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said deformation means having a first portion comprising a single acting
fluid cylinder posi- Technical Field
tionable within the interior of the pipe and having a This invention
relatestothebendingof pipe,and     fluid chamber and a piston and a second
portion, in particular to the support of the inner wall of the    5    said
second portion attached to the piston with the pipe during bending to
maintain the pipe cross      second portion abutting the second face of the
section.                                            deformable resilient
material, said deformation An apparatus and method according to the pre-
means for moving said second portion towards characterising parts of the
independent claims is   said first portion when a pressurized fluid is
known from DE-A-2,932,055.                     10   entered into the fluid
chamber to act on the piston; connector means forming a connector, said
Background Art                                      connector for extending
along a path between the In bending pipe, and particularly larger diameter
first end structure and the first portion of the pipe from 15 cm (6 inch)
diameter and larger, it is  deformation means, said connector being non-
often beneficial or necessary to support the inner   15   extendable along
the direction of the path, said wall of the pipe near the bend. If
unsupported, the  connector for supporting the first end structure bending
forces exerted on the exterior of the pipe  and deformation means so that
when the second can cause severe deformation of the cross section   portion
moves relative to the first portion toward of the pipe, reducing its
strength and carrying     the second face of the deformable resilient
capacity. It is particularly helpful to support the   20    material when
pressurized fluid is entered into the innerwall of the pipe in the portion
which becomes  fluid chamber to extend the piston in the cylinder, the
inside of the bend to prevent wrinkling of the  the deformable resilient
material is deformed pipe in this area.
between the second portion of the deformation In the past, large and
complex internal mandrel   means and the first end structure to expand the
devices have been employed. Such devices   25   deformable resilient
material to support the inter- include the devices disclosed and
illustrated in    nal walls of the pipe proximate the bend, the
US-A-3,834,210 and US-A-3,851,519. These            release of pressurizing
fluid from  the fluid prior devices are typically provided with a plurality
chamber after bending permitting the deformed of metal shoes or strips
which are expanded into    material to return to its undeformed condition
and contact with the inner walls of the pipe by a    30   thereby retract
the piston within the cylinder. plurality of hydraulic cylinders. While
these         In accordance with another aspect of the present devices are
effective, the complexity of the devices  invention, an internal mandrel is
provided for use increase cost and maintenance requirements.         with a
pipe bender to bend a pipe of the type US-A-3,580,044 discloses a tube
bending           having a first end structure and a resilient material
mandrel. The mandrel has a body portion which   35   positioned on one side
of the first end structure, can be of polyurethane. Fittings are cast into
the  said mandrel being suitable for positioning within body portion at
opposite ends and a cable extends   the pipe and further having means for
deforming between the fittings. The distance between the      the resilient
material against the first end structure fittings can be decreased to
reshape the body       to form the resilient material to support the
portion to provide support for the tube during    40   internal walls of
the pipe proximate the beno, bending.
characterized by: A need exists for an internal mandrel overcom-      the
deformable resilient material having a first ing the disadvantages of the
prior devices. The     face and a second face with the first face abutting
improved mandrel should have a minimum of           the first end
structure; operating components and operate with a mini-   45    said
deformation means having a first portion mum number of controls. The
improved mandrel        comprising a single acting fluid cylinder posi-
should be relatively lightweight and easy to move   tionable within the
interior of the pipe and having a through the interior of the pipe prior to
and after  fluid chamber and a piston and a second portion, bending.
said second portion attached to the piston with the 50   second portion
abutting the second face of the Summary of the Invention
deformable resilient material, said deformation In accordance with one
aspect of the present      means for moving said second portion towards
invention, an internal mandrel is provided for use  said first portion when
a pressurized fluid is with a pipe bender to bend the pipe. The internal
entered intothefluid chamberto act on the piston; mandrel having a first
end structure and a resilient   55  connector means forming a connector,
said material positioned on one side of the first end    connector for
extending along a path between the structure, said mandrel being
suitablefor position-  first end structure and the first portion of the ing
within the pipe and further having means for    deformation means, said
connector means being deforming the resilient material against the first
capable of deflection in a direction perpendicular end structure to form
the resilient material to   60   to its longitudinal axis, support the
internal walls of the pipe proximate      said connector being
non-extendable along the the bend, characterized by:
direction of the path, said connectorfor supporting the deformable
resilient material having a first  the first end structure and deformation
means so face and a second face with the first face abutting  that when the
second portion moves relative to the the first end structure;
65   first portion toward the second face of the deform- 2    



3              EP 0 115 796 B1                     4 able resilient
material when pressurized fluid is  a wedge 20 underneath a pin-up shoe 22.
The pin- entered into the fluid chamber to extend the       up shoe 22
moves upwardly to engage the pipe piston in the cylinder, the deformable
resilient   12. An inboard cylinder 24 acts between the frame material is
deformed between the second portion    of the machine 14 and a stiff back
26. The inboard of the deformation means and the first end    5    cylinder
24 urges the stiff back up to push the pipe structure to expand the
deformable resilient       against the bending die 16. With the bending die
material to support the internal walls of the pipe  acting as a fulcrum,
the outboard cylinder 28 proximate the bend, the release of pressurizing
pushes the outer end of the stiff back up, bending fluid from the fluid
chamber after bending permit-  the pipe to the radius and length of curve
deter- ting the deformed material to return to its unde-   10   mined by
the bending die configuration in contact formed condition and thereby
retract the piston    with the pipe. within the cylinder.
Typically, the pipe 12 is moved through the machine 14 toward the pin-up
shoe 22 in small Brief Description of the Drawings
increments with the bending operation repeated A more complete
understanding of the inven-   15   until a final desired pipe curvature is
achieved. tion and its advantages will be apparent from the  The pipe 12 is
always moved toward the pin-up foregoing Detailed Description when taken in
shoe 22 during bending to keep a straight portion conjunction with the
accompanying Drawings in      of the pipe in the stiff back 26. which:
The internal mandrel 10 is typically inserted FIGURE 1 is a perspective
view of an internal   20   within pipe 12 from the stiff back end and is
mandrel forming a first embodiment of the         positioned proximate the
bend. In a manner present invention;
described  hereinafter, the  internal mandrel FIGURE 2 is a vertical
cross-sectional view of   supports the internal wall 30 of the pipe proxi-
the internal mandrel forming the first embodi-     mate the bend about the
entire 360 circumfer- ment;                                        25
ence of the interior wall for a predetermined FIGURES 3a and 3b illustrate
a cross section of  length of the pipe. As noted previously, the use of the
internal mandrel and pipe perpendicular the    the internal mandrel assists
the maintenance of a length of the pipe in the relaxed and deformed
circular internal cross section in the bent pipe to positions,
respectively;                           insure strength and capacity.
Resilient deform- FIGURES 4a and 4b illustrate a side view of the   30
able plug 31, formed of individual discs 32 made bending machine and cross
section of the internal  of urethane 34, is deformed from both ends.
mandrel and pipe taken along the length of the     While urethane is the
preferred material for plug pipe, respectively, illustrating the relative
posi-  31, any other suitable material can be used. The tions of the
mandrel and pipe prior to bending;    plug 31 expands into contact with the
internal FIGURES 4c and 4d illustrate a side view of the   35   wall 30 to
support the wall during bending. bending machine and a cross section of the
The construction of the internal mandrel 10 is internal mandrel and pipe
taken along the length   best illustrated in FIGURES 1 and 2. A first
circular of the pipe, respectively, illustrating the relative  end plate 36
is used which has an exterior positions of the mandrel and pipe subsequent
to    diameter slightly less than the internal diameter bending;
40   of the pipe to be bent so that the end plate 36 can FIGURES 5a and 5b
illustrate a cross section of  move freely through the pipe while
maintaining a an internal mandrel forming a second embodi-       minimal
gap between the outer periphery of the ment of the present invention and
pipe perpen-     end plate and internal wall 30. A similar, second dicular
the length of the pipe in the relaxed and  end plate 38 is also provided.
The end plate 38 is deformed positions, respectively; and        45
rigidly secured to a cylinder adapter plate 40. The FIGURES 6a and 6b
illustrate a cross section of  end plates 36 and 38 and adapter plate 40
are the relative positions of the internal mandrel     supported and
interconnected by four tie rods 42. forming the second embodiment and pipe
prior to    The tie rods have threaded ends 44. Threaded and subsequent to
bending, respectively.           holes 46 are provided in the end plate 38
for 50   receiving one end of the tie rods. Holes 48 are Detailed
Description                               formed in end plate 36 through
which the tie rods Referring now to the Drawings, wherein like      extend.
Nuts 50 are threaded onto the ends 44 of reference numerals designate like
or corre-        the tie rods passing through the end plate 36 to sponding
parts through several views, there is     limit the motion of end plate 36,
although end shown in FIGURES 1-4 an internal mandrel 10   55   plate 36
can slide along tie rods 42 between end forming a first embodiment of the
present inven-   plate 38 and nuts 50. tion. The internal mandrel 10 is
designed for use    Four hydraulic cylinder tie rods 52 extend from in
bending pipe 12 in a pipe bending machine 14.   the cylinder adapter plate
40 to a hydraulic One such pipe bending machine is described and
cylinder rear plate 54. The plates 40 and 54 illustrated in US-A-3,834,210,
issued Sep-   60   support a hydraulic cylinder 56 therebetween tember 10,
1974.                                   having a piston rod 58 and an
external piston 60. As seen in FIGURES 4a-d, the pipe 12 to be       The
piston rod 58 extends through a hole 62 in the bent is moved into the
machine 14 and positioned   cylinder adapter plate 40 and a hole 64 in the
end under the bending die 16 at the point where the    plate 38. The hole
64 mounts a bushing 66 to bend is to commence. A pin-up cylinder 18 forces
65   support the piston rod 58. The end of piston 60 3    



5               EP .0115 796  B1                    6 has a threaded
portion 68 to be received in a         As can be seen in FIGURES 4c and 4d,
there is threaded hole 70 in the piston 60. The piston 60     sufficient
freedom of motion in the discs 32 and includes apertures 72 having a
diameter exceed-     strips 88 relative to the remainder of mandrel 10 ing
the diameter of tie rods 42 distributed on the  to permit the discs 32 and
strips 88 to conform to piston which permit free movement of the piston
5    the bending curvature in the pipe while the 60 along the tie rods 42.
When hydraulic fluid      remainder of the internal mandrel 10 remains
enters chamber 74 of the hydraulic cylinder 56,      centered along a
linear axis. Upon release of the the fluid acts against the internal piston
76 to     hydraulic pressure from chamber 74, the resi- move the piston 60
toward the end plate 36 and      liency in the discs 32 forces the piston
60 toward away from the end plate 38.                    10   the end plate
38 as the discs 32 relax to their In order to insert the internal mandrel
10 within  predeformation state. This resiliency moves the the pipe 12, a
control or reach rod 78 is pivotally  discs 32 out of contact with the
internal wall 30 of secured to the hydraulic cylinder rear plate 54 by
the pipe 12 and permits the internal mandrel 10 to a clevis 80 and pin 82.
A hydraulic line 84 extends  be readily removed from the pipe or
repositioned from the hydraulic cylinder 56 along the control   15   for
further bending. The natural resiliency of the rod 78 exterior of the pipe
for supplying the        urethane automatically returns the mandrel to its
cylinder with pressurized hydraulic fluid. The       pre-bending
configuration upon removal of exter- internal mandrel 10 can be mounted on
wheels,        nal forces, eliminating the need for any spring permitting
the mandrel to be rolled into the pipe,   return mechanism as required in
prior devices. In or can be self powered by hydraulic or com-   20
addition, the mandrel 10 is operated by use of a pressed air motors to move
through the pipe.        single hydraulic control controlling inlet and
out- The resilient deformable discs 32 forming plug    let of fluid from
the chamber 74. 31 are positioned between the piston 60 and end        If
desired, the strips 88 can extend about the plate 36. The discs 32 have
apertures 86 for         entire periphery of the discs 32, or to any extent
passage of the tie rods 42. Each disc 32 is separate   25   desired. The
individual strips 88 can be substi- from the others and is stacked along
the tie rods    tuted for by a half cylindrical section, slotted to 42 to
form whatever length of plug 31 is needed.     achieve a range of motion
similar to individual A number of resilient flexible strips 88 are
strips. The discs 32 can also be substituted for by positioned along the
length of the mandrel           a single cylinder extending between the
piston 60 between the end plates 36 and 38. The strips can    30   and end
plate 36. be formed of spring steel and secured either to        In
operation, it is anticipated that the stroke of the end plates, the discs
32, or both. For example,  piston 60 will be approximately 10 to 11.5 cm (4
to the strips 88 can be welded or tied at their ends to  4-1/2 inches) for
a 15 cm (6 inch) diameter pipe, end plates 36 and 38. Strips 88 can also be
15cm (6 inches) for a 20cm (8 inch) diameter pipe bonded to discs 32,
either by a special bonding    35   and 20 cm  (8 inches) for a 25 cm  (10
inch) compound or by the urethane itself. The strips are   diameter pipe.
The natural resiliency of the positioned in a closely spaced arrangement
about     urethane in discs 32 also makes the general a portion of the
circumference of the plug 31 near   configuration of mandrel 10 useful as
an energy the inner portion 73 of the bend in pipe 12.         accumulator.
If surplus energy exists, it can be In operation, the internal mandrel 10
is initially   40   stored in mandrel 10 by compression of the moved into
the pipe to position the discs 32 at the  urethane and the energy can be
recovered at a point of bending. Hydraulic fluid under pressure    later
time by relaxation of the discs. is permitted to flow through hydraulic
line 84 and     FIGURES 5 and 6 illustrate an internal mandrel into the
chamber 74. As the pressurized hydraulic    200 forming a second embodiment
of the present fluid enters the chamber 74, the internal piston 76   45
invention. A number of elements of the mandrel - moved toward the cylinder
adapter plate 40,       200 are identical in form and function to those
which causes the piston 60 to move away from        described previously
with respect to internal the end plate 38 and toward the end plate 36.
mandrel 10. These portions have been identified As the piston 60 moves
toward end plate 36, the    in FIGURES 5 and 6 by identical reference discs
32 are deformed between the piston 60 and    50   numerals and reference is
directed hereinabove end plate 36. As the discs 32 are deformed in the
for a description of their design and function. linear direction along the
central axis of the pipe,   A resilient flexible cylinder 202 is secured
they expand radially into contact with the internal  between the end plates
36 and 38. The cylinder wall 30 of the pipe 12 as seen in FIGURES 3b, 4c
202 can, for example, be formed of a spring steel. and 4d.
55   An  annular resilient deformable  plug  204 Sufficient hydraulic force
is provided by the      surrounds the exterior of the cylinder 202. Again,
fluid in chamber 74 to expand the discs 32 to       the plug.204 is
preferably formed of urethane. A support the internal wall of the pipe 12
during      piston 206 having an annular configuration is bending. The
strips 88, compressed between the       mounted at the end of rods 208
passing through discs 32 and the internal wall 30 at the inner   60   holes
210 in the end plate 38. Rods 208, in turn, portion of the bend, conform to
the shape of the     are secured to a back piston 212 secured to the
internal wall and act to increase the effective      piston rod 58. Piston
206 is therefore mounted for thickness of the pipe 12 at the inner portion
of the  free motion along the exterior of the cylinder 202 bend, reducing
the incidence of wrinkling and        and for contact with the end of the
plug 204. other deformation.                             65      The
internal mandrel 200 is also moved into the 4    
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bending with the plug 204          end structure to expand the deformable
resilient positioned at the point of bending. FIGURES Sa       material to
support the internal walls of the pipe and 6a illustrate the configuration
of the mandrel   proximate the bend, the release of pressurizing prior to
bending with the plug 204 in its relaxed    fluid from the fluid chamber
after bending permit- state, subject to no external forces. As pressurized
5    ting the deformed material to return to its unde- hydraulic fluid
enters the chamber 74, the piston    formed condition and thereby retract
the piston rod 58 and piston 206 move toward the end plate      (76) within
the cylinder. 36. The piston 206 deforms the plug 204 between        2. The
internal mandrel of Claim  1 further the piston 206 and end plate 36,
expanding the       characterized by said resilient mandrel (301, 204) plug
204 against the outer surface of cylinder 202   10   resiliently returning
to its relaxed shape after and against the internal wall 30 of the pipe 12
to   deformation for movement of the mandrel within support the pipe during
bending. FIGURES 5b and      the pipe. 6b illustrate the configuration of
the mandrel         3. The internal mandrel of Claim  1 further during and
immediately subsequent to bending         characterized  by  said
deformable  resilient As can be seen in FIGURE 6b, the resilient cylinder
15    material (31, 204) being urethane. 202 conforms to the shape of the
bend in pipe 12       4. The improved internal mandrel of Claim 1 as does
the plug 204. The use of cylinder 202        further characterized in that
a number of resilient permits a reduction in the quantity of urethane or
flexible strips (88) are positioned along the length similar material used
in the plug 204. It further    of the mandrel between the end structures
(36, permits the use of a single piece plug 204. These   20   38).
advantages permit the internal mandrel 200 to be       5. The improved
internal mandrel of Claim 1 particularly effective on large pipes having
diame-  further characterized by said connector means ters greater than
0.58m (20 inches).                  comprising at least one member (202),
said member being rigid in a direction parallel the Claims
25   length of the pipe, but bending with the pipe and deformable resilient
material as the pipe is bent. 1. An internal mandrel for use with a pipe
6. The internal mandrel of Claim  1 further bender (14) to bend a pipe (12)
of the type having   comprised by said deformable resilient material a
first end structure (36) and a resilient material   being formed of a
plurality of separate of disc (31, 204) positioned on one side of the first
end    30   shaped members (32). structure (36) said mandrel being suitable
for         7. The internal mandrel of Claim  1 further positioning within
the pipe (12) and further         characterized by said connector means
compris- having means (56, 60, 76, 206) for deforming the     ing a
plurality of rigid member (42). resilient material (31, 204) against the
first end     8. An internal mandrel for use with a pipe structure (36) to
form the resilient material to   35    bender (14) to bend a pipe (12) of
the type having support the internal walls of the pipe proximate      a
first end structure (36) and a resilient material the bend, characterized
by:                          (31, 204) positioned on one side of the first
end the deformable resilient material (31, 204)         structure (36),
said mandrel being suitable for having a first face and a second face with
the first  positioning within the pipe (12) and further face abutting the
first end structure (36);     40    having means (56, 60, 76, 206) for
deforming the said deformation means (56, 60,76,206) having       resilient
material (31, 204) against the first end a first portion (56) comprising a
single acting fluid  structure (36) to form the resilient material to
cylinder positionable within the interior of the      support the internal
walls of the pipe proximate pipe and having a fluid chamber (74) and a
piston    the bend, characterized by: (76) and a second portion (60, 206),
said second    45  the deformable resilient material (31, 204) portion
attached to the piston (76) with the          having a first face and a
second face with the first second portion abutting the second face of the
face abutting the first end structure (36); deformable resilient material
(31, 204), said defor-    said deformation means (56, 60,76, 206) having
mation means for moving said second portion           a first portion (56)
comprising a single acting fluid towards said first portion when a
pressurized fluid   50   cylinder positionable within the interior of the
is entered into the fluid chamber to act on the       pipe and having a
fluid chamber (74) and a piston piston;
(76) and a second portion (60, 206), said second connector means (42, 202)
forming a connector       portion attached to the piston (76) with the that
is rigid in a direction parallel the length of the  second portion abutting
the second face of the pipe, said rigid connector for extending between
55    deformable resilient material (31, 204), said defor- the first end
structure (36) and the first portion    mation means for moving said second
portion (56) of the deformation means for supporting the     towards said
first portion when a pressurized fluid first end structure and deformation
means so that     is entered into the fluid chamber to act on the when the
second portion moves relative to the         piston; first portion toward
the second face of the    60      connector means (202) forming a
connector, deformable resilient material when pressurized        said
connector for extending along a path fluid is entered into the fluid
chamber to extend     between the first end structure (36) and the first
the piston (76) in the cylinder, the deformable       portion (56) of the
deformation means, said con- resilient material is deformed between the
second     nector means (202) being capable of deflection in portion of the
deformation means and the first   65    a direction perpendicular to its
longitudinal axis, 5    



7               EP  0 115 796  B1                      8 pipe 12 prior to
bending with the plug 204           end structure to expand the deformable
resilient positioned at the point of bending. FIGURES 5a        material to
support the internal walls of the pipe and 6a illustrate the configuration
of the mandrel    proximate the bend, the release of pressurizing prior to
bending with the plug 204 in its relaxed     fluid from the fluid chamber
after bending permit- state, subject to no external forces. As pressurized
5    ting the deformed material to return to its unde- hydraulic fluid
enters the chamber 74, the piston     formed condition and thereby retract
the piston rod 58 and piston 206 move toward the end plate       (76)
within the cylinder. 36. The piston 206 deforms the plug 204 between
2. The internal mandrel of Claim  1 further the piston 206 and end plate
36, expanding the        characterized by said resilient mandrel (301, 204)
plug 204 against the outer surface of cylinder 202    10   resiliently
returning to its relaxed shape after and against the internal wall 30 of
the pipe 12 to    deformation for movement of the mandrel within support
the pipe during bending. FIGURES 5b and       the pipe. 6b illustrate the
configuration of the mandrel          3. The internal mandrel of Claim  1
further during and immediately subsequent to bending          characterized
by  said  deformable  resilient As can be seen in FIGURE 6b, the resilient
cylinder   15    material (31, 204) being urethane. 202 conforms to the
shape of the bend in pipe 12        4. The improved internal mandrel of
Claim 1 as does the plug 204. The use of cylinder 202         further
characterized in that a number of resilient permits a reduction in the
quantity of urethane or    flexible strips (88) are positioned along the
length similar material used in the plug 204. It further     of the mandrel
between the end structures (36, permits the use of a single piece plug 204.
These   20   38). advantages permit the internal mandrel 200 to be
5. The improved internal mandrel of Claim 1 particularly effective on large
pipes having diame-   further characterized by said connector means ters
greater than 0.58m (20 inches).                  comprising at least one
member (202), said member being rigid in a direction parallel the Claims
25   length of the pipe, but bending with the pipe and deformable resilient
material as the pipe is bent. 1. An internal mandrel for use with a pipe
6. The internal mandrel of Claim  1 further bender (14) to bend a pipe (12)
of the type having    comprised by said deformable resilient material a
first end structure (36) and a resilient material   being formed of a
plurality of separate of disc (31, 204) positioned on one side of the first
end    30   shaped members (32). structure (36) said mandrel being suitable
for          7. The internal mandrel of Claim  1 further positioning within
the pipe (12) and further          characterized by said connector means
compris- having means (56, 60, 76, 206) for deforming the      ing a
plurality of rigid member (42). resilient material (31, 204) against the
first end      8. An internal mandrel for use with a pipe structure (36) to
form the resilient material to   35    bender (14) to bend a pipe (12) of
the type having support the internal walls of the pipe proximate      a
first end structure (36) and a resilient material the bend, characterized
by:                           (31, 204) positioned on one side of the first
end the deformable resilient material (31, 204)         structure (36),
said mandrel being suitable for having a first face and a second face with
the first  positioning within the pipe (12) and further face abutting the
first end structure (36);     40    having means (56, 60, 76, 206) for
deforming the said deformation means (56,60,76,206) having
resilient material (31, 204) against the first end a first portion (56)
comprising a single acting fluid  structure (36) to form the resilient
material to cylinder positionable within the interior of the      support
the internal walls of the pipe proximate pipe and having a fluid chamber
(74) and a piston     the bend, characterized by: (76) and a second portion
(60, 206), said second    45  the deformable resilient material (31, 204)
portion attached to the piston (76) with the          having a first face
and a second face with the first second portion abutting the second face of
the        face abutting the first end structure (36); deformable resilient
material (31,204), said defor-     said deformation means (56,60,76, 206)
having mation means for moving said second portion           a first
portion (56) comprising a single acting fluid towards said first portion
when a pressurized fluid   50   cylinder positionable within the interior
of the is entered into the fluid chamber to act on the       pipe and
having a fluid chamber (74) and a piston piston;
(76) and a second portion (60, 206), said second connector means (42, 202)
forming a connector        portion attached to the piston (76) with the
that is rigid in a direction parallel the length of the  second portion
abutting the second face of the pipe, said rigid connector for extending
between    55    deformable resilient material (31, 204), said defor- the
first end structure (36) and the first portion     mation means for moving
said second portion (56) of the deformation means for supporting the
towards said first portion when a pressurized fluid first end structure and
deformation means so that      is entered into the fluid chamber to act on
the when the second portion moves relative to the          piston; first
portion toward the second face of the    60       connector means (202)
forming a connector, deformable resilient material when pressurized
said connector for extending  along a path fluid is entered into the fluid
chamber to extend      between the first end structure (36) and the first
the piston (76) in the cylinder, the deformable       portion (56) of the
deformation means, said con- resilient material is deformed between the
second     nector means (202) being capable of deflection in portion of the
deformation means and the first   65    a direction perpendicular to its
longitudinal axis, 5    



9               EP 0 115 796 B1                       10 said connector
being non-extendable along the      deformed material to return to its
undeformed direction of the path, said connector for support-   condition
and thereby retract the piston (76) ing the first end structure and
deformation means   within the cylinder. so thatwhen the second portion
moves relativeto       12. The method of Claim 11 further charac- the first
portion toward the second face of the    5    terized by the step of
positioning flexible material deformable resilient material when
pressurized      (88) between the deformable resilient material fluid is
entered into the fluid chamber to extend    and the internal wall of the
pipe at the inside of the piston (76) in the cylinder, the deformable
the bend in the pipe to increase the effective wall resilient material is
deformed between the second   thickness of the pipe. portion of the
deformation means and the first   10    13. The method of Claim 11
characterized by end structure to expand the deformable resilient     said
deformable resilient material comprising material to support the internal
walls of the pipe   urethane. proximate the bend, the release of
pressurizing        14. The method of Claim 12 characterized by fluid from
the fluid chamber after bending permit-   said flexible members (88)
comprising spring ting the deformed material to return to its unde-   15
steel strips extending longitudinally parallel the formed condition and
thereby retract the piston      central axis of the pipe. (76) within the
cylinder. 9. The internal mandrel of Claim  1 further
Patentanspruche characterized by said second portion of said deformation
means being a piston (60, 206);    20      1. Innendorn zur Verwendung mit
einem Rohr- said deformable resilient material comprising a    bieger (14)
zum Biegen eines Rohrs (12) von der urethane plug (31, 204) positioned
between said      Art, die eine erste Endstruktur (36) und ein nach- piston
and said first end structure;                 giebiges Material (31, 204)
an einer Seite der the resiliency of the urethane plug moving said
ersten Endstruktur (36) aufweist, wobei der Dorn piston away from said
first end structure after   25   dazu geeignet ist, in dem Rohr (12)
positioniert zu bending and permitting the urethane plug to relax    werden
und ferner Mittel (56, 60, 76, 206) besitzt, radially inward for free
movement of the internal    die das nachgiebige Material (31, 204) gegen
die mandrel within the pipe.                             erste Endstruktur
(36) verformen, um das nach- 10. The internal mandrel of Claim 8 further
giebige Material so zu formen, dal3 es die Innen- characterized by said
cylinder (202) being a metal   30   wande des Rohrs in der Nahe der Biegung
stutzt, cylinder.                                            dadurch
gekennzeichnet, 11. A method for internally supporting a pipe        dal3
das verformbare nachgiebige Material (31, (12) during bending including the
steps of posi-     204) eine erste Flache und eine zweite Flache tioning a
first end structure (36) and a resilient   besitzt, wobei die erste Flache
an der ersten material (31, 204) within the pipe and deforming    35
Endstruktur (36) anliegt;  e the resilient material (31,204) against the
first end  dai3 das Verformungsmittel (56, 60, 76, 206) structure (36) with
a deformation means (56, 60,     einen ersten Teil (56) besitzt, der
einen-in einer 76,206) to deform the resilient material to support
Richtung wirkenden Fluidzylinder aufweist, der in the internal walls of the
pipe proximate the bend,   das Innere des Rohrs einsetzbar ist und eine
characterized by the steps of:                 40   Fluidkammer (74) und
einen Kolben (76) hat und positioning said deformation means (56,60,76,
ein zweites Teil (60, 206), wobei das zweite Teil an 206) at the opposite
end of the deformable resili-  dem Kolben (76) angebracht ist und an der
zwei- ent material and entirely within the pipe, said      ten Flache des
verformbaren, nachgiebigen Mate- deformable means having a first portion
(56)         rials (31,204) anliegt, wobei das Verformungsmit- comprising a
single acting fluid cylinder having a    45   tel zum Bewegen des zweiten
Teils in Richtung fluid chamber (74) and a piston (76), said defor-    auf
das erste Teil dient, wenn ein unter Druck mation means further having a
second portion         stehendes Fluid in die Fluidkammer eingeleitet (60,
76, 206) for movement with the piston (76),     wird, um auf den Kolben zu
wirken; said deformation means for moving the second           dal ein
Verbindungsmittel (42, 202) vorgese- portion relative to the first portion;
50   hen ist, das einen Verbinder bildet, der in Rich- supporting the first
end structure and the first  tung parallel zur Lange des Rohres starr ist
und portion of the deformation means with a connec-      der sich zwischen
der ersten Endstruktur (36) und tor (42, 202) that is rigid along a
direction parallel  dem  ersten Teil (56) des Verformungsmittels the length
of the pipe; and                          erstreckt, um die erste
Endstruktur und das Ver- deforming the deformable resilient material   55
formungsmittel derart zu stutzen, dal dann, wenn between the second portion
of the deformation        das zweite Teil sich in bezug auf das erste Teil
in means and the first end structure by supplying       Richtung auf die
zweite Flache des verformbaren, pressurized fluid to the fluid chamber (74)
to       nachgiebigen  Materials bewegt, wenn  unter extend the piston (76)
moving the second portion     Druck stehendes Fluid in die Fluidkammer
einge- relative to the first portion towards the deform-   60   leitet
wird, um den Kolben (76) bezuglich des able resilient material so that the
material         Zylinders auszufahren, das verformbare, nachgie- expands
radially outward into contact with the       bige Material zwischen dem
zweiten Teil des internal wall of the pipe to support the pipe during
Verformungsmittels und der ersten Endstruktur bending, releasing the
pressurized fluid from the    verformt wird, um das verformbare,
nachgiebige fluid chamber after bending permitting the    65   Material zu
dehnen und die Innenwande des 6    
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der Biegung zu stutzen, wobei   (56) des Verformungsmittels erstreckt und
der ein Ablassen des unter Druck stehenden Fluids      senkrecht zu seiner
Langsachse biegbar ist, aus der Fluidkammer nach dem Biegen es erlaubt,
dal3 der Verbinder in Richtung seiner Erstrek- dal3 das verformte Material
in seinen unverform-    kung nicht ausdehnbar ist und dazu dient, die ten
Zustand zuruckkehren kann und dadurch den    5    erste Endstruktur und das
Verformungsmittel der- Kolben (76) in dem Zylinder zuruckzieht.
art zu stutzen, dal3 dann, wenn das zweite Teil 2. Innendorn nach Anspruch
1, ferner dadurch      sich in bezug auf das erste Tell in Richtung auf die
gekennzeichet, dalB der nachgiebige Dorn (301,      zweite Flache des
verformbaren, nachgiebigen 204) in seine entspannte Form nachgiebig zurOck-
Materials bewegt, wenn unter Druck stehendes kehrt, nachdem eine Verformung
zur Bewegung    70   Fluid in die Fluidkammer eingeleitet wird, urn den des
Dorns in dem Rohr erfolgte.                     Kolben (76) bezuglich des
Zylinders auszufahren, 3. Innendorn nach Anspruch 1, ferner dadurch
das verformbare, nachgiebige Material zwischen gekennzeichnet, daB das
verformbare, nachgie-       dem zweiten Tell des Verformungsmittels und der
bige Material (31, 204) Urethan ist.                ersten Endstruktur
verformt wird, um das ver- 4. Verbesserter Innendorn nach Anspruch 1,   1s
formbare, nachgiebige Material zu dehnen und ferner dadurch gekennzeichnet,
dal3 eine Anzahl     die Innenwande des Rohres in der Nahe der von
nachgiebigen, flexiblen Streifen (88) entlang   Biegung zu stutzen, wobei
ein Ablassen des unter der Lange des Dorns zwischen den Endstrukturen
Druck stehenden Fluids aus der Fluidkammer (36, 38) angeordnet ist.
nach dem Biegen es erlaubt, daR das verformte 5. Verbesserter Innendorn
nach Anspruch 1,   20   Material in seinen unverformten Zustand zuruck-
ferner dadurcFr gekennzeichnet, dal3 das Verbin-    kehren kann und dadurch
den Kolben (76) in dem dungsmittelmindestens ein Tell (202) aufweist,
Zylinder zuruckzieht. das parallel zur Linge des Rohrs starr ist, sich
9. Innendorn nach Anspruch 1, ferner dadurch jedoch beim Biegen des Rohres
zusammen mit          gekennzeichnet, daRl das zweite Teil des Verfor- dem
Rohr und dem verformbaren, nachgiebigen   25   mungsmittels ein Kolben (60,
206) ist; Material biegt.                                      daB das
verformbare, nachgiebige Material 6. Innendorn  nach  Anspruch  1, dadurch
einen Urethan stopfen (31, 204) aufweist, der gekennzeichnet, daB das
verformbare nachgie-        zwischen dem Kolben und der ersten Endstruktur
bige Material aus einer Anzahl von getrennten       angeordnet ist; und
scheibenformigen Teilen gebildet ist.         30     dag die Nachgiebigkeit
des Urethanstopfens 7. Innendorn nach Anspruch 1, ferner dadurch      den
Kolben von der ersten Endstruktur nach dem gekennzeichnet, dal das
Verbindungsmittel eine      Biegen wegbewegt und es erlaubt, daB sich der
Anzahl starrer Tells (42) aufweist.                 Urethanstopfen radial
nach innen entspannt, 8. Innendorn zur Verwendung mit einem Rohr-
damit der Innendorn im Rohr frei bewegbar ist. bieger (14) zum Biegen sines
Rohrs (12) von der   35  10. Innendorn nach Anspruct 8, ferner dadurch Art,
die eine erste Endstruktur (36) und ein nach-  gekennzeichnet, dalR der
Zylinder (202) ein Metall- giebiges Material (31, 204) an einer Seite der
zylinder ist.                     * ersten Endstruktur (36) aufweist, wobei
der Dorn      11. VerFahren zum internen Abstutzen eines dazu geeignet ist,
in dem Rohr (12) positioniert zu  Rohrs (12) wahrend des Biegens, mit den
Schrit- werden und ferner Mittel (56, 60, 76, 206) besitzt,   40   ten des
Anordnens einer ersten Endstruktur (36) die das nachgiebige Material (31,
204) gegen die    un eines nachgiebigen Materials (31, 204) in dem erste
Endstruktur (36) verformen, um das nach-      Rohr und Verformen des
nachgiebigen Materials giebige Material so zu formen, dal3 es die Innen-
(31, 204) gegen die erste Endstruktur (36) mit winde des Rohrs in der Nahe
der Biegung stutzt,     einem Verformungsmittel (56,60,76, 206) um das
dadurch gekennzeichnet,                       45   nachgiebige Material zu
verformen, damit die daB das verformbare nachgiebige Material (31,
Innenwande des Rohrs in der Nahe der Biegung 204) eine erste Flache und
sine zweite Flache       abgestutzt werden, gekennzeichnet durch die
besitzt, wobel die erste Fliche an der ersten       Schritte: Endstruktur
(36) anliegt;                             Positionieren des
Verformungsmittels (56, 60, dalB des Verformungsmittel (56, 60, 76, 206)
50   76, 206) am gegenuberliegenden Ende des ver- einen ersten Teil (56)
besitzt, der einen in einer  formbaren, nachgiebigen  Materials und zur
Richtung wirkenden Fluidzylinder aufweist, der in   Ganze in dem Rohr,
wobei das Verformungsmittel des Innere des Rohrs einsetzbar ist und eine
ein erstes Teil (56) aufweist, das einen einseitig Fluidkammer (74) und
einen Kolben (76) hat und      wirkenden Fluidzylinder mit einer
Fluidkammer ein zweites Teil (60,206), wobei das zweite Teil an   55   (74)
und einem Kolben (76) aufweist, wobei das dem Kolben (76) angebracht ist
und an der zwei-     Verformungsmittel ferner ein zweites Teil (60, 76, ten
Flache des verformbaren, nachgiebigen Mate-     206) fMr die Bewegung mit
dem  Kolben (76) rials (31, 204) anliegt, wobei das Verformungsmit-
besitzt, wobei das Verformungsmittel dazu dient, tel zum Bewegen des
zweiten Teils in Richtung       das zweite Teil gegenuber dem ersten TeOl
zu auf das erste Toil dient, wenn ein unter Druck   60   bewegen; stehendes
Fluid in die Fluidkammer eingeleitet       Abstutzen der ersten Endstruktur
und des wird, um auf den Kolben zu wirken;                  ersten Tells
des Verformungsmittels mit einem dal ein Verbindungsmittel (202) vorgesehen
Verbinder (42, 202), der parallel zur Linge des ist, das einen Verbinder
bildet, der sich zwischen  Rohrs starr ist; und der ersten Endstruktur (36)
und dem ersten Tell  65  Verformen des verformbaren, nachgiebigen *   C   L
M   S   * 7   
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dem zweiten Teildes Verfor-      dispositif rigide de raccordement
s'etendant entre mungsmittels und der ersten Endstruktur durch       la
premiere structure d'extr6mitd (36) et Ia pre- Zufuhren von Druckfluid zu
der Fluidkammer (74),     mibre partie (56) des moyens de deformation de
damit der Kolben (76) ausgefahren wird und das      maniere A supporter la
premiere structure d'extrs- zweite TeOl in bezug auf das erste TeOl in
Richtung    s    rnite et les moyens de deformation de manibre auf das
verformbare, nachgiebige  Material          que, lorsque la seconds partie
se deplace par bewegt, so dal3 sich das Material radial nach       rapport
a la premiere partie en direction de la auBen in Kontakt mit der Innenwand
des Rohres        seconde face du materiau 6lastique deformable ausdehnt,
um das Rohr wahrend des Biegens            lorsqu'un fluide sous pression
est introduit dans abzustutzen, durch Ablassen des Druckfluids aus    to
la chambre pour le fluide de manibre a deployer le der Fluidkammer nach dem
Biegen, wodurch das         piston (76) dans le cylindre du vOrin, le
mat6riau verformte  Material in seinen  unverformten          elastique
dgformable est d6forme entre la Zustand zuruckkehren und dadurch der Kolben
seconde partie des moyens de deformation et la (76) in den Zylinder
eingefahren werden kann.        premiere structure d'extrdmitd de maniere a
pro- 12. Verfahren nach Anspruch 11, ferner gekenn-   w5   voquer une
dilatation du mat6riau 6lastique zeichnet durch den Schritt des Einbringens
des       deformable pour supporter les parois int6rieures flexiblen
Materials (88) zwischen dem verformba-     du tube a proximite du coude, la
liberation du ren, nachgiebigen Material und der Innenwand        fluide
sous pression A partir de la chambre des Rohrs an der Innenseite der
Biegung in dem       logeant le fluide apres le cintrage permettant au
Rohr, um die effektive Wandstarke des Rohrs zu   20    mat6riau deforme de
reprendre son etat non erhohen.  -
deforme et de rgtracter, de ce fait, le piston (76) a 13. Verfahren nach
Anspruch 11, dadurch           l'interieur du cylindre. gekennzeichnet, daB
das verformbare, nachgie-          2. Mandrin interieur selon la
revendication 1, bige Material Urethan aufweist.
caracterise en outre on ce que ledit mandrin 14. Verfahren nach Anspruch
12, dadurch    25   elastique (301, 204) reprend elastiquement sa
gekennzeichnet, daB die flexiblen Toile (88) Feder-  forme detendue apres
la deformation de manibre stahistreifen aufweisen, die sich in
Langsrichtung   a deplacer le mandrin a l'int6rieur du tube. parallel zur
Mittellinie des Rohres erstrecken.       3. Mandrin intgrieur selon la
revendication 1, caractdrisd en outre en ce que ledit mat6riau
Revendications                                 30   6lastique dgformable
(31, 204) est de l'ur6thane. 4. Mandrin interieur perfectionn6 selon Ia 1.
Mandrin int6rieur destine a etre utilise avec  revendication 1, coractdrisd
en outre en co qu'un une machine (14) A cintrer les tubes pour le
certain nombre de bandes flexibles elastiques cintrage d'un tube (12), du
type comportant une     (88) sont positionnees sur l'6tendue en longueur
premiere structure d'extremit6 (36) et un mat6riau    35   du mandrin entre
les structures d'extr6mit6 (36, 6lastique (31, 204) dispose d'un cOtM de la
pre-     38). miere structure d'extremite (36), ledit mandrin       5.
Mandrin interne perfectionne selon la reven- convenant pour r6aliser un
positionnement A          dication 1, caractdrisd en outre en ce que
lesdits l'int6rieur du tube (12) et comportant en outre des  moyens de
raccordement comprennent au moins moyens (56, 60, 67, 206) servant A
d6former le   40    Ln .61ment elastique (202). que ledit sl6ment est
mat6riAu 6lastique (31, 204) contre la premiere      rigide dans une
direction parallble A l'etendue en structure d'extremit6b36) de maniere a
mettre en    longueur du tube, mais est cintrg conjointement forme le
mat6riau elastique pour qu'il supporte      avec le tube et le materiau
elastique d6formable les parois interieures du tube A proximit: du
lors du cintrage du tube. coude, caracteris6 en ce que:                  45
6. Mandrin int6rieur selon la revendication 1, le mat6riau 6lastique
deformable (31,204) pos-     caracteris6 en ce que ledit matgriau elastique
sede une premiere face et une seconde face, la       deformable est
constitu6 par une pluralite d'616- premiere face 6tant en butes contre la
premiere      ments separ6s en forme de disques (32). structure d'extr6mit6
(36);                            7. Mandrin int6rieur selon la
revendication 1, lesdits moyens de deformation (56, 60,76, 206)   50
caracterisA en outre en ce que lesdits moyens de possbdent une premiere
partie (56) comportant        raccordement comprennent une pluralite d'61e-
un vOrin hydraulique A simple effet pouvant etre     ments rigides (42).
dispose A l'int6rieur du tube, et ayant une chain-     8. Mandrin interieur
destine A etre utilisd avec bre (74) pour le fluide et un piston (76), et
une    une machine (14) A cintrer les tubese pour le seconde partie (60,
206), ladite seconde partie   55   cintrage d'un tube (12) du type
comportant une etant fixWe au piston (76) et 6tant en aboutement
premiere structure d'extrhmit6 (36) et un matdriau contre la seconde face
du mat6riau dlastique         6lastique (31, 204) dispos6 d'un c6t6 de la
pre- deformable (31,204), lesdits moyens de deforma-      miere structure
d'extremit6 (36), ledit mandrin tion servant A d6placer ladite seconde
partie en     convenant pour rgaliser un positionnement a direction de
ladite premiere partie lorsqu'un    60   I'interieur du tube (12) et
comportant en outre des fluide sous pression est introduit dans la chambre
moyens (56, 60, 67, 206) servant A deformer le pour le fluide de maniere a
agir sur le piston; et   matdriau elastique (31, 204) contre la premiere
des moyens de raccordement (42, 202) forment       structure d'extr6mit6
(36) de maniere A mettre en un dispositif de raccordement qui est rigide
dans    forme le mat6riau elastique pour qu'il supporte une direction
parallele A la longueur du tube, ledit   65   les parois interieures du
tube A proximite du *   C   L   K   S   * 8 I 1111111 111111 11111
111111111lil 
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caracterise en ce que:                          caracterisb en outre en ce
que ledit cylindre (202) le materiau elastique deformable (31, 204) pos-
est un cylindre metallique. sede une premiere face et une seconde face, la
11. Procede pour supporter interieurement un premiere face etant en butee
contre la premibre        tube (12) pendant le cintrage, incluant les
etapes structure d'extremite (36);                       s    consistant a
positionner une premiere structure lesdits moyens de deformation (56, 60,
76, 206)      d'extremite (36) et un materiau elastique (31, 204) possedent
une premiere partie (56) comportant          A l'interieur du tube et A
dWformer le materiau un verin hydraulique a simple effet pouvant etre
elastique (31, 204) contre la premiere structure dispose a l'interieur du
tube, et ayant une cham-       d'extremite (36) a I'aide de moyens de
deforma- bre (74) pour le fluide et un piston (76), et une    10   tion
(56, 60, 76, 206) pour qu'il supporte les parois seconde partie (60, 206),
ladite seconde partie        interieures du tube a proximite du coude,
caracte- etant fixee au piston (76) et etant en aboutement       rise par
les etapes consistant a: contre la seconde face du mat6riau elastique
positionner lesdits moyens de deformation (56, deformable (31, 204),
lesdits moyens de deforma-        60, 76, 206) sur l'extremit6 oppos6e du
mat6riau tion servant a deplacer ladite seconde partie en    is   elastique
deformable et entierement A I'int6rieur direction de ladite premiere partie
lorsqu'un           du tube, lesdits moyens deformables possedant fluide
sous pression est introduit dans la chambre      une premiere partie (56)
constituee par un verin pour le fluide de maniere a agir sur le piston; et
hydraulique a simple effet comportant une cham- des moyens de raccordement
(202) constituent          bre (74) pour le fluide et un piston (76),
lesdits un dispositif de raccordement qui s'6tend le long    20    moyens
de deformation comportant en outre une d'un trajet situe entre la premiere
structure d'ex-     seconde partie (60,76, 206) destinee a se deplacer
tremite (36) et la premiere partie (56) des moyens      avec le piston
(76), lesdits moyens de deforma- de deformation, lesdits moyens de
raccordement         tion servant A deplacer la seconde partie par (202)
pouvant flechir dans une direction perpendi-     rapport a la premiere
partie; culaire a leur axe longitudinal,                 25       supporter
la premiere structure d'extremite et lesdits moyens de raccordement ne
pouvant            la premiere partie des moyens de deformation A pas etre
deployes dans la directiorr du trajet, et     l'aide d'un dispositif de
raccordement (42, 202), servant a supporter la premiere structure d'extr6-
qui est rigide le long d'une direction parallele a mite et des moyens de
deformation de telle sorte       l'etendue en longueur du tube; et que,
lorsque la seconde partie se deplace par   30        deformer le materiau
elastique deformable rapport a la premibre partie en direction de la
entre la seconde partie des moyens de deforma- seconde face du materiau
elastique deformable          tion et la premiere structure d'extremit6, en
lorsqu'un fluide sous pression est introduit dans       envoyant un fluide
sous pression A la premiere la chambre recevant le fluide de maniere a
chambre (74) logeant le flyide de maniere a deployer le piston (76) dans le
cylindre du verin, le   35    deployer le piston (76) qui d6place la
seconde materiau elastique deformable est deform6 entre         partie par
rapport a la premiere partie en direction la seconde partie des moyens de
deformation et          du materiau elastique deformable de sorte que le la
premiere structure d'extremite de maniere a          mat6riau se dilate
radialement vers l'exterieur en provoquer une dilatation du mat6riau
elastique         venant en contact avec la paroi int6rieure du tube
deformable pour supporter les parois int6rieures    40    de maniere A
supporter ce dernier pendant le du tube A proximity du coude, la liberation
du          cintrage, a lib6rer le fluide sous pression A partir fluide
sous pression a partir de la chambre             de la chambre logeant le
fluide aprbs le cintrage logeant le fluide aprbs le cintrage permettant au
de manibre A permettre au materiau d6forme de mat6riau deforme de reprendre
son etat non              reprendre son etat non d6forme et de ce fait de
d6forme et de retracter, de ce fait, le piston (76) A    45    permettre le
retrait du piston (76) a l'interieur du I'int6rieur du cylindre.
verin. 9. Mandrin interieur selon la revendication 1,          12. Proc6de
selon la revendication 11, caracte- caracteris6 en outre en ce que ladite
seconde           rise par l'etape op6ratoire consistant A position- partie
desdits moyens de deformation est un             ner un materiau flexible
(88) entre le materiau piston (60, 206); et                             50
elastique deformable et la paroi int6rieure du tube ledit mat6riau
elastique deformable est consti-       a l'int6rieur du coude du tube de
maniere a tue par un bouchon d'urethane (31, 204) dispose         accroltre
l'epaisseur effective de la paroi du tube. entre ledit piston et ladite
premibre structure           13. Proc6d6 selon la revendication 11,
caracte- d'extr6mite;                                            rise en ce
que ledit materiau elastique deformable l'elasticite du bouchon d'urethane
ecartant ledit   55    est forme d'ur6thane. piston de ladite premibre
structure d'extr6mite           14. Procede selon la revendication 12,
caracte- apres le cintrage et permettant au bouchon d'ure-       rise en ce
que lesdits elements flexibles (88) thane de se detendre radialement vers
l'interieur       comportent des bandes d'acier pour ressorts, qui de
manibre a permettre un libre deplacement du          s'etendent
longitudinalement, parallelement A mandrin interieur dans le tube.
60   I'axe central du tube. 10. Mandrin interieur selon la revendication 8,
65 9    


