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This ‘invention relates to flexible mandrels, and more
particularly to an improved flexible mandrel adapted to
be inserted within tubes and pipes to enable the bending
thereof while preventing any objectionable deformation,
such as kinking, of the tube or pipe.’

The invention relates to a. flexible mandrel of the
general type shown in the patent to Stjarnstrom 1,856,597,
i, e. a mandrel comprising a non-flexible portion adapted
to be attached to a tube bending machine, a flexible por-
tion comprising a cable and a plurality of complementary
shaped spherical rings disposed thereon, an outer mem-
ber fixedly attached to one end of the cable and serving
as a retainer member for said rings, and means com-
prising a plug attached to the other end of the cable
threadably engageable with said non-flexible portion:

The improvements over the mandrel of the mentioned
patent comprise: the provision of cable-bearing inserts
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for the spherical rings adapted to center said rings on

the cable and to cause said rings to efficiently articulate
with respect to each other in response to bending move-
ment of the cable; and the provision of means compris-
ing split cable-bearing inserts enabling ready addition of
spherical rings to the cable or removal therefrom, or the
replacement of said rings with rings of different size,
without the necessity of disassembling the cable assem-
bly or of even disattaching said assembly from the non-
fiexible portion of the mandrel.

Various other objects and advantages of the invention
will be apparent from the following description taken in
conjunction with the drawing forming part of this specifi-
cation, and in which:

Figure 1 is a view in diametral section of the improved
mandrel of the invention;

Figure 2 is a view in diametral section of a portion of
the mandrel, the same being shown within a bent tube;

Figure 3 is an attenuated view in perspective showing
one of the spherical segments, which has been broken
away for clarity of detail, and a split insert therefor;
and

Figure 4 is a view in diametral section showing the
complemental relationship of a pair of spherical sem-
ments,

With reference to the drawing, the mandrel comprises
a non-flexible cyiindrical portion 10 having a partially
internally threaded bore 12 and an internally threaded
counterbore 14, the latter being adapted to be secured to
an externally threaded spindle of tube bending apparatus,
not shown, an externally threaded plug 16 adjustably
disposed within bore 12 and having a cross slot 18 in
the end thereof whereby said plug may be positionally
adjusted rotatably by a screw driver, a flexible cable 20
having an end thereof fixedly secured within plug 16
and having fixedly secured to the other end thereof a
cylindrical retainer member 22, inserts indicated generally
at 24, 26 and 28 disposed in'sleeved relation to cable 20,
and a plurality of spherical rings 30 sleeved on inserts
26 and 28. The mandrel is further provided with a set
screw 32 carried by the cylindrical portion 10 and adapted
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to secure plug 16 against rotation when the latter has
been adjusted to a desired position.

The end surface 34 of the cylindrical portion 10 and
the external surfaces 36 of the rings 30 are spherical
segments in form, as are the inner rearwardly directed
surfaces 38 of the rings, with said surfaces being com-
plemental to each other, as indicated in Figure 4.

The inserts 26 for the rings 30 are comprised of two
half sections 40 and 42, as shown in Figure 3, and said
inserts are provided with flanges 44 at one end adapted
to seat against inwardly directed annular shoulders 46
formed on the rings 30, The rearwardly directed ends
of the inserts 26 and the insert 28 are tapered, as indicated
at 48. Insert 28, which, like the inserts 26, is formed of
two half sections, is provided with a flanged end 50
which is deeper than the flanges 44 of inserts 26, with
said flanged end 56 being provided in its forward face
with an annular concavity 52 adapted to seat the an-
nular convex peripheral end portion 54 of retainer mem-
ber 22. “Insert 24, likewise formed of two half sections,
has a non-tapered rearward end 56 adapted to fit within
the outer and non-threaded end portion 58 of bore 12 and
has a flange 66 adapted to engage shoulder 62 formed in
the cylindrical portion 10 of the mandrel.

The end surface 62 of the cylindrical portion 10 of the
mandrel and the end surfaces 64 of the rings 30 are
dished. inwardly, while the ring are also provided with
complemental dished surfaces 66. When the surfaces
64 are all brought into contact with their associated sur-
faces 66 along lines of mutual engagement, as shown
in the underside of Figure 2, wherein the mandrel is dis-
posed within a tube 68 which has been bent, the mandrel
is locked against further bending in the same direction
and in the same plane, i. e. the plane mutually occupied
by all of the lines of engagement of surfaces 64 and
66. It will be appreciated that the mandrel, as shown
in Figure 2, is universally movable in every direction but
further straight downwardly.

In effect, the inserts, and particularly the inserts 26
and 28, which move with the cable, constitute the center-
ing means and the means for movably attaching the discs
to the backbone, i. e. the rings 30 to the cable 20, for
ready and efficient vertebral movement.

Rings 30 can be added to or removed from the man-
drel, or rings of one size can be substituted for another,
by the simple expedient of rotating the plug 16 to move
it toward the forward end of the cylindrical portion 10,
without moving the plug out of threaded engagement with
bore 12. For example, to remove the leading ring, it is
only necessary to loosen the ring assembly in this man-
ner a sufficient degree to enable the removal from be-
tween said ring and the retainer member 22 of the two
half sections of the insert 28. The leading ring is then
slipped over the member 22, since the rings have a larger
internal diameter than the outside diameter of the re-
tainer member. The two half sections of the first of the
inserts 26 are then removed and replaced with the half
sections of an end insert 28, and the plug 16 is then
threaded inwardly of mandrel portion 10 to bring the
ring assembly to the end-wise tightened condition of Fig-
ure 1, in which condition the rings will readily slide over
each other in a vertebral action upon a bending of the
cable.

It will be appreciated that the bending of the cable
causes the flanges 44 and 50 of the inserts 26 and 28 to
positively pivot the rings relative to each other, while
the rings remain individually centered with respect to the
cable, by the engagement between said flanges 44 and
50 and the internal shoulders 46 of the rings.

What is claimed is:

1. A device of the class described comprising a flexible
cable, a plurality of rings disposed on said cable, said
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rifigs having spherical convex outside and spherical con-
cave inside surface portions whereby said rings mdy be
disposed in partially overldpping relation for vertebral
movement on said cable and means for maintaining said
rings i firm endwise €ngagement without inhibiting said
vertebral movement comiprising: an clongated member
having a thféaded bore, a plug secured to thie inner énd
of said cable and adjustably disposed in threaded rela-
tion within said bore, a retainer mémber secured to the
outer end of said cable, and a sleeve-like insert for each
ring disposed concentrically of each ring in closcly em-
bracing relation with said cable, with each ring and in-
sert therefor having compléemental flange and shoulder
means adapted to impart a positive vertebral movement
to said rings upon flexure of said cable.

2. The device as set forth in claim 1, said retainer
member having 4 midximum transverse dimension less
than the minimum intéraal diametral dimension of said
rings, dand said inserts being each formed of two com-
plemental half sections, whereby said rings mav be re-
moved from said cable by adjusting said plug within said
bore to provide a degrée of looseness between said rings
sufficient to enable the removal from said cable of said
inserts.

3. The device as set forth in claim 1, said rings having
annular dished surface portions at their forward ends
and surface portions at their rearward ends complemental
to said dished surface portions.

4. The device as set forth in claim 3, said retainer
member having a maximum transverse dimension less
than the minimun internal diametral dimension of said
rings, and said inserts being each formed of two com-
plemental half sections, whereby said rings may be re-
moved from said cable by adjusting said plug within
said bore to provide a degree of looseness between said
rings sufficient to enable the removal from said cable of
said inserts.
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5. In a device of the class described including a flexi-
ble cable, a plurdlity of alike rings on said ¢able having
spherical convex outside and spherical concave inside
surface portions whereby said rings may be disposed in
partially overlapping relation for vertebral movement on
said cable, an externally threaded plug fixed on one end
of said cable, a retainer member for said rings secured
to the other end of said cable, and holder means for
threadably receiving said plug to place said cable under
tension; the provision of sleeve-like inserts for said rings
disposed concentrically of said rings in' closely embrac-
ing relation with said cable, said inserts having radially
projecting flanges at their forward ends seated on an-
nular shoulders formed on said rings, with the insert
disposed adjacent said retainer member being in react-
ing engagement with the rearward end thereof.

6. In a device of the class described as set forth in
claim 5, said rings being adapted to be passed over said
retainer member, and said inserts being formed of two
complemental half sections for placement on and re-
moval from said cable without necessitating the removal
of said plug or said refainer member from said cable.
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