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DESCRIPTION

TITLE: HEATER FOR COATING REMOVAL

TECHNICAL FIELD
[0001]
The present invention relates to a heater for coating removal, specifically a heater for

coating removal by induction heating.

BACKGROUND ART
[0002]

Metal surfaces of steel bridges, marine vessels, tanks, and other structures are coated
with paint. Such paint coating should be removed before construction, such as maintenance or
repair.  Such coating, however, is difficult to remove because it is bonded to the metal surface
with an adhesive. For example, mechanical removal causes noise and requires heavy labor.
Combustive removal has problems in that the high temperatures cause deterioration of the metal
and generation of toxic gases.

[0003]

In view of such circumstances, paint is removed from the metal members through the
use of electromagnetic induction heating, as described in Patent Documents 1 and 2. In such a
scheme, a heating head 130 is disposed in contact with a metal member 150, such as a steel plate,

having a surface coated with a coating film 151 and moved in the direction indicated by the
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arrow in FIG. 1. Through high-frequency induction heating, the metal member 150 underneath
the coating film is heated to temperatures, for example, within the range of 150 to 200 degrees,
to lower the adhesive force causing the coating film 151 to adhere to the metal member 150. In
such a state, the coating film 151 is removed from the metal member 150 with a tool, such as a
scraper 140. In this way, the coating film 151 can be readily removed.

[0004]

An example of a technique used during electromagnetic induction heating is the
apparatus disclosed in Patent Document 3. Patent Document 3 describes a technique of
connecting a heating head including a heating coil to a transformer via a cable having a
predetermined length.

[0005]
Patent Document 1: Japanese Patent Publication No. 3359382
Patent Document 2: Japanese Unexamined Patent Application Publication No. 2014-162110

Patent Document 3: US Patent No. 5660753

SUMMARY
[0006]

The apparatus disclosed in Patent Document 1 is provided with a heating unit or
electromagnetic induction unit (20) disposed on a coupling arm (40) extending from an apparatus
body (10). Thus, to move the heating unit of such an apparatus to a target area of coating
removal, the entire apparatus body (10) has to be moved. The apparatus body (10), which

includes a power source and a transformer, is heavy and thus difficult to move. This causes a
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problem in that the coating film cannot be smoothly removed from small parts.
[0007]

The apparatus disclosed in Patent Document 2 includes a power generator (58), a main
induction unit (51), and a heating unit or induction head unit (56), all connected with each other
via a cable (52). In the apparatus, a connector box (55) having an in-bedded amplifying
transformer is disposed on the cable (52), specifically near the induction head unit (56). The
heavy amplifying transformer disposed near the induction head unit (56) hinders the movement
of the induction head unit (56). This causes a problem in that the coating cannot be smoothly
removed from small parts.

[0008]

As described above, the apparatuses disclosed in Patent Document 1 and 2 have a
problem in that the coating cannot be smoothly removed from small parts.
[0009]

The apparatus disclosed in Patent Document 3 includes a small heating head (20).
Thus, there is a problem in the apparatus is unsuitable for removal of coating from a large area.
[0010]

In the case of the apparatuses disclosed in Patent Document 1 and 2, it is difficult to
smoothly remove the coating film from small parts. In contrast, in the case of the apparatus
disclosed in Patent Document 3, there is a problem in that it is difficult to remove coating from a
large area. Thus, it is desirable that the apparatuses disclosed in Patent Documents 1 and 2 be
compatible with the apparatus disclosed in Patent Document 3 such that one of the apparatuses

can be selected in accordance with its intended use. Unfortunately, a difference in the sizes of
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heating heads leads to a difference in the number of turns of the heating coils used in the heating

heads. As a result, the number of turns of the transformer should be varied (or, for example, the
transformer should be replaced with a different one) or the capacitance of the matching capacitor
should be varied in accordance with the heating head to be used. This is a problem that requires
significant time and effort.

[0011]

An object of the present invention is to provide a heater for coating removal that can
solve the above-described problem of the need of replacing the transformer, which is a process
that requires significant time and effort, when the heating head to be used is selected among
multiple heating heads.

[0012]

A heater for coating removal according to an aspect of the present invention heating a
metal member having surface coated with a coating film, includes a high-frequency power
source; a transformer transforming a high-frequency current outputted from the high-frequency
power source; and a plurality of heating units detachably connectable to the transformer to heat
the metal member disposed in contact with or near the heater by the high-frequency current
outputted from the transformer. One heating unit is selected from the plurality of heating units
and attached to the transformer, and an inductance value of the plurality of heating units except
for the one heating unit selected from the plurality of heating units is adjusted to fall within a
predetermined range relative to an inductance value of the heating unit selected from the
plurality of heating units.

[0013]
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The heater for coating removal, wherein, at least one heating unit among the plurality of
heating units may include a cable sending a high-frequency current transformed at the
transformer; and a cable-connected heating head including a heating coil connected to an end of
the cable and heating the metal member disposed in contact with or near the heater for coating
removal by the high-frequency current, and the sum of an inductance value of the heating coil of
the cable-connected heating head and an inductance value of the cable may be adjusted to be
within a predetermined range relative to an inductance value of the at least one heating unit
among the plurality of heating units.

[0014]

The heater for coating removal, wherein, at least one heating unit among the plurality of
heating units may include an integrated heating head integrated with the transformer and
including a heating coil heating the metal member disposed in contact with or near the heater for
coating removal by the high-frequency current, and an inductance value of the plurality of
heating units except for the at least one heating unit may be adjusted to be within a
predetermined range relative to an inductance value of the at least heating among the plurality of
heating units.

[0015]

The heater for coating removal, wherein, the cable may connect the transformer and the
heating coil of the cable-connected heating head, and the length of the cable may be adjusted in
accordance with the inductance value of the heating coil of the cable-connected heating head
such that the sum of the inductance value of the heating coil of the cable-connected heating head

and the inductance value of the cable is within a predetermined range relative to the inductance
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value of one heating unit among the plurality of heating units.
[0016]

The heater for coating removal, wherein the cable may include one water-cooling
coaxial cable.
[0017]

The heater for coating removal, wherein, the plurality of heating units may include a
first heating unit including a cable sending a high-frequency current transformed at the
transformer; and a first heating head including a first heating coil connected to an end of the
cable and heating the metal member disposed in contact with or near the heater for coating
removal by the high-frequency current; and a second heating unit including a second heating
head integrated with the transformer and including a second heating coil heating the metal
member disposed in contact with or near the heater for coating removal by the high-frequency
current. The sum of an inductance value of the cable of the first heating unit and an inductance
value of the first heating coil may be adjusted to be within a predetermined range relative to an
inductance value of the second heating coil.

[0018]

The heater for coating removal wherein when the inductance value of the second
heating coil is 1.0, the sum of the inductance value of the cable of the first heating coil and the
inductance value of the first heating coil may be adjusted to be within a range of 0.6 to 1.3.
[0019]

The present invention having the above-described configuration requires no replacement

of the transformer in accordance with the heating head selected for use among multiple heating
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heads, and thus the multiple heating heads can be selectively used without excess time and effort.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 illustrates the operation of coating removal.

FIG. 2 illustrates the overall configuration of a heater for coating removal according to
the present invention.

FIG. 3 illustrates an example configuration of the transformer and the heating head
illustrated in FIG. 2.

FIG. 4 illustrates an example configuration of the heating head illustrated in FIG. 3.

FIG. 5 illustrates another example configuration of the transformer and the heating head
illustrated in FIG. 2.

FIG. 6 illustrates an example configuration of the transformer and the heating head
illustrated in FIG. 5.

FIG. 7 illustrates an example configuration of the heating head illustrated in FIG. 5.

FIG. 8 illustrates an example configuration of a water-cooling coaxial cable connecting
the transformer and the heating head illustrated in FIG. 5.

FIG. 9 is a cross-sectional view of an example of the water-cooling coaxial cable
illustrated in FIG. 8.

FIG. 10 is a cross-sectional view of an example of the water-cooling coaxial cable

illustrated in FIG. 8.
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EXEMPLARY EMBODIMENTS
[0021]
<First Exemplary Embodiment>

A first embodiment of the present invention will now be described with reference to
FIGs. 2 to 10. FIG. 2 illustrates the overall configuration of a heater for coating removal.
FIGs. 3 and 4 illustrate an example configuration of a transformer 21 and a heating head 31
connected via a connector 41. FIGs. 5 and 6 illustrate an example configuration of the
transformer 21 and a heating head 32 connected via a water-cooling coaxial cable 42. FIG. 7
illustrates an example configuration of the heating head 32 illustrated in FIG. 5. FIG. 8
illustrates an example configuration of the transformer 21 and the heating head 32 connected via
the water-cooling coaxial cable 42 illustrated in FIG. 5. FIGs. 9 and 10 are cross-sectional
views of an example configuration of the water-cooling coaxial cable 42.

[0022]

This embodiment describes a heater for coating removal that is used for removing a
coating film deposited on the surface of a metal member. As described below, the heater for
coating removal according to this embodiment allows use of any one of multiple heating heads 3
having different sizes without replacement of a transformer. Through such a configuration, the
heating head 3 to be used may be readily changed depending on, for example, the target area of
coating removal.

[0023]
With reference to FIG. 2, the heater for coating removal according to this embodiment

includes a body 1, a transformer 2, and a heating head 3 (a portion of a heating unit). The
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heater for coating removal is used for removal of a coating film 51 from a metal member 50 by
moving the heating head 3 over the metal member 50 coated with the coating film 51 and
subjecting the metal member 50 to induction heating as indicated by reference sign H. The
configurations of the components will now be described in detail.

[0024]

The configuration of the body 1 will now be described with reference to FIG. 2. The
body 1 includes a power source 11 (high-frequency power source) that outputs a high-frequency
current and a water-cooling device 12 that circulates cooling water for cooling the heating coil of
the heating head 3 and other components. The power source 11 and the water-cooling device
12 are mutually connected, and, for example, the water-cooling device 12 operates by receiving
electrical power from the power source 11.

[0025]

The power source 11 and the water-cooling device 12 are connected to the transformer 2.
As described below, the high-frequency current outputted from the power source 11 is
transformed at the transformer 12 and then sent to the heating head 3. The cooling water
circulated by the water-cooling device 12 is sent to the heating head 3 through the transformer 2.
[0026]

Note that the power source 11 and the water-cooling device 12 do not necessarily have
to be integrated into a single unit.

[0027]
The body 1, which includes the power source 11 and the water-cooling device 12, has a

predetermined weight. Thus, when the heating head 3 is moved, the body 1 remains stationary
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at a predetermined position, i.e., is placed and held at the predetermined position.
[0028]

The body 1 of the heater for coating removal according to this embodiment having the
configuration described above can be connected to heating heads 3 having different
configurations. Example configurations of the heating heads 3 that can be included in the
heater for coating removal will be described below together with the transformer 2 with
reference to FIGs. 3 to 9.

[0029]

With reference to FIGs. 3 and 4, a transformer 21 and a heating head 31 that exemplifies
the heating head 3 will now be described. When the heating head 31 is used, the transformer 21
and the heating head 31 are integrated into a single unit, as illustrated in FIG. 3. Thus, to move
the heating head 31, the transformer 21 and the heating head 31 have to be moved together.

Such a mode could be employed when the heating head 31 has a relatively large size.
[0030]

With reference to FIG. 3, the transformer 21 includes a transformer body 211, a cooling-
water pipe 212, a high-frequency cable 213, and a top face cover 214. The transformer body
211 is connected to the water-cooling device 12 via the cooling-water pipe 212 and to the power
source 11 via the high-frequency cable 213. The end of the transformer body 211 opposite to
the end connected to the cooling-water pipe 212 and the high-frequency cable 213 is detachably
connected to the heating head 31 via a connector 41, such a connecting cable (for example, a
water-cooling coaxial cable). For example, the connector 41 and the transformer body 211 are

detachably fixed to each other by cap nuts or the like. By detachably fixing the connector 41
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and the transformer body 211, the transformer body 211 and the heating head 31 are integrated
into a single unit.
[0031]

The transformer body 211 transforms the inputted high-frequency current and outputs
the transformed current. The transformer body 211 is connected to the power source 11 via the
high-frequency cable 213, as described above. The transformer body 211 is also connected to
the heating head 31 via the connector 41. The high-frequency current outputted from the power
source 11 is transformed at the transformer body 211 of the transformer 21 and sent to the
heating head 31 via the connector 41.

[0032]

The top face cover 214 prevents the operator of the heater for coating removal from
being subjected to electrical shock and also functions as a handle of the transformer body 211.
The top face cover 214 has, for example, a substantially rectangular planar shape and is
connected to the transformer body 211, which is disposed adjacent to one of the faces of the top
face cover 214, at predetermined positions.

[0033]

The heating head 31 (integrated heating head, second heating head, second heating unit)
will now be described.
[0034]

The heating head 31 is connected to the transformer body 211 via the connector 41 and
receives a transformed high-frequency current and cooling water from the transformer body 211.

[0035]
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With reference to FIGs. 3 and 4, the heating head 31 includes wheels 313 disposed on
the sides of the head body 311 and rear wheels 314 disposed on the rear portion of the heating
head 31 (adjacent to the transformer body 211). The heating head 31 can travel over the metal
member 50 coated with the coating film 51 with the wheels 313 and the rear wheels 314. A
handle support 315 is supported on the side faces of the head body 311 such that the handle
support 315 is pivotable in the anterior-posterior direction. The handle support 315 is equipped
with a rod-like handle 316. The operator of the coating removal can hold the handle 316 and
move the heating head 31. The handle 316 is provided with a switch 316a for inputting an
instruction of start/stop of heating by the heating head 31.

[0036]

The head body 311 is connected to the transformer body 211 via the connector 41. A
heating coil 312 is disposed near the inner bottom face of the head body 311 at a position above
the metal member 50 coated with the coating film 51 when the heater for coating removal is
placed on a surface.

[0037]

The heating coil 312 (second heating coil) receives the high-frequency current fed to the
head body 311 via the connector 41. The high-frequency current fed to the heating coil 312
enables the heating coil 312 to heat the metal member 50 through induction heating by the
magnetic field generated by the high-frequency current. The heating of the metal member 50
can remove the coating film through lowering of the adhesive force of the coating film 51.
[0038]

The heating coil 312 according to this embodiment is composed of a metal having low
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electrical resistance, such as copper, and wound into a shape of a hollow cylinder or pipe. The
cooling water fed to the head body 311 through the connector 41 is circulated through the pipe-
shaped heating coil 312.
[0039]

The heating coil 312 has the shape described above and is, for example, an air core
solenoid coil. The inductance of a typical solenoid coil can be expressed through the following
equation.

[Equation 1]

k 1« SN4

where L is an inductance value, k is the Nagaoka coefficient, | is magnetic permeability, N is the
number of turns of the coil, S is the cross-sectional area of the coil, and I is the length of the coil.
[0040]

According to Equation 1, when the length of the coil is the same, the coil having the
larger cross-sectional area or the larger number of turns has a larger inductance value.
[0041]

The transformer 2 and the heating head 3 constitute, for example, a single unit

integrating the transformer 21 and the heating head 31, as described above. Such a
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configuration is suitable for a heating head 31 having a relatively large size. In the case of
removal of a coating film from small areas or parts, smooth coating removal is difficult with an
integrated unit of the transformer 2 and the heating head 3 as described above because, for one
reason, the integrated unit is heavy due to the additional weight of the transformer 2.

[0042]

Thus, for removal of coating from small areas or parts, a heating head 32 could be used
in place of the heating head 31. The transformer 21 and the heating heads 32, which is another
example of the heating head 3, will now be described with reference to FIGs. 5 to 9.

[0043]

As illustrated in FIGs. 5 and 6, the heating head 32 (cable-connected heating head, first
heating head, portion of first heating unit) is detachably connected to the transformer 21 via the
water-cooling coaxial cable 42 (cable, portion of first heating unit). When the heating head 32
is to be used, the transformer 21 (transformer body 211) is not integrated with the heating head
32.

[0044]

Due to such a configuration, the transformer 21 does not have to be moved together
with the heating head 32 when the heating head 32 is used. In other words, even when the
heating head 32 is moved, the transformer 21 remains stationary at a predetermined position, i.e.,
is placed and held at the predetermined position. When the transformer 21 is to be moved, it
may be disposed on a dolly to form a structure similar to a vacuum cleaner.

[0045]

Details of the water-cooling coaxial cable 42 will be described below.
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[0046]

The heating head 32 is connected to the transformer body 211 via the water-cooling
coaxial cable 42 and receives a transformed high-frequency current and cooling water from the
transformer body 211.

[0047]

The heating head 32 has the same configuration as that of the heating head 31, except
for having a size different from that of the heating head 31 and being connected to the
transformer body 221 via the water-cooling coaxial cable 42.

[0048]

In specific, the heating head 32 includes a head body 321, a heating coil 322, wheels
323, rear wheels 324, a handle support 325, and a handle 326, as illustrated in FIGs. 6 and 7.
These components are the same as the components of the heating head 31 (i.e., the head body
311, the heating coil 312, the wheels 313, the rear wheels 314, the handle support 315, and the
handle 316), except for having a different size.

[0049]

As described above, the heating head 32 and the heating head 31 have different sizes.
In specific, the heating head 32 is smaller than the heating head 31.

[0050]

Such a difference in size leads to a difference in the sizes of the components. In other
words, the heating coil 322 is also smaller than the heating coil 312.  As a result, the number of
turns of the heating coil 322 is smaller than that of the heating coil 312. The cross-sectional

area of the heating coil 322 is also smaller than that of the heating coil 312.
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[0051]

With reference to Equation 1 described above, it is presumed that the inductance of the
heating coil 322 is lower than that of the heating coil 312 because the number of turns and the
cross-sectional area of the heating coil 322 are smaller than those of the heating coil 312. In
this way, the size difference in the heating coil 322 leads to a difference in inductance between
the heating coil 322 and the heating coil 312. Thus, in this embodiment, the difference in
inductance is adjusted through adjustment of the length of the water-cooling coaxial cable 42.
In specific, the inductance of the water-cooling coaxial cable 42 increases in proportion to an
increase in the length of the water-cooling coaxial cable 42. The length of the water-cooling
coaxial cable is increased for smaller heating heads 3 (heating coils) such that the sum of the
inductances of the components downstream of the transformer 21 falls within a predetermined
range relative to the inductance of the heating head 31 directly attached to the transformer 21
(the inductance of the connector 41 may be taken into consideration). That is, one of the
multiple heating units, including the heating coil 312, the heating coil 322, and the water-cooling
coaxial cable 42, is selected, and the inductance value of the other heating units is adjusted to fall
within a predetermined range relative to the inductance value of the selected heating unit. In
specific, for example, the sum of the inductance value of the water-cooling coaxial cable 42 and
the inductance value of the heating coil 322 is adjusted to fall within a predetermined range
relative to the inductance value of the heating coil 312. In other words, the sum of the
inductance value of the water-cooling coaxial cable 42 and the inductance value of the heating
coil 322 is adjusted to fall within a predetermined range relative to the inductance value of the

heating coil 312. Such adjustments achieve impedance matching between a configuration using
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the heating head 31 and a configuration using the heating head 32 (and the water-cooling coaxial
cable 42), thereby enabling efficient transmission. As a result, the heating head 3 can be
changed among multiple heating heads having different sizes, as needed, without changing the
transformer 21.

[0052]

When the inductance value of the heating coil 312 is 1.0, the sum of the inductance
value of the heating coil 322 and the inductance value of the water-cooling coaxial cable 42 is
adjusted to be, preferably, within the range of 0.6 to 1.3.  The sum of the inductance value of
the heating coil 322 and the inductance value of the water-cooling coaxial cable 42 is adjusted to
be, more preferably, within the range of 0.9 to 1.3.  Such adjustment of the inductance values
enables even more efficient transmission.

[0053]

The configuration of the water-cooling coaxial cable 42 will now be described with
reference to FIGs. 8 to 10. One of the ends of the water-cooling coaxial cable 42 is connected
to the transformer 21 and the other end is connected to the heating head 32, to send a high-
frequency current and cooling water to the heating head 32.

[0054]

In this embodiment, the water-cooling coaxial cable 42 consists of one water-cooling
coaxial cable. In specific, with reference to FIG. 8, the water-cooling coaxial cable 42 includes
a flexible tubular cable body 42A having a predetermined length and cable connection terminals
42B and 42C connected to the two ends of the cable body 42A. As described above, the length

of the water-cooling coaxial cable 42 is adjusted in accordance with the size of the heating head
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32 (dimensions of the heating coil) connected to the end of the water-cooling coaxial cable 42.
The internal configuration of the water-cooling coaxial cable 42 will now be described with
reference to FIGs. 9 and 10.

[0055]

FIG. 10 is a longitudinal cross-sectional view of the cable connection terminal 42B and
the cable body 42A near one end of the water-cooling coaxial cable 42. FIG. 9 is a cross-
sectional view taken along a direction orthogonal to the longitudinal direction of the cable body
42A. In the cross-sectional views of FIGs. 9 and 10, the tubes of the cable body 42A composed
of an insulating material are indicated by the hatched areas.

[0056]

The cable body 42A consists of two layers of tubing. In specific, the cable body 42A
includes a cylindrical outer tube 424 disposed on the outer side and an inner tube 422 passing
through the inside of the outer tube 424. The outer tube 424 and the inner tube 422 are
composed of insulating material, for example, the outer tube 424 being a silicone blade hose, and
the inner tube 422 being a polyurethane tube.

[0057]

With reference to FIG. 9, first conductors or inner conductors 426 are disposed inside
the inner tube 422 or at the center of the cable body 42A. The inner conductors 426 are, for
example, two litz wires and connected to an inner-conductor connection terminal 423 disposed at
a first terminal 421a described below. A high-frequency current is fed to the inner conductors
426. The space between the inner tube 422 and the inner conductors 426 or the space around

the inner conductors 426 defines a first water channel 422a. Water flowing in and out the first
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terminal 421a described below flows through the first water channel 422a.
[0058]

Second conductors or outer conductors 427 are disposed on the outer side or
circumference of the inner tube 422, as illustrated in FIG. 9. The outer conductors 427 are, for
example, litz wires and connected to an outer-conductor connection terminal 425 disposed at a
second terminal 421b described below. A high-frequency current is fed to the outer conductors
427. At this time, the outer conductors 427 is formed such that a current flows in a direction
opposite to the direction of the flow of a current in the inner conductors 426 described above.
The outer tube 424 is disposed on the outer side of the inner tube 422 and the outer conductors
427. The space between the inner tube 422 and the outer tube 424 or the space around the outer
conductors 427 defines a second water channel 424a. Water flowing in and out the second
terminal 421b described below flows through the second water channel 424a.

[0059]

The cable connection terminal 42B, which is disposed at one end of the water-cooling
coaxial cable 42, branches into the first terminal 421a and the second terminal 421b, which have
cylindrical shapes. The terminals 421a and 421b are connected to the transformer 21. The
first terminal 421a is coupled with the inner tube 422 to flow water through the first water
channel 422a in the inner tube 422. The first terminal 421a is connected to the inner conductors
426 in the inner tube 422 and includes the inner-conductor connection terminal 423 for
transmission of a high-frequency current. The second terminal 421b is coupled with the outer
tube 424 to flow water through the second water channel 424a in the outer tube 424. The

second terminal 421b is connected to the outer conductors 427 in the outer tube 424 and includes

19



10

15

20

the outer-conductor connection terminal 425 for transmission of a high-frequency current.
[0060]

The cable connection terminal 42C disposed at the other end of the water-cooling
coaxial cable 42 has the same configuration as that of the terminal at the one end of the water-
cooling coaxial cable 42 and is coupled with the heating head 32.

[0061]

As described above, the heating head 32 is connected to the transformer 21 via the
water-cooling coaxial cable 42 having a predetermined length. Through such a configuration,
the sum of the inductance of the heating coil 322 and the inductance of the water-cooling coaxial
cable 42 equals the inductance of the heating coil 312, even when the heating head 32 is smaller
than the heating head 31.  As a result, either the heating head 31 or the heating head 32 can be
used without changing the transformer 21.

[0062]

In this way, the heater for coating removal according to this embodiment includes the
heating head 31 and the heating head 32. The sum of the inductance generated at the heating
coil 322 of the heating head 32 and the inductance generated at the water-cooling coaxial cable
42 is adjusted to fall within a predetermined range relative to the inductance generated at the
heating coil 312 of the heating head 31. Through such a configuration, the heating head 31 and
the heating head 32 can be changed to suit the target area of coating removal, without changing
the transformer 21.  As a result, any one of the heating heads 3 can be used without excess time
and effort.

[0063]
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Note that the number of the heating heads 3 of the heater for coating removal can be any
number besides two. The heater for coating removal may include a plurality of heating heads 3.
In such a case, the length of the water-cooling coaxial cable 42 is adjusted in accordance with the
sizes of the heating heads 3.

[0064]

In this embodiment, the heating head 32 and the transformer 21 are connected via the
water-cooling coaxial cable 42.  Alternatively, the heating head 32 and the transformer 21 may
be connected via a cable having a predetermined length beside the water-cooling coaxial cable.
[0065]

In this embodiment, the sum of the inductance value of the heating coil 322 and the
inductance value of the water-cooling coaxial cable 42 is adjusted to fall within a predetermined
range relative to the inductance value of the heating coil 312. However, the heating unit to be
the reference may be any heating unit beside a heating unit without a cable like the heating coil
312 (heating head 31). For example, the inductance value of the heating coil 312 may be
adjusted to fall within a predetermined range relative to the sum of the inductance value of the
heating coil 322 and the inductance value of the water-cooling coaxial cable 42.

[0066]

Although the present invention has been described based on the embodiments, the
present invention is not limited to the embodiments described above. Various modifications
understandable by one skilled in the art may be made to the configurations and details of the

present invention within the scope of the invention.
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REFERENCE NUMERALS
[0067]

1 body

11 power source

12 water-cooling device
2, 21 transformer

211 transformer body
212 cooling-water pipe
213 high-frequency cable
214 upper cover

3, 31, 32 heating head
311, 321 head body

312, 322 heating coil
313, 323 wheel

314, 324 rear wheel

315, 325 handle support
316, 326 handle

316a, 326a switch

41 connector

42 water-cooling coaxial cable
42A cable body

42B, 42C cable connection terminal
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421a first terminal

421b second terminal

422 inner tube

422a first water channel

423 inner-conductor connection terminal

424 outer tube

424a second water channel

425 outer-conductor connection terminal

426 inner conductor

427 outer conductor
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CLAIMS

1. Aheater for coating removal heating a metal member having surface coated with a
coating film, the heater comprising:

a high-frequency power source;

a transformer transforming a high-frequency current outputted from the high-frequency
power source; and

a plurality of heating units detachably connectable to the transformer to heat the metal
member disposed in contact with or near the heater by the high-frequency current outputted from
the transformer, wherein,

one heating unit is selected from the plurality of heating units and attached to the
transformer, and

an inductance value of the plurality of heating units except for the one heating unit
selected from the plurality of heating units is adjusted to fall within a predetermined range

relative to an inductance value of the one heating unit selected from the plurality of heating units.

2. The heater for coating removal according to claim 1, wherein,

at least one heating unit among the plurality of heating units comprises a cable sending a
high-frequency current transformed at the transformer; and a cable-connected heating head
including a heating coil connected to an end of the cable and heating the metal member disposed
in contact with or near the heater for coating removal by the high-frequency current, and

the sum of an inductance value of the heating coil of the cable-connected heating head
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and an inductance value of the cable is adjusted to be within a predetermined range relative to an

inductance value of the at least one heating unit among the plurality of heating units.

3. The heater for coating removal according to claim 2, wherein,

at least one heating unit among the plurality of heating units comprises an integrated
heating head integrated with the transformer and comprising a heating coil heating the metal
member disposed in contact with or near the heater for coating removal by the high-frequency
current, and

an inductance value of the plurality of heating units except for the at least one heating
unit is adjusted to be within a predetermined range relative to an inductance value of the at least

heating among the plurality of heating units.

4. The heater for coating removal according to claim 2 or 3, wherein,

the cable connects the transformer and the heating coil of the cable-connected heating
head, and

the length of the cable is adjusted in accordance with the inductance value of the heating
coil of the cable-connected heating head such that the sum of the inductance value of the heating
coil of the cable-connected heating head and the inductance value of the cable is within a
predetermined range relative to the inductance value of one heating unit among the plurality of

heating units.

5. The heater for coating removal according to one of claims 2 to 4, wherein the cable
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comprises one water-cooling coaxial cable.

6. The heater for coating removal according to one of claims 1 to 5, wherein,
the plurality of heating units comprises:

a first heating unit comprising a cable sending a high-frequency current
transformed at the transformer; and a first heating head comprising a first heating coil connected
to an end of the cable and heating the metal member disposed in contact with or near the heater
for coating removal by the high-frequency current; and

a second heating unit comprising a second heating head integrated with the
transformer and comprising a second heating coil heating the metal member disposed in contact
with or near the heater for coating removal by the high-frequency current, and

the sum of an inductance value of the cable of the first heating unit and an inductance
value of the first heating coil is adjusted to be within a predetermined range relative to an

inductance value of the second heating coil.

7. The heater for coating removal according to claim 6, wherein when the inductance
value of the second heating coil is 1.0, the sum of the inductance value of the cable of the first
heating coil and the inductance value of the first heating coil is adjusted to be within a range of

0.6 to 1.3.
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