
skin.
[0008] Another problem arises in conventional convec-
tion ovens if the can bodies remain within the heating
chamber for a longer period of time than intended, as for
example when the conveyor system for the can bodies
breaks down. In this situation, even if the convection oven
is turned off, heat within the oven continues to heat the
can bodies, and the can bodies may be overheated and
potentially destroyed.
[0009] Induction heaters are known for heating elec-
trically conductive workpieces. Induction heating funda-
mentally involves passing an oscillating current through
an induction coil to create an oscillating magnetic field in
which the electrically conductive workpiece is placed.
Heat is produced in the workpiece due to eddy current
losses resulting from circulating currents induced in the
workpiece by the field. It is significant that the amount of
heat produced within a workpiece is directly related to
the separation distance between the workpiece and the
induction coil. Where other system parameters remain
constant, the smaller the separation distance between
the workpiece and the induction coil, the greater the
amount of heat generated within the can body.
[0010] Prior art induction heating systems have typi-
cally operated at high frequencies in the order of 100kHz
to 250 kHz. High frequencies tend to minimize the depth
to which currents are generated beneath the surface of
a workpiece (the "skin effect"). Consequently, the heat
generated within a workpiece by high frequency currents
is concentrated near the surface of the workpiece.
[0011] Operation at high frequencies has several dis-
advantages with respect to heating of can bodies. The
first disadvantage relates to heating uniformity within the
can body. Factors such as deformities in a workpiece
and unintended movement of the workpiece with respect
to the conveyor path cause a variation in the separation
distance between the workpiece and the induction coil,
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which as stated above will vary the amount of heat gen-
erated within the workpiece. A problem with high frequen-
cy currents is that such currents intensify this heating
non-uniformity because of the high heat concentration
near the surface of the workpiece. As such, different por-
tions of a workpiece may be heated to greatly varying
degrees depending on the proximity to the coil and other
factors. Consequently, localized overheating can easily
and frequently does occur, even before other parts of the
workpiece are heated to a desired temperature.
[0012] Moreover, high frequency currents also stay
near the surface of the electrical conductors carrying the
current to and in the induction coil, thereby causing ex-
cessive heating of the electrical conductors. As such, wa-
ter cooling systems have been necessary to adequately
cool the conductors. Typically, these conductors were
constructed using copper tubing with water flowing
through the center.
[0013] Induction heating methods and apparatus in
general, although not necessarily addressing the special
problems of can bodies are shown in the following U.S.
Patents: 4,339,645 to Miller, 4,481,397 to Maurice,
4,296,294 to Beckert, 4,849,598 to Nozaki, 4,160,891 to
Scheffler, 3,449,539 to Scheffler, 4,307,276 to Kurata,
4,582,972 to Curtin, 4,673,781 to Nuns, 4,531,037 to Ca-
mus, 4,775,772 to Chaboseau, 4,810,843 to Wicker, and
3,727,982 to Itoh.
[0014] GB-A-2 118 051 discloses a method of curing
a coating onto on electrically conductive cylindrical work-
piece by induction heating comprising the steps of gen-
erating an oscillating magnetic field; transporting the
workpiece through the field for curing the coating onto
the inner surface of the workpiece. The document fur-
thermore discloses an apparatus for carrying out the cur-
ing method.
[0015] Conventional induction heating systems are
known for welding a can body seam, such as for example
that disclosed in U.S. Patent No. 4,783,233 to Yasumuro.
Induction heat welding does not present many of the
problems presented by induction heat drying and curing,
and several important distinctions exist between the two
processes. For example, welding processes need not be
concerned with heating a workpiece too quickly. As long
as a sufficient amount of heat is generated within the
workpiece for a controlled period of time, the weld will be
properly formed. However, in a curing process, if the
workpiece is heated too quickly, blistering of a liquid coat-
ing may occur (as described above) and a powder may
cure before it is able to evenly flow around the surface
of the can body.
[0016] Another important distinction between welding
and curing around 360° of a can body is that induction
heat welding presents a one dimension positioning prob-
lem. That is, as shown in cross section view of Fig. 1, at
a given moment during the welding process, an induction
heater is heating what amounts to a single point along
the seam passing thereunder, indicated at arrow A on
the workpiece. As indicated above, the amount of heat

generated within a workpiece is directly related to the
distance between the workpiece and the induction heat-
ing element. Therefore, in order to control the amount of
heat generated at a point on the weld seam, it is only
necessary to control the position of the induction heater
with respect to that one point.
[0017] By contrast, induction curing around 360° of a
cylindrical workpiece such as a can body presents a two
dimension positioning problem. That is, as shown in the
cross section view of Fig. 2, at a given moment during
the curing process, the induction heater must heat all
points around the circumference of the workpiece, indi-
cated by arrows B1, B2, ... Bi. Thus, in order to control
the amount of heat generated at each point around the
circumference, it is necessary to control the position of
the induction heater with respect to each such point. Ap-
plicants are unaware of any conventional systems for
accomplishing curing around 360° of a can body.
[0018] Accordingly, it is an object of the present inven-
tion to provide a 360° can body heating method and ap-
paratus which overcomes some or all of the above dis-
advantages.
[0019] The invention in general relates to 360° induc-
tion heating of a can body to heat, dry, cure and/or par-
tially cure a protective coating applied thereto. The can
bodies are inductively heated by placing them in a me-
dium frequency (500 Hz to 50 kHz), oscillating magnetic
field preferably generated by a multiple turn induction coil
helically wound around the transport path of the can body.
By using a medium-frequency field and by centering the
can bodies with respect to the induction coil, the can bod-
ies may be evenly and uniformly heated around 360° of
their circumference.
[0020] Can bodies are conveyed lengthwise, end-to-
end, through the induction heating apparatus on a con-
veyor which receives the can bodies from the protective
coating process. The can bodies and conveyor pass
through the induction heating apparatus within a non-
conductive isolation tube. The isolation tube isolates the
can bodies from the induction heating apparatus so that
circulating air within the apparatus does not blow off the
coating within the can bodies, and any coating which
does become dislodged from the can bodies is main-
tained within the tube and does not fall onto the induction
coil, electrical components or apparatus interior.
[0021] The induction coil is helically wound around the
entire length of the isolation tube so that a magnetic field
is set up within the isolation tube to heat the can bodies.
The diameter of the isolation tube is only slightly larger
than the diameter of a can so that the can bodies travel
through the heater in a relatively fixed and centered po-
sition with respect to the isolation tube and induction coil.
As such, the can bodies are uniformly heated around
their entire circumference.
[0022] As indicated above, an air circulation system
may be provided within the heating apparatus to cool the
induction coil. As medium frequency currents are used,
the current travels more deeply within the conductors
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leading to and within the inductive coil, and as such, the
electrical conductors do not become excessively hot.
Therefore, the electrical components and the induction
coil may be cooled by a relatively simple and inexpensive
convection air flow system.
[0023] A further result of using medium frequency cur-
rents is that the conventional centrally water cooled tub-
ing may be replaced by smaller diameter wire within the
coil. Such a coil offers advantages relative to convention-
al copper tubing that it is less expensive to use and also
a larger number of turns or loops may be wrapped around
a given length of the isolation tube if desired, thereby
further reducing current flow requirements.
[0024] Temperature sensors may be provided within
the isolation tube for monitoring the temperature of the
can bodies passing therethrough to enable a shut down
of the power supply if the temperature exceeds a prede-
termined threshold.
[0025] After leaving the apparatus, the conveyor sys-
tem carries the cured or partially cured can bodies to an
adjacent processing station or another conveyor system.
[0026] The invention will be described with respect to
particular embodiments thereof, and reference will be
made to the drawings, in which:

FIGURE 1 illustrates the one-dimensional position-
ing requirements of induction heating of a weld
seam;
FIGURE 2 illustrates the two-dimensional position-
ing requirements of induction heating of a cylindrical
body;
FIGURE 3 is a perspective cutaway view of the in-
duction heating apparatus according to the present
invention;
FIGURE 4 is an enlarged side view of a section of
an isolation tube and induction coil according to the
present invention;
FIGURE 5 is a cross-sectional view of a section of
an isolation tube and induction coil through line 5-5
on Fig. 3;
FIGURE 6 illustrates a line motion sensor for sensing
the presence or absence of a can body along the
can throughput path;
FIGURE 7 is a side view of an induction heater and
conveyor system according to the present invention;
FIGURE 8 is a cross-sectional view of a portion of
the conveyor system through line 8-8 in Fig. 7;
FIGURE 9 is a side view of a section of a conveyor
system according to the present invention; and
FIGURE 10 is a schematic representation of the con-
trol circuitry according to the present invention.

[0027] The invention will now be described with refer-
ence to Figs. 1 through 9, which in general relate to an
induction heater and conveyor system for curing or par-
tially curing protective coatings onto can bodies during
the can fabrication process. While the present invention
is described in the context of a manufacture of a can for

food or other such perishable items, it is understood that
the present invention may be used in a wide variety of
applications where it is desired to cure or otherwise even-
ly heat around 360° of a cylindrical workpiece. Moreover,
although the invention is described with respect to ferro-
magnetic steel can bodies, it is understood that the
present invention may be used to heat other electrically
conductive workpieces such as aluminum can bodies.
[0028] As indicated above, it is desirable to coat 360°
of a cylindrical can body with a coating typically com-
prised of a dry resin powder or a solvent-based liquid. A
method and apparatus for applying such a protective
coating is disclosed in U.S. Patent Application Serial
Number 08/393,150, entitled "Method And Apparatus For
Powder Coating Welded Cans", which application is
owned by assignee of the present invention.
[0029] As disclosed in that Application, a protective
powder coating is electrostatically charged during the
coating process to attract and attach the powder coating
particles to the interior of a can body, which can body is
electrically grounded. The protective coating must there-
after be cured onto the can body. According to the present
invention, an induction heating system is used to heat
the can bodies to dry, fuse, cure and/or partially cure the
protective coating onto the can bodies.
[0030] The protective coating may be completely
cured within the induction heating apparatus of the
present invention, thereby omitting the need for a con-
ventional convection oven. However, it is understood that
the induction heating apparatus according to the present
invention may be used in addition to a conventional con-
vection oven, whereby the induction heating apparatus
partially cures the protective coating in a process taking
place either before ("pre-curing") or after ("post-curing")
heating of the can bodies within the convection oven. As
line speeds have increased and coatings have changed
over the years, existing ovens may provide only a mar-
ginal cure. Therefore, curing quality can be improved by
a pre-curing or post-curing process i.e. a method of curing
according to the present invention. Moreover, by partially
curing or pre-heating the protective coating immediately
after the coating is applied, the can bodies need not be
handled with as much care and the line speed may be
increased between the coating application station and
the conventional convection oven.
[0031] Referring now to Fig. 3, there is shown an in-
duction heating apparatus 100 for heating a plurality of
can bodies 102. The can bodies enter the heating appa-
ratus at a front end 105 and exit through a rear end 107.
A chain 118 is provided for transporting the can bodies
102 through the heating apparatus in longitudinal orien-
tation, i.e., the central axis of a can body cylinder is sub-
stantially parallel to the direction of motion of the can
body, and the can bodies may abut or nearly abut each
other end-to-end. The apparatus 100 includes a housing
104, a portion of which is cut away as shown in Fig. 3 to
expose an isolation tube 106 and an induction coil 108
passing through an interior chamber 109 defined by
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housing 104. (The spacing between turns of the induction
coil 108 as shown on Fig. 3 is provided for clarity, and
the spacing shown is not to be considered limiting on the
present invention). The apparatus 100 further includes a
power supply 110, control circuitry 112, and a blower 114
for circulating air throughout chamber 109. The power
supply 110, control circuitry 112 and blower 114 are
shown symbolically on Fig. 3.
[0032] Housing 104 preferably surrounds the induction
coil 108 on all six sides of the heating apparatus 100,
and preferably comprises a conductive metallic material
so as to shield the power supply and control circuitry from,
and to provide operator protection against, the medium
frequency oscillating currents in the coil 108. As will be
explained in greater detail below, the oscillating magnetic
field set up by the induction coil 108 is concentrated within
tube 106. As such, only minimal heating of housing 104
occurs.
[0033] Vents (not shown) may be provided in the top
and/or sides of housing 104 to allow circulating air which
has been heated by the induction coil 108 to leave the
housing. In a preferred embodiment, the heating appa-
ratus 100 has a length, parallel to the direction of can
transport, of approximately 13 to 20 feet (1 feet = 0,305
m), a height of approximately 3 feet and a width of ap-
proximately 2 feet. As would be appreciated by those
skilled in the art, these dimensions may vary in alternative
embodiments of the invention. As will be explained in
greater detail below, the length of apparatus 100 may be
varied depending on the degree to which the can bodies
102 are to be heated and/or the speed with which can
bodies 102 are transported through the apparatus 100,
i.e., if speed is unchanged, the longer the apparatus 100,
the more heat is generated within the can bodies 102
passing therethrough.
[0034] The can bodies 102 are transported through the
heating apparatus 100 within an isolation tube 106. The
tube 106 runs the entire length of the chamber 109 and
may be sealed to the housing 104 wall by hubs on both
ends of the tube. Thus, can bodies passing through the
tube 106 are physically isolated from the chamber 109,
such that cooling air circulating within the apparatus does
not blow off the coating within the can bodies, and any
coating which does become dislodged from the can bod-
ies is maintained within the tube 106 and does not fall
onto the heating coil 108 or the chamber interior 109.
[0035] It is important in the heating of cylindrical work-
pieces such as can bodies 102 that the workpieces be
substantially concentric with the induction coil during the
entire heating process to ensure uniform heating around
the circumference of the workpieces. Therefore, isolation
tube 106 is preferably provided with a diameter only
slightly larger than the diameter of can bodies 102. For
example, where can bodies 102 have a diameter of 4-1/4
inches (1 inch = 2,54 cm), the inner diameter of tube 106
may be approximately 4-3/4 inches. Thus, the most can
bodies 102 may be off center within tube 106 is approx-
imately one-quarter inch. It is understood that the clear-

ance between the can bodies 102 and the tube 106 may
be lesser or greater in alternative embodiments. It is ad-
vantageous to leave approximately a one-quarter inch
clearance between the tube 106 and can bodies 102 for
applications where a liquid coating is being cured so that
air may be circulated through tube 106 either in the di-
rection of can travel or opposite the direction of can travel.
In such an embodiment, the air circulated within the tube
106 may be the heated air from chamber 109 to promote
even heating as result of air convection, and also to carry
off the solvents evaporated from the protective coating.
[0036] Isolation tube 106 is electrically non-conductive
so as not to be heated by induction coil 108. Moreover,
tube 106 is magnetically non-conductive so as not to in-
terfere with the magnetic field established by induction
coil 108. Any of several materials may be used as isola-
tion tube 106, but a preferred material is Pyrex® due to
its high heat resistance, transparency so as to allow can
viewing, and low cost. Although not critical to the present
invention, tube 106 may have a wall thickness of approx-
imately 0.2 to 0.4 inches. Such tubing is available from
F.J. Gray Company, Jamaica, New York, 11435.
[0037] As best shown in the side view of Fig. 4 and the
cross-sectional view in Fig. 5, can body 102 is supported
within tube 106 on a chain 118, which chain is in turn
supported within a channel 120 resting on the bottom of
the tube 106. Channel 120 is provided so that the chain
118 will not abrade or wear out the bottom of isolation
tube 106.
[0038] Chain 118 is preferably formed of stainless
steel. Although stainless steel is an electrical conductor,
the chain 118 does not overheat because the chain is
only within the heating apparatus for a portion of its over-
all travel path (as shown on Fig. 7). Moreover, chain 118
is preferably provided with a cross-sectional diameter on
the order of about 0.125 to 0.25 inches, which is small
as compared to the cross-sectional area of the induction
coil. As would be appreciated by those skilled in the art,
where the cross-sectional area of an electrical conductor
is small as compared to the cross-sectional area of an
induction coil, very little heat is coupled within the elec-
trical conductor. Therefore, the chain 118 does not over-
heat. It is understood that chain 118 may be comprised
of other materials in alternative embodiments of the in-
vention. Channel 120 is preferably formed of an electri-
cally non-conductive material, such as for example a ce-
ramic or high molecular density plastic.
[0039] Preferably, the width of channel 120 is approx-
imately 0.7 inches and the combined height of the chain
118 and channel 120 together is approximately 0.35 inch-
es. However, those skilled in the art will appreciate that
these dimensions may vary in alternative embodiments
of the present invention. As shown in Fig. 7, channel 120
may extend along the entire upper surface of conveyor
system 124.
[0040] As stated above, it is important that the can bod-
ies have a relatively small clearance within tube 106. As
can fabrication often involves cans of different sizes, tube
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106 may be removable so that different diameter tubes
may be used. In operation, tube 106 is replaced by first
disconnecting chain 118 and removing it from the tube.
Thereafter, the channel 120 is disconnected and the in-
duction coil 108 is disconnected from the power source.
Next, the hubs supporting the tube 106 within housing
104 are removed, and the tube 106 is slid out from within
the coil 108 and apparatus 100. In one embodiment of
the invention, the coil 108 is also removed at this point.
Next, the new diameter coil and tube are inserted. After
the new coil and tube are positioned, the hubs, coil, chan-
nel, and chain are reconnected and the apparatus 100
is once again ready for operation. The tube 106 may be
selected so as to always provide an approximately one-
quarter inch clearance with respect to a can body 102.
[0041] As stated above, the coil 108 can be replaced
when the tube 106 is replaced so that the coil is tightly
wound about and substantially concentric with any diam-
eter tube used. In an alternative embodiment of the in-
vention, a single tube and coil may be used for various
diameter can bodies and the entire upper surface of con-
veyor system 124 including channel 120 may be raised
or lowered relative to the tube 106 so as to maintain con-
centricity between the coil 108 and can bodies 102.
[0042] Induction coil 108 is provided for uniformly heat-
ing can bodies 102. Power source 110 is electrically cou-
pled via wires 152 (Fig. 10) to induction coil 108 and
supplies coil 108 with an AC current oscillating at a me-
dium frequency of about 500 Hz to 50 kHz, and optimally
about 6 kHz to 18 kHz given the can body wall thickness
on the order of about 10 to 15 mils (1 mil = 0,00254 cm).
This oscillating current generates AC eddy currents, also
oscillating at the same frequency, around the circumfer-
ence of can bodies 102 so as to heat the can bodies as
they move through the tube 106.
[0043] As explained above, high frequency currents
tend to concentrate the heat generated within a work-
piece near the surface of the workpiece, thus providing
a large temperature variation for a relatively small change
in separation distance between the workpiece and induc-
tion coil. However, according to the present invention, a
medium frequency current is used, which current tends
to generate currents deeper within the can bodies 102.
The deeper currents allow distribution of the generated
heat across a larger a cross-sectional area of can bodies
102. Therefore, where the separation distance between
the coil 108 and the can body 102 varies, the change in
the generated heat will be shared over a greater cross-
sectional area of the can body. Sharing the change in
heat generation over a larger cross-sectional area reduc-
es the overall temperature change at any point within the
cross-sectional area of the can body. In this way, the
present invention minimizes temperature changes result-
ing from undesirable variations in the separation distance
between the coil 108 and the can body 102.
[0044] Additionally, the medium frequency current car-
ried through the wire leading to and in coil 108 is distrib-
uted more evenly through the wire. As such, relatively

little heat is generated within coil 108, and coil 108 may
be formed with inexpensive standard 8 gauge magnet
wire. It is understood, however, that other materials may
be used for the induction coil if desired, such as for ex-
ample multi-filar litz wire.
[0045] The coil 108 extends approximately the entire
length of heating apparatus 100, and each turn of the coil
may be spaced approximately 0.125 to 0.25 inches from
the next adjacent turn, thereby yielding 4 to 8 turns per
inch. However, it is understood that the spacing between
the turns of coil 108 may be more or less than the above
disclosed range in alternative embodiments of the inven-
tion. For example, it is contemplated that there be no
spacing between adjacent turns so that the turns are
touching each other. It would be appreciated by those
skilled in the art that by using a frequency current, the
coil 108 may be comprised of coil turns having a small
diameter, such as that provided by 8 gauge magnet wire
or smaller. As such, where there is no spacing between
adjacent turns, a large number of turns may be provided
per unit length of tube 106, thereby reducing the current
required to heat can bodies 102.
[0046] At 8.5 kHz, power source 100 preferably sup-
plies approximately 3.5 kilowatts to coil 108 resulting in
a tank current of approximately 150 to 200 amps RMS.
In one embodiment of the invention, the above described
current, frequency, turns per inch, spacing between the
coil 108 and the can body 102, can body thickness, and
heating path length may combine to heat a can body 102
from ambient temperature upon entry into apparatus 100
to approximately 220°C at the exit of apparatus 100 in
approximately 4 seconds.
[0047] It is understood that the disclosed values for
power, current, frequency, spacing and temperature are
merely examples, and each may vary in alternative em-
bodiments of the present invention. Moreover, different
protective coatings cure at different temperatures. For
example, the temperature generated within can bodies
102 may be varied by changing the length of an induction
heating apparatus 100. Alternatively, more than one in-
duction heating apparatus 100 according to the present
invention may be aligned lengthwise adjacent to each
other to increase the path length of can bodies 102
through the induction heating process. As would be ap-
preciated by those skilled in the art, other system param-
eters such as spacing between adjacent turns of coil 108,
the output of power supply 110, and/or throughput speed
of the can bodies may be varied to also vary the heat
generation within can bodies 102.
[0048] It may be desirable in some heating applications
to apply more heat at a beginning of the heating cycle as
compared to the end of the heating cycle. Therefore, in
an alternative embodiment of the invention, the turns of
the induction coil may be provided more closely together
at the front end of the tube 106 than at the rear end of
tube 106. Moreover, as would be appreciated by those
skilled in the art, turns of coil 108 per unit length may be
increased or decreased at any portion along the length
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of coil 108 to thereby provide greater or lesser heating,
respectively, in that portion of the coil.
[0049] With the relatively low power requirements for
curing the coatings on can bodies 102, a relatively simple
airflow cooling system may be employed to prevent in-
duction coil 108 from overheating. As shown in Fig. 3, a
blower 114 may be provided on top of the control circuitry
112 to circulate cooling air up and around coil 108. As a
large cross-sectional area of the induction coil is used to
carry the oscillating current, one blower having a capacity
of approximately 300 to 500 cfm (1 cfm = 0,028 cubic
meters per minute) and circulating air at ambient tem-
perature is sufficient to cool the entire length of the in-
duction coil. However, as would be appreciated by those
skilled in the art, more than one blower 114 may be in-
cluded along the length of coil 108 and the air flow may
be cooled prior to circulation within the chamber 109.
Moreover, it is understood that blower 114 may be pro-
vided at various locations within the chamber 109 to cool
the induction coil 108.
[0050] Embodiments of the present invention may fur-
ther included a closed-loop temperature control for mon-
itoring the temperature of the can bodies 102 as they
pass through the tube 106. As shown in Fig. 3, one or
more temperature sensors 119 may be provided within
tube 106 to sense the temperature of can bodies 102.
Sensor 119 may be a conventional temperature sensor
such as an infrared (IR) sensor available from Watlow
Electric Manufacturing Co., St. Louis, MO, 63146. Should
the temperature of the can bodies 102 be higher than a
predetermined temperature, the sensor 119 quickly
senses this condition and a signal is sent to the control
circuitry 112 to turn off the AC current source. This stops
all current flow through the can bodies 102, thereby al-
most immediately preventing the can bodies 102 from
becoming any hotter. Once the temperature sensor 119
senses that the temperature of the can bodies 102 has
returned to a predetermined temperature, the sensor 119
may send another signal to control circuitry 12 to once
again turn on the AC current source. However, due to
the use of medium frequency currents as discussed
above, the temperature sensor 119 may be omitted in
alternative embodiments of the invention.
[0051] Although omitted from Fig. 3 for clarity, the front
end 105 or rear end 107 of heating apparatus 100 may
include a line motion sensor system comprised of an
emitter 121 and a sensor 122 as shown in Fig. 6. Emitter
121 may for example be a conventional light source for
emitting a light beam 125, in which case sensor 122 may
be a conventional optical sensor. As can bodies enter
the heating apparatus 100 (if the sensor system is located
on the front end) or as can bodies exit the heating appa-
ratus 100 (if the sensor system is located at the rear end),
the can bodies will periodically block transmission of
beam 125 to sensor 122. If more than a predetermined
period of time passes during which no signal is received
in sensor 122, or a constant signal is received in sensor
122, this is an indication that can bodies 102 are not

proceeding at the predetermined throughput speed and
a jam has developed within the apparatus 100. In this
instance, sensor 122 sends a signal to the control circuitry
112 to shut down the power supply to induction coil 108,
thereby preventing overheating of the can bodies within
the heating apparatus 100. As stated above, shutting
down the power supply almost immediately prevents the
can bodies 102 from becoming any hotter. Thus, tem-
perature sensor(s) 119 and the line motion sensor sys-
tem may both be used to prevent overheating of the can
bodies within the heating apparatus 100. In addition, the
line motion sensor system may be used to determine
when the conveyor system has shut down, to thereupon
shut off current to the induction coil 108.
[0052] The power supply 110 is an alternating current
power supply with current outputs that are connected to
opposite ends of the coil 108 via wires 152 (Fig. 10). The
frequency of current oscillation is essentially the same
as the resonant. frequency of the coil in combination with
tank capacitors (not shown) within the power supply 110,
which is on the order of 8 kHz. Other frequencies can
also be used if appropriate tank capacitors are used. Pref-
erably, when the power supply 110 is first activated, it
automatically but conventionally determines the frequen-
cy which optimizes power transfer into the workpiece giv-
en the tank capacitance and inductance.
[0053] The current output of the power supply 110
should be relatively continuous with low harmonic con-
tent. Low harmonic content reduces the skin effect for
the lead wires 152 to the tank capacitors and coil, thereby
permitting the use of smaller wire leads. Also, the tank
capacitors should be as close as possible to the coil 108.
[0054] It is desirable that the power supply 110 output
be continuously adjustable during activation and de-ac-
tivation, rather than adjustable merely by a low-frequency
duty cycle. This is because duty cycle pulses can cause
the can bodies to vibrate and thereby undesirably shake
loose some of the protective coating. Activation and de-
activation of the power supply 110 may for example be
accomplished by gradually increasing and decreasing,
respectively, the DC voltage to the power supply 110.
General considerations regarding power supplies are
disclosed in, for example, Lowdon, "Practical Transform-
er Design Handbook", 2nd ed. (TAB Books, 1989), in-
corporated herein by reference.
[0055] As shown in Fig. 10, the control circuitry 112
preferably comprises a conventional central processing
unit (CPU) 150 for monitoring operation of the power sup-
ply 110 and for monitoring temperature and can travel
through the apparatus 100 via feedback signals from the
temperature sensor 119 and line motion sensor 122, re-
spectively, described above. The control circuitry may
further be connected to a conventional input/output de-
vice (not shown) to allow screen display of system pa-
rameters such as power output, current frequency and
can body temperature, and to allow dynamic control and
alteration of such system parameters.
[0056] Referring now to Figs. 7 through 9, conveyor
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system 124 is provided for transporting can bodies 102
from the protective coating process, through the heating
apparatus 100, and to the next processing station. Con-
veyor system 124 includes the endless chain 118, can
guides 126a and 126b, drive wheels 128-134, and ten-
sion wheel 136. Chain 118 is preferably a conventional
stainless steel 0.125 to 0.25 inch chain having a generally
flat upper surface profile. However, it is understood that
can bodies 102 may rest on and be transported by any
of various conveyor systems such as a linear motor, belt
drive, pusher, puller, gravity slide, etc., with the limitation
that the conveyor loop must be capable of disconnection
and reconnection to allow isolation tube 106 through
which the conveyor passes to be changed. In a preferred
embodiment, the length of the entire loop of chain 118 is
approximately 50 feet.
[0057] Suitably, the entrance to the induction heating
apparatus 100 is approximately 3 inches to 3 feet away
from the spray coating apparatus, and optimally about
1.5 feet. In operation, can bodies from the spray coating
process are transferred in single file to a section 138 of
the conveyor system 124 and thereafter conveyed by
chain 118 through the heating apparatus. After exiting
heating apparatus 100, can bodies 102 are conveyed
along a section 140 to the next processing station. A con-
ventional magnetic elevator may be used to transfer can
bodies 102 off of chain 118 at the end of the induction
heating process. Where can bodies 102 are not magnet-
ically conductive, a mechanism such as a mechanical
arm conveyor may be used to transfer the can bodies.
[0058] As shown in Fig. 9, chain 118 includes a plurality
of hooks 142 which are spaced apart slightly greater than
a length of a can body 102. Can bodies are placed on
the chain 118 from the spray coating process station and
are maintained in a predetermined spacing from each
other on chain 118 by means of the hooks 142. In an
alternative embodiment, the hooks 142 may be omitted,
and the can bodies 102 held in position due to contact
with the chain 118. As shown in Figs. 7 through 9, can
bodies are prevented from rolling in a direction perpen-
dicular to the direction of throughput by a pair of can
guides 126a and 126b mounted on either side of the top
surface of the conveyor system 124. The can guides 126a
and 126b preferably run along the entire upper surface
of the conveyor system 124 except within the heating
apparatus 100.
[0059] As would be appreciated by those skilled in the
art, friction wheels 128, 130, 132 and 134 may be pro-
vided for advancing chain 118 as result of friction or
meshed engagement between the chain 118 and the fric-
tion wheels. One or more of the friction wheels may be
rotated by a drive motor (not shown) to thereby advance
chain 118. As would also be further appreciated by those
skilled in the art, conveyor system 124 may further in-
clude a tension wheel 136 translationally mounted and
biased in a direction away from friction wheels 130 and
132 to maintain tension within the chain 118.
[0060] As explained above, in an embodiment includ-

ing a single tube 106 and coil 108, the chain 118 and
channel 120 may be raised or lowered to accommodate
different diameter cans in a concentric relationship with
coil 108. Therefore, wheels 128 and 130 may be vertically
adjustable to raise or lower the height of the chain 118
with respect to the heating apparatus 100. Similarly, the
channel 120 is adjustably mounted so that it may be
raised or lowered with the chain 118. Any slack in chain
118 may be taken up by translation of wheel 136 as de-
scribed above.
[0061] The conveyor system 124 is preferably capable
of advancing can bodies 102 at a rate of up to approxi-
mately 1350 cans per minute and optimally about 600
cans per minute.
[0062] An induction heating system as described
above can be used to dry, pre-cure, post-cure or cure
coatings around 360° of a can body. Different coatings
and line speeds may be accommodated by adjusting the
amount of heat generation within can bodies 102 as dis-
cussed above. The heating and conveyor system accord-
ing to the present invention offers several advantages
over conventional convection heating systems for curing
around 360° of a can body. For example, the disclosed
induction heating system is capable of heating can bod-
ies with an 80 to 90% efficiency, as compared to approx-
imately 20% with conventional convection ovens. More-
over, an induction heating apparatus according to the
present invention does not require mass handlers or sin-
gle filers for aligning cans into rows and realigning the
cans into single file, respectively. Further still, the induc-
tion heating apparatus according to the present invention
is extremely compact, occupying fraction of the space of
conventional convection heating ovens, and is operation-
ally more cost efficient than conventional convection ov-
ens.
[0063] The foregoing description of embodiments of
the present invention has been provided for the purposes
of illustration and description. It is not intended to be ex-
haustive or to limit the invention to the precise forms dis-
closed. Obviously, many modifications and variations will
be apparent to practitioners skilled in this art. For exam-
ple, frequencies which vary within the permitted range
are possible. The embodiments were chosen and de-
scribed in order to best explain the principles of the in-
vention and its practical application, thereby enabling
others skilled in the art to understand the invention for
various embodiments and with various modifications as
are suited to the particular use contemplated.

Claims

1. A method of at least partially curing a coating onto
an electrically conductive cylindrical workpiece (102)
by induction heating comprising the steps of:

(a) generating a magnetic field oscillating at a
frequency of approximately 500 Hz to 50 kHz
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along a heating path;
(b) transporting the workpiece (102) through the
magnetic field generated in step (a) along the
heating path; and
(c) at least partially curing the coating onto the
workpiece (102) around a 360° circumference
of the workpiece (102) during step (b).

2. A method as claimed in Claim 1 further comprising
the step of centering the circumference of the work-
piece (102) with respect to the magnetic field during
step (b).

3. A method as claimed in Claim 2, wherein the step of
centering the circumference of the workpiece (102)
with respect to the magnetic field comprises the step
of physically limiting the movement of the workpiece
(102) on all sides of the circumference of the work-
piece (102) during step (b).

4. A method as claimed in any preceding Claim, the
step (a) of generating an oscillating magnetic field
comprising the steps of:

(a) providing an induction coil (108) helically
along and around the heating path; and
(b) generating a current within the induction coil
(108) oscillating at a frequency of approximately
500 Hz to 50 kHz.

5. A method as claimed in any preceding claim, the
step (c) of centering the circumference of the work-
piece (102) with respect to the magnetic field com-
prising the step of supporting the workpiece (102) to
be substantially concentric with the induction coil
(108).

6. Apparatus (100) for curing a coating onto an electri-
cally conductive cylindrical workpiece (102) around
a 360° circumference of the workpiece by induction
heating comprising a cylindrical tube (106) within the
apparatus (100), the tube (106) having a diameter
greater than a diameter of the workpiece (102), an
induction coil (108) helically wound around the tube
(106), means (110) for generating a current within
the induction coil (108) oscillating at a frequency of
approximately 500 Hz to 50 kHz so as to generate
an oscillating magnetic field within the tube (106),
conveyor means (124) for transporting the work-
piece (102) through the tube (106), the conveyor
means (124) and the tube (106) cooperating to sup-
port the workpiece (102) within the tube (106) so as
to be substantially concentric with the induction coil
(108), and control means (112) for controlling the
current generation means (110).

7. Apparatus as claimed in Claim 6, wherein the control
means (112) is operable to shut off the current gen-

eration means (110) if a temperature of the work-
piece (102) exceeds a predetermined value while
the workpiece (102) is within the tube (106).

8. Apparatus as claimed in Claim 6 or Claim 7, further
comprising circulation means (114) for circulating air
around the induction coil (108) to prevent the induc-
tion coil (108) from overheating.

9. Apparatus as claimed in any one of Claims 6, 7 or
8, wherein said diameter of the tube (106) is approx-
imately 12.7 mm (0.5 inches) greater than a diameter
of the workpiece (102).

Patentansprüche

1. Verfahren zum wenigstens teilwelsen Aushärten ei-
ner Beschichtung auf einem elektrisch leitfähigem
zylindrischem Werkstück (102) mittels induktiver Er-
wärmung, umfassend die Schritte:

(a) Erzeugen eines magnetischen Wechselfel-
des einer Frequenz von etwa 500 Hz bis 50 kHz
entlang eines Heizpfades;
(b) Transportieren des Werkstücks (102) durch
das in Schritt (a) erzeugte magnetische Feld ent-
lang des Heizpfades; und
(c) zumindest teilweises Aushärten der Be-
schichtung auf dem Werkstück (102) entlang ei-
nes 360° Umfanges das Werkstück (102) wäh-
rend des Schrittes (b).

2. Verfahren nach Anspruch 1, weiter umfassend den
Schritt, den Umfang des Werkstück (102) In Bezug
auf das magnetische Feld während Schritt (b) zu
zentrieren.

3. Verfahren nach Anspruch 2, worin der Schritt, das
Werkstück In Bezug auf das magnetische Feld zu
zentrieren den Schritt umfasst, die Bewegung des
Werkstück (102) an allen Seiten des Umfangs des
Werkstücks (102) während des Schrittes (b) physi-
kalisch zu begrenzen.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, bei dem der Schritt (a) des Erzeugens eines
magnetischen Wechselfeldes die Schritte umfasst:

(a) Bereitstellen einer schreubenförmig entlang
und um den Heizpfad herum angeordneten In-
duktionsspule (108); und
(b) Erzeugen eines Wechselstroms innerhalb
der Induktionsspule (108) mit einer Frequenz
von etwa 500 Hz bis 50 kHz oszilliert.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, bei dem der Schritt (o) des Zentrierens des Um-
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fangs des Werkstücks (102) in Bezug auf das ma-
gnetische Feld den Schritt umfasst, das Werkstück
(102) so zu stützen, dass es im wesentlichen kon-
zentriech mit der Induktionsspula (108) ist.

6. Vorrichtung (100) zum Aushärten einer Beschich-
tung auf einem elektrisch leitfähigem zylindrischem
Werkstück (102) entlang eines 360 Grad Umfangs
des Werkstücks durch Induktionserwärmung, um-
fassend

ein innerhalb der Vorrichtung (100) befindliches
zylindrisches Rohr (106), welches, einen größe-
ren Durchmesser hat als ein Durchmesser des
Werkstück (102),
eine schraubenförmig um das Rohr (106) ge-
wundene Induktionsspule (108), Mittel (110)
zum Erzeugen eines mit einer Frequenz von et-
wa 50 Hz bis 50 kHz oszillierenden Stroms in-
nerhalb der Induktionsspule (108), sodass ein
magnetisches Wechselfeld innerhalb des Roh-
res (106) erzeugt wird,
Fördermittel (124) zum Fördem des Werkstück
(102) durch das Rohr (106), die mit dem Rohr
(106) beim Unterstützen des Werkstücks (102)
innerhalb des Rohres (106) zusammenwirken,
sodass das Werkstück im Wesentlichen kon-
zentrisch mit der Induktionsspule (108) ist und
Steuermittel (112) zur Steuerung der Stromer-
zeugungsmittel (110).

7. Vorrichtung nach Anspruch 6, worin in die Steuer-
mittel (112) so arbelten, dass die Stromerzeugungs-
mittel (110) abgeschaltet werden, wenn eine Tem-
peratur des Werkstücks (102) einen vorbestimmten
Wert übersteigt, während sich das Werkstück (102)
innerhalb des Rohres (106) befindet.

8. Vorrichtung nach Anspruch 6 oder 7, welter umfas-
send Umwälzmittel (114) zum Umwälzen von Luft
um die Induktionsspule (108) herum, um die Induk-
tionsspule (108) vor Überhitzung zu schützen.

9. Vorrichtung nach einem der Ansprüche 6,7 oder 8,
worin der Innendurchmesser des Rohres (106) etwa
12,7 mm (0,5 Zoll) größer ist als der Durchmesser
des Werkstück (102).

Revendications

1. Procédé pour le durcissement au moins partiel d’un
revêtement sur une pièce à traiter cylindrique con-
ductrice de l’électricité (102) par chauffage par in-
duction, comprenant les étapes suivantes :

a) la génération d’un champ magnétique os-
cillant à une fréquence d’environ 500 Hz à 50

kHz le long d’un circuit de chauffage ;
b) le transport de la pièce à traiter (102) à travers
le champ magnétique généré à l’étape a) le long
du circuit de chauffage ; et
c) le durcissement au moins partiel du revête-
ment sur la pièce à traiter (102) selon une cir-
conférence de 360° de la pièce à traiter (102)
lors de l’étape b).

2. Procédé selon la revendication 1, comprenant, de
plus, une étape de centrage de la circonférence de
la pièce à traiter (102) par rapport au champ magné-
tique lors de l’étape b).

3. Procédé selon la revendication 2, selon lequel l’éta-
pe de centrage de la circonférence de la pièce à
traiter (102) par rapport au champ magnétique com-
prend une étape de limitation physique du déplace-
ment de la pièce à traiter (102) sur tous les cotés de
la circonférence de la pièce à traiter (102) lors de
l’étape b).

4. Procédé selon l’une quelconque des revendications
précédentes, selon lequel l’étape a) de génération
d’un champ magnétique oscillant comprend les éta-
pes suivantes :

a) la prévision d’une bobine d’induction (108) en
hélice le long et autour du circuit de chauffage ;
et
b) la génération d’un courant dans la bobine d’in-
duction (108) oscillant à une fréquence d’envi-
ron 500 Hz à 50 kHz.

5. Procédé selon l’une quelconque des revendications
précédentes, selon lequel l’étape c) de centrage de
la circonférence de la pièce à traiter (102) par rapport
au champ magnétique comprend une étape de sup-
port de la pièce à traiter (102) pour être sensiblement
concentrique à la bobine d’induction (108).

6. Dispositif (100) pour le durcissement d’un revête-
ment sur une pièce à traiter (102) cylindrique con-
ductrice de l’électricité autour d’une circonférence
de 360° de la pièce à traiter par chauffage par induc-
tion comprenant un tube cylindrique (106) à l’inté-
rieur du dispositif (100), le tube (106) possédant un
diamètre supérieur à un diamètre de la pièce à traiter
(102), une bobine d’induction (108) enroulée en hé-
lice autour du tube (106), un moyen (110) pour gé-
nérer un courant dans la bobine d’induction (108)
oscillant à une fréquence d’environ 500 Hz à 50 kHz
de façon à générer un champ magnétique oscillant
à l’intérieur du tube (106), un moyen formant trans-
porteur (124) pour transporter la pièce à traiter (102)
à travers le tube (106), le moyen formant transpor-
teur (124) et le tube (106) coopérant pour supporter
la pièce à traiter (102) à l’intérieur du tube (106) de
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façon à être sensiblement concentrique à la bobine
d’induction (108), et un moyen de commande (112)
pour commander le moyen de génération de courant
(110).

7. Dispositif selon la revendication 6, selon lequel le
moyen de commande (112) sert à couper le moyen
de génération de courant (110) si une température
de la pièce à traiter (102) dépasse une valeur pré-
déterminée tandis que la pièce à traiter (102) se trou-
ve à l’intérieur du tube (106).

8. Dispositif selon la revendication 6 ou 7, comprenant,
de plus, un moyen de circulation (114) pour faire
circuler de l’air autour de la bobine d’induction (108)
afin d’empêcher une surchauffe de la bobine d’in-
duction (108).

9. Dispositif selon l’une quelconque des revendications
6, 7 ou 8, dans lequel ledit diamètre du tube (106)
est supérieur d’environ 12,7 mm (0,5 pouce) au dia-
mètre de la pièce à traiter (102).
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