US 20230294169A1

a2y Patent Application Publication o) Pub. No.: US 2023/0294169 A1

a9y United States

LIU et al. 43) Pub. Date: Sep. 21, 2023
(54) BENDING DIE AND METHOD FOR B29C 33/38 (2006.01)
MANUFACTURING BENDING DIE B29C 33/42 (2006.01)
B29C 53/08 (2006.01)
(71) Applicant: SANOH INDUSTRIAL CO., LTD., B22F 10/38 (2006.01)
Tokyo (JP) B22F 10/85 (2006.01)

, (52) US. CL
(72)  Inventors: Jining LIU, Koga-shi (JP); Kazuhiko CPC oo B22F 10/20 (2021.01); B33Y 10/00

NAKAZATO, Koga-shi (JP); Takaaki
HABU, Koga-shi (IP)

(21) Appl. No.: 18/324,575

(22) Filed: May 26, 2023

Related U.S. Application Data
(63) Continuation of application No. 16/960,620, filed on
Jul. 8, 2020, filed as application No. PCT/JP2018/
037704 on Oct. 10, 2018.
(30) Foreign Application Priority Data
Feb. 22,2018  (JP) cooeieiciceee 2018-030063

Publication Classification

(51) Int. CL
B22F 10720 (2006.01)
B33Y 10/00 (2006.01)
B33Y 50/02 (2006.01)
B33Y 80/00 (2006.01)

(2014.12); B33Y 50/02 (2014.12); B33Y 80/00
(2014.12); B29C 33/3842 (2013.01); B29C
33/42 (2013.01); B29C 53/083 (2013.01);
B22F 10/38 (2021.01); B22F 10/85 (2021.01);
B29K 2905/02 (2013.01); B29K 2905/12
(2013.01); B29L 2023/004 (2013.01)

(57) ABSTRACT

An object of the present invention is to propose a bending
die capable of creating a product without causing buckling,
even if the shape of the product is long or bent freely in
three-dimensional space. The bending die according to the
present invention is a bending die having a smooth shape
formed by virtually and continuously moving, in three-
dimensional space, a profile including a substantially circu-
lar-shaped first closed curve having a recess portion,
wherein an opening width b of the recess portion is shorter
than a groove width a of the recess portion, a tube insetting
portion is formed by the recess portion, and the smooth
shape is realized and created in real space using a three-
dimensional printing technique.
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BENDING DIE AND METHOD FOR
MANUFACTURING BENDING DIE

TECHNICAL FIELD

[0001] There exists a technique for forming, for example,
a thermoplastic resin tube by heating the thermoplastic resin
tube and inserting the thermoplastic resin tube into a bend-
ing die in order to produce a bent pipe such as an oil feed
pipe for an automobile. The present invention relates to a
bending die used for forming such a bent pipe, and a method
for manufacturing the bending die.

BACKGROUND ART

[0002] A bending die has been used to form a tube made
of thermoplastic resin in a predetermined shape while bend-
ing the tube. A bending die has been produced by manually
combining, for example, a plurality of steel plates and
welding these steel plates into a desired shape. Another way
to produce a bending die is to press a flat steel plate into a
desired shape.

[0003] PTL 1 also discloses the following technique.
[0004] A desired shape of bending die is manufactured by
extruding an aluminum material to produce a U-shaped tube
having a U-shaped cross section, insetting a rod-shaped,
plastic core made of thermoplastic resin of a predetermined
hardness into the U-shaped tube, bending the U-shaped tube
in this state by using a bender, and thereafter removing the
core. Then, the thermoplastic resin tube that is extruded into
a straight tube is insetted and set inside this bending die,
which is then heated and bent, to obtain a bent tube having
a predetermined bent shape.

[0005] As a prior art in relation to this technology, PTL 1
also discloses a bending die having a rectangular cross
section with an opened upper surface.

[0006] PTL 2 discloses a bending die in which a groove
having a semicircular cross section is milled on a non-flat
upper surface of the bending die. Also, PTL 3 discloses a
bending die formed by punching out a groove having a
substantially C-shaped cross section.

CITATION LIST

Patent Literature

[0007] [PTL 1] Japanese Patent Application Laid-open
No. H09-164586

[PTL 2] Japanese Patent Application Laid-open No.
2011-79318

[PTL 3] US 2003/0042655A1
SUMMARY OF INVENTION

Technical Problem

[0008] A bending die for shaping a thermoplastic resin
tube into a predetermined shape by inserting the tube therein
has conventionally been created manually as described
above. However, when creating a bending die into a desired
shape by manually combining a plurality of steel plates and
welding the steel plates, the shape and size of the bending
die vary due to the skills of a worker. For this reason, a
method for creating a bending die without relying on the
skills of the worker has been searched for.

Sep. 21, 2023

[0009] A conventional technique has been performed in
which, in order to produce a product of a predetermined
shape by manually insetting a tube made of thermoplastic
resin into a die having a U-shaped cross section and then
heating the tube, a heat medium (gas or liquid) is poured into
the tube and heated beforehand, and then the heated tube is
manually inserted into the die. In such a technique, a hot
tube is put in a die manually, posing a risk of burn injury,
hence poor workability. Therefore, there is a need for a
method for automatically inserting a tube into a bending die
without relying on manual work.

[0010] The bending dies and methods for manufacturing
the bending dies that are disclosed in PTL 1, PTL 2, and PTL
3 were proposed in order to solve the foregoing problems.
However, each of these proposals has some problems yet to
be solved. For example, when creating a bending die from
a flat plate by means of pressing, there are limitations to the
shape of the bending die. In addition, it is impossible to
create a bending die that is shaped to have a part that is
invisible when viewed from a certain direction. In other
words, these prior art techniques are not capable of creating
a bending die that bends sequentially in the directions of an
X-axis, a y-axis and a z-axis that are orthogonal to one
another. For example, it is difficult to create a bending die
having a complex shape such as the one described above by
using the method disclosed in PTL 1 that bends an aluminum
tube having a core therein and then removes the core.
Furthermore, the method disclosed in PTL 2 that creates a
bending die by means of milling not only has the same issues
but also generates a large amount of milling waste. The same
issues remain in regard to the shape of a bending die when
creating a bending die by means of punching described in
PTL 3.

[0011] The bending dies described in the prior art are
configured such that a tube is manually insetted therein.
Specifically, using the judgement and skills of a worker, a
thermoplastic resin tube is insetted into a bending die having
a complex shape, to make a product thus having a complex
shape. However, when creating a considerably long product
from a tube, the product exceeding, for example, two meters
in length, it is not easy to manually inset such a product into
a bending die, and it is practically impossible to do so.
Moreover, since insetting a heated thermoplastic resin tube
into a bending die poses a risk of burn injury, it is desirable
that such task is performed automatically.

[0012] When insetting a thermoplastic resin tube into a
bending die, the tube is heated beforehand by using a heat
medium, but if the temperature of the bending die is not
controlled as in the prior art, after insetting the tube in the
bending die, the tube is often cooled down quicker than
planned, posing a risk of deformation of the resultant
product. Further, cooling of the product can be slower than
planned prior to removing the product, consequently affect-
ing work schedules.

[0013] A first object of the present invention is to propose
a bending die capable of creating a product by insetting a
thermoplastic resin tube into the bending die, even if the
shape of the product exceeds two meters in length or is
complex such that the product is bent freely within three-
dimensional space. A second object of the present invention
is to propose a bending die into which a thermoplastic resin
tube can be insetted using an automatic insetting device. A
third object of the present invention is to propose a bending
die that is configured such that the temperature thereof can
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be controlled. A fourth object of the present invention is to
propose a method for manufacturing such bending dies.

Solution to Problem

[0014] The objects described above were resolved by a
bending die and a method for manufacturing the bending
die, which are described in [1] to [9] below:

[0015] [1]Abending die for inset-molding of a tube, the
bending die having a smooth shape formed by virtually
and continuously moving, in three-dimensional space,
a profile including a substantially circular-shaped first
closed curve having a recess portion, wherein an open-
ing width of the recess portion is shorter than a groove
width of the recess portion, a tube insetting portion is
formed by the recess portion, and the smooth shape is
realized and created in real space using a three-dimen-
sional printing technique.

[0016] [2] The bending die according to [1] above,
wherein the virtual, continuous movement in three-
dimensional space is simple parallel translation of the
profile, a turning or tilting movement which is a com-
bination of a change in a direction of a profile surface
and parallel translation, a twisting movement which is
a combination of in-plane rotation and parallel trans-
lation of the profile surface, or a combination of all
these movements.

[3] The bending die according to [1] above, wherein two
regions adjacent to both sides of an opening of the recess
portion of the profile are gentle curves or straight lines, and
two regions adjacent to both sides of a rear-side section of
the opening of the recess portion of the profile are gentle
curves or straight lines.

[0017] [4] The bending die according to [1] above,
which is formed by connecting a plurality of unit
bending dies in series, wherein each of the unit bending
dies has, at an end portion thereof, a connection for
connecting each of the unit bending dies to a unit
bending die adjacent thereto.

[0018] [5] The bending die according to [1] above,
wherein the profile including the first closed curve
internally includes a second closed curve composed of
aclosed curve, and a heat medium hole is formed by the
second closed curve.

[0019] [6] The bending die according to [5] above,
wherein the second closed curve has a protrusion
therein.

[0020] [ 7] The bending die according to any one of [1]
to [6] above, which is created by a three-dimensional
printing technique using metal.

[0021] [8] A method for manufacturing a bending die,
comprising the steps of: designing a smooth shape of a
bending die for inset-molding of a tube, the smooth
shape being formed by virtually and continuously mov-
ing, in three-dimensional space, a profile including a
substantially circular-shaped first closed curve having a
recess portion; obtaining data of the smooth shape; and
creating a bending die having the smooth shape based
on the data by using a three-dimensional printing
technique.

[0022] [9] The method for manufacturing a bending die
according to [8] above, further comprising the steps of:
creating a number of bending dies by means of the
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three-dimensional printing technique; and creating a
bending die for a long product by connecting these
bending dies.

Advantageous Effects of Invention

[0023] The bending die according to the present invention
described above is capable of creating a product even if the
shape of the product exceeds two meters in length or is
complex such that the product is bent freely within three-
dimensional space. In addition, not only is it possible to
optimize the position of the opening of the recess portion of
the bending die so as to avoid buckling when insetting a tube
in the bending die, but also the tube that has been insetted
in the bending die can be prevented from being easily
removed from the bending die.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a schematic perspective view showing an
embodiment of a bending die (unit bending die) according to
the present invention.

[0025] FIG. 2 is a schematic perspective view showing

another embodiment of the bending die (unit bending die)
according to the present invention.

[0026] FIG. 3 is a front view showing an example of a
profile.
[0027] FIG. 4 is a schematic perspective view showing

how the unit bending dies shown in FIGS. 1 and 2 are
connected.

[0028] FIG. 5 is a front view showing an example of the
profile in which a heat medium hole is formed.

[0029] FIG. 6 is a schematic perspective view showing a
cross section of the bending die according to an embodi-
ment, the bending die having the heat medium hole formed
therein.

[0030] FIG. 7 is a schematic perspective view showing an
embodiment of the bending die formed by connecting a
number of unit bending dies and bending these unit bending
dies three-dimensionally and freely.

[0031] FIG. 8 is a front view showing several preferred
examples of the shape of the profile, particularly the shape
of a second closed curve.

[0032] FIG. 9 is a diagram showing an example of mea-
suring temperature changes at three points in a case where
a thermoplastic resin tube is formed using a solid bending
die A formed with the profile shown in FIG. 8(a), and in a
case where the thermoplastic resin tube is formed using a
bending die B having two heat medium holes formed by the
profile shown in FIG. 8(c).

[0033] FIG. 10 is a diagram showing temperature mea-
surement points Al, A2, A3 of the bending die A, and
temperature measurement points B1, B2, B3 of the bending
die B.

[0034] FIG. 11 is a diagram showing an example of
measuring temperature changes at three points of the tube in
a case where the bending die B having the heat medium
holes is used, the bending die B being formed with the
profile shown in FIG. 8(c), and where the temperature of the
bending die is not controlled (non-control), and in a case
where the temperature of the bending die is controlled
(controlled).
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DESCRIPTION OF EMBODIMENTS

[0035] A bending die and a method for manufacturing the
bending die according to the present invention are described
hereinafter with reference to the drawings.

[0036] FIGS. 1 and 2 are each a schematic perspective
view showing an embodiment of the bending die (unit
bending die) according to the present invention. In an
example of this embodiment, the “bending die” is formed by
connecting a plurality of “unit bending dies.” FIG. 1 shows
an example of a unit bending die disposed at an end of the
bending die, and FIG. 2 shows an example of a unit bending
die disposed adjacent to the unit bending die of FIG. 1.
[0037] Note that in this specification, to avoid complica-
tion, corresponding members in different examples of the
embodiment are described using the same reference numer-
als.

[0038] A unit bending die 1 of FIG. 1 has a tube insetting
portion 2 that forms a recess portion into which a tube is
inserted, an attachment 3 for fixing the unit bending die 1 to
a frame which is not shown, and a connection 4 for con-
necting the unit bending die 1 to an adjacent unit bending die
(such as the unit bending die shown in FIG. 2).

[0039] A tube insetting recess portion 2a is formed in the
tube insetting portion 2. It is preferred that the cross-
sectional shape of the recess portion 2a be substantially
constant throughout the entire recess portion 2a in order to
inset an unshown tube whose cross-sectional shape is sub-
stantially constant throughout the entire tube. Therefore,
cross-sectional shapes (particularly the cross-sectional shape
of the insetting recess portion 2a) perpendicular to a longi-
tudinal direction of the unit bending die 1 are substantially
constant at all times. Specifically, cross sections 5a, 55, 5c¢,
5d, 5e of different parts of the unit bending die 1 shown in
FIG. 1 and cross sections 5/, 5g, 5k, 5i, 5j of different parts
of the unit bending die 1 shown in FIG. 2 have substantially
the same cross-sectional shape. However, the attachment 3
and the connection 4 each have an accompanying structure
in addition to the insetting recess portion 2a, thus, the
cross-sectional shapes thereof are different from those of the
other parts.

[0040] The shapes of the unit bending dies 1, 1 illustrated
in FIGS. 1 and 2 are formed by continuously moving, in
three-dimensional space, a profile 5 including a substantially
circular-shaped first closed curve C1 having a recess portion
as shown in FIG. 3. In this specification, a two-dimensional
figure that creates the cross-sectional shape of the bending
die (or unit bending die) 1 is referred to as “profile.” The
cross section. that shows the profile of the bending die (or
unit bending die) is referred to as “profile surface.”

[0041] As shownin FIG. 3, the profile 5 has a planar shape
that includes the substantially circular-shaped first closed
curve C1 having a recess portion. The profile 5 shown in
FIG. 3 includes a recess portion 6, an opening 7, upper rail
portions 8, 8 that are gentle curves or straight lines adjacent
to both sides of the opening 7, a rear-side section 9 of the
opening 7, and lower rail portions 10, 10 that are gentle
curves or straight lines adjacent to both sides of the rear-side
section 9. It is preferred that a groove width a of the recess
portion 6 be designed to be slightly wider than an opening
width b of the recess portion 6. In this manner, the tube that
is already insetted into the tube insetting portion 2 formed by
the recess portion 6 can be prevented from being easily
removed.
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[0042] In order to make the following description more
easily understandable, two orthogonal directions are set
within a plane 11 including the profile 5. As shown in FIG.
3, for example, the direction of a symmetry axis of the first
closed curve C1 of the profile 5 is taken as a y direction, and
the direction perpendicular to the y direction is taken as an
x direction. The direction perpendicular to the x direction
and the y direction is taken as a z direction. In general, the
bending die or unit bending die 1 according to the present
invention has a shape generated by a virtual continuous
movement of one profile in three-dimensional space, the
profile being a two-dimensional figure. Typical examples of
the continuous movement of the profile within three-dimen-
sional space include parallel translation, a turning or tilting
movement which is a combination of a change in the
direction of the profile surface and parallel translation
thereof, a twisting movement which is a combination of
in-plane rotation and parallel translation of the profile sur-
face, or a combination of all these movements. Note that the
y direction and the x direction within the profile 5 appear to
change as the profile moves, when viewed in three-dimen-
sional space fixed outside. Naturally, the z direction perpen-
dicular to the x direction and the y direction appears to
change as well.

[0043] The parallel translation of the profile within three-
dimensional space means simply moving the plane 11
including the profile 5 in the z direction. A turning move-
ment Ry means rotating the direction of the plane 11 of the
profile about the direction of the opening of the profile 5 (y
direction) or a combination of this rotation and parallel
translation. A tilting movement Rx means rotating the direc-
tion of the plane 11 of the profile about the direction
perpendicular to the direction of the opening 7 of the profile
5 (x direction) or a combination of this rotation and parallel
translation. In-plane rotation Rz of the profile surface means
rotating the profile about the direction (x direction) perpen-
dicular to the direction of the opening 7 of the profile 5
without changing the direction of the plane 11 of the profile,
and the twisting movement is a combination of the in-plane
rotation Rz and parallel translation.

[0044] The movements of the profile in the present inven-
tion are not limited to the movements described above, and
may be any movement that is continuous, smooth, and
unidirectional without changing the shape of the profile 5.
For example, movements or the like that combine the
movements described above are included as well.

[0045] For example, a section from the profile surface 5a
to the next profile surface 55 at the left end of FIG. 1
corresponds to parallel translation, a section to the next
profile surface 5S¢ corresponds to a tilting movement with the
x direction as the axis, a section to the vicinity of the next
profile surface 54 corresponds to parallel translation, and a
section to the profile surface 5e at the right end corresponds
to a combination of a tilting movement and parallel trans-
lation. The shape of the unit bending die 1 is formed by these
profile movements.

[0046] Moreover, a section from the profile surface 5/ to
the next profile 5g at the left end of FIG. 2 corresponds to
parallel translation, a section to the next profile 54 corre-
sponds to a combination of a tilting movement, a turning
movement, and a twisting movement, a section to the next
profile 5i corresponds to a twisting movement, and a section
to the profile surface 5; at the right end corresponds to
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parallel translation. The shape of the unit bending die 1 is
formed by these profile movements.

[0047] These movements are virtually executed during a
design process of the bending die. Based on these virtual
movements, the shape of the bending die is determined, to
create a design drawing thereof, numerical data concerning
the shape, and the like. Based on the design drawing and the
data, the bending die or unit bending die is created by a
three-dimensional printing technique using metal (such as
aluminum, stainless steel), a heat resistant resin, or the like.
Since the three-dimensional printing technique using metal
and other materials is well-known, a detailed description
thereof is omitted herein.

[0048] Since the three-dimensional printing technique is
employed, the tube insetting portion 2, the attachment 3, the
connection 4, and other members accompanying the unit
bending die 1 shown in FIGS. 1 and 2 can integrally be
formed for each unit bending die.

[0049] The unit bending die 1 of FIG 1 and the unit
bending die 1 of FIG. 2 are joined to each other by the profile
surface 5e of FIG. 1 and the profile surface 5/ of FIG. 2. In
order to connect these unit bending dies 1, 1, the right end
of the unit bending die of FIG. 1 and the left end of the unit
bending die of FIG. 2 are provided with connections 4, 4,
respectively.

[0050] FIG. 4 is a schematic perspective view showing
how the unit bending dies 1, 1 of FIGS. 1 and 2 are
connected. As shown in FIG. 4, the connections 4 are
integrated with the unit bending dies 1 as substantially
rectangular parallelepiped portions under end portions of the
respective unit bending dies 1. The connections 4 each have
a screw insertion hole 4a. The two unit bending dies 1, 1 can
be connected by bringing the profile surface 5¢ of FIG. 1 and
the profile surface 5/ of FIG. 2 into abutment with each
other, inserting a screw 124 into the holes 4a, 4a as shown
in FIG. 4, and tightening the screw with a nut 124. A long
bending die can be formed by repeating this step. In a case
where the resultant product is not long, then the connections
are not necessary since a single unit bending die is sufficient.

[0051] When insetting a thermoplastic resin tube into the
bending die 1, the tube is often preheated, and the tube is
often cooled in order to promptly remove the formed prod-
uct from the bending die 1. If the temperature of the bending
die 1 is low even after preheating the tube, the temperature
of the tube drops. Consequently, the tube cannot be formed
as planned. In addition, even when trying to promptly cool
the product, cooling may take a long time if the temperature
of'the bending die 1 is high. Therefore, it is preferred that the
temperature of the bending die 1 be controlled in order to
avoid such issues.

[0052] The bending die 1 according to the present inven-
tion can be provided therein with a heat medium hole 13 in
which a temperature control medium (liquid or gas) for
heating or cooling the bending die. FIG. 5(A) is a front view
showing an example of the profile in which one heat medium
hole is formed. The profile 5 including the first closed curve
C1 internally includes a second closed curve C2 composed
of a closed curve. The bending die 1 in which the heat
medium hole 13 is created can be realized by continuously
moving the first closed curve C1 and the second closed curve
C2 in three-dimensional space. FIG. 5(B) shows an example
of the profile 5 that includes two second closed curves C2,
C2 in order to form two heat medium holes. In FIG. 5(A),
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the same reference numerals are applied to the parts or
regions same as those of the profile shown in FIG. 3.
[0053] FIG. 6 is a schematic perspective view showing a
cross section of the bending die 1 that is created by con-
tinuously moving the profile 5 of FIG. 5(A) in three-
dimensional space. The region surrounded by the second
closed curve C2 is a cavity, and the heat medium hole 13 is
formed therein.

[0054] Since the heat medium hole 13 does not function
without connecting the bending dies 1, 1 adjacent to each
other, the heat medium hole 13 is formed in the connection
4 as well. As shown in FIGS. 1 and 2, the heat medium hole
13 of the bending die 1 continuously shifts to a heat medium
hole 13a formed inside the connection 4, and by bringing the
unit bending die 1 of FIG. 1 and the unit bending die 1 of
FIG. 2 into abutment with each other, the heat medium hole
13a is formed in such a manner that the respective tube
insetting portions 2, 2 are communicated with each other and
at the same time openings 135, 1356 of the respective heat
medium holes 13, 13 are communicated with each other.
[0055] An O-ring seat 13c¢ is provided in the opening 135
of the heat medium hole 13 in the connection of the bending
die 1 shown in FIG. 1. As shown in FIG. 4, an O-ring 134
is insetted in the O-ring seat 13¢, the opening 1356 of the
connection 4 of the bending die 1 shown in FIG. 2 brought
into abutment with the O-ring 134, the screw 12q is passed
through the holes 4a, 44a, and then, the screw 12aq is tightened
and fixed by the nut 125, whereby the heat medium holes 13,
13 of the two adjacent bending dies 1, 1 can be connected
to each other without causing a fluid leakage. Ry repeating
this step, even in a long bending die formed by connecting
a plurality of unit bending dies, the heat medium can be
poured into all of the unit bending dies to control the
temperature of the bending die.

[0056] Supply/discharge ports 14 for supplying or dis-
charging the heat medium to the heat medium holes 13 are
formed in the unit bending dies that are located at both ends
of a series of unit bending dies forming the bending die. An
example of the supply/discharge ports 14 is illustrated in
FIG. 1. The attachment 3 is provided in the unit bending die
1, the attachment 3 having the heat medium hole 134 therein,
wherein an end portion of the heat medium hole 13¢ is
connected to the supply/discharge port 14.

[0057] The series of unit bending dies connected serially
by the connections 4 is fixed to a frame, not shown, which
supports the device at all or a part of sections of the
connections 4 or the attachments 3. The unit bending dies are
attached to the frame, not shown, as appropriate by means of
screws, clipping, or welding depending on the condition of
the site.

[0058] FIG. 7 is a schematic perspective view showing the
bending die 1 formed by connecting a number of unit
bending dies 1, 1 . . . and bending these unit bending dies
freely in three-dimensional space. In FIG. 7, the illustrations
of the connection connecting adjacent unit bending dies, the
attachment for fixing the unit bending dies to the frame, the
frame and the like are omitted. When forming the bending
die 1 in this manner, the tube insetting portions 2 can be
shaped to look as the tube insetting portions 2 turn, move up
and down, or move spirally. In so doing, unlike the prior art,
the tube insetting portions 2 do not have to be opened in a
specific direction in three-dimensional space (e.g., the direc-
tion of the z-axis perpendicular to the x-axis and y-axis).
Such a configuration has the following advantages.
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[0059] When insetting the thermoplastic resin tube into
bent portions of the tube insetting portions 2, the tube often
becomes flat or buckles. Such a phenomenon tends to occur
when the y-direction of the profile surface of each tube
insetting portion (referred to as “opening direction) is not
present in a plane that includes the center line of the tube
insetting portions on both sides of the bent portions of the
bending die (referred to as “bending plane”). On the other
hand, such a phenomenon does not occur often when the
angle between the bending plane and the opening direction
(referred to as “insertion angle”) is 0° or 180°.

[0060] When creating a product having a complex shape
such as the one shown in FIG. 7 by insetting a thermoplastic
resin tube into the bending die 1 of the present invention,
since there is a degree of freedom in design when it comes
to the positions for providing the tube insetting portions 2 in
the bending die 1, deviation from the “insertion angle” of 0°
or 180° can be made small by optimally designing the
relationship between the “bending plane” and the “opening
direction” of each part in the tube insetting portions 2. As a
result, such phenomenon as “the tube becoming flat or
buckling” during the insetting process can be reduced as
much as possible.

[0061] Furthermore, the bending die 1 according to the
present invention has the effect of enabling the use of a
self-propelled tube insetting device. To explain this effect, a
correspondence relationship in shapes between the profile 5
and the bending die or unit bending die 1 is explained first.
The recess portion 6 and the opening 7 of the first closed
curve C1 of the profile 5 of FIG. 3 forming the bending die
1 correspond to the tube insetting portions 2 shown in FIG.
7. The upper rail portions 8, 8, which are gentle curves or
straight lines adjacent to both sides of the opening 7 shown
in FIG. 3, correspond to a pair of upper rails 17, 17 shown
in FIG. 7. The connection 4 and the attachment 3 of the unit
bending die 1 shown in each of FIGS. 1 and 2 are formed at
the position corresponding to the rear-side section 9 of the
opening 7 shown in FIG. 3. The lower rail portions 10, 10,
which are gentle curves or straight lines adjacent to both
sides of the rear-side section 9 shown in FIG. 3, 3, corre-
spond to a pair of lower rails 18, 18 shown in FIG. 7.
[0062] The shape formed by moving the profile 5 of FIG.
3 within three-dimensional space has the pair of upper rails
17, 17 and the pair of lower rails 18, 18 around the bending
die 1, the upper rails 17, 17 and the lower rails 18, 18
extending along the tube insetting portions 2, as shown in
FIG. 7. This means that the tube is tentatively placed in the
tube insetting portions 2, and thereafter a hand or a slider is
caused to slide along the upper rails 17, 17 and the lower
rails 18, 18, whereby the tube can be insetted into the tube
insetting portions 2 easily and securely.

[0063] Instead of a hand or a slider, a slider can be moved
along these upper rails 17, 17 and the lower rails 18, 18. For
example, a slider sliding on the upper rails 17, 17 and a roller
rolling on the lower rails 18, 18 can be provided, and a
traveling body that insets the tube can be moved by rotating
the roller while holding the bending die 1 between the slider
and the roller; in this manner, the tube can be insetted
without using a human hand.

[0064] Next is described the shape of the second closed
curve C2 for forming the heat medium hole 13 for managing
the temperature of the bending die 1. The second closed
curve C2 composed of a closed curve is formed inside the
first closed curve C1 of the profile 5, and the heat medium
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hole 13 is formed by the second closed curve C2 as
described above. Since the heat medium is for controlling
the temperatures of the bending die 1 and the tube insetted
therein, it is preferred that the heat medium hole 13 with
high heat-exchange efficiency be formed. In order to do so,
ridges for increasing the surface area of the heat medium
hole 13 are formed on an inner surface of the hole. In other
words, it is preferred that the second closed curve C2 be
provided with roughness to increase the length of the curve.

[0065] FIG. 8 is a front view showing several preferred
examples of the shape of the profile, particularly the shape
of the second closed curve C2. FIG. 8(a) shows that the
profile 5 does not have the second closed curve C2 but only
includes the first closed curve C1, so the bending die is a
solid structure. (b) to (f) each show that the profile 5 has the
second closed curve C2, so the bending die is a hollow
structure, wherein a hollow portion thereof is used as the
heat medium hole 13. (b) shows protrusions formed on an
inner surface of the hollow portion, (¢) shows that the profile
5 includes two second closed curves, dividing the hollow
portion into two sections, (d) shows protrusions each having
a round cross section, which are formed on the inner surface
of the hollow portion, (e) shows protrusions each having a
triangular cross section, which are formed on the inner
surface of the hollow portion, and (f) shows the second
closed curve C2 composed of a number of closed curves,
wherein the hollow portion is configured by a number of thin
tube bundles.

[0066] FIG. 9 is a diagram showing an example of mea-
suring temperature changes at three points in a case where
the thermoplastic resin tube is formed using a solid bending
die A formed by the profile shown in FIG. 8(a), and in a case
where the thermoplastic resin tube is formed using a bending
die B having two heat medium holes formed by the profile
shown in FIG. 8(c) (the horizontal axis represents time (sec),
and the vertical axis represents temperature (° C.)).

[0067] In this measurement, the temperatures are con-
trolled by feeding the heat medium to the inside of the tube
without heating or cooling the bending dies A and B. FIG.
10 shows temperature measurement points Al, A2, A3 of the
bending die A (measurement points of the bending die A),
and temperature measurement points B1, B2, B3 of the
bending die B (measurement points of the bending die B).
The reference numerals applied to the respective tempera-
ture change curves of FIG. 9 indicate the temperature
changes of the respective measurement points of each bend-
ing die. The tube was insetted into each bending die at a time
point S. The ambient temperature was 26+2° C.

[0068]

[0069] 1) The temperatures A2 and B2 of the center of
the lower surface of the tube drop immediately after
insetting the tube and then rise gradually.

[0070] 2) In both bending dies A, B, the difference in
temperature between the upper surface and the lower
surface of the tube (A3-A2), (B3-B2) was 40° C. or
higher until heating of the tube is completed, affecting
the stability of the shape of the tube.

[0071] 3) After the tube is insetted into each bending
die, the rate of temperature rise at B2 of the lower
surface of the tube is four times the rate of temperature
rise at A2.

The followings can be understood from FIG. 9.
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[0072] In conclusion, it is understood that even when the
temperature of the bending die is not controlled, the hollow
bending die B has a faster temperature response than the
solid bending die A.

[0073] This measurement example indicates that a fast
temperature response can be obtained when forming the
thermoplastic resin tube using the bending die according to
the present invention especially when using the hollow
bending die.

[0074] FIG. 11 is a diagram showing an example of
measuring temperature changes at the three points of the
tube shown in FIG. 10 in a case where the temperature of the
bending die B is not controlled (non-control) and in a case
where the temperature of the bending die B is controlled
(controlled), the bending die B having two heat medium
holes formed by the profile shown in FIG. 8(c). When the
temperature is not controlled (non-control), the bending die
B is not heated/cooled. On the other hand, when controlling
the temperature (controlled), the bending die and the tube
are heated simultaneously by feeding the heat medium
thereto during the bending step, and once a set temperature
is reached heating of the bending die is stopped before
heating of the tube stopped, and after heating of the tube is
completed, the bending die and the tube are cooled simul-
taneously. In this measurement, changes in temperature
between these cases are compared.

[0075] The temperature measurement points B1, B2, B3
are the three points shown in FIG. 10. Reference numerals
Blnon, B2non, B3non applied to the temperature change
curves shown in FIG. 11 indicate the temperature changes of
the respective points when the temperature of the bending
die is not controlled, and reference numerals Blcon, B2con,
B3con indicate the temperature changes of the respective
points when the temperature of the bending die is controlled.
The tube was insetted into the bending die at a time point S
shown in FIG. 11. A transition temperature T shown by a thin
broken line in FIG. 11 is a glass transition point of the
thermoplastic resin, and the product can be removed once
the temperature drops to the transition temperature T or
lower. The ambient temperature was 26+2° C.

[0076] The followings can be understood from FIG. 11.

[0077] 1) When the tube comes into contact with the
preheated bending die when insetting the tube into the
bending die, the temperature change at B2con is
smaller than that of B2non.

[0078] 2) During the period between after insetting the
tube and the completion of heating the tube, the tem-
perature difference (B2con-B3con) is smaller than the
temperature difference (B2non-B3non), making the
shape of the tube stable.

[0079] 3) When the tube is cooled, the temperatures
B2con, B3con of the entire tube when the temperature
of the bending die is controlled (controlled) reach the
glass transition temperature of the material (T=46° C.)
at a speed 1.5 times faster than the temperatures B2non,
B3non of the entire tube when the temperature of the
bending die is not controlled (non-controlled). This
measurement example indicates that it is possible to
realize the effect of being able to prevent unwanted
deformation of the tube and shorten the cooling period
after forming the tube, because, when forming a ther-
moplastic resin tube by using the bending die of the
present invention that is provided with the heat medium
holes, and when the temperature of the forming die is
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controlled, the tube can be formed while maintaining

the condition that the temperature of the tube is uni-

form.
[0080] Note that the temperature change at each of the
points described above naturally changes depending on the
types, temperatures, flow rate, and other conditions of the
heat medium fed to the inside of the tube and the medium fed
into the heat medium holes of the bending die, in order to
control the temperature of the tube. However, it is conceiv-
able that the effects described above can be achieved in any
case.
[0081] The bending die according to the present invention
for forming a tube by bending, insetting, and heating/cooling
the tube and the method for manufacturing the bending die
were described above in detail. However, needless to say,
objects to which the present invention can be applied are not
limited to those illustrated in the drawings; the present
invention can be implemented as other forms of devices and
methods with the same technical idea.

INDUSTRIAL APPLICABILITY

[0082] According to the bending die of the present inven-
tion, a product that is created by insetting a thermoplastic
resin tube into the bending die can be produced even if the
shape of the product exceeds two meters in length or even
if the product has a complex shape that is bent freely in
three-dimensional space. Thus, the present invention can be
widely used for bending a variety of resin or metal pipes and
hoses that are used particularly as automobile parts and the
like.

REFERENCE SIGNS LIST

[0083] 1 Bending die, unit bending die
[0084] 2 Tube insetting portion
[0085] 2a Insetting recess portion
[0086] 3 Attachment

[0087] 4 Connection

[0088] 5 Profile

[0089] 5a to 5j Profile surface
[0090] 6 Recess portion

[0091] 7 Opening

[0092] 8 Upper rail portion
[0093] 9 Rear-side section of opening
[0094] 10 Lower rail portion
[0095] 11 Plane including profile
[0096] 12a Screw

[0097] 125 Nut

[0098] 13, 13a Heat medium hole
[0099] 135 Opening

[0100] 13d O-ring

[0101] 14 Supply/discharge hole
[0102] 17 Upper rail

[0103] 18 Lower rail

[0104] C1 First closed curve
[0105] C2 Second closed curve
[0106] 20 Tube

1-7. (canceled)

8. A method for manufacturing a bending die, comprising
the steps of: designing a smooth shape of a bending die for
inset-molding of a tube, the smooth shape being formed by
virtually and continuously moving, in three-dimensional
space, a profile including a substantially circular-shaped first
closed curve having a recess portion; obtaining data of the
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smooth shape; and creating a bending die having the smooth
shape based on the data by using a three-dimensional
printing technique.
9. The method for manufacturing a bending die according
to claim 8, further comprising the steps of: creating a
number of bending dies by means of the three-dimensional
printing technique; and creating a bending die for a long
product by connecting these bending dies.
10. A method for manufacturing a bending die for inset-
molding of a mold, comprising the steps of:
designing a smooth shape of a bending die for inset-
molding of a table, the smooth shape is a shape that can
be formed by continuous moving of a profile in a virtual
three-dimensional space, the profile is a substantially
circular-shaped first closed curve having a recess por-
tion;
obtaining data of the smooth shape; and
creating a bending die having the smooth shape based on
the data by using a three-dimensional printing tech-
nique,
wherein the profile comprised of the first closed curve
internally includes a second closed curve, and
a heat medium hole is formed by the second closed curve.
11. A method for manufacturing a bending die for inset-
molding of a mold according to claim 10,
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wherein two regions adjacent to both sides of an opening
of the recess portion of the profile are upper rail
portions, and two regions adjacent to both sides of a
rear-side section of the opening of the recess portion of
the profile are lower portions,

the upper rail portions and the lower rail portions are
respectively curved or straight lines, and a pair of upper
rails and a pair of lower rails are made on the bending
die at a portion corresponding to the upper and lower
rail portions, respectively.

12. A method for manufacturing a bending die for inset-
molding of a mold according to claim 10, wherein the
bending die for inset-molding of a mold is created by a
three-dimensional printing technique using metal.

13. A method for manufacturing a bending die for inset-
molding of a mold according to claim 10, wherein the
continuous movement in a virtual three-dimensional space is
a simple parallel translation of the profile, a turning or tilting
movement which is a combination of a change of the
direction of the profile surface and its parallel translation, a
twisting movement which is a combination of in-plane
rotation and parallel translation of the profile surface, or a
combination of these movements.
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