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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a multiple-
winding pipe forming device and a multiple-winding pipe
forming method.

BACKGROUND ART

[0002] Heretofore, a forming device has been known
(for example, see Japanese Patent Application Laid-
Open (JP-A) No. H11-342418) that uses plural pairs of
forming rollers to wind a belt-shaped metal sheet into a
roll shape and form a multiple-winding pipe.
[0003] In the forming device according to JP-A No.
H11-342418, of the plural pairs of forming rollers, a pair
of the forming rollers is disposed at the downstream side
of a feeding direction of the metal sheet. A mandrel is
disposed at the inner side of the metal sheet wound in
the roll shape. Superposed portions of the metal sheet
wound in the roll shape are compressed between this
pair of forming rollers and a working portion of the man-
drel, and superposed surfaces of the superposed por-
tions are tightly contacted with one another.
[0004] Document US 5 484 974 A discloses a multiple-
winding pipe forming device and method, and forms the
basis for the preamble of claim 1.
[0005] Document DE 41 06 178 C1 also discloses a
multiple-winding pipe forming device and method,
wherein a taper portion of a mandrel that decreases in
diameter from upstream to downstream in the feeding
direction is disposed, in use, at a position at which the
metal sheet wound in the roll shape is sandwiched by a
pair of forming rollers.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] In JP-A No. H11-342418, a shape of the working
portion of the mandrel is a hump shape that protrudes to
diametric direction outer sides. The superposed portions
of the metal sheet wound in the roll shape are com-
pressed between a maximum outer diameter portion of
the working portion and the pair of forming rollers. How-
ever, thickness of the metal sheet may be inconsistent,
in which case pressure forces applied by the working
portion of the mandrel and the forming rollers to the su-
perposed portions of the metal sheet wound in the roll
shape may be inconsistent. When the pressure forces
are inconsistent in this manner, tight contact between the
superposed surfaces of the metal sheet wound in the roll
shape may decline. When tight contact between the su-
perposed surfaces declines, in a heating process after
the forming process, voids (gaps) may be formed be-
tween the superposed surfaces of the metal sheet wound
in the roll shape.

[0007] In consideration of the circumstances described
above, an object of the present disclosure is to provide
a multiple-winding pipe forming device and a multiple-
winding pipe forming method that make pressure forces
on superposed portions of a metal sheet wound in a roll
shape more uniform even when thickness of the metal
sheet is inconsistent.

SOLUTION TO PROBLEM

[0008] A multiple-winding pipe forming device accord-
ing to one aspect of the present disclosure is a multiple-
winding pipe forming device for forming a wound pipe,
according to claim 1.
[0009] A multiple-winding pipe forming method accord-
ing to claim 3 uses the multiple-winding pipe forming de-
vice according to the one aspect and includes: curling
the metal sheet and winding the metal sheet into the roll
shape; and compressing superposed portions of the met-
al sheet wound in the roll shape between the taper portion
of the working portion and the pair of forming rollers that
is disposed at the downstream side in the feeding direc-
tion of the metal sheet.

ADVANTAGEOUS EFFECTS OF INVENTION

[0010] As described above, according to the present
disclosure, a multiple-winding pipe forming device and a
multiple-winding pipe forming method may be provided
that make pressure forces on superposed portions of a
metal sheet wound in a roll shape more uniform even
when thickness of the metal sheet is inconsistent.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

Fig. 1 is a schematic structural diagram of a multiple-
winding pipe forming device according to an exem-
plary embodiment of the present disclosure.
Fig. 2 is a sectional diagram, cut along an axial di-
rection of a mandrel, of a pair of forming rollers dis-
posed furthest downstream in a feeding direction of
a metal sheet in the multiple-winding pipe forming
device of Fig. 1.
Fig. 3 is a schematic structural diagram depicting
operation for winding the metal sheet into a roll shape
in the multiple-winding pipe forming device of Fig. 1.
Fig. 4 is a sectional diagram, cut along the axial di-
rection of the mandrel, of the pair of forming rollers
disposed furthest downstream in the feeding direc-
tion of the metal sheet in the multiple-winding pipe
forming device of Fig. 3.
Fig. 5 is a sectional diagram showing a state in which,
from the sectional diagram shown in Fig. 4, a working
portion of the mandrel is shifted downstream in the
feeding direction of the metal sheet due to an in-
crease in thickness of the metal sheet.
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Fig. 6 is a sectional diagram showing a state in which,
from the sectional diagram shown in Fig. 4, the work-
ing portion of the mandrel is shifted upstream in the
feeding direction of the metal sheet due to a de-
crease in thickness of the metal sheet.
Fig. 7 is a sectional diagram cut along line 7X-7X in
Fig. 4.
Fig. 8 is a sectional diagram cut along a direction
orthogonal to an axial direction of a multiple-winding
pipe fabricated by a multiple-winding pipe forming
method according to the exemplary embodiment of
the present disclosure.
Fig. 9 is a magnified sectional diagram of a metal
sheet to be used in the multiple-winding pipe forming
method according to the exemplary embodiment of
the present disclosure.
Fig. 10 is a sectional diagram (a sectional diagram
corresponding to Fig. 2) showing a variant example
of the mandrel shown in Fig. 2.
Fig. 11 is a sectional diagram (a sectional diagram
corresponding to Fig. 4) showing the variant example
of the mandrel shown in Fig. 10.

DETAILED DESCRIPTION

[0012] Below, a multiple-winding pipe forming device
and multiple-winding pipe forming method according to
an exemplary embodiment relating to the present disclo-
sure are described with reference to the drawings. An
arrow M that is shown where appropriate in the drawings
is a feeding direction of a metal sheet 52.
[0013] First, a multiple-winding pipe 50 that is fabricat-
ed using a multiple-winding pipe forming device (below
referred to where appropriate as "the forming device")
20 is described. Then, the forming device 20 is described,
after which a forming method using the forming device
20 is described.
[0014] Fig. 8 shows the multiple-winding pipe 50 ac-
cording to the present exemplary embodiment. The mul-
tiple-winding pipe 50 is formed by the metal sheet 52
being wound in a roll shape and superposed surfaces of
superposed portions of the metal sheet 52 being joined
together. The multiple-winding pipe 50 according to the
present exemplary embodiment is a two-winding pipe.
The multiple-winding pipe 50 is used as, for example, a
piping component of a vehicle (for example, brake pip-
ing).
[0015] As shown in Fig. 9, the metal sheet 52 that forms
the multiple-winding pipe 50 is formed by coating a core
member 54 with a coating member 56. The core member
54 is formed of a metal material, and the coating member
56 is formed of a metal material with a lower melting point
than the core member 54. The metal sheet 52 is ma-
chined into a belt shape; a length direction of the metal
sheet 52 matches an axial direction (a direction along an
axis) of the multiple-winding pipe 50 after the multiple-
winding pipe 50 is formed. A clad steel sheet and a coated
steel sheet can be mentioned as examples of the metal

sheet 52. Iron, aluminium or the like may be employed
as the metal material forming the core member 54. Cop-
per, an aluminium alloy or the like that is used as a com-
mon brazing material may be employed as the metal ma-
terial forming the coating member 56. In the present ex-
emplary embodiment, two faces of the core member 54
are coated with the coating member 56, but structures
are possible in which only one face of the core member
54 is coated with the coating member 56. In the present
exemplary embodiment, after the metal sheet 52 is
wound into the roll shape, superposed surfaces of su-
perposed portions of the metal sheet 52 are joined by
brazing to form the multiple-winding pipe 50.
[0016] Now, the forming device 20 according to the
present exemplary embodiment is described.

= Forming Device =

[0017] As shown in Fig. 1 to Fig. 4, the forming device
20 is an apparatus that curls the metal sheet 52 and winds
the metal sheet 52 into a roll shape, forming a roll in a
pipe shape with a predetermined inner diameter (roll
forming).
[0018] The forming device 20 is provided with plural
pairs of forming rollers 22 and a mandrel 24 that is fab-
ricated of metal. The pairs of forming rollers 22 are ar-
ranged along the feeding direction of the metal sheet 52
(below shortened where appropriate to "the feeding di-
rection"). The mandrel 24 is arranged along the feeding
direction.

- Roll forming -

[0019] As shown in Fig. 1 and Fig. 3, the plural pairs
of the forming rollers 22 are disposed as plural pairs
spaced apart along the feeding direction, with each pair
of the forming rollers 22 opposing one another so as to
sandwich the metal sheet 52, which is an object of form-
ing. The metal sheet 52 is curled and wound into the roll
shape by these forming rollers 22.
[0020] Plural pairs of assisting rollers 23 that assist in
the curling of the metal sheet 52 are disposed between
adjacent pairs of the forming rollers 22 along the feeding
direction.
[0021] Of the plural pairs of forming rollers 22, a pair
of forming rollers 22A is disposed furthest upstream in
the feeding direction. The metal sheet 52 is wound on a
drum 58. The forming rollers 22A function as feeding roll-
ers that sandwich the metal sheet 52 from two sheet face
sides thereof and feed the metal sheet 52 wound on the
drum 58 out in the feeding direction.
[0022] Of the plural pairs of forming rollers 22, a pair
of forming rollers 22B is disposed furthest downstream
in the feeding direction. The forming rollers 22B function
as pressure rollers that compress superposed portions
of the metal sheet 52 wound in the roll shape between
the forming rollers 22B and a taper portion 28A of the
mandrel 24, which is described below, and put super-
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posed surfaces 52A and 52B of the metal sheet 52 into
contact without gaps. A circumferential trench 25 is
formed in each of the pair of forming rollers 22B. The
metal sheet 52 wound in the roll shape is inserted into
each circumferential trench 25. The circumferential
trench 25 is formed continuously in the circumferential
direction over the whole circumference of the forming
roller 22B.
[0023] Of the plural pairs of forming rollers 22, plural
pairs of forming rollers 22C are disposed between the
pair of forming rollers 22A and the pair of forming rollers
22B. The forming rollers 22C function as curl-forming roll-
ers that, from an upstream side toward a downstream
side in the feeding direction, progressively curl the metal
sheet 52 to wind the metal sheet 52 into the roll shape.

- Mandrel -

[0024] As shown in Fig. 1 and Fig. 3, the mandrel 24
includes a shaft 26 and a working portion 28.
[0025] The shaft 26 extends along the feeding direc-
tion. More specifically, the shaft 26 extends from a space
between the pair of forming rollers 22A and one pair of
the forming rollers 22C to just before a nipping portion N
of the pair of forming rollers 22B. According to this struc-
ture, a region of the shaft 26 (a region at the downstream
side thereof in the feeding direction) is disposed inside
the metal sheet 52 wound in the roll shape. The shaft 26
is formed of a metal material (for example, iron). The
meaning of the term "nipping portion N" as used herein
is intended to include a position at which the metal sheet
52 wound in the roll shape is sandwiched by the pair of
forming rollers 22B disposed furthest downstream in the
feeding direction.
[0026] One end 26A of the shaft 26 is disposed at the
upstream side thereof in the feeding direction. A disc-
shaped spool portion 27 is formed at the one end 26A
side of the shaft 26 and protrudes to diametric direction
outer sides from the shaft 26. The spool portion 27 is
employed such that the shaft 26 is retained by a retention
portion 32 of a moving apparatus 30, which is described
below.
[0027] Another end 26B of the shaft 26 is disposed at
the downstream side thereof in the feeding direction,
which is an opposite side of the shaft 26 from a side
thereof at which the one end 26A is disposed. The work-
ing portion 28 is provided at the another end 26B side of
the shaft 26 (in the present exemplary embodiment, at
the another end 26B). The working portion 28 includes
the taper portion 28A, which increases in diameter from
upstream to downstream in the feeding direction. The
working portion 28 is formed of a metal material (for ex-
ample, iron) and is joined to the another end 26B of the
shaft 26 by welding.
[0028] A position of the mandrel 24 along the feeding
direction is controlled by the moving apparatus 30, which
is described below, such that the taper portion 28A of the
working portion 28 is disposed at the nipping portion N

of the pair of forming rollers 22B.
[0029] As shown in Fig. 1 and Fig. 3, the forming device
20 is further provided with the moving apparatus 30 that
moves the mandrel 24 along the feeding direction.
[0030] The moving apparatus 30 includes the retention
portion 32, a drive source 34, a sensor 36 and a control
section 38.
[0031] The retention portion 32 is coupled to a housing
31 that retains the one end 26A side of the shaft 26 and
is structured to be movable by sliding along the feeding
direction. The retention portion 32 supports the one end
26A side of the shaft 26 and moves together with the
housing 31 along the feeding direction. An engaging por-
tion, which is not shown in the drawings, is provided at
the retention portion 32. The engaging portion engages
with the spool portion 27 of the shaft 26. Thus, the man-
drel 24 moves with movement of the retention portion 32.
[0032] The drive source 34 is coupled to the housing
31 via a ball-and-screw mechanism (not shown in the
drawings) for sliding the housing 31. The drive source 34
supplies driving force to move both the housing 31 and
the retention portion 32 along the feeding direction. The
drive source 34 that is employed may be, for example,
an electric motor (a servo motor). The drive source 34 is
controlled by the control section 38.
[0033] The sensor 36 is disposed in the housing. The
sensor 36 detects tension acting on the shaft 26, via the
retention portion 32. Information detected by the sensor
36 is sent to the control section 38.
[0034] The control section 38 controls output power
(driving force) of the drive source 34, in accordance with
information relating to the tension detected by the sensor
36, so as to adjust the position of the retention portion
32 in the feeding direction. Thus, the control section 38
may adjust a position of the taper portion 28A of the work-
ing portion 28 in the feeding direction.

= Forming Method =

[0035] Now, the multiple-winding pipe forming method
using the forming device 20 according to the present ex-
emplary embodiment is described.
[0036] Before formation of a multiple-winding pipe be-
gins, a size (wall thickness, internal diameter and so forth)
of the multiple-winding pipe to be formed is entered into
a memory section, which is not shown in the drawings,
of the control section 38 through an operation section,
which is not shown in the drawings. On the basis of this
size information, the control section 38 controls the drive
source 34 and disposes the taper portion 28A of the work-
ing portion 28 at an optimum position of the nipping por-
tion N of the pair of forming rollers 22B (an optimum po-
sition in the feeding direction). This optimum position is
specified in advance on the basis of the size information
by calculation or the like. More specifically, the control
section 38 controls the drive source 34 such that a dis-
tance L2 between each forming roller 22B and the taper
portion 28A (see Fig. 2) is the same as a thickness T of
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a peripheral wall portion of the multiple-winding pipe 50,
which is entered in the size information. Thus, the taper
portion 28A is disposed at the optimum position of the
nipping portion N of the pair of forming rollers 22B.
[0037] Distances between the pair of forming rollers
22A, the pair of forming rollers 22B, the plural pairs of
forming rollers 22C and the plural pairs of assisting rollers
23 are also altered on the basis of the entered informa-
tion. For example, a distance L1 along a center line CL
between floor surfaces of the circumferential trenches 25
of the pair of forming rollers 22B is altered.
[0038] Then, the metal sheet 52 is pulled out from the
drum 58, and a leading end portion of the metal sheet 52
is disposed between and nipped by the pair of forming
rollers 22A. The pair of forming rollers 22A turn in syn-
chrony and feed out the nipped metal sheet 52 from up-
stream to downstream in the feeding direction. The metal
sheet 52 fed out from the pair of forming rollers 22A is
curled by the plural pairs of forming rollers 22C and the
plural pairs of assisting rollers 23 and is wound into the
roll shape. The metal sheet 52 is wound into the roll shape
so as to encircle the shaft 26 of the mandrel 24. When
the metal sheet 52 is passing through the plural pairs of
forming rollers 22C, the metal sheet 52 is wound into the
roll shape in a state in which gaps are formed between
superposed portions of the metal sheet 52.
[0039] Then, at the nipping portion N of the pair of form-
ing rollers 22B, the superposed portions of the metal
sheet 52 wound in the roll shape are compressed by the
pair of forming rollers 22B and the taper portion 28A of
the working portion 28. More specifically, in the forming
device 20 as shown in Fig. 4, a roll inner side portion of
the metal sheet 52 wound in the roll shape increases in
diameter while riding over the taper portion 28A of the
working portion 28. As shown in Fig. 7, in a state in which
the superposed surfaces 52A and 52B of the superposed
portions of the metal sheet 52 wound in the roll shape
touch without gaps (that is, a tightly contacted state), the
superposed portions of the metal sheet 52 wound in the
roll shape are compressed from inside and outside the
roll by the pair of forming rollers 22B and the taper portion
28A of the working portion 28. After the superposed por-
tions are compressed but before the superposed portions
are joined, as shown in Fig. 4 and Fig. 5, the diameter of
the metal sheet 52 wound in the roll shape increases
after the compression while passing beyond a maximum
diameter portion of the taper portion 28A.
[0040] When there is inconsistency in the thickness of
the metal sheet 52 and, as illustrated in Fig. 5, the thick-
ness T of the metal sheet 52 is greater than a standard
sheet thickness (in the present exemplary embodiment,
half of the entered wall thickness), frictional forces that
are produced when the roll inner side portion of the metal
sheet 52 wound in the roll shape rides over the taper
portion 28A of the working portion 28 increase. Thus, a
tension F acting on the shaft 26 of which the one end
26A side is retained increases. When the tension F acting
on the shaft 26 is greater, axial direction elongation (re-

silient elongation) of the shaft 26 fabricated of metal is
greater, and the position of the taper portion 28A shifts
downstream in the feeding direction relative to when the
thickness of the metal sheet 52 is the standard sheet
thickness (that is, relative to when the taper portion 28A
is disposed at the optimum position of the nipping portion
N mentioned above). When the position of the taper por-
tion 28A shifts downstream in this manner, the distance
L2 between each forming roller 22B and the taper portion
28A increases. As a result, an increase in pressure forces
acting on the superposed portions of the metal sheet 52
wound in the roll shape between the pair of forming rollers
22B and the taper portion 28A is suppressed.
[0041] Alternatively, as illustrated in Fig. 6, when the
thickness T of the metal sheet 52 is smaller than the
standard sheet thickness, the frictional forces that are
produced when the roll inner side portion of the metal
sheet 52 wound in the roll shape rides over the taper
portion 28A of the working portion 28 decrease. Thus,
the tension F acting on the shaft 26 of which the one end
26A side is retained decreases. When the tension F act-
ing on the shaft 26 is smaller, axial direction elongation
(resilient elongation) of the shaft 26 fabricated of metal
is smaller than when the thickness of the metal sheet 52
is the standard sheet thickness, and the position of the
taper portion 28A shifts upstream in the feeding direction.
When the position of the taper portion 28A shifts up-
stream in this manner, the distance L2 between each
forming roller 22B and the taper portion 28A decreases.
As a result, a decrease in the pressure forces acting on
the superposed portions of the metal sheet 52 wound in
the roll shape between the pair of forming rollers 22B and
the taper portion 28A is suppressed.
[0042] In the forming device 20 as described above,
even when the thickness T of the metal sheet 52 is in-
consistent, pressure forces on the superposed portions
of the metal sheet 52 wound in the roll shape may be
made more uniform.
[0043] The meaning of the term "inconsistency in the
thickness of the metal sheet" as used herein is intended
to include inconsistencies in thickness caused by fabri-
cation errors, inconsistencies in thickness when a metal
sheet that is used is specified to change in thickness
along the length direction thereof, and so forth.
[0044] In the present exemplary embodiment, the mov-
ing apparatus 30 is employed. The tension F acting on
the shaft 26 is detected by the sensor 36, the drive source
34 is controlled by the control section 38 in accordance
with the tension F detected by the sensor 36, and the
position in the feeding direction of the retention portion
32 that supports the shaft 26 is adjusted. More specifi-
cally, when the taper portion 28A may not be disposed
at the optimum position of the nipping portion N of the
pair of forming rollers 22B by resilient elongation of the
shaft 26 alone, the taper portion 28A is disposed at the
optimum position of the nipping portion N of the forming
rollers 22B by the moving apparatus 30, taking account
of the resilient elongation of the shaft 26. Therefore, in
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addition to the effects described above caused by resil-
ient elongation of the shaft 26 fabricated of metal, pres-
sure forces on the superposed portions of the metal sheet
wound in the roll shape may be made even more uniform.
[0045] The metal sheet 52 wound in the roll shape
passes through the pair of forming rollers 22B and is heat-
ed in a heating step of a subsequent process. As a result
of this heating, the superposed portions of the metal
sheet 52 wound in the roll shape are joined by brazing.
Thus, the multiple-winding pipe 50 is fabricated. Because
the multiple-winding pipe 50 that is fabricated in this man-
ner has been heated in a state in which the superposed
surfaces 52A and 52B of the superposed portions of the
metal sheet 52 wound in the roll shape are touching with-
out gaps (that is, the tightly contacted state), the forma-
tion of voids (gaps) between the superposed surfaces
52A and 52B is suppressed.
[0046] Now, operational effects of the multiple-winding
pipe 20 according to the present exemplary embodiment
are described.
[0047] In the forming device 20 as described above,
pressure forces on the superposed portions of the metal
sheet 52 wound in the roll shape may be made more
uniform even when the thickness of the metal sheet 52
is inconsistent.
[0048] In the forming device 20, because the taper por-
tion 28A is disposed at the optimum position of the nip-
ping portion N of the pair of forming rollers 22B, one type
of the mandrel 24 may be applied to metal sheets of plural
sizes (sheet thicknesses). Therefore, a number of types
of the mandrel 24 may be reduced. Hence, because the
number of types of the mandrel 24 is reduced, the labor
of setting a different mandrel in the forming device for
each size of metal sheet may be reduced.
[0049] In the forming device 20, because the moving
apparatus 30 is also provided, positions in the feeding
direction of the pairs of forming rollers 22B and the taper
portion 28A of the working portion 28 may be adjusted
automatically prior to the forming of the metal sheet 52.
Thus, the taper portion 28A may be disposed at the op-
timum position of the nipping portion N of the pair of form-
ing rollers 22B.
[0050] In the forming device 20 as described above,
the taper portion 28A is disposed by the moving appara-
tus 30 at the optimum position of the nipping portion N
of the pair of forming rollers 22B taking account of resilient
elongation of the shaft 26. Therefore, in addition to the
effects described above caused by resilient elongation
of the shaft 26 fabricated of metal, pressure forces on
the superposed portions of the metal sheet 52 wound in
the roll shape may be made even more uniform.
[0051] In the forming device 20 according to the exem-
plary embodiment described above, the working portion
28 of the mandrel 24 includes the taper portion 28A, but
the present disclosure is not limited by this structure. For
example, as with a mandrel 60 shown in Fig. 10 and Fig.
11, a working portion 62 may include a circular rod portion
62B that protrudes from an end of a taper portion 62A

and is equal in diameter to the end of the taper portion
62A. The circular rod portion 62B protrudes to an oppo-
site side of the working portion 62 from a side thereof at
which the shaft 26 is disposed. In this structure, com-
pared to, for example, a structure in which the circular
rod portion 62B is not provided and a terminal end of a
taper portion has sharp angles, pressure forces acting
on the end of the taper portion 62A are dispersed and
abrasion of the mandrel 24 associated with the working
of the metal sheet 52 is suppressed.
[0052] In the exemplary embodiment described above,
the forming device 20 includes the moving apparatus 30,
but the present disclosure is not limited by this structure.
The forming device 20 need not include the moving ap-
paratus 30, in which case the taper portion 28A is dis-
posed at the optimum position of the nipping portion N
only by the effects of resilient elongation of the shaft 26.
[0053] In the exemplary embodiment described above,
the taper portion 28A of the working portion 28 is dis-
posed at the nipping portion N of the pair of forming rollers
22B that are disposed furthest downstream in the feeding
direction, but the present disclosure is not limited by this
structure. For example, structures are possible in which
the taper portion 28A of the working portion 28 is dis-
posed at a nipping portion N of a pair of the forming rollers
22C that is disposed at the downstream side in the feed-
ing direction and is the first pair upstream from the pair
of forming rollers 22B (i.e., the pair of forming rollers 22C
that is second furthest downstream). In this structure, the
metal sheet 52 wound in the roll shape may be com-
pressed at the pair of forming rollers 22C that is second
furthest downstream, and fine adjustments of pipe diam-
eter may be implemented at the pair of forming rollers
22B that is furthest downstream.
[0054] In the foregoing, an exemplary embodiment of
the present disclosure has been illustrated and the ex-
emplary embodiment has been described. However, this
embodiment is an example; numerous modifications may
be embodied within a scope not departing from the scope
of the appended claims.

Claims

1. A multiple-winding pipe forming device (20) for form-
ing a wound pipe, the multiple-winding pipe forming
device comprising:

a plurality of pairs of forming rollers (22) ar-
ranged along a feeding direction of a metal sheet
(52) that is an object of forming, each pair of
forming rollers (22) opposing one another so as
to sandwich, in use, the metal sheet (52), and
the plurality of pairs of forming rollers (22) being
configured to curl the metal sheet (52) and to
wind the metal sheet (22) into a roll shape; and
a mandrel (24) fabricated of metal, the mandrel
(24) including:
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a shaft (26) that extends in the feeding di-
rection and is disposed, in use, inside the
metal sheet (52) wound in the roll shape,
one end (26A) side of the shaft (26) being
retained, which one end side is disposed
upstream in the feeding direction, and
a working portion (28, 62) provided at an
opposite end (26B) side of the shaft (26)
from a side thereof at which the one end
(26A) side is disposed, the working portion
(28, 62) including a taper portion (28A, 62A)
that increases in diameter from upstream to
downstream in the feeding direction,
wherein the taper portion (28A, 62A) of the
working portion (28, 62) is disposed, in use,
at a position at which the metal sheet (52)
wound in the roll shape is sandwiched by,
of the plurality of pairs of forming rollers (22),
a pair of the forming rollers (22B) that is dis-
posed at a downstream side in the feeding
direction,

characterized in that
the multiple-winding pipe forming device further
comprises a moving apparatus (30) that moves
the mandrel (24) along the feeding direction, the
moving apparatus (30) including:

a retention portion (32) that retains the one
end side of the shaft (26) and is movable to
an upstream side and the downstream side
in the feeding direction,
a drive source (34) that moves the retention
portion,
a sensor (36) that, via the retention portion
(32), detects tension acting on the shaft
(26),
a control section (38) that, in accordance
with a tension detected by the sensor (36),
controls the drive source (34) and adjusts a
position of the retention portion (32) along
the feeding direction;

a position of the mandrel (24) along the feeding
direction is controlled by the moving apparatus
(30) such that the taper portion (28A, 62A) of
the working portion (28) is disposed at the nip-
ping portion (N) of the pair of forming rollers
(22B).

2. The multiple-winding pipe forming device (20) ac-
cording to claim 1, wherein the working portion (62)
includes a circular rod portion (62B) protruding from
an end of the taper portion (62) to an opposite side
of the taper portion (62A) from a side thereof at which
the shaft (26) is disposed, the circular rod portion
(62B) being equal in diameter to the end of the taper
portion (62A).

3. A multiple-winding pipe forming method using the
multiple-winding pipe forming device (20) according
to any one of claims 1 to 2, the multiple-winding pipe
forming method comprising:

curling the metal sheet (52) and winding the met-
al sheet (52) into the roll shape; and
compressing superposed portions of the metal
sheet (52) wound in the roll shape between the
taper portion (28A, 62A) of the working portion
(28, 62) and the pair of forming rollers (22) that
is disposed at the downstream side in the feed-
ing direction of the metal sheet (52).

Patentansprüche

1. Formvorrichtung für ein mehrfach gewickeltes Rohr
(20) zum Formen eines gewickelten Rohrs, wobei
die Formvorrichtung für ein mehrfach gewickeltes
Rohr aufweist:

eine Vielzahl von Paaren von Formrollen (22),
die entlang einer Zuführrichtung eines Metall-
blechs (52) angeordnet sind, das ein Formobjekt
ist, wobei jedes Paar von Formrollen (22) ein-
ander gegenüberliegt, so dass das Metallblech
(52) bei der Verwendung eingeklemmt wird, und
wobei die Vielzahl von Paaren von Formrollen
(22) dazu ausgebildet sind, das Metallblech (52)
einzurollen und das Metallblech (22) in eine Rol-
lenform zu wickeln; und
einen Dorn (24), der aus Metall hergestellt ist,
wobei der Dorn (24) aufweist:

eine Welle (26), die sich in Zuführrichtung
erstreckt und bei der Verwendung in dem
Metallblech (52) angeordnet ist, das in Rol-
lenform gewickelt ist, wobei eine Endseite
(26A) der Welle (26) zurückgehalten wird,
wobei diese Endseite stromaufwärts in Zu-
führrichtung angeordnet ist, und
einen Arbeitsabschnitt (28, 62), der an einer
entgegengesetzten Endseite (26B) der
Welle (26) ausgehend von einer Seite da-
von angeordnet ist, an der die eine Endseite
(26A) angeordnet ist, wobei der Arbeitsab-
schnitt (28, 62) einen Verjüngungsabschnitt
(28A, 62A) aufweist, dessen Durchmesser
von stromaufwärts nach stromabwärts in
Zuführrichtung zunimmt,
wobei der Verjüngungsabschnitt (28A, 62A)
des Arbeitsabschnitts (28, 62) bei der Ver-
wendung in einer Position angeordnet ist,
in der das in Rollenform gewickelte Metall-
blech (52) von einem Paar von Formrollen
(22B) der Vielzahl von Paaren von Formrol-
len (22), das an einer stromabwärts gele-
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genen Seite in Zuführrichtung angeordnet
ist, eingeklemmt wird,
dadurch gekennzeichnet, dass die Form-
vorrichtung für ein mehrfach gewickeltes
Rohr ferner aufweist:

eine Bewegungsvorrichtung (30), die
den Dorn (24) entlang der Zuführrich-
tung bewegt, wobei die Bewegungs-
vorrichtung (30) aufweist:

einen Rückhalteabschnitt (32), der
die eine Endseite der Welle (26)
zurückhält und zu einer stromauf-
wärts gelegenen Seite und der
stromabwärts gelegenen Seite in
Zuführrichtung bewegbar ist,
eine Antriebsquelle (34), die den
Rückhalteabschnitt bewegt,
einen Sensor (36) der über den
Rückhalteabschnitt (32) Span-
nung erkennt, die auf die Welle
(26) wirkt,
einen Steuerabschnitt (38), der
entsprechend einer von dem Sen-
sor (36) erkannten Spannung die
Antriebsquelle (34) steuert und ei-
ne Position des Rückhalteab-
schnitts (32) entlang der Zuführ-
richtung einstellt; und

wobei eine Position des Dorns (24) ent-
lang der Zuführrichtung von der Bewe-
gungsvorrichtung (30) gesteuert wird,
so dass der Verjüngungsabschnitt
(28A, 62A) des Arbeitsabschnitts (28)
an dem Klemmabschnitt (N) des Paa-
res von Formrollen (22B) angeordnet
ist.

2. Formvorrichtung für ein mehrfach gewickeltes Rohr
(20) nach Anspruch 1, wobei der Arbeitsabschnitt
(62) einen kreisförmigen Stangenabschnitt (62B)
aufweist, der von einem Ende des Verjüngungsab-
schnitts (62) zu einer gegenüberliegenden Seite des
Verjüngungsabschnitts (62A) ausgehend von einer
Seite davon vorsteht, an der die Welle (26) angeord-
net ist, wobei der kreisförmige Stangenabschnitt
(62B) den gleichen Durchmesser wie das Ende des
Verjüngungsabschnitts (62A) aufweist.

3. Formverfahren für ein mehrfach gewickeltes Rohr
unter Verwendung der Formvorrichtung für ein
mehrfach gewickeltes Rohr (20) nach einem der An-
sprüche 1 bis 2, wobei das Formverfahren für ein
mehrfach gewickeltes Rohr umfasst:

Einrollen des Metallblechs (52) und Wickeln des

Metallblechs (52) in die Rollenform; und
Komprimieren der überlagerten Teile des in Rol-
lenform gewickelten Metallblechs (52) zwischen
dem Verjüngungsabschnitt (28A, 62A) des Ar-
beitsabschnitts (28, 62) und dem Paar von
Formrollen (22), das an der stromabwärts gele-
genen Seite in Zuführrichtung des Metallblechs
(52) angeordnet ist.

Revendications

1. Dispositif de formage de tuyau à enroulements mul-
tiples (20) pour former un tuyau enroulé, le dispositif
de formage de tuyau à enroulements multiples
comprenant :

une pluralité de paires de rouleaux de formage
(22) agencées le long d’une direction d’alimen-
tation d’une feuille métallique (52) qui est un ob-
jet de formage, chaque paire de rouleaux de for-
mage (22) s’opposant l’une à l’autre de manière
à prendre en sandwich, en utilisation, la feuille
métallique (52), et la pluralité de paires de rou-
leaux de formage (22) étant configurées pour
rouler la feuille métallique (52) et pour enrouler
la feuille métallique (22) en une forme de
rouleau ; et
un mandrin (24) fabriqué en métal, le mandrin
(24) comportant :

un arbre (26) qui s’étend dans la direction
d’alimentation et est disposé, en utilisation,
à l’intérieur de la feuille métallique (52) en-
roulée en forme de rouleau, un côté d’ex-
trémité (26A) de l’arbre (26) étant retenu,
lequel côté d’extrémité est disposé en
amont dans la direction d’alimentation, et
une portion de travail (28, 62) prévue à un
côté d’extrémité opposée (26B) de l’arbre
(26) par rapport à un côté de celui-ci où ledit
côté d’extrémité (26A) est disposé, la por-
tion de travail (28, 62) comprenant une por-
tion évasée (28A, 62A) dont le diamètre
augmente de l’amont vers l’aval dans la di-
rection d’alimentation,
dans lequel la portion évasée (28A, 62A) de
la portion de travail (28, 62) est disposée,
en utilisation, à une position à laquelle la
feuille métallique (52) enroulée en forme de
rouleau est prise en sandwich par, parmi la
pluralité de paires de rouleaux de formage
(22), une paire des rouleaux de formage
(22B) qui est disposée à un côté aval dans
la direction d’alimentation,
caractérisé en ce que
le dispositif de formage de tuyaux à enrou-
lements multiples comprend, en outre, un
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appareil de déplacement (30) qui déplace
le mandrin (24) le long de la direction d’ali-
mentation, l’appareil de déplacement (30)
comprenant :

une portion de rétention (32) qui retient
ledit côté d’extrémité de l’arbre (26) et
qui est mobile vers un côté amont et le
côté aval dans la direction d’alimenta-
tion,
une source d’entraînement (34) qui dé-
place la portion de rétention,
un capteur (36) qui, via la portion de
rétention (32), détecte une tension
agissant sur l’arbre (26),
une section de commande (38) qui,
conformément à une tension détectée
par le capteur (36), commande la sour-
ce d’entraînement (34) et ajuste une
position de la portion de rétention (32)
le long de la direction d’alimentation ; et
une position du mandrin (24) le long de
la direction d’alimentation est comman-
dée par l’appareil de déplacement (30)
de telle sorte que la portion évasée
(28A, 62A) de la portion de travail (28)
est disposée au niveau de la portion de
pincement (N) de la paire de rouleaux
de formage (22B).

2. Dispositif de formage de tuyaux à enroulements mul-
tiples (20) selon la revendication 1, dans lequel la
portion de travail (62) comporte une portion de tige
circulaire (62B) faisant saillie à partir d’une extrémité
de la portion évasée (62) vers un côté opposé de la
portion évasée (62A) à partir d’un côté de celle-ci où
l’arbre (26) est disposé, la portion de tige circulaire
(62B) étant d’un diamètre égal à l’extrémité de la
portion évasée (62A).

3. Procédé de formage de tuyaux à enroulements mul-
tiples utilisant le dispositif de formage de tuyaux à
enroulement multiples (20) selon l’une quelconque
des revendications 1 et 2, le procédé de formage de
tuyaux à enroulements multiples comprenant :

le roulage de la feuille métallique (52) et l’enrou-
lement de la feuille métallique (52) en une forme
de rouleau ; et
la compression de portions superposées de la
feuille métallique (52) enroulée en forme de rou-
leau entre la portion évasée (28A, 62A) de la
portion de travail (28, 62) et la paire de rouleaux
de formage (22) qui est disposée du côté aval
dans la direction d’alimentation de la feuille mé-
tallique (52).
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