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EXPANSIBLE SHAFT
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Filed Dec. 4, 1958, Ser. No. 778,138
6 Clatms, (Cl 242—72)

This invention relates to expansible shafts, arbors or
mandrels of the fluid pressure type. In particular it
relates to a pneumatic expansible shaft on which the
tubular core of rolls of paper may be supported for wind-
ing and unwinding.

1t has heretofore been proposed to provide an expansi-
ble shaft with a slotted shell, shoes radially movable in
the slots of the shell and an inflatable air bag within the
shell adapted to move the shoes cutwardly in the shell
slots. *

The shoes have been fixed to an axially extending,
rigid, segment and the segment has been retractable as a
unit by coil springs.

It has also been proposed, as in U. S. Patent 2,215,069
to Meisel of September 17, 1940, to provide an expansible
shaft with a multiplicity of individually expansible but-
tons, or plugs, with the individual plugs capable of re-
ceding under the force of gravity.

The object of this invention is to provide an expansible
shaft of the fluid pressure type having a multiplicity of
radially movable, individually, self retractable, gripping
buttons closely spaced over the entire circumferential
face of the shell thereby securing a tenacious grip on
the interior face of a core without damaging the same.

Another object of the invention is to provide an ex-
pansible shafy with a gripping face substantially covered
with individual, separate gripping buttons, each having
a non slip outer face and resilient, deformable, retrac-
tion means, all of said buttons being movable; ountwardly
under uniform fluid pressure and self retractable inher-
ently by the release of the stress of deformation.

A further object of the invention is to provide a self
centering expansible shaft operable by the application of
fluid pressure from within the shaft to radially project
a multiplicity of independent, individunal, self retractable,
gripping buttons into contact with substantially the entire
inner face of a core,

Still another object of the invention is to provide an
expansible shaft with a multiplicity of individual gripping
butions or shoes each encircled by a flat, leaf spring and
mounted to move radially outwardly by fluid pressure,
but capable of self retraction to normal undeformed
condition when the pressure is released.

A still further cbject of the invention is to provide an
expansible shaft of the fluid pressure type in which a
minimum amount of pressure is required to project the
gripping members from their respective aperatures into
an unusually tenacious, adherence with a paper, or other
core carried on the shaft.

Other objects and advantages of the invention will be
appareni from the claims, the description of the drawing
and from the drawing in which

FIG. 1 is a plan view of an expansible shaft construct-
ed in accordance with the invention with the gripping
buttons retracted.

FIG. 2 is a fragmentary, enlarged, view in section on
line 2—32 of FIG. 1 and showing the core of a paper roll
slidably receiving the shaft.

FIG. 3 is an end view in section on line 3—3 of FIG. 1.

FIG. 4 is an end view similar to FIG. 3 but showing the
fluid under pressure comtainer inflated and the gripping
members deformed outwardly and radially into engage-
ment with a core.
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FIG. 5 is a side view in section of a modified form of
self retractable, gripping member and

FIG. 6 is a plan view of the member shown in FIG. 5
without the springs.

As shown in the drawing 20 is an expansible shaft con-
structed in accordance with this invention. The shaft 2¢
may be a small arbor or mandrel, a stub, or short core,
shaft with a journal 21 at one end or an elongated shaft
with a journal at both ends as shown at 21 and 22. The
particular shaft selected for illustration is adapted for
supporting the core 23 of a roli of paper or other web
material and may be used for winding, unwinding or
other purposes all as well known.

Shaft 26 includes an outer perforated, cylindrical, shell
24 of metal, or other rigid material, which may be shrink
fitted, or otherwise fixed on the enlarged portion 25 of
the journal 21, Preferably both ends 26 and 27 of the
shell 24 are closed as by the portions 25 of journals 21
at each end, or by a suitable cap or plug such as 28 with
or without a journal thereon.

The outer shell 24 is provided with a multiplicity of
radial passages or perforations such as 29, each prefera-
bly of circular configuration and all relatively closely
spaced to each other to substantially cover the outer face
31 of the shell. In the particular embodiment illustrated,
there are six lines of passages 29 substantially coextensive
longitudinally with the shell and spaced angularly there-
around in a symmetrical pattern, and staggered relation to
each other.

A multiplicity of individual self retractable, gripping
members such as 32, 33 and 34, preferably of elastomeric
material, are mounted along the inner face 35 of the outer
shell 24, each having a radially extending portion received
within one of the radial passages 29 and an enlarged an-
choring flange 37 of greater area than the area of the
porticn 36 at the base of the radially extending portion 36.
The members 32, 33 and 34 may be of polyvinyl chloride
or any other suitable flexible resilient material and the
radially extending portion 36 is preferably cylindrical
with the free terminal tip 38 flat. Each elastomeric grip-
ping member such as 32 is of inverted T shaped cross sec-
tion with the stem, or cylindrical portion 36 radially
movable in its passage 29 and with an annular groove 39
formed in the outer face 41 of the flange portion 37. The
material of the members 32, 33 and 34 is deformable and
when pressure is applied to the inner face 42 of the
flange portion 37, the portion 36 deforms outwardly and
radiaily in the passages 29 with the face 38 projecting
beyond the shell 24 to increase the overall diameter of the
shaft. The elastomeric, enlarged flange portion 37 en-
circles the base of the radially extending portion, or stem
36, in the annular chamber, or space, between the inside
face of outer shell 24 and the outside face of an inflatable
air bag, described hereinafter, and serves as resilient self
retraction means for each radially extending portion 36
of each gripping member such as 32, 33 and 34. The re-
silient flange 37 is normally flat but is slightly bowed,
when assembled in the shaft, as best shown in FIG. 3.

The preferred means for supporting the elastomeric,
deformable gripping members 32, 33 and 34 in engage-
ment with the inner face 35 of the cylindrical shell 24 is
an imperforate filler, free of internal fluid passages, in the
form of a cylindrical shell 43 coaxial with shell 24.
The inner shell 43 is of rigid material, such as metal, and
preferably is a hollow, fluid-tight, cylinder with closed
ends at 44 and 45. A plurality of longitudinally extend-
ing grooves 31, each located opposite one of the longi-
tudinally extending lines of radial passages 29, are pro-
vided in the outer, or external, face of the shell 43 to
serve as a fluid passage therealong. The outside diameter
of the inner shell 43 is of suitable relation to the inside
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diameter of outer shell 24, and the thickness of the flange
portions 37 whereby the inner shell tends to bow the
flange portions 37 into arcuate configuration to conform
to the cylindrical inner face 35 of shell 24. The inner
shell 43 may be spot vulcanized to the bag 52, held in
axial position by friction alone or secured in any other
desirable manner. This is the normal undeformed condi-
tion of the elastomeric members with the portions 36
at the maximum retraction within radial passages 29 and
no outwardly deforming pressure applied to the members
even though the outer rim of the flanged portion is slight-
ly bowed rather than flat.

The fluid pressure means for expanding the shaft 2§
is preferably pneumatic since air under pressure is nor-
mally available in manufacturing plants, especially in
paper mills. A fluid pressure container in the form of an
inflatable bag 52, of rubber or any suitable material is
mounted within the shaft 28 with an expandable, cylin-
drical wall 49 in the annular chamber or space 53 between
the perforated outer shell 24 and inner shell 43. Asshown,
air bag 52 includes the end 54, vulcanized and sealed by
rubber block 46, and the cpposite end 55 vulcanized and
sealed by rubber block 47. A fluid pressure chamber 56
is thus created within air bag 52 and substantially filled
by inner shell 43, the fluid reaching the inner face of the
bag by way of the axial passages 51. The air tight inner
shell greatiy reduces the volume of chamber 56 to enable
the fluid to create pressure in the bag very rapidly. A
suitable fluid conduit 58 may be provided in either end
of shaft 20 leading from a source of fluid pressure, such
as a compressed air tank, not shown, to the chamber 56
of the shaft. In the shaft shown, the conduit 58 is at the
journal end 21 and includes an air valve 5% of the auto-
mobile tire type or any other well known type. Conduit
58 includes the outer portion 48 and the inner portion
49, each having a reduced terminal section upon which
an infermediate portion 58 of any desired length is
sleeved. Inner portion 49 is exteriorly threaded at 57
for a nut 61 and a clamp nut 7%, the two nuts firmly
clamping the rubber end block 46 therebetween.

The intermediate portion 30, may be of any desired
length necessary to fit journals of varicus lengths and it
is preferably soldered to the portions 48 and 49 to pre-
vent air leakage. Similarly a cap 72 seals the inner end
of the portion 49 of conduit 58.

A quick release air valve is preferably provided, as
shown, wherein the cylindrical body 28 is threaded into
conduit 58 but the threads are cut away longitudinally
to form a grooved passage $1. An air hose may be per-
manently threaded on valve 60 to inflate the air bag 52
but a twist of the handle 92, of less than one turn, releases
the pressure through passage 91.

The elastomeric self retractable, gripping members 32,
33 and 34 are in engagement with the outside of the air
bag 52 with both supported by the rigid inner shell 43.
Upon introduction of air through conduit 58 to chamber
56 the bag 52 inflates rapidly to exert uniform radial pres-
sure simultaneously on the inner faces of the flanges 37
of all of the elastomeric members. The radially extend-
ing portions 36 are moved radially outwardly in the pas-
sages 29 until each adheres, and grips, iis respective zone
of the inside face of a core such as 23. A tenacious grip
is thus secured in a multiplicity of zones with little danger
of damaging the core.

Upon release of air pressure in the air bag 52, the bag
deflates and each individual gripping member 32, 33 or
34 automatically releases its grip on the core and retracts
radially and inwardly within its passage 29 by reason of
the inherent resiliency of the spring means formed by the
encircling flange 37 with its grooved configuration at 39.
Because of the symmetrical pattern of the multiplicity of
members 32, 33 and 34 and the uniform pressure exerted
simultaneously thereon by the bag 52, it will be apparent
that the shaft 20 will centre itself in the core 23 as its
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overall diameter is increased by inflation of the air bag.
In the shaft shown, an air pressure of about 35-100 p.s.i.
has been found to deform the elastomeric members 32, 33
and 34 outwardly into a tenacious contact with the in-
terior of a tubular core of paper, the frictional contact
achieved locking the shaft firmly in place under all ordi-
nary manufacturing conditions.

However, when it is desired that the members actually
dig into, or bite into, the inner face of a core, a metal
ferrule such as at 62 may be affixed over the tip 38 of
the gripping portion 36 of each radially extending button,
The metal covering may be resilient, flexible and deform-
able so that each individual button may be flexed out-
wardly in the openings 2% and may retract by its inherent
resiliency when fluid pressure is released.

In the modification shown in FIGS. 5 and 6 the metal
ferrules 62 each include a non-slip face preferably in the
form of rib 63 extending longitudinally of the shaft to
assist in preventing rotation of the core relative to the
shaft. The ribs 63 each have a sharp angular edge 64
which tend to embed themselves in the material of the
core and exert an unusually strong grip thereon. Each
ferrule 62 preferably includes an annular groove 65 cor-
responding to the groove 39 of the members 32, 33 and
34 and an anchoring flange portion 66 corresponding to
the flange portions 37. Each modified gripping button,
or member, such as 67 includes a cylindrical portion 63
and a flange portion 69 corresponding to the portions 36
and 37 of the members 32, 33 and 34 and formed of simi-
far material such as poly vinyl chloride, or other elas-
tomeric material, with the soft inner face 70 of the grip-
ping member being engaged by the air bag such as 52.

The metal flange portions 66 and the poly vinyl chlo-
ride flange portions 69 of each two longitudinally adja-
cent gripping buttons such as 67 may be connected to
form a single unit, as shown, the resulting shaft then
having a multiplicity of gripping members each with two
closely spaced gripping radially extending portions, or
stems. The metal of the ferrules 62 and flange portions
66 may be relatively thick if desired with flat leaf springs
such as 82 and 83 encircling each radially extending
portion, or stem, for independent, self retraction purposes.
While an air tight, hollow, inner, cylindrical shell 43 is
preferred, as shown in FIG. 5 it is also possible to use
a solid polygonal filler 85 of metal, wood or the like,
having longitudinally extending angular corners such as
86 spaced to support the gripping members 67 in retracted
position and having flat faces such as 87 forming longi-
tudinal air passages for quickly inflating the bag 52 to
project the radially extending portions 68. Similarly, a
perforated shell having open ends can be used to support
the gripping members with a solid filler of wood, or other
suitable material, inside the shell to reduce the volume
of the air chamber within the air bag.

I use the term “ferrule” herein to mean a ring or cap,
usually of metal, put around at least the gripping por-
tions of the gripping members to prevent wear thereon.

In the shaft shown in FIG. 1, the journal 21 is easily
removable from its bearings for insertion of the shaft in
the core 23 until the stop flange 73 is reached. The jour-
nal 21 is then replaced in the bearings with the core and
roll on the shaft. As best shown in FIG. 2, the stop
flange 73 extends outwardly from a collar 74 which is
shrink fitted in the end 27 of shell 24 and provided with
a tapered inside face 75. Al of the interior parts of
the apparatus may be removed through the tapered open-
ing defined by face 75. The journal member 22 includes
z flange 76 corresponding to flange 73, and a tapered por-
tion 77 fitting the tapered face 75 and recessed at 78 to
receive the block 47. Suitable bolts 79 are provided for
connecting flanges 73 and 76 together.

Iclaim:

1. An expansible shaft comprising an outer cylindrical
shell of rigid material having a multiplicity of radial
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openings forming a symmetrical pattern thereover; a
series of T-sectioned gripping members in the form of
distortable buttons having their stems lying in the respec-
tive openings and their heads lying within said shell proxi-
mate the inner face thereof, each said gripping member
being of resilient material with the head thereof of greater
area than the area of the stem and with an annular groove
in the outer face of said head encircling the base of said
stem; an inflatable fluid pressure container within said
shell, the outer face thereof defining an elongated annular
chamber with the inner face of said shell for housing said
heads, and fluid operated means on said shaft, controllable
from outside said shell and operable to inflate said con-
tainer within said shell to distort said buttons and move
their stems outwardly in said openings so as to protrude
from the shell at its outer face, the buttons when so dis-
torted becoming stressed in such a way that they retract
their stems into said openings when said fluid-operated
means is released.

2. In an expansible shaft of the type having an outer
cylindrical shell with a multiplicity of radial passages, an
inflatable, cylindrical, air bag within said outer shell and
an inner, filler element within said air bag, the combina-
tion of a multiplicity of identical, individual gripping
members each having at least one radially extending por-
tion received in one of the radial passages of said outer
shell, the outer end of each said portion including a non
slip face and the inner end of each said portion including
an integral, enlarged anchoring flange within said outer
shell and overlying said air bag, said flange extending
entirely around the base of said radially extending por-
tion, and a normally flat leaf spring, constituting a chord
to the curve of said cylindrical outer shell, encircling each
said radially extending portion between said anchoring
flange and the inside face of said outer shell for individ-
ual self retraction of each radially extending portion of
each said gripping member.

3. A combination as specified in claim 2 wherein there
are two radially extending portions on each said gripping
member, wherein a single anchoring flange is common to
both said portions and wherein said leaf spring is aper-
tured to fit over the said two radially-extending portions
of said gripping member.

4. A combination as specified in claim 2 wherein said

inner filler element within said air bag is 2 block of poly- 45

gonal cross section having generally angular corners, said
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block forming a plurality of circumferentially spaced,
shallow pressure chambers within, and of substantially
the same length as, said air bag, and supporting said grip-
ping members in retracted position along its angular
corners.

5. A combination as specified in claim 2 wherein the
inner face of each said anchoring flange is of soft, yield-
able material for engaging and overlying said air bag.

6. In an expansible mandrel of the type having an outer
cylindrical shell with a multiplicity of radial passages, an
inflatable, cylindrical air bag within said outer shell and
an inner, cylindrical shell within said air bag, the com-
bination of a multiplicity of identical, individual, gripping
members each having at least one radially extending por-
tion received in one of the radial passages of said cuter
shell, the inner end of each said portion including an in-
tegral, enlarged anchoring flange within said outer shell
and overlying said air bag, said flange extending entirely
around the base of said radially extending portion; a metal
ferrule, mounted on the outer end of each said radially
extending portion, said ferrule including a central ex-
terior rib forming @ non slip face, and spring means en-
circling each said radially extending portion between said
anchoring flange and the inside face of said outer shell for
individual self retraction of each radially extending por-
tion of each said gripping member.
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