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(54) HEAT CAULKING APPARATUS

(57) The present invention provides a thermal caulk-
ing device which can quickly heat and cool an object to
be caulked with low electrical power. Provided is a ther-
mal caulking device which caulks a portion of a plastic
part 7 as an object to be caulked, the thermal caulking
device including: a metal tip 3 having a pressing part 3a
which presses the object to be caulked and a heating rod
3c which is provided upright at a center part of the press-
ing part 3a; heating means 10c for heating the heating
rod 3c; a cooling pipe 9 which cools the heating rod 3c;
cooling fluid supply means 4 for supplying a cooling fluid
to the cooling pipe 9; a holder 1 which holds the metal
tip 3 and the cooling pipe 9 so that the cooling pipe 9
delivers the cooling fluid toward the heating rod 3c; and
control means 6 for controlling the heating means 10c
and the cooling fluid supply means 4, wherein the control
means 6 heats the pressing part 3a from the heating rod
3c by the heating means 10c, and after the object to be
caulked is thermally caulked by the pressing part 3a, sup-
plies the cooling fluid from the cooling fluid supply means
4 to the cooling pipe 9 to cool the pressing part 3a from
the heating rod 3c.
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Description

Technical Field

[0001] The present disclosure relates to a thermal
caulking device, and more particularly to a thermal caulk-
ing device which caulks a plastic part using a metal tip
heated by high-frequency induction heating or electrical
heating.

Background Art

[0002] In general, a method of caulking a boss is widely
practiced as a method for fixing a metal plate etc. to a
plastic part. In this method, a columnar protrusion (here-
inafter referred to as a "boss") of a proper size is provided
at a predetermined position in a plastic part, while a hole
into which the boss can be inserted is bored in a metal
plate or a plastic plate to be fixed to the plastic part. After
the two are fitted together, the boss protruding from the
hole is subjected to ultrasonic vibration or heat to melt
and deform and thereby caulk the boss.
[0003] The method using heat is today widely used be-
cause of its advantages over the method using ultrasonic
vibration: (1) beautiful finish, (2) no influence of vibration
on the part, (3) simple principle, hence easy mainte-
nance, and (4) relatively low device cost compared with
ultrasonic vibration. A heater used for caulking a boss is
molded of a nichrome plate or formed by cutting a metal
having a relatively high electrical resistance, and the
heater uses Joule heat which is generated as a high cur-
rent is passed therethrough.
[0004] One example of conventional thermal caulking
devices is shown in FIG. 22. For the thermal caulking
device shown in FIG. 22, a perforated metal plate 8’ is
fitted with a boss 7a’ which is a columnar protrusion of a
plastic part 7’. This thermal caulking device thermally
caulks the boss 7a’ by pressing a metal tip 30, heated to
or above the softening temperature of the plastic part 7’,
against the leading end of the boss 7a’.
[0005] As shown in FIG. 22, lead wires 31a, 31b are
electrically connected by welding or screw fixation to
flanges 30e, 30f, respectively, of the metal tip 30 which
serves as a caulking heater. In a cavity 30c of the metal
tip 30, a plastic cooling pipe 32, which delivers cooling
air cooled to or below normal temperature, is disposed
so that the opening end of the cooling pipe 32 is located
near a pressing part 30a. The metal tip 30, the lead wires
31a, 31b, and the cooling pipe 32 are molded, for exam-
ple, with epoxy resin 34, so as to retain their respective
desired positions.
[0006] FIG. 23 is an external perspective view of the
metal tip 30 as a single part. The metal tip 30 shown in
FIG. 23 has the pressing part 30a which has an upwardly
convex spherical surface, and a cylindrical wall part 30b
rises from around the pressing part 30a, forming the cav-
ity 30c inside the metal tip 30. The wall part 30b is divided
by slits 30s into left and right portions, and the flanges

30e, 30f are formed at the upper end of the wall part 30b.
[0007] In FIG. 22, the pressing part 30a of the metal
tip 30 is depicted at a position above and at a distance
from the boss 7a’. When thermal caulking work is per-
formed, a current flows from the lead wires 31a, 31b to
the metal tip 30, and the metal tip 30 is heated by Joule
heat. Upon reaching a predetermined temperature, the
metal tip 30 is lowered as indicated by the arrow Y to
bring the pressing part 30a into contact with the leading
end of the boss 7a’. Then, the leading end of the boss
7a’ is softened and melted by the heat of the metal tip
30. Thereafter, the application of a current to the lead
wires 31a, 31b is stopped, and cooling air is sprayed from
the cooling pipe 32 to the pressing part 30a of the metal
tip. The cooling air flows through the slits 30s to the out-
side. The metal tip 30 and the leading end of the boss
7a’ are cooled to a temperature equal to or lower than
the softening point of plastic to solidify the leading end
of the boss 7a’. Then, the metal tip 30 is raised again,
which completes the caulking work.
[0008] FIG. 24A and FIG. 24B are cross-sectional view
showing a state at the start of thermal caulking work and
a state at the end of the thermal caulking work. FIG. 24A
shows a stage in which a current is applied from the lead
wire 31a to the lead wire 31b to heat the metal tip 30,
and the pressing part 30a is pressed against the leading
end of the boss 7a’ to melt and deform the boss 7a’.
Specifically, in FIG. 24A, electrical power is supplied from
a power source (not shown) to the lead wire 31a, and a
current flows from the lead wire 31a to the flange 30e,
the wall part 30b, the pressing part 30a, the wall part 30b,
and the flange 30f of the metal tip 30, and the lead wire
31b. Thus, the flange 30e, the wall part 30b, the pressing
part 30a, the wall part 30b, and the flange 30f are heated
in this order according to the flow of the current. When
the pressing part 30a reaches a temperature exceeding
the softening point of plastic, deformation of the leading
end of the boss 7a’, i.e., caulking work starts. By being
pressed with the pressing part 30a, the leading end of
the boss 7a’ assumes a predetermined shape.
[0009] FIG. 24B shows a state in which, after the lead-
ing end of the boss 7a’ has been melted and deformed,
the application of a current from the lead wire 31a to the
lead wire 31b is stopped, and cooling air is sprayed from
cooling air delivery means (not shown) through the cool-
ing pipe 32 to the pressing part 30a inside the cavity 30c
to discharge the heat of the metal tip 30 and the melted
boss 7a’ through the slits 30s and thereby cool the metal
tip 30 and the boss 7a’. The flow of the cooling air inside
the cavity 30c of the metal tip 30 is indicated by the arrows
in FIG. 24B. The cooling air collides with the pressing
part 30a inside the cavity 30c, rises along the wall part
30b, and flows through the slits 30s to the outside of the
metal tip 30. That is, the heat of the metal tip 30 and the
melted boss 7a’ is discharged through the slits 30s. Thus,
the boss 7a’ of the plastic part 7’, which is a molded part,
is melted, deformed, cooled, and solidified, so that the
perforated metal plate 8 is fixed to the plastic part 7’ (e.g.,
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see Patent Document 1).
[0010] FIG. 25 is a schematic cross-sectional view of
another conventional plastic part thermal caulking device
which uses high-frequency induction heating means as
metal tip heating means. In the thermal caulking device
shown in FIG. 25, a plurality of metal tips 40, each having
a cavity 60 through which a cooling fluid is circulated, are
respectively attached under cooling pipes 70, and an in-
duction heating coil 51 is wound on the outer periphery
of each metal tip 40. A high-frequency induction power
source 50 is used to pass a high-frequency current
through the coil 51 and generate an induced current in
the metal tip 40 to thereby heat the metal tip 40. Then, a
pressing part 45 of the heated metal tip 40 is pressed
against the leading end of the boss 7a’ to melt and deform
the leading end of the boss 7a’. After the leading end of
the boss 7a’ has been melted and deformed, the appli-
cation of a high-frequency current to the coil 51 is
stopped, and a cooling fluid, such as cooling air, is
sprayed from the cooling pipe 70 inside the cavity 60 of
the metal tip 40 in the direction toward the pressing part
45, to cool the metal tip 40 and the heated and melted
boss 7a’. Thus, the boss 7a’ of the plastic part 7’, which
is a molded part, is melted, deformed, cooled, and solid-
ified, so that the perforated metal plate (object to be fixed)
8’ is fixed to the plastic part 7’. Since high-frequency in-
duction heating can instantly heat the metal tip 40, it has
an advantage over electrical heating in that the caulking
step takes a shorter time (e.g., see Patent Document 2).
[0011] Thermal caulking of plastic parts is used not on-
ly for caulking bosses and shaft parts of about several
millimeters in diameter, such as thermally caulking the
rotation shaft of plastic scissors of daily use, but also for
thermally caulking smaller plastic parts. For example, in
the case of a forceps-type electrical treatment tool shown
in FIG. 26, a first forceps piece 12b and a second forceps
piece 14b are incorporated into a support 67 mounted at
the leading end of a catheter tube 47 which can be in-
serted into the body, and the first forceps piece 12b and
the second forceps piece 14b are supported on a plastic
support shaft 80. The support shaft 80 is thermally
caulked after the support 67, the first forceps piece 12b,
and the second forceps piece 14b are passed there-
through, and thus the first forceps piece 12b and the sec-
ond forceps piece 14b are assembled so as to be able
to open and close (e.g., see Patent Document 3).
[0012] FIG. 27 is a schematic view showing a step in
which heated rod-like metal tips 110 are pressed respec-
tively against both ends of the support shaft 80 of the
support 67 mounted at the leading end of the catheter
tube 47 to thermally caulk the support shaft 80. The cath-
eter tube 47 is intended to be inserted into the body, such
as a blood vessel, and the support 67 as well as the
support shaft 80 mounted at the leading end of the cath-
eter tube 47 are also small parts. During operation, the
first forceps piece 12b and the second forceps piece 14b
at the leading end of the catheter tube 47 inserted into
the body are required to open and close as intended by

a surgeon (doctor). It is undesirable that the first forceps
piece 12b and the second forceps piece 14b do not move
smoothly due to too tight caulking, or that the first forceps
piece 12b and the second forceps piece 14b come off
due to too loose caulking.
[0013] Other than the above example, thermal caulk-
ing of a stent which is put inside the body by being mount-
ed at the leading end of a balloon catheter, and thermal
caulking of a plastic part at the leading end of an endo-
scope are also known as examples of thermal caulking
of catheter-related plastic parts.
[0014] FIG. 28A shows an extended state of a stent 17
which is put inside the body by being mounted at the
leading end of a balloon catheter. FIG. 28B shows a state
in which the stent 17 shown in FIG. 28A is formed into a
ring shape and a caulking ring 18 is put thereon. FIG.
28C is a schematic view showing a step in which the
caulking ring 18 shown in FIG. 28B is pressed from both
sides in the vertical direction with a pair of heated metal
tips 120 to thermally caulk the caulking ring 18 (e.g., see
Patent Document 4).
[0015] FIG. 29 shows an endoscope attachment of
which a fixing member 41 is fixed by press-fitting and
thermal caulking inside a tube 37 at a leading end part
of an endoscope (e.g., see Patent Document 5).
[0016] Thus, for thermal caulking of small plastic parts,
especially medical plastic parts, it is required that the
thermal caulking device itself strictly manages heating
and pressing conditions of the metal tip and performs
thermal caulking stably and precisely under the required
best heating and pressing conditions.

Prior Art Document

Patent Document

[0017]

Patent Document 1: Japanese Patent Laid-Open
No. 2005-1268
Patent Document 2: Japanese Patent Laid-Open
No. S57-195616
Patent Document 3: Japanese Patent Laid-Open
No. 2004-229976
Patent Document 4: International Publication No.
WO 2009-050888
Patent Document 5: Japanese Patent Laid-Open
No. H11-56753

Summary of the Invention

Problems to be solved by the Invention

[0018] The conventional example shown in FIG. 22
which involves electrical heating has the following prob-
lems. (1) Since the electrical resistance of the heater
(metal tip 30) is low (0.05 to 0.1 Ω), a thick electrical wire
is required for passing a high current of 20 A to 50 A.
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Moreover, a transformer for high current is required, so
that the size of the power source becomes larger. (2)
While it is possible to increase the resistance value by
thinning the material of the heater, the metal tip should
have a plate thickness of at least 0.2 mm to 0.5 mm, for
otherwise the mechanical strength would become insuf-
ficient. (3) The heater is required to be heated only at the
center part with which the boss first comes into contact.
However, the structure as shown in FIG. 22 causes un-
necessary parts to be heated as well, which wastefully
consumes electrical power as well as requires time for
heating before caulking work and time for cooling after
caulking work. (4) In the case of the conventional exam-
ple shown in FIG. 22, the metal tip 30 cannot be replaced
alone when the metal tip 30, which is the heater, or the
lead wires 31a, 31b are damaged. (5) A current flows
from the lead wire 31a to the lead wire 31b, and the metal
tip 30 generates heat along the direction in which the
current flows. Since the metal tip 30 is provided with the
slits 30s for discharging heat, a temperature difference
occurs between both sides of the metal tip 30 across the
slits 30s. It is unfavorable that a temperature difference
in the pressing part 30a of the metal tip results in uneven
heating and melting of the boss 7a’ and thus in an uneven
caulking force. If the center of the boss 7a’ cools and
solidifies before the surrounding area, the caulking force
cannot be expected to increase during solidification of
the center part of the boss 7a’.
[0019] The conventional plastic part thermal caulking
device shown in FIG. 25 which uses high-frequency in-
duction heating has the following disadvantages. (1) The
thickness of the metal tip 40 is large, and the heat capacity
of the metal tip 40 is large. Even if the metal tip 40 is
reduced in thickness to reduce the heat capacity, since
the coil 51 is wound on the outer side of the metal tip 40,
a high-output power source for high-frequency induction
heating is required due to the large diameter of the coil
51. In addition, heating takes time. (2) If the diameter of
a boss is larger, the outer diameter of the metal tip 40
needs to be increased. Then, the outer diameter of the
coil 51 is also increased. If the outer diameter of the metal
tip 40 varies according to the outer diameter of the boss,
the coil 51 needs to be replaced with one corresponding
to the outer shape of the metal tip 40. (3) The space
occupied by the coil 51 interferes with a caulking worker
and limits the work space. The coil 51 interferes with re-
placement of the metal tip 40.
[0020] For the caulking devices described with FIG. 26
to FIG. 29 which are intended for catheter-related plastic
parts, small plastic parts at the leading end part of an
endoscope, etc., there is a demand for a small and light
thermal caulking device of which the metal tip has a small
heat capacity and which allows detailed setting of heating
and pressing conditions.
[0021] The present invention has been devised to
solve such problems, and an object of the invention is to
provide a thermal caulking device which can quickly heat
and cool an object to be caulked with low electrical power.

More specifically, objects of the present invention as em-
bodiments thereof are as follows:

(1) To make it possible to sufficiently caulk a ther-
moplastic resin boss in a short time using a low-out-
put device;
(2) To provide a plastic part thermal caulking device
which is highly responsive to heating and cooling;
(3) To increase the caulking force by heating and
melting especially the center part of a boss to the
maximum temperature so that the boss is cooled and
solidified from the periphery toward the center part;
(4) To use the same metal tip for thermally caulking
bosses of different diameters, even when the outer
diameter of the boss is larger or smaller, by heating
the boss from the center toward the outer periphery
and varying the length of the heating time so as to
produce a required amount of heat with the same
metal tip;
(5) To allow the metal tip to be easily attached/re-
moved or replaced alone;
(6) To provide a small and light thermal caulking de-
vice; and
(7) To provide a plastic part thermal caulking device,
especially of a high-frequency induction heating
type, which has a high-frequency induction heating
coil provided on the inside, not the outside, of the
metal tip so as not to interfere with a caulking worker.

Means for Solving the Problems

[0022] To achieve the above objects, a thermal caulk-
ing device according to the present invention is a thermal
caulking device which caulks a portion of a plastic part
as an object to be caulked, the thermal caulking device
including: a metal tip having a pressing part which press-
es the object to be caulked and a heating rod provided
upright in a center part of the pressing part; heating
means for heating the heating rod; a cooling pipe which
cools the heating rod; cooling fluid supply means for sup-
plying a cooling fluid to the cooling pipe; a holder which
holds the metal tip and the cooling pipe so that the cooling
pipe delivers the cooling fluid toward the heating rod; and
control means for controlling the heating means and the
cooling fluid supply means, wherein the control means
heats the pressing part from the heating rod by the heat-
ing means, and after the object to be caulked is thermally
caulked by the pressing part, supplies the cooling fluid
from the cooling fluid supply means to the cooling pipe
to cool the pressing part from the heating rod.

Advantageous Effects of the Invention

[0023] According to the present invention adopting the
above means, it is possible to quickly heat and cool an
object to be caulked with low electrical power. Specifi-
cally, the objects listed above are achieved in the em-
bodiments of the present invention. That is, the following
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objects are achieved: (1) To make it possible to suffi-
ciently caulk a thermoplastic resin boss using a low-out-
put device; (2) To provide a plastic part thermal caulking
device which is highly responsive to heating and cooling;
(3) To increase the caulking force by heating and melting
especially the center part of a boss to the maximum tem-
perature so that the boss is cooled and solidified from
the periphery toward the center part; (4) To use the same
metal tip for thermally caulking bosses of different diam-
eters, even when the outer diameter of the boss is larger
or smaller, by heating the boss from the center toward
the outer periphery and varying the length of the heating
time so as to produce a required amount of heat with the
same metal tip; (5) To allow the metal tip to be easily
attached/removed or replaced alone; (6) To provide a
small and light thermal caulking device; and (7) To pro-
vide a plastic part thermal caulking device, especially of
a high-frequency induction heating type, which has a
high-frequency induction heating coil provided on the in-
side, not the outside, of the metal tip so as not to interfere
with a caulking worker.
[0024] Moreover, the thermal caulking device of the
present invention has the following effects: (1) The ther-
mal efficiency is high, since the heat from the heated
metal rod is transferred to only near the part in contact
with the boss; (2) The cooling time is short, since the wall
part of the metal tip is not directly heated; (3) A thin elec-
trical wire having a cross-sectional area of about 1 mm2

suffices, since a current passed through the high-fre-
quency induction heating coil is of 2 A to 5 A; (4) The
power source is small and light, since only electronic cir-
cuits and electronic parts generating high frequency are
required and no large transformer is required; and (5)
The metal tip is easy to replace when the metal tip gets
dirty or damaged.

Brief Description of the Drawings

[0025]

FIG. 1 is an overall configurational view showing a
plastic part thermal caulking device according to a
first embodiment of the present invention.
FIG. 2 is a cross-section view of the major part of a
caulking unit of the plastic part thermal caulking de-
vice according to the first embodiment of the present
invention.
FIG. 3A is a cross-sectional view of a metal tip of the
plastic part thermal caulking device according to the
first embodiment of the present invention.
FIG. 3B is an external perspective view of the metal
tip of the plastic part thermal caulking device accord-
ing to the first embodiment of the present invention.
FIG. 4 is a cross-section view, along the line B-B of
FIG. 2, of the caulking unit of the plastic part thermal
caulking device according to the first embodiment of
the present invention.
FIG. 5 is a view showing an exploded cross-sectional

view of the caulking unit of the plastic part thermal
caulking device according to the first embodiment of
the present invention, along with a cross-sectional
view of replacement metal tips.
FIG. 6A is a cross-sectional view of another replace-
ment metal tip of the plastic part thermal caulking
device according to the first embodiment of the
present invention.
FIG. 6B is a cross-sectional view of another replace-
ment metal tip of the plastic part thermal caulking
device according to the first embodiment of the
present invention.
FIG. 6C is a cross-sectional view of another replace-
ment metal tip of the plastic part thermal caulking
device according to the first embodiment of the
present invention.
FIG. 7 is a view showing changes over time in press-
ing force, high-frequency current, cooling fluid flow
rate, and metal tip temperature during caulking work
by the plastic part thermal caulking device according
to the first embodiment of the present invention.
FIG. 8A is a view showing a state before caulking
work in a modified example of a holder of the plastic
part thermal caulking device according to the first
embodiment of the present invention.
FIG. 8B is a view showing a state during caulking
work in the modified example of the plastic part ther-
mal caulking device according to the first embodi-
ment of the present invention.
FIG. 9 is an overall configurational view showing a
plastic part thermal caulking device according to a
second embodiment of the present invention.
FIG. 10 is a control block diagram of the plastic part
thermal caulking device according to the second em-
bodiment of the present invention.
FIG. 11 is a view showing examples of detailed ther-
mal caulking conditions stored in a memory of the
plastic part thermal caulking device according to the
second embodiment of the present invention.
FIG. 12 is a cross-section view of the major part of
a caulking unit of a plastic part thermal caulking de-
vice according to a third embodiment of the present
invention.
FIG. 13 is a cross-sectional view showing the major
part of a caulking unit of a plastic part thermal caulk-
ing device according to a fourth embodiment of the
present invention, in juxtaposition with an object to
be caulked.
FIG. 14 is a cross-sectional view showing a modified
example of a metal tip of the plastic part thermal
caulking device according to the fourth embodiment
of the present invention.
FIG. 15A is a cross-sectional view showing the major
part of a caulking unit of a plastic part thermal caulk-
ing device according to a fifth embodiment of the
present invention, in juxtaposition with an object to
be caulked.
FIG. 15B is a cross-sectional view showing the major
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part of the caulking unit of the plastic part thermal
caulking device according to the fifth embodiment of
the present invention, in juxtaposition with the object
to be caulked.
FIG. 16 is an external perspective view of a metal
tip of the plastic part thermal caulking device accord-
ing to the fifth embodiment of the present invention.
FIG. 17 is a cross-sectional view showing the major
part of a caulking unit of a plastic part thermal caulk-
ing device according to a sixth embodiment of the
present invention, in juxtaposition with an object to
be caulked.
FIG. 18 is a view showing an exploded cross-sec-
tional view of the caulking unit of the plastic part ther-
mal caulking device according to the sixth embodi-
ment of the present invention, along with a cross-
sectional view of a replacement metal tip.
FIG. 19A is a cross-sectional view in which lead wires
are connected to a metal tip of the plastic part thermal
caulking device according to the sixth embodiment
of the present invention.
FIG. 19B is an external perspective view in which
the lead wires are connected to the metal tip of the
plastic part thermal caulking device according to the
sixth embodiment of the present invention.
FIG. 19C is a plan view of the metal tip of the plastic
part thermal caulking device according to the sixth
embodiment of the present invention.
FIG. 20 is a cross-sectional view showing the major
part of a caulking unit of a plastic part thermal caulk-
ing device according to a seventh embodiment of
the present invention, in juxtaposition with an object
to be caulked.
FIG. 21 is an exploded cross-sectional view of the
caulking unit of the plastic part thermal caulking de-
vice according to the seventh embodiment of the
present invention.
FIG. 22 is a cross-sectional view showing the major
part of a caulking unit of a first conventional plastic
part thermal caulking device, in juxtaposition with an
object to be caulked.
FIG. 23 is an external perspective view of a metal
tip of the first conventional plastic part thermal caulk-
ing device.
FIG. 24A is a cross-sectional view of the major part
showing a state of the first conventional plastic part
thermal caulking device at the start of thermal caulk-
ing.
FIG. 24B is a cross-sectional view of the major part
showing a state of the first conventional plastic part
thermal caulking device during heat discharge after
thermal caulking.
FIG. 25 is a schematic configurational view of a sec-
ond conventional plastic part thermal caulking de-
vice.
FIG. 26 is a perspective view of a catheter tube with
an opening-closing forceps part which is a conven-
tional plastic part to be thermally caulked.

FIG. 27 is a view showing a state in which a support
shaft of the catheter tube with an opening-closing
forceps part which is a conventional plastic part to
be thermally caulked is thermally caulked.
FIG. 28A is a view showing a state before caulking
of a stent which is a conventional plastic part to be
thermally caulked.
FIG. 28B is a view showing a preparatory state be-
fore caulking of the stent which is a conventional
plastic part to be thermally caulked.
FIG. 28C is a view showing a state immediately be-
fore the start of thermal caulking in a caulking step
of the stent which is a conventional plastic part to be
thermally caulked.
FIG. 29 is a view showing a state in which a plastic
part at a leading end part of a conventional endo-
scope has been thermally caulked.

Mode for Carrying out the Invention

(First Embodiment)

[0026] FIG. 1 is an overall configurational view showing
a plastic part thermal caulking device according to a first
embodiment of the present invention. As shown in FIG.
1, the thermal caulking device is provided with a holder
cap 2 at the leading end of a hollow rod-like holder 1, the
holder 1 and the holder cap 2 holding a metal tip 3. The
holder 1 and the holder cap 2 are made of an insulating
material, such as plastic, and grasped by a worker or
held by a robot or pressing operation means of other
production machines. This thermal caulking device can
perform thermal caulking operation of integrating a metal
plate 8 etc., which is laid on a plastic part 7 and penetrated
by a boss 7a, by pressing a pressing part of the heated
metal tip 3 against the boss 7a of the plastic part 7.
[0027] In FIG. 1, a cooling pipe 9, which will be de-
scribed in detail later, is disposed inside the holder 1, and
the holder 1 has a cooling function of forcibly cooling the
metal tip 3 after thermal caulking. For this purpose, the
inside of the holder 1 is left as a cavity 1a. A hole 1b is
formed in the side surface of the holder 1, and the hole
1b communicates with the inside of a hose 4a of which
one end is connected to the side surface of the holder 1.
The other end of the hose 4a is connected to a cooling
fluid supply machine 4. Another hole 1d is formed in the
side surface of the holder 1, and a pair of lead wires 10a,
10b, bundled into one lead wire bundle 10, is passed
through the hole 1d. The lead wires 10a, 10b are con-
nected to a heating power source 5 through the hole 1d
in the side surface of the holder 1. The cooling fluid supply
machine 4 and the heating power source 5 are integrally
assembled and form a control unit along with a controller
6. While this will be described later in detail, to enable
thermal caulking work, the controller 6 is provided with a
control circuit which controls thermal caulking work, a
memory which stores various control conditions and
stores optimal thermal caulking conditions according to
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predetermined thermal caulking work, and a thermal
caulking condition storage/readout part which stores
thermal caulking conditions in the memory and reads out
the thermal caulking conditions therefrom.
[0028] FIG. 2 is a cross-sectional view of the major part
showing the metal tip 3 and the holder 1 and the holder
cap 2 supporting the metal tip 3 (hereinafter referred to
as a "caulking unit of a thermal caulking device") of the
plastic part thermal caulking device according to the first
embodiment of the present invention. The metal tip 3 is
shown in the lowermost part of FIG. 2. FIG. 3A is a cross-
sectional view of the metal tip 3, and FIG. 3B is an external
perspective view of the metal tip 3.
[0029] For the understanding of the present invention,
the metal tip 3 will be described first. The metal tip 3 as
a whole has the shape of a closed-end cylinder, and the
bottom part functions as a plate-like pressing part 3a
which presses the boss 7a of the plastic part. The plate-
like pressing part 3a has an upwardly (toward the holder
1) convex spherical surface. A heating rod 3c is provided
upright at the center of the pressing part 3a by welding
or brazing, for example. A plate-like wall part 3b rises
upward from the outer periphery of the pressing part 3a,
and the wall part 3b is divided by a pair of slits 3s into
two regions in the circumferential direction. Plate-like
flanges 3e, 3f are formed at the upper end of the wall
part 3b. The heating rod 3c is desirably made of a ferro-
magnetic material such as an iron-based alloy or a nickel-
based alloy. This is because, as will be described in detail
later, the Curie temperature is easy to regulate when the
heating rod 3c is made of a ferromagnetic material.
[0030] FIG. 4 is a cross-sectional view along the line
B-B of FIG. 2, and shows the positional relation among
the cooling pipe 9, the lead wires 10a, 10b, and a sealant
11 inside the metal tip 3. As shown in FIG. 4, the sealant
11 is provided on the bottom surface inside the holder 1.
The clearance between the outer periphery of the cooling
pipe 9 and the lead wires 10a, 10b is filled with the sealant
11, which is silicone rubber or high-density sponge, so
that a cooling fluid delivered from the cooling pipe 9 does
not spurts out through the clearance between the outer
periphery of the cooling pipe 9 and the lead wires 10a,
10b.
[0031] Referring to FIG. 2, a thread 1g is cut on the
outer periphery of a lower end part of the holder 1, and
a step 1f which fits with the inner wall of the metal tip 3
is formed on the lower end surface of the holder 1. An
odd-shaped hole 1c is formed from a center position in
the lower end surface of the holder 1 to the bottom surface
on the inside of the holder 1, and the cooling pipe 9 and
the lead wires 10a, 10b are passed through the odd-
shaped hole 1c. When seen in the cross-section along
the line B-B as shown in FIG. 4, the odd-shaped hole 1c
has a shape in which small-diameter holes for the lead
wires 10a, 10b to pass through are formed on both sides
of a large-diameter hole for the cooling pipe 9 to pass
through.
[0032] The lead wires 10a, 10b are originally one lead

wire, and obtained by continuously winding the lead wire
on the outer periphery of a lower part in the longitudinal
direction of the cooling pipe 9 in advance, and then pulling
up both ends of the lead wire through the odd-shaped
hole 1c along the cooling pipe 9 to the inside of the holder
1. The portion of the lead wire continuously wound on
the outer periphery of the lower part of the cooling pipe
9 serves as a high-frequency induction coil 10c, and when
a high-frequency current is applied to the lead wires 10a,
10b, an induced current flows through the high-frequency
induction coil 10c. Then, the heating rod 3c located inside
the high-frequency induction coil 10c is heated by induc-
tion heating and generates high-temperature heat.
[0033] The inner surface of the wall part 3b of the metal
tip fits on the outer peripheral surface of the step 1f of
the holder 1, and the flanges 3e, 3f butt against the outer
peripheral edge of the step 1f. With the metal tip 3 fitted
with the step 1f of the holder 1, the holder cap 2 which
is also made of plastic and has a female thread cut on
the inside is screw-fastened. Since a metal tip holding
portion 2a protruding inward is formed at the lower end
of the holder cap 2, as the holder cap 2 is fastened to the
holder 1, the metal tip 3 is held with the flanges 3e, 3f of
the metal tip 3 clamped between the outer peripheral
edge of the step 1f of the holder 1 and the metal tip holding
portion 2a of the holder cap. When the metal tip 3 is thus
attached to the holder 1, since the heating rod 3c is pro-
vided upright at the center of the pressing part 3a of the
metal tip 3, the heating rod 3c is located inside the high-
frequency induction coil 10c wound on the outer periph-
ery of the cooling pipe 9.
[0034] Described below is one example of a thermal
caulking method in the case where the boss 7a penetrat-
ing the metal plate 8 placed on the plastic part 7 is the
object to be caulked by the thermal caulking device hav-
ing the above configuration.
[0035] First, a high-frequency current is applied from
the heating power source 5 to the lead wires 10a, 10b
under the control of the controller 6 of the control unit.
Then, an induced current flows from the lead wires 10a,
10b to the high-frequency induction coil 10c, and the
heating rod 3c of the metal tip is heated by induction
heating and generates high-temperature heat. The heat
generated in the heating rod 3c transfers to the pressing
part 3a of the metal tip. The heat having transferred to
the pressing part 3a transfers to the wall part 3b and is
partially released from the outer surface of the wall part
3b. However, since the pressing part 3a is supplied with
heat from the heating rod 3c, the center of the pressing
part 3a of the metal tip where the heating rod 3c is located
is kept constantly at a high temperature. As for the heat-
ing time of the pressing part 3a, since induction heating
is used, the temperature of the pressing part 3a rises
instantly to a certain temperature as required for thermal-
ly caulking a plastic part.
[0036] At a point when an amount of heat as required
for thermal caulking has been generated in the metal tip
3, or prior thereto, the holder 1 is lowered to press down
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the boss 7a by the pressing part 3a. As the heat of the
pressing part 3a transfers to the boss 7a, the boss 7a is
melted and softened, so that the head of the boss 7a
assumes a shape expanded outward following the shape
of the pressing part 3a, and as a result, the metal plate
8 is clamped between the head of the boss 7a and the
plastic part 7. Thereafter, the controller 6 stops the ap-
plication of a high-frequency current to the lead wire 10a,
and supplies air at a temperature equal to or lower than
normal temperature as cooling air (cooling fluid) from the
cooling fluid supply machine 4 through the hose 4a into
the holder 1. The cooling air supplied into the holder 1 is
sprayed from the cooling pipe 9 toward the heating rod
3c and the pressing part 3a. The cooling air takes away
heat from the heating rod 3c, the pressing part 3a, and
the high-frequency induction coil 10c, and discharges the
heat through the slits 3s of the metal tip 3, which are heat
discharge holes, to the outside of the metal tip 3. Thus,
the pressing part 3a and the heating rod 3c of the metal
tip are instantly cooled. As a result, the boss 7a which
has been temporarily melted and softened is cooled and
solidified, which completes thermal caulking.
[0037] In the first embodiment of the present invention,
the center part which repeatedly generates heat and
cools, i.e., the heating rod 3c, is located inside the metal
tip 3 protruding from the holder 1. The heating rod 3c is
surrounded by the cooling pipe 9 which is also protruding
from the holder 1, and the high-frequency induction coil
10c is disposed on the outer peripheral surface of the
cooling pipe 9. As a high-frequency current is applied to
the high-frequency induction coil 10c during heating, the
heating rod 3c generates heat, and the pressing part 3a
and the wall part 3b of the metal tip are heated from the
heating rod 3c. After thermal caulking, as cooling air is
delivered from the cooling pipe 9 toward the heating rod
3c and the pressing part 3a, the heating rod 3c is cooled,
and the pressing part 3a and the wall part 3b of the metal
tip are cooled.
[0038] Thus, since the heating rod of the metal tip pro-
vided upright at the center of the pressing part is heated
and cooled first, the responsiveness to heating and cool-
ing can be enhanced.
[0039] Since the thermal caulking device of this em-
bodiment has the high-frequency induction coil 10c dis-
posed inside the metal tip 3, the high-frequency induction
coil 10c does not interfere with a worker performing caulk-
ing work or with the operation of a robot etc., so that the
work efficiency can be enhanced.
[0040] Since the heating rod 3c, the pressing part 3a
and the wall part 3b of the metal tip, and the high-fre-
quency induction coil 10c which are repeatedly heated
and cooled are located outside the holder 1 and the hold-
er cap 2, the temperature of the holder 1 does not rise.
Moreover, owing to the cooling effect of the cooling air
passing through the inside of the holder 1 and the cooling
pipe 9, the holder 1 and the holder cap 2 can be kept at
such a temperature that a worker can grasp them.
[0041] In this embodiment, the structure in which the

screw of the holder cap 2 is fastened to thereby attach
the metal tip 3 to the holder 1 is shown in FIG. 2. That is,
the metal tip 3 fixed on the holder 1 can be easily replaced
with another metal tip by loosening the screw of the holder
cap 2 and removing the holder cap 2 from the holder 1.
[0042] As a method for attaching/removing the holder
1 and the holder cap 2 to/from each other, methods which
allow them to be attached or removed by a single action
can also be used other than screw connection using a
male thread and a female thread provided in the holder
1 and the holder cap 2. A structure can be used which
can attach or remove the holder 1 and the holder cap 2
by integrating or disassembling them, for example, a
structure in which the holder 1 has a protruding pin on
the outer periphery and the holder cap 2 is provided with
a cam groove to engage with the pin, and the pin and the
cam groove are engaged with each other.
[0043] With regard to the replacement of the metal tip,
FIG. 5 shows an exploded cross-sectional view of the
caulking unit of the plastic part thermal caulking device
according to the first embodiment of the present invention
in which the screw of the holder cap 2 is loosened and
the holder cap 2 is removed from the holder 1, along with
a cross-sectional view of other replacement metal tips.
[0044] As described already, the caulking unit of the
thermal caulking device of this embodiment has a struc-
ture in which the flanges 3e, 3f of the metal tip 3 are
clamped and held between the holder 1 and the holder
cap 2 which are screw-connected to each other. Accord-
ingly, as shown in FIG. 5, loosening the screw of the
holder cap 2 and removing the holder cap 2 from the
holder 1 can remove the metal tip 3. As indicated by the
dashed or solid doubleheaded arrow in FIG. 5, the metal
tip 3 can be replaced with another metal tip. For example,
thermal caulking can be performed using such as a metal
tip 23 of which the diameter of the heating rod 3c is large
and the root of the heating rod 3c and the pressing part
3a are connected to each other through a curved surface
(rounded corner), or a metal tip 33 of which the length of
the heating rod 3c is short.
[0045] FIG. 6A to FIG. 6C each show a cross-sectional
view of yet another replacement metal tip of the plastic
part thermal caulking device according to the first em-
bodiment of the present invention. A metal tip 43 of FIG.
6A has an upwardly curved surface in an area having a
diameter D2 in a center part of a pressing part 43a. The
peripheral edge portion other than this area is a flat sur-
face, and the portion continuous with a wall part 43b is
connected as a curved surface. This metal tip 43 is con-
venient when making the head of the boss 7a of the plas-
tic part smaller.
[0046] A metal tip 53 of FIG. 6B is a two-step metal tip
with a wall part 53b varied in diameter. Since the leading
end of the wall part 53b is small, this metal tip 53 has an
effect that the visibility near the leading end of the metal
tip 53 is good and positioning during thermal caulking
work is easy.
[0047] A metal tip 63 of FIG. 6C has a pressing part
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63a which is downwardly convex at the center of the
caulking-side surface and upwardly convex around the
center of the caulking-side surface. This metal tip 63 has
an effect that thermal caulking can be performed so as
to press down the center of the boss 7a by the center of
the pressing part 63a.
[0048] FIG. 7 shows changes over time in pressing
force, high-frequency current, cooling fluid flow rate, and
metal tip temperature during caulking work by the plastic
part thermal caulking device according to the first em-
bodiment of the present invention. With the abscissa
serving as a time axis, FIG. 7 shows changes according
to time in pressing force, high-frequency current, cooling
fluid flow rate, and metal tip temperature. In FIG. 7, the
pressing force (F) between the pressing part 3a of the
metal tip and the boss 7a of the plastic part 7 starts to
increase to a predetermined pressure (F1) at time (t1). At
the same time, the high-frequency current (I) starts to be
applied until a predetermined current (I1) is reached, so
that the metal tip 3 starts to generate heat and the tem-
perature (T) of the metal tip starts to rise. Thereafter, at
time (t2) when the temperature of the metal tip has
reached a predetermined temperature (T1), the high-fre-
quency current (I) is stopped, and instead a cooling fluid
(Q) is passed in a predetermined amount (Q1) for a pre-
determined time, until time (t3). Then, the metal tip is
cooled and decreases in temperature. When the temper-
ature of the metal tip has returned to normal temperature,
thermal caulking is considered as completed, and the
metal tip 3 is raised and separated from the boss 7a (time
(t4)).
[0049] For the temperature regulation of the present
invention, Curie temperature automatic regulation is per-
formed under the control of the controller 6. Curie tem-
perature automatic control is described as follows. When
a current is applied to a high-frequency coil by a high-
frequency power source, magnetism is generated
around the high-frequency coil. This magnetism causes
an eddy current due to the skin effect to flow through the
magnetic layer of a heating rod provided in a metal tip,
so that the magnetic layer generates heat under Joule
heating. This heat transfers through the heating rod,
which has high thermal conductivity, to the pressing part.
In particular, when the magnetic layer of the heating rod
is made of a material having a Curie point, the magnetic
properties diminish when the heating rod is heated to or
above the Curie point, so that the eddy current due to
the skin effect decreases and the Joule heat decreases.
When the temperature falls below the Curie point, the
magnetic properties are restored and the Joule heat in-
creases again. Curie temperature automatic regulation
is about maintaining a predetermined temperature
through repetition of this process. In FIG. 7, the metal tip
temperature (T) is kept at the predetermined temperature
(T1) because Curie temperature automatic regulation is
used.
[0050] For comparison, the two-dot chain lines in FIG.
7 indicate the values of the pressure force etc. in the case

where, for example, the conventional thermal caulking
device of FIG. 25 is used. Although the same high-fre-
quency induction heating and cooling with a cooling pipe
are used, the conventional device takes time to raise the
temperature of the metal tip 40 and to cool the metal tip
40 due to the large heat capacity of the metal tip 40, and
as indicated by the two-dot chain line in FIG. 7, it takes
a long time to raise the temperature of the metal tip 40
to a predetermined temperature and to return the tem-
perature back to normal temperature. It is obvious from
FIG. 7 that, according to the present invention, the metal
tip 3 has a small heat capacity and therefore the temper-
ature of the metal tip 3 rises to a predetermined temper-
ature in a short time and returns to normal temperature
in a shorter time than the conventional metal tip.
[0051] In this embodiment, the heating rod 3c is pro-
vided at the center of the pressing part 3a of the metal
tip 3, and the heating rod 3c is instantly heated and
cooled. Therefore, the heat capacity of the heating rod
3c can be set to be just large enough for thermal caulking.
Accordingly, the metal tip 3 can be made thinner and
smaller, so that a reduction in size and weight of the de-
vice can be achieved. Moreover, as the heat capacity of
the heating rod 3c is reduced to a minimum heat capacity
required for thermal caulking, electrical power required
for heating can also be reduced, so that a low-output,
energy-saving device can be realized.
[0052] When the boss 7a is melted and then cooled
and solidified, the boss 7a is cooled and solidified se-
quentially from the periphery of the boss 7a, which has
been melted and crushed to spread around, toward the
center. When the center of the boss 7a is cooled and
solidified last, the boss 7a shrinks while the center part
thereof is solidifying, resulting in a larger caulking force.
If the heating rod 3c located at the center of the pressing
part 3a has a larger heat capacity than the other parts,
the center part of the boss 7a can be cooled last reliably.
Thus, an effect that the caulking force increases as the
boss 7a shrinks while the center part thereof is solidifying
can be obtained.
[0053] If produced in advance in a larger length, the
heating rod 3c is easy to process to reduce the length
and thereby reduce the heat capacity. If a larger heat
capacity is required, the metal tip can be replaced with
a metal tip having a thicker heating rod.
[0054] In this embodiment, the slits 3s of the metal tip
function solely as open holes through which the cooling
air delivered inside the metal tip is discharged. That is,
the slits 3s are heat discharge holes through which heat
taken away by the cooling air from the heating rod 3c,
the pressing part 3a, and the high-frequency induction
coil 10c is discharged. In this embodiment, since the
pressing part 3a is heated from the center through the
heating rod, the problem with the conventional device
that the temperature of the metal tip becomes uneven
due to the slits 3s provided therein is prevented.
[0055] A modified example of the first embodiment will
be described below. FIG. 8 shows the modified example
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of the first embodiment. The thermal caulking device of
the first embodiment of the present invention already
shown in FIG. 1 is used by a worker grasping the holder
1 of the caulking unit and pressing the pressing part 3a
of the metal tip against the leading end of the boss 7a.
In this case, since the work is performed by a human,
the pressing force may vary among workers. In the mod-
ified example of the first embodiment, therefore, the hold-
er 1 is pressed through a compression spring 150 so that
the pressing force does not vary.
[0056] That is, in the modified example of the first em-
bodiment of the present invention, as shown in FIG. 8A,
a slide holder 200 which is cylindrical and slidable in the
longitudinal direction of the holder 1 is provided on the
outer periphery of the holder 1. The compression spring
150 is provided on the upper end surface of the holder
1. A slide holder cap 201 which regulates the position of
the compression spring 150 is integrally attached to an
upper part of the slide holder 200. A flange 1e is provided
at the lower end of the holder 1, and a slide holder stopper
202, of which the position is regulated by the flange 1e,
is integrally attached to a lower part of the slide holder
200.
[0057] FIG. 8A shows a state before caulking work. In
a state where a worker is merely grasping the slide holder
200, as shown in FIG. 8A, the compression spring 150
is pushing up the slide holder cap 201 to the upper side
of the holder 1, and the lower end of the slide holder
stopper 202 is in contact with the flange 1e of the holder.
Thus, in this state, there is a clearance (S) formed be-
tween the flange 1e of the holder and the lower end of
the slide holder 200.
[0058] It is preferable that screw connection is used to
attach the slide holder 200 and the slide holder cap 201
to each other and attach the slide holder 200 and the
slide holder stopper 202 to each other. This is because
the amount of compression of the compression spring
150 and the clearance (S) between the flange 1e of the
holder and the lower end of the slide holder 200 can be
adjusted by adjusting the amount of screwing of screw
connection. Otherwise, these parts may be bonded to-
gether with an adhesive or welded together if it is not
necessary to adjust the amount of compression of the
compression spring 150 or the clearance (S) between
the flange 1e of the holder and the lower end of the slide
holder 200.
[0059] Next, as shown in FIG. 8B, when the worker
grasps the slide holder 200 and presses it downward,
the pressing part 3a of the metal tip hits the leading end
of the boss 7a. Then, heat of the metal tip 3 transfers to
the boss 7a and thermal caulking starts. When the press-
ing force is continuously applied to the slide holder 200,
the slide holder cap 201 compresses the compression
spring 150, so that the holder 1 is pressed down by the
urging force of the compression spring 150. When the
slide holder 200 is lowered, a leading end 200a of the
slide holder hits the flange 1e of the holder 1. Unless the
worker presses with a larger force at the point when the

leading end 200a of the slide holder 200 hits the flange
1e at the lower end of the holder 1, the pressing force is
kept at the pressing force which compresses the com-
pression spring 150 in a predetermined amount. Then,
thermal caulking work can be performed with an almost
constant pressing force. Thus, in the modified example
of the first embodiment of the present invention, variation
in pressing force during thermal caulking work by a work-
er is eliminated.
[0060] In the modified example of the first embodiment
of the present invention, the slide holder 200, the slide
holder cap 201, the slide holder stopper 202, and the
compression spring 150 correspond to the pressing op-
eration means when a worker grasps and uses the ther-
mal caulking device of the present invention.
[0061] Although description about the use of modified
examples of the metal tip as shown in the first embodi-
ment will be omitted in the following description of a sec-
ond embodiment to a seventh embodiment, the modified
examples can be similarly applied to any of these em-
bodiments.

(Second Embodiment)

[0062] FIG. 9 is an overall configurational view showing
a plastic part thermal caulking device according to a sec-
ond embodiment of the present invention. In the plastic
part thermal caulking device according to the second em-
bodiment of the present invention, the holder 1 with the
metal tip 3 attached thereto is supported by a pressing
operation mechanism, such as an air cylinder, so as to
be movable in the vertical direction. The second embod-
iment is characterized in that the pressing part 3a of the
metal tip 3 is pressed down to the leading end of the boss
7a through the operation of the pressing operation mech-
anism such as an air cylinder. Since the pressing work
is not manual work performed by a worker but machine
work performed by the thermal caulking device, a prede-
termined pressing force managed to be constant can be
applied.
[0063] In FIG. 9, a housing 100 of the thermal caulking
device has an L-shape in which a column 100a extending
in the vertical direction in the sheet plane of FIG. 9 and
an anvil 100b extending in the left-right direction in the
sheet plane of FIG. 9 are integrally coupled to each other.
An air cylinder bracket 101 is attached to the column
100a. An air cylinder 99 is attached to the air cylinder
bracket 101, with a rod 99a facing downward. A slide unit
102 is attached at the leading end of the rod 99a, and
the slide unit 102 can move up and down along the col-
umn 100a.
[0064] A heating power source 97 which supplies elec-
trical power to the holder 1 and the high-frequency in-
duction coil, and a cooling fluid supply part 98 are at-
tached to the slide unit 102. Although not shown, lead
wires inside the holder 1 are connected to the heating
power source 97, and the cooling pipe 9 is connected to
the cooling fluid supply part 98. The metal tip 3 is clamped
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by the holder 1 and the holder cap 2 and is held with the
pressing part 3a facing downward. In FIG. 9, the control-
ler 6 is disposed on the right side of the housing 100.
Although this is not shown either, the controller 6 is con-
nected to the heating power source 97 and the cooling
fluid supply part 98 inside the column 100a. On the anvil
100b, the plastic part 7 to be thermally caulked and the
metal plate 8 are placed on top of one another. The boss
7a of the plastic part 7 is protruding from the hole of the
metal plate 8. Alternatively, the heating power source 97
and the cooling fluid supply part 98 may be disposed next
to the controller 6, integrally with the controller 6, instead
of in the slide unit 102.
[0065] When a worker selects thermal caulking condi-
tions by operating an input/output part 90 of the controller
6 and starts thermal caulking work, under the control of
the controller 6, the metal tip 3, which is heated by a
current applied from the heating power source 97 is
pressed down along with the slide unit 102 by the air
cylinder 99, which is the pressing operation mechanism,
as indicated by the arrow A in FIG. 9. Then, the pressing
part 3a of the metal tip 3 hits the leading end of the boss
7a and thermally caulks the boss 7a. The application of
a current by the heating power source 97 is stopped after
a predetermined time, and a cooling fluid is delivered
from the cooling fluid supply part 98 to the cooling pipe
9 to cool the heating rod 3c, the pressing part 3a, and
the wall part 3b of the metal tip 3. Thereafter, the metal
tip 3 along with the holder 1 is moved upward by the air
cylinder 99 to finish the thermal caulking work. The work-
er can replace the plastic part 7 and the metal plate 8 on
the anvil 100b with new ones, and perform thermal caulk-
ing work by the same procedure.
[0066] FIG. 10 shows a control block diagram of the
plastic part thermal caulking device according to the sec-
ond embodiment of the present invention. The box of the
one-dot chain line in FIG. 10 indicates a range corre-
sponding to the controller 6 of FIG. 9. Inside the controller
6 are an overall control part 91, a thermal caulking con-
dition storage/readout part 92 connected to the overall
control part 91, and a memory 93 linked to the thermal
caulking condition storage/readout part 92. Moreover, a
heating control part 94, a cooling control part 95, and a
pressing control part 96 are each linked to the overall
control part 91, and the thermal caulking device controls
thermal caulking through cooperation of the control parts
94, 95, 96.
[0067] Specifically, the heating power source 97, the
cooling fluid supply part 98, and the air cylinder 99 are
controlled by the heating control part 94, the cooling con-
trol part 95, and the pressing control part 96, respectively.
During thermal caulking, information on thermal caulking
conditions selected by the worker in the input/output part
90 is received by the overall control part 91, and required
information according to the thermal caulking conditions
is stored in or read out from the memory 93 through the
thermal caulking condition storage/readout part 92, and
commands are sent to the heating control part 94, the

cooling control part 95, and the pressing control part 96.
[0068] FIG. 11 shows one example of data configura-
tion for thermal caulking conditions stored in the memory
93. For the outer diameter (X) of the boss to be caulked,
the caulking amount (Y) of the boss, and the material (Z)
of the boss, a plurality of sets of thermal caulking condi-
tions, Condition 1, Condition 2, Condition 3, Condition 4,
and Condition 5, are shown in descending order of the
score. For each set of thermal caulking conditions, the
values of the following parameters: pressing part shape
(K), wall part outer diameter (D), wall part thickness (N),
heating rod diameter (d), heating rod height (H), pressing
force (F), high-frequency current (I), cooling fluid flow rate
(Q), metal tip temperature (T), pressing/current applica-
tion start time (t1), current application end/cooling start
time (t2), cooling end time (t3), and pressing end time (t4)
(the values are represented by the symbols in FIG. 11)
are stored along with the scores in the form of a table in
the memory 93, and the overall control part 91 controls
thermal caulking by reading out the specifications of the
items according to the conditions selected by the worker.
[0069] For example, when the worker inputs the diam-
eter (X) of the boss to be thermally caulked, the caulking
amount (Y), and the material (Z) of the boss in the in-
put/output part 90, under the command of the overall con-
trol part 91, the thermal caulking condition storage/rea-
dout part 92 reads out the conditions to be used from the
memory 93 and presents the conditions to the worker in
descending order of the score. When the worker selects
the conditions through the input/output part 90 and starts
thermal caulking, the overall control part 91 commands
the heating control part 94, the cooling control part 95,
and the pressing control part 96 according to the selected
thermal caulking conditions to actuate the heating power
source 97, the cooling fluid supply part 98, and the air
cylinder 99 and thereby execute thermal caulking work.
[0070] In FIG. 9, the example has been shown in which
the holder 1 with the metal tip 3 attached thereto is at-
tached to the slide unit 102 and the slide unit 102 is sup-
ported by the pressing operation mechanism, such as
the air cylinder 99, so as to be movable in the vertical
direction. However, as shown in FIG. 8, the holder 1 with
the slide holder 200, the slide holder cap 201, the slide
holder stopper 202, and the compression spring 150 at-
tached thereto may be attached to the slide unit 102.
Then, thermal caulking can be performed using a spring
force exerted by the compression of the compression
spring.
[0071] In this embodiment, the metal tip having the
metal rod serving as the heating rod welded or brazed
at the center of the pressing part is used, and a high-
frequency current is applied to the high-frequency induc-
tion coil set on the outer periphery of the heating rod to
thereby perform thermal caulking through induction heat-
ing. Thus, the basic effects of this embodiment are the
same as those of the fist embodiment.
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(Third Embodiment)

[0072] FIG. 12 shows a cross-sectional view of the ma-
jor part of a thermal caulking unit of a plastic part thermal
caulking device according to a third embodiment of the
present invention.
[0073] As shown in FIG. 12, the third embodiment of
the present invention is characterized in that portions of
lead wires 310a, 310b which are not a winding portion of
a high-frequency induction coil 310c are placed inside a
cooling pipe 309. Each time a cooling fluid is passed
through the cooling pipe 309, the portions of the lead
wires 310a, 310b which are not the winding portion of
the high-frequency induction coil 310c are cooled inside
the cooling pipe 309, which has an effect that heat gen-
erated in the high-frequency induction coil 310c does not
transfer to where it is not intended.
[0074] Instead of a heat discharge slit (opening), such
as a slit, provided in a metal tip 303, a heat discharge
hole 301a is bored in a holder 301. The heat discharge
hole 301a is a hole having an L-shaped cross-section
formed by a longitudinal hole extending from the leading
end of the holder 301 in the axial direction and a lateral
hole extending from the longitudinal hole to the side sur-
face of the holder 301.
[0075] More specifically, the high-frequency induction
coil 310c is wound on the outer periphery of the cooling
pipe 309 in a lower part of the cooling pipe 309, and a
hole is formed at two positions in the side surface on the
upper side from the high-frequency induction coil 310c.
The pair of lead wires 310a, 310b extending from the
high-frequency induction coil 310c are inserted into the
cooling pipe 309 through the holes bored in the cooling
pipe 309. Although not shown in detail, it is preferable
that the clearance between the lead wires 310a, 310b
and the holes of the cooling pipe 309 is closed with a
heat-resistant adhesive etc.
[0076] While the holder 301 has almost the same outer
shape as the holder 1 of the first embodiment, the longi-
tudinal hole portion of the heat discharge hole 301a com-
municating with the cavity inside the metal tip 303 is bored
in the axial direction of the cooling pipe 309. In addition,
an O-ring 312 fills and seals the clearance between the
cooling pipe 309 and the holder 301.
[0077] In the third embodiment of the present inven-
tion, cooling air which is a cooling fluid passed from the
cooling pipe 309 into the cavity of the metal tip 303 flows
along the outer surface of the heating rod 303c, and after
colliding with the pressing part 303a, rises along a wall
part 303b before flowing via the heat discharge hole 301a
to the outside of the holder 301. Thus, heat of the heating
rod 303c and the pressing part 303a of the metal tip as
well as of the high-frequency induction coil 310c is dis-
charged. In this embodiment, since heat transfers to the
holder 301 and the holder cap 302 during heat discharge,
a longer heat discharge time is provided to return the
temperatures of the holder 301 and the holder cap 302
to normal temperature.

[0078] In the third embodiment, the same effects as
those of the first embodiment can be achieved, and since
the heat discharge slit is not provided in the wall part
303b of the metal tip 303, the mechanical strength of the
metal tip 303 can be enhanced. Thus, there is an advan-
tage in that the metal tip 303 does not deform even when
the boss 7a is pressed hard with the metal tip 303 which
is further reduced in plate thickness.

(Fourth Embodiment)

[0079] As shown in FIG. 13, a fourth embodiment of
the present invention is characterized in that a heating
rod 403c is provided at the center on the inside of a press-
ing part 403a of a metal tip 403, and that the heating rod
403c is protruded as a heating rod leading end 403g to
the outside of the pressing part 403a.
[0080] FIG. 13 is a cross-sectional view showing the
major part of a thermal caulking unit of the plastic part
thermal caulking device according to the fourth embod-
iment of the present invention, in juxtaposition with an
object to be caulked. On the lower side from the thermal
caulking unit of FIG. 13, a leading end part of a catheter
tube is shown which is placed on an anvil 460 and posi-
tioned and fixed by a pressing and fixing member 465
with a hole. One end 480a of a plastic support shaft 480
at the leading end part of the catheter tube is supported
on a convex portion 460a of the anvil 460, while the other
end 480b of the support shaft faces the heating rod lead-
ing end 403g protruding from the pressing part 403a of
the metal tip.
[0081] The heating rod leading end 403g is a portion
of the heating rod 403c protruded further in the pressing
direction than the pressing part 403a, and the heating
rod leading end 403g has a pressing surface. When the
heating rod 403c is induction-heated by a high-frequency
induction coil 410c, the thermal energy generated in the
heating rod 403c transfers to the heating rod leading end
403g protruding from the pressing part 403a of the metal
tip. When the heating rod leading end 403g thermally
caulks the other end 480b of the support shaft at the
leading end part of the catheter tube under the best ther-
mal caulking conditions read out from the plurality of sets
of thermal caulking conditions stored in advance in the
thermal caulking condition storage means, the other end
480b of the small support shaft is thermally caulked into
the best state.
[0082] Thus, according to the configuration in which
the heating rod leading end 403g serves as the pressing
surface, the same effects as those of the first embodiment
can be obtained, as well as the pressing surface can be
reduced. This has an effect that it is possible to stably
and precisely thermally caulk small plastic parts, like a
plastic support shaft at the leading end of a catheter tube
to be inserted into the body, under the best thermal caulk-
ing conditions stored in advance.
[0083] In thermal caulking of precision plastic parts,
the diameter of the boss (boss diameter) can be 1 mm
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or smaller. There are cases where, even when the boss
diameter is 0.5 mm, for example, a convex round head
needs to be formed on the boss. In such cases, as in the
modified example of the metal tip of the fourth embodi-
ment shown in FIG. 14, thermal caulking is performed
with a metal tip of which a pressing surface 403i of a
heating rod leading end 403h is an upwardly convex
curved shape.

(Fifth Embodiment)

[0084] For the first embodiment to the fourth embodi-
ment, the examples in which thermal caulking is per-
formed with one metal tip have been described. As a fifth
embodiment, an example in which two metal tips are dis-
posed face to face and an object to be thermally caulked
is thermally caulked while being clamped between the
two metal tips will be described.
[0085] FIG. 15A shows a state before the metal tips 3,
3 of a thermal caulking device having the same configu-
ration as the first embodiment are moved from the upper
side and the lower side as indicated by the outlined ar-
rows to clamp a pipe-like thermal caulking member 575
which is fitted on a rod-like stent 570 like the one de-
scribed with FIGS. 28A to 28C. FIG. 15B shows a state
in which a high-frequency current starts to be applied to
the high-frequency induction coil 10c while the pipe-like
thermal caulking member 575 containing the rod-like
stent 570 is clamped by the metal tips 3, 3. A groove
having a U-shaped curved surface is formed in each of
the pressing surfaces of the metal tips 3, 3. FIG. 16 is an
external perspective view of a metal tip 503 as a single
part in a modified example of the fifth embodiment. A
groove having a U-shaped curved surface is formed in
the pressing surface of a pressing part 503a of the metal
tip 503, and a heating rod 503 is provided upright at the
center on the inner side of the U-shaped curved surface.
In the case where the rod-like stent 570 is thin and the
thermal caulking member is small, a metal tip having
more suitable dimensions and shape can be used instead
of the metal tip shown in FIGS. 15A and 15B.
[0086] As shown in FIG. 15B, when a high-frequency
current is applied to the high-frequency induction coil 10c,
each of the heating rods 3c generates heat, and the heat
of the heating rods 3c transfers to the pressing part 3a
having a U-shaped curved surface, so that the thermal
caulking member 575 and the stent 570 clamped by the
pair of metal tips 3, 3 generate heat and are thermally
caulked.
[0087] Such a form of thermal caulking has an effect
that it is possible to stably and precisely thermally caulk
small plastic parts under the best thermal caulking con-
ditions stored in advance, by applying the thermal caulk-
ing device of this embodiment to thermal caulking of the
stent shown in FIG. 28 or to thermal caulking of the lead-
ing end part of the endoscope shown in FIG. 29 which
have been described as the conventional examples.

(Sixth Embodiment)

[0088] For the first embodiment to the fifth embodi-
ment, the examples in which high-frequency induction
heating means is used as metal tip heating means have
been described, but the heating means may be electrical
heating means. In the sixth embodiment, an example in
which electrical heating means is used as the heating
means will be described.
[0089] In the conventional caulking device described
with FIG. 22, the lead wires 31a, 31b are electrically con-
nected to the flanges 30e, 30f, respectively, of the metal
tip 30 by welding or screwing fixation, and a current is
applied from one lead wire 31a to the other lead wire 31b
to generate heat by Joule heating.
[0090] In the sixth embodiment, as shown in FIG. 17,
FIG. 18, and FIG. 19 which show the outlines of the major
part of the caulking unit and the metal tip, lead wires
610a, 610b and a lead wire 610c are respectively elec-
trically connected by welding or screw fixation to a flange
603j of a metal tip 603 and a heating rod 603c provided
upright at the center of a pressing part 603a of the metal
tip 603. In particular, as can be seen from FIG. 19B, the
two lead wires 610a, 610b are connected at positions
facing each other in the flange 603j of the metal tip, and
the other lead wire 610c is connected to the heating rod
603c. A current flows from the lead wire 610c connected
to the heating rod 603c to the lead wires 610a, 610b
connected to the flange 603j.
[0091] As shown in FIG. 17, the lead wires 610a, 610b,
610c have predetermined lengths, and have one ends
connected to the metal tip 603 and the other ends screw-
fixed on terminal strips 613a, 613b disposed inside the
cavity of a holder 601. Lead wires 610d, 610e connected
to a power source (not shown) are screw-fixed on the
terminal strips 613a, 613b disposed inside the cavity of
the holder 601.
[0092] When a current is applied from the power
source (not shown) through the one lead wire 610e, the
terminal strip 613a, and the lead wire 610c to the heating
rod 603c, the heating rod 603c first generates heat by
being supplied with the current. Then, the current flows
from the heating rod through the pressing part, the wall
part, and the flange to the two lead wires 610a, 610b,
and flows through the terminal strip 613b to 610b. Thus,
the center of the pressing part 603a where the heating
rod 603c is located reaches a high temperature, and the
heat diffuses from the center toward the outer periphery
of the pressing part 603a as shown in FIG. 19C.
[0093] As shown in FIG. 17 and FIG. 18, in the portion
of the holder 601 where the terminal strips 613a, 613b
are provided, the outer periphery of the holder 601 is cut
out, and a lid 650 is provided so as to close this cutout
portion. The lid 650 is removable so that the lead wires
610a, 610b, 610c can be attached to or removed from
the terminal strips 613a, 613b disposed inside the cavity
of the holder 601.
[0094] FIG. 17 is a configurational view showing a plas-
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tic part thermal caulking device according to the sixth
embodiment of the present invention. FIG. 17 shows the
major part of the thermal caulking unit of the thermal
caulking device, the plastic part 7 with the protruding boss
7a, and the metal plate 8 laid on the plastic part 7 with
the boss 7a passing through the hole of the metal plate 8.
[0095] FIG. 18 is an exploded cross-sectional view of
the plastic part thermal caulking device according to the
sixth embodiment of the present invention in which the
screw of a holder cap 602 is loosened and the holder cap
602 is removed from the holder 601. In the sixth embod-
iment, the holder 601 and the holder cap 602 are screw-
connected to each other to hold the metal tip 603. Since
the metal tip is not molded with a resin material as in the
conventional example, the device can be used with an-
other metal tip replacing the metal tip.
[0096] In the sixth embodiment of the present inven-
tion, when replacing the metal tip, it is necessary to re-
move the lid 650 of the holder 601, loosen the screws
fixed on the terminal strips 613a, 613b inside the holder
601 with a driver, and remove the lead wires 610a, 610b,
610c on the metal tip side. Alternatively, the lid 650 cov-
ering the terminal strips 613a, 613b of the lead wires
610a, 610b, 610c may be removed from the holder 601
first, and then the lead wires 610a, 610b, 610c on the
metal tip side may be removed with a driver, or the lid
650 may be removed from the holder 601 first after the
screw of the holder cap 602 is loosened, and then the
lead wires 610a, 610b, 610c on the metal tip side may
be removed with a driver. In either case, the metal tip
603 can be replaced with another metal tip. FIG. 18 is a
cross-sectional view of a metal tip shown as another met-
al tip of which the heating rod has a larger diameter, with
the arrow indicating replaceability.
[0097] FIG. 19A is a cross-sectional view showing the
metal tip 603 with the lead wires 610a, 610b, 610c con-
nected thereto; FIG. 19B is an external perspective view
of the metal tip 603; and FIG. 19C is a plan view of the
metal tip 603. In the metal tip 603, a wall part 603b rises
from around the pressing part 603a having an upwardly
convex spherical surface, and the flange 603j is formed
at the upper end of the wall part 603b. A plurality of open
holes 603k are formed in the wall part 603b through which
the cavity inside the metal tip 603 and the outside of the
metal tip 603 communicate with each other. The perspec-
tive view of FIG. 19B shows that four open holes 603k
are bored in the wall part 603b. The lead wires 610a,
610b are connected to the flange 603j, while the other
lead wire 610c is connected to the heating rod 603c pro-
vided upright at the center of the pressing part 603a.
[0098] The arrows in FIG. 19C show an image that the
center of the pressing part where the heating rod 603c
is located reaches a high temperature and heat diffuses
from the center toward the outer periphery.
[0099] It is the same as with the metal tips shown in
the first embodiment to the fifth embodiment that the met-
al tip 603 has the cavity inside through which a cooling
fluid flows, the open holes through which the cooling fluid

is discharged outside, and the heating rod 603c provided
at the center of the pressing part 603a. However, in the
sixth embodiment, electrical power is supplied first to the
heating rod 603c located at the center and a current is
passed to the periphery of the pressing part 603a like an
earth.
[0100] In the above description, the example in which
the one lead wire 610c is connected to the heating rod
603c and the two lead wires 610a, 610b are connected
to the positions facing each other in the flange 603j has
been shown. It is in order to cause a current to flow radially
from the one lead wire 610c connected to the heating rod
603c that the two lead wires 610a, 610b are connected
to the positions facing each other in the flange 603j. The
number of the lead wires connected to positions facing
each other in the flange 603j should be at least two, and
may be three or four, if the space permits.
[0101] Since the metal tip 603 generates heat by being
supplied with a current, the center of the pressing part
603a where the heating rod 603c, which is supplied with
electrical power first, is located reaches a high temper-
ature, and heat diffuses from the center toward the outer
periphery. When pressed with the metal tip 603, the boss
7a is melted by the heat transferring thereto from the
pressing part 603a. As cooling air is sprayed from the
cooling pipe 609 toward the heating rod 603c and the
pressing part 603a, the heating rod 603c and the pressing
part 603a are cooled. The heat taken away from the heat-
ing rod 603c is discharged through the open holes 603k
to the outside of the metal tip 603.
[0102] Thus, it is the same as in the first embodiment
to the fifth embodiment that pressing part 603a is heated
from the center, where the heating rod 603c of the metal
tip 603 in the sixth embodiment is located, toward the
periphery, and that the pressing part 603a is cooled from
the center toward the periphery. In this way, thermal
caulking is performed by rapidly heating and rapidly cool-
ing the boss 7a etc. in this embodiment. That current
application conditions and pressing conditions are stored
in advance and that optimal conditions are read out to
perform thermal caulking work are the same as in the
first embodiment to the fifth embodiment, and therefore
the description thereof will be omitted here.
[0103] As in the other embodiments, the metal tip 603
is structured to be clamped by the holder and the holder
cap made of an insulating material such as plastic or
wood.

(Seventh Embodiment)

[0104] A plastic part thermal caulking device according
to a seventh embodiment of the present invention has
sheet metals 740, 741 having spring properties instead
of the lead wires 610a, 610b, 610c of the sixth embodi-
ment. That is, while in the sixth embodiment the metal
tip 603 with the lead wires 610a, 610b, 610c joined there-
to in advance is replaceable, in the seventh embodiment,
instead of the lead wires 610a, 610b, 610c, the sheet
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metals 740, 741 having spring properties are incorporat-
ed into a holder 701 so that a metal tip 703 can be re-
placed alone.
[0105] FIG. 20 is a configurational view showing the
plastic part thermal caulking device according to the sev-
enth embodiment of the present invention. FIG. 20 shows
the major part of a thermal caulking unit of the thermal
caulking device, the plastic part 7 with the protruding boss
7a, and the metal plate 8 laid on the plastic part 7 with
the boss 7a passing through the hole of the metal plate 8.
[0106] In the seventh embodiment of the present in-
vention, as in the third embodiment already described, a
heat discharge hole 701a is formed in the holder 701 so
that heat is discharged along with a cooling fluid through
the heat discharge hole 701a of the holder 701. Thus,
the mechanical strength of the metal tip is increased by
not providing an opening, such as a slit, in a wall part
703b of the metal tip. As a result, it is allowed to press
hard the leading end of the boss 7a with a pressing part
703a of the thin metal tip.
[0107] FIG. 21 is an exploded cross-sectional view of
the plastic part thermal caulking device according to the
seventh embodiment of the present invention in which
the screw of a holder cap 702 is loosened and the holder
cap 702 is removed from the holder 701. The sheet met-
als 740, 741 having spring properties are screw-fixed at
their upper ends 740b, 741b to terminal strips 713a, 713b
inside the holder 701. Therefore, when the screw of the
holder cap 702 is loosened and the holder cap 702 is
removed from the holder 701, the metal tip 703, which
has been pressed against the sheet metals 740, 741, is
separated from the sheet metals 740, 741 and removed
along with the holder cap 702 from the holder 701. As
necessary, the metal tip 703 can be replaced with another
metal tip in the state of FIG. 21.
[0108] According to the seventh embodiment of the
present invention, it is convenient in that lead wires 710a,
710b need not be connected in advance to the metal tip
703 and that only the metal tip needs to be replaced.

(Aspects of the present invention)

[0109] A first aspect of the present invention is a ther-
mal caulking device which caulks a portion of a plastic
part as an object to be caulked, the thermal caulking de-
vice including: a metal tip having a pressing part which
presses the object to be caulked and a heating rod which
is provided upright at a center part of the pressing part;
heating means for heating the heating rod; a cooling pipe
which cools the heating rod; cooling fluid supply means
for supplying a cooling fluid to the cooling pipe; a holder
which holds the metal tip and the cooling pipe so that the
cooling pipe delivers the cooling fluid toward the heating
rod; and control means for controlling the heating means
and the cooling fluid supply means, wherein the control
means heats the pressing part from the heating rod by
the heating means, and after the object to be caulked is
thermally caulked by the pressing part, supplies the cool-

ing fluid from the cooling fluid supply means to the cooling
pipe to cool the pressing part from the heating rod.
[0110] A second aspect of the present invention is the
thermal caulking device according to the first aspect,
wherein the holder holds the metal tip and the cooling
pipe so that a leading end portion of the cooling pipe
covers the outer peripheral surface of the heating rod of
the metal tip with a clearance therebetween; the heating
means has a coil which is wound on the outer peripheral
surface of the leading end portion of the cooling pipe,
and a power source which supplies a high-frequency cur-
rent to the coil; and the control means applies a high-
frequency current from the power source to the coil, and
heats the pressing part from the heating rod by high-
frequency induction heating through the coil.
[0111] A third aspect of the present invention is the
thermal caulking device according to the first aspect,
wherein the metal tip has a wall part provided upright on
the outer periphery of the pressing part; the heating
means has two or more current-carrying members of
which one is connected to the leading end of the heating
rod and the other is connected to the leading end of the
wall part, and a power source which supplies electrical
power to the current-carrying members; and the control
means applies a current from the power source through
the current-carrying members to the heating rod, and
heats the metal tip from the heating rod by electrical heat-
ing.
[0112] A fourth aspect of the present invention is the
thermal caulking device according to the second aspect,
wherein the metal tip has a wall part provided upright on
the outer periphery of the pressing part.
[0113] A fifth aspect of the present invention is the ther-
mal caulking device according to the third or fourth as-
pect, wherein an opening is formed in the wall part.
[0114] A sixth aspect of the present invention is the
thermal caulking device according to the third or fourth
aspect, wherein an open hole through which a cavity
formed by the wall part of the metal tip and the outside
of the holder communicate with each other is formed in
a leading end part of the holder.
[0115] A seventh aspect of the present invention is the
thermal caulking device according to any one of the first
to sixth aspects, further including storage means for stor-
ing thermal caulking conditions including at least values
related to the heating means and values related to the
flow rate of the cooling fluid, wherein the control means
reads out one or more thermal caulking conditions stored
in the storage means, and controls the cooling fluid sup-
ply means and the heating means according to the ther-
mal caulking conditions having been read out.
[0116] An eighth aspect of the present invention is the
thermal caulking device according to the third or fourth
aspect, wherein the metal tip has a flange formed at the
leading end of the wall part; and the holder is provided
with a removable holder cap which, together with a lead-
ing end part of the holder, clamps the flange of the metal
tip.
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[0117] A ninth aspect of the present invention is the
thermal caulking device according to any one of the first
to eighth aspects, wherein the pressing surface of the
pressing part has a spherical shape concave in the press-
ing direction.
[0118] A tenth aspect of the present invention is the
thermal caulking device according to any one of the first
to eighth aspects, wherein the pressing surface of the
pressing part has a U-groove shape concave in the press-
ing direction.
[0119] An eleventh aspect of the present invention is
the thermal caulking device according to any one of the
first to eighth aspects, wherein the pressing part uses,
as the pressing surface, a heating rod leading end pro-
truding from the heating rod in the pressing direction.
[0120] A twelfth aspect of the present invention is the
thermal caulking device according to any one of the first
to eleventh aspects, wherein the cooling fluid is air and
the cooling fluid supply means is a blower.
[0121] A thirteenth aspect of the present invention is
the thermal caulking device according to any one of the
first to twelfth aspects, further including pressing opera-
tion means which can support the holder and move the
holder in the pressing direction.
[0122] A fourteenth aspect of the present invention is
the thermal caulking device according to any one of the
first to thirteenth aspects, wherein the holder is provided
with a spring which urges the holder in the pressing di-
rection, and the object to be caulked is pressed by the
urging force of the spring.

Industrial Applicability

[0123] The present invention can be widely applied to
common plastic part thermal caulking devices, as well
as to thermal caulking devices intended, for example, for
catheter tubes or other small precision plastic parts.

Explanation of Reference Signs

[0124]

1 Holder
2 Holder cap
3 Metal tip
3a Pressing part
3b Wall part
3c Heating rod
3e, 3f Flange
3s Slit
7 Plastic part
7a Boss of the plastic part
8 Metal plate
9 Cooling pipe
10, 10a, 10b Lead wire
10c High-frequency induction coil

Claims

1. A thermal caulking device which caulks a portion of
a plastic part as an object to be caulked, the thermal
caulking device comprising:

a metal tip having a pressing part which presses
the object to be caulked and a heating rod which
is provided upright at a center part of the press-
ing part;
heating means for heating the heating rod;
a cooling pipe which cools the heating rod;
cooling fluid supply means for supplying a cool-
ing fluid to the cooling pipe;
a holder which holds the metal tip and the cooling
pipe so that the cooling pipe delivers the cooling
fluid toward the heating rod; and
control means for controlling the heating means
and the cooling fluid supply means, wherein
the control means heats the pressing part from
the heating rod by the heating means, and after
the object to be caulked is thermally caulked by
the pressing part, supplies the cooling fluid from
the cooling fluid supply means to the cooling
pipe to cool the pressing part from the heating
rod.

2. The thermal caulking device according to claim 1,
wherein
the holder holds the metal tip and the cooling pipe
so that a leading end portion of the cooling pipe cov-
ers the outer peripheral surface of the heating rod of
the metal tip with a clearance therebetween,
the heating means has a coil which is wound on the
outer peripheral surface of the leading end portion
of the cooling pipe, and a power source which sup-
plies a high-frequency current to the coil, and
the control means applies a high-frequency current
from the power source to the coil, and heats the
pressing part from the heating rod by high-frequency
induction heating through the coil.

3. The thermal caulking device according to claim 1,
wherein
the metal tip has a wall part provided upright on the
outer periphery of the pressing part,
the heating means has two or more current-carrying
members of which one is connected to the leading
end of the heating rod and the other is connected to
the leading end of the wall part, and a power source
which supplies electrical power to the current-carry-
ing members, and
the control means applies a current from the power
source through the current-carrying members to the
heating rod, and heats the metal tip from the heating
rod by electrical heating.

4. The thermal caulking device according to claim 2,
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wherein the metal tip has a wall part provided upright
on the outer periphery of the pressing part.

5. The thermal caulking device according to claim 3 or
4, wherein an opening is formed in the wall part.

6. The thermal caulking device according to claim 3 or
4, wherein an open hole through which a cavity
formed by the wall part of the metal tip and the outside
of the holder communicate with each other is formed
in a leading end part of the holder.

7. The thermal caulking device according to any one
of claims 1 to 6, further comprising storage means
for storing thermal caulking conditions including at
least values related to the heating means and values
related to the flow rate of the cooling fluid, wherein
the control means reads out one or more thermal
caulking conditions stored in the storage means, and
controls the cooling fluid supply means and the heat-
ing means according to the thermal caulking condi-
tions having been read out.

8. The thermal caulking device according to claim 3 or
4, wherein
the metal tip has a flange formed at the leading end
of the wall part, and
the holder is provided with a removable holder cap
which, together with a leading end part of the holder,
clamps the flange of the metal tip.

9. The thermal caulking device according to any one
of claims 1 to 8, wherein the pressing surface of the
pressing part has a spherical shape concave in the
pressing direction.

10. The thermal caulking device according to any one
of claims 1 to 8, wherein the pressing surface of the
pressing part has a U-groove shape concave in the
pressing direction.

11. The thermal caulking device according to any one
of claims 1 to 8, wherein the pressing part uses, as
the pressing surface, a heating rod leading end pro-
truding from the heating rod in the pressing direction.

12. The thermal caulking device according to any one
of claims 1 to 11, wherein the cooling fluid is air and
the cooling fluid supply means is a blower.

13. The thermal caulking device according to any one
of claims 1 to 12, further comprising pressing oper-
ation means which can support the holder and move
the holder in the pressing direction.

14. The thermal caulking device according to any one
of claims 1 to 13, wherein the holder is provided with
a spring which urges the holder in the pressing di-

rection, and the object to be caulked is pressed by
the urging force of the spring.
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