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() Shaft for use with core.

@ A core shaft comprising a shaft body (2), a pair
of opposite journals (3, 4), an elastic tube (5) helical-
ly wound around the shaft body (2), inflatable by the
pressure of a fluid introduced thereinto and holdabie
in its inflated state, and a tubular protective cover (6)
covering the entire helical winding of the tube and
variable in diameter with the inflation or contraction
of the tube.
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SHAFT FOR USE WITH CORE

The present invention relates to shafts for use
with ccres, and more particularly to a shaft to be
inserted into the hollow portion of a winding core in
intimate contact therewith for winding paper. film,
sheet or like material thereon or unwinding such a
material therefrom for use in printing machines,
paper machines, plastics processing machines,
etc., the shaft being adapted to transmit a torque
from a drive source to the core for winding or to
transmit a braking force from a brake device to the
core for unwinding.

Examined Japanese Patent Publication No.
2429682 already discloses a shaft for transmitting
a torque from a drive source to a paper tube or
core. The disclosed shaft comprises a shaft body
having a journal at each of iis opposite ends and
formed with at least one deep groove in its outer
periphery, and at least one rubber tube accom-
modated in the groove inwardly of the outer periph-
eral surface of the shaft body, inflatable beyond the
peripheral surface of the shaft body by the pres-
sure of air introduced into the tube and capable of
retaining the inflated state. With this shaft, the
arrangement of of the rubber tube on its outer
periphery is restricted by the position of the
groove, so that the area of contact of the entire
inflated rubber tube with the core inner surface is
not always sufficient for the transmission of torque.
Moreover, since the rubber tube is invariably in
pressing contact with the grooved wall when in-
flated by the pressure of air admitted into the tube,
it is likely that the tube will not fully bulge out from
the groove as required. Consequently, there is the
likelihood that the torque transmission shaift will not
be joined to the core during use, failing to effect
proper torque transmission.

The present invention, which has overcome the
above problem, provides a core shaft comprising a

shaft body having a journal at each of its opposite

ends, at least one elastic tube helically wound
around the shaft body, inflatable by the pressure of
a fluid introduced thereinto and holdable in its
inflated state, and a tubular protective cover cover-
ing the helicai winding of the elastic tube in its
entirety and variable in diameter with the inflation
or coniraction of the elastic tube. When the shaft is
inserted into a core, the tubular protective cover
which increases in diameter with the inflation of the
elastic tube comes into intimate contact with the
inner surface of the core, so that the torque from a
drive source or the braking force from a brake
device can be perfectly transmitted to the core,
Moreover, the cover protects the elastic tube from
a break, damage or puncture.

10

15

20

25

30

35

40

45

50

The present invention will be described in
greater detail with reference to the accompanying
drawings.

Fig. 1 is a front view partly broken away and
showing a core shaft embodying the invention;

Fig. 2 is an enlarged view showing the por-
tion A in Fig. 1 in greater detail;

Fig. 3 is an enlarged view in section taken
along the line Hfl-l in Fig. 1 and showing the shaft
as inserted in a core with a clearance formed
therebetween before a fluid is introduced into the
elastic tube of the shaft;

Fig. 4 is a view similar to Fig. 3 and showing
the same with the protective cover of the tube in
intimate contact with the inner surface of the core
after the fluid has been introduced into the elastic
tube;

Fig. 5 is an enlarged view in cross section
showing the elastic tube which has inner and outer
two layers;

Fig. 6 is an enlarged fragmentary perspec-
tive view of the protective cover which comprises
an elastic sleeve and many strips integrat with the
outer surface of the sleeve and having a plurality of
ridges;

Fig. 7 is a fragmentary view partly in vertical
section and showing another core shaft embodying
the invention;

Fig. 8 is a view in section taken along the
line VIII-VIll in Fig. 7;

Fig. 9 is a fragmentary front view partly
broken away and showing another core shaft em-
bodying the invention;

Fig. 10 is a view in section taken along the
line X-X in Fig. 9;

Fig. 11 is a fragmentary front view partly
broken away and showing a modified shaft body;
and

Fig. 12 is a fragmentary enlarged perspec-
tive view of a tubular protective cover including
stretchable portions and nonstretchable portions ar-
ranged alternately circumferentially thereof.

With reference to Figs. 1 to 4, a core shaft 1
comprises a shaft body 2, a pair of journals 3, 4 at
the respective ends of the body 2, an elastic tube 5
helically closely wound around the shaft body 2,
inflatable by the pressure of a fluid introduced
thereinto and holdable in its inflated state, and a
tubular protective cover 6 covering the entire hel-
ical -winding 5a of the tube 5 and variable in diam-
eter with the inflation or contraction of the elastic
tube 5.

The shaft body 2 is a tube of carbon fiber
reinforced plastics. Each journal 3 (4) has integrally
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with its inner end a flange 7 (8) having a slightly
smaller diameter than the shaft body 2 and in
contact with the end face thereof, and a plug 10
(11) intimately fitted in a hollow portion 9 of the
shaft body 2 at its end. An end ring 14 (15) having
a step 12 (13) at its inner end is fitted around both
the flange 7 (8) and the end of the shaft body 2
and is fastened to the flange 7 (8) with a setscrew
16. The end ring 14 {15) has the same outside
diameter as the shaft body 2 and is formed with a
recess 17 at the portion thereof where the setscrew
16 is inserted therethrough so that the screw head
is positioned inwardly of the outer periphery of the
end ring 14 (15). The elastic tube 5, which is
generally elliptical in cross section, is made of
nitrile rubber, polyurethane rubber, butyl rubber or
like rubber. Also usable for the tube are thermo-
plastic polyurethane elastomer, thermoplastic poly-
ester elastomer, polyvinyl chloride resin, polyure-
thane resin or the like. As seen in Fig. 5, the tube 5
has a double-layer structure including an inner lay-
er 18 and an abrasion-resistant outer layer 19. The
inner layer 18 may be made of chloroprene rubber
or nitrile rubber, and the outer layer 19 of polyure-
thane rubber, thermoplastic polyurethane elastomer
or thermoplastic polyamide elastomer. Preferably,
the elastic tube 5 is made to have a smaller
modulus of elasticity circumferentially thereof than
axially thereof by incorporating into the material
fibers oriented in parallel to the axis of the tube.
Examples of useful fibers are cotton fiber,
polyamide fiber, aromatic polyamide fiber and like
stable fibers. The tube 5§ has nonhelical portions 5b
and 5c at the respective sides of the helical wind-
ing 5a. The left nonhelical portion Sb, which is
shorter than the right nonhelical portion 5c, extends
into a flat-bottomed recessed portion 20 formed in
the outer periphery of the shaft body 2. A fluid
channel 22 extends from the bottom of a cavity 21
formed in the outer end of the left journal 3 almost
to the inner end of the plug 10 axially of the journal
3 and communicates with a fluid channel 23 ex-
tending radially through the journal 3 and commu-
nicating with the recess 20 of the shaft body 2. The
left nonhelical portion 5b is held in communication
with these channels 22, 23 through a hollow con-
nector 24. The connector 24 comprises a block 25
bearing on the bottom of the recessed portion 20, a
vertical leg 26 fitted in a hole formed in the circum-
ferential wall of the shaft body 2, an exiernally
threaded portion 27 exiending downward from the
leg 26 and screwed in an internally threaded por-
tion formed in the plug 10, a hexagonal head 28
integral with the top of the block 25, and a horizon-
tal spigot 29 fitted in the left-end opening of the
tube 5. The connector 24 has a fluid channel
extending through the spigot 29, bent at a right
angle within the block 25 and further extending
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" through the leg 26 and the externally threaded

portion 27 to communicate with the radial channel
23 of the plug 10. A joint 31 having- an automatic
shutoff valve 30 is formed with an externally
threaded portion 32 which is screwed in an inter-
nally threaded portion formed in the journal 3 at the
outer open end of the fluid channel 22. The joint 31
pairs up with another joint (not shown) having an
automnatic shutoff valve and attached to the forward
end of a hose which is connected to a pressure
fluid source. The joint 31 on the shaft 1 serves as a
male member, and the joint on the hose as a
female member. When the two joints are fitted
together for connection, the valves abut against
each other and are thereby pushed inward, auto-
matically bringing the fluid channels thereof into
communication with each other. When the joints
are separated, the valves are returned to the origi-
nal state by the respective return springs within the
joints, whereby the valves are automatically closed.
The longer right nonhelical portion 5¢c of the tube 5
extends into the hollow portion 9 through a hole 33
formed in the peripheral wall of the shaft body 2. A
plug 34 is fitted in the right-end opening of the
tube 5 and is fastened over the iube end with
bands 35, whereby the opening is closed. A plural-
ity of tubes may be helically closely wound around
the shaft body 2 and closed each at one-end
opening thereof, with the openigs at the other ends
thereof communicating with the fluid channel 22.

The protective cover 6 comprises an elastic
sleeve 36, and a muitiplicity of strips 37 each in the
form of a slender plate and integral with the outer
surface of the elastic sleeve 36. The strips 37 are
made of a harder material than the sleeve 36,
extend nearly over the entire length of the sleeve
axially thereof and arranged at a spacing circum-
ferentially thereof. While the elastic sleeve 36 is
amde of polyurethane-polyvinyl chloride
copolymer, also usable are other materials includ-
ing nitrile rubber, polyurethane rubber, butyl rubber
and like rubbers, elastomers, upto 90 degrees in
JIS A hardness, of thermoplastic polyurethane,
polyester, polyamide, polystyrene, polyolefin and
polyurethane-polyamide, polyvinyl chioride resin,
and blend of polyurethane rubber and nitrile rub-
ber. While the strips 37 are made of ABS resin,
also usable are semi-rigid polyvinyl chloride resin,
elastomers, at least 50 degrees in Shore D hard-
ness, of thermoplastic polyurethane, polyester,
polyamide, polystyrene, polyolefin and
polyurethane-polyamide, etc. In the case where
synthetic resins are used for both the elastic sleeve
36 and the strips 37, it is desirable to integrally
form the cover 6 by two-color extrusion. Otherwise,
the strips are adhered to the sieeve.

The shaft body 2 has fitted therearound a cov-
er end holding ring 38 (39) having the same out-
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side diameter as the end ring 14 (15) and posi-
tioned adjacent thereto, and a cover end support
ring 40 (41) adjacent to the ring 38 (39) and posi-
tioned closer the helical tube winding 5a. The sup-
port ring 40 (41) has toward its outer end a step 42
{43) and a tapered portion 44 (45) adjacent thereto.
The holding ring 38 (39) is interposed between the
end ring 14 (15) and the support ring 40 (41) and
joined to these rings by shiplap. The holding ring
38 (39) has an inner peripheral flared portion 46
{47) opposed to the tapered portion 44 (45) of the
support ring 40 (41) and spaced apart therefrom by
a small clearance. The shiplapped joint between
the holding ring 38 (39) and the support ring 40
(41) is fastened to the shaft body 2 with a setscrew
48. The ends of the elastic sleeve 36 of the protec-
tive cover 6 slightly project beyond the respective
ends of the strips 37. The protective cover 6 cov-
ers the entire winding 5a of the tube 5 and has its
opposite ends fitted over the support rings 40, 41.
Each projection 49 of the sleeve 36 beyond the
strips 37 is held between the tapered portion 44
(45) of the support ring 40 (41) and the flared
portion 46 (47) of the holding ring 38 (39).

Fig. 3 shows the shaft 1 of the invention as it is
merely inserted in the hollow portion 51 of a core
50 before a fluid is introduced into the elastic tube
5, with a large clearance formed within the hollow
portion 51 of the core 50 around the shaft 1. Each
of the journals 3, 4 is supported by an unillustrated
bearing. In this state, the joint on the hose con-
nected to the pressure fluid source is joined to the
joint 31 as already stated to apply fluid pressure to
the tube 5. Although compressed air is used as the
pressure fluid, helium gas or other gas, or a liquid
such as water or oil is alternatively usable. When
the pressure fluid is introduced into the elastic tube
5, the tube 5 is inflated to increase the outside
diameter of the helical winding 5a thereof, causing
the protective cover 6 to intimately contact the
inner surface of the core 50 defining the hollow
portion 51 as seen in Fig. 4. When the joint 31 of
the shaft 1 is thereafter separated from the joint of
the hose, the valve of the joint 31 automatically
closes to hold the tube 5 inflated. When the shaft 1
is connected to a torque source to use the core for
winding a material thereon, the torque of the shaft
1 is transmitted to the core 50 for the core to rotate
with the shaft 1. To remove the shaft 1 from the
core 50, the valve 30 of the joint 31 is pushed in
from outside against the force of spring, whereupon
the valve 30 is opened to release the fluid pressure
from the tube 5 via the fluid channels 22, 23 and
the vaive opening. The shaft 1 is connected to a
brake device when the core 50 is used for unwin-
ding.

The tubular protective cover & protects the
helical tube winding 5a. With an increase in the
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outside diameter of the helical winding 5a when the
tube 5 is inflated, the protective cover 6 similarly -
increases in diameter and comes into intimate con-
tact with the inner surface of the core 50, so that
the cover 6 also serves to perfectly join the shaft 1
to the core 50. Since the multiplicity of strips 37 of
the protective cover 6 are made of a harder ma-
terial than the elastic sleeve 38, the strips 37
permit the cover 6 to retain its shape, rendering the
shaft 1 smoothly insertable into or removable from
the core hollow portion 51. For this purpose, the
strip 37 is preferably formed on its outer surface
with a plurality of ridges 52 extending longitudinally

" thereof as seen in Fig. 6.

Figs. 7 and 8 show another core shaft embody-
ing the invention. The tube 5 of this embodiment
has a flexible linear member 53 extending thereth-
rough over its entire length and useful for winding
the tube 5 helically and holding the tube in shape.
The linear member 53, although inserted through
the tube 5, may alternatively be embedded in the
wall of the tube 5. Although a copper wire is used
as the flexible linear member 53, other metal wire
such as an aluminum wire is also usable. A
polyamide yarn, polyester yarn or like yarn is simi-
larly usable. A protective cover 54 comprises an
elastic sleeve 55, and a muitiplicity of strips 56
each in the form of an elongated metal plate,
adhered to the outer surface of the sleeve 585,
extending axially thereof and arranged at a spacing
circumferentially thereof. The strip 56 is resilient. In
reverse relation to the first embodiment, each strip
56 projects at its opposite ends beyond the respec-
tive ends of the elastic sleeve 55. Each of suppori
rings 40, 41 is formed in the upper surface of its
inner end with a step 77, around which the end of
the sleeve 55 is fitted. Formed in each of tapered
outer peripheral surfaces 44, 45 of these support
rings 40, 41 are grooves 76 having fitted therein
the projections 75 of the strips 56 at the end of
each, the projections 75 being movable when the
tube 5 is inflated. With the exception of these
features, the second embodiment is the same as
the first.

Figs. 9 and 10 show another core shaft em-
bodying the invention. This embodiment has an
elastic tube 57 which is circular in cross section
and is helically wound as at 57a. A support ring 58
is secured to the shaft body 2 at each side of the
winding 57a. A protective cover 59 is fitted at its
opposite ends around the support rings 58. The
cover 59 is in the form of a sleeve which is axially
cut at one portion and is made of such a material
that it is deformable to a larger diameter but can
restore itself. Although the cover 59 of this embodi-
ment is made of polycarbonate, also usable for the
cover are other materials such as polyviny! chioride
resin, polyamide, polyethylene, iron and stainiess
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steel. Each open end of the shaft body 2 is inter-
nally threaded and has screwed therein an exter-
nally threaded portion 61 of a journal 60 at its inner
end. A hexagonal flange 62 formed on the journal
60 at the outer end of the threaded portion 61
bears against the end face of the shaft body 2.

The tube 57 has a nonhelical portion 57b which
is secured by a fastener 64 to a flat portion 63 of
the circular support ring 58 and which extends into
the hollow portion 9 of the shaft body 2 through a
hole 65 in the shaft body peripheral wall. The
journal 60 has a fluid channel 66 extending cen-
trally therethrough. A hollow connector 67 inserted
in the channel 66 as atiached to the journal inner
end has a spigot 68, to which the open left end of

the tube 57 is fastened with bands 69. As in the

embodiment of Fig. 1, the outer end of the fluid
channel 66 is provided with a joint 31 having an
automatic shutoff valve 30. Each nonhelical portion
57b of the tube 57 is covered with a nonstiretchable
member 70. An adhesive cloth tape, used as the
nonstretchable member 70, is closely wound ar-
ound the nonhelical portion 57b, whereby the tube
57 is prevented from inflation at this portion. The
nonstrefchable member may alternatively be a
metal wire which is closely wound on the non-
helical portion, or a thermally shrinkable synthetic
resin tube which is thermally shrunk as fitted ar-
ound the nonhelical portion. With the exception of
the above features, the third embodiment is sub-
stantially the same as the embodiment of Fig. 1.

As shown in Fig. 11, the outer peripheral sur-
face of the shaft body 2 may be formed with a
shallow helical groove 71 for guiding the elastic
tube 57 when it is wound on the body 2. Fig. 12
shows a protective cover 72 in the form of a tube
which comprises a multiplicity of stretchabie por-
tions 73 and a multiplicity of non-stretchabie por-
tions 74 extending longitudinally of the cover and
arranged alternately circumferentially thereof. The
stretchable portions 73 can be made of thermo-
plastic polyurethane elastomer, thermoplastic poly-
ester elastomer, polyvinyl chloride resin, polyurse-
thane resin or the like. It is suitable to prepare the
nonstretchable portions 74 from polypropylene.
The stretchable portions 73 and the nonstretchable
portions 74 are formed integrally by two-color ex-
trusion.

Claims .

1. A shaft for use with a core comprising a
shaft body, a pair of opposite journals, at least one
elastic tube helically wound around the shaft body,
inflatable by the pressure of a fluid introduced
thereinto and holdable in its inflated state, and a
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tubular protective cover covering the entire helical

winding of the elastic tube and variable in diameter

with the inflation or contraction of the elastic tube.
2. A shaft as defined in claim 1 wherein the

. shaft body is in the form of a tube made of carbon

fiber reinforced plastics.

3. A shaft as defined in claim 1 wherein the
shaft body is formed in its outer peripheral surface
with a shallow groove for guiding the elastic tube
when the tube is wound around the shaft body.

4. A shaft as defined in claim 1 wherein the
shaft body is made of a rubber.

5. A shaft as defined in claim 1 wherein the
tube has a double-layer structure including an inner
layer and an abrasion-resistant outer layer, and the
inner layer is made of a material selected from the
group consisting of chloroprene rubber and nitrile
rubber, the outer layer being made of a material
selected from the group consisting of polyurethane
rubber, thermoplastic polyurethane elastomer and
thermoplastic polyamide elastomer.

6. A shaft as defined in claim 1 wherein the
tube has a smaller modulus of elasticity circum-
ferentially thereof than axially thereof.

7. A shaft as defined in claim 1 wherein the
tube has incorporated in its material fibers oriented
in paralle! to the axis thereof.

8. A shaft as defined in claim 1 wherein the
tube is provided in its interior with a flexible linear
member extending over the entire length thereof
and serving to helically winding the tube and to
hold the tube in shape. .

9. A shaft as defined in claim 1 wherein the
tube a nonhelical portion at each side of iis helical
winding. )

10. A shaft as defined in claim 9 wherein the
nonhelical portion is covered with a nonsiretchable
member.

11. A shaft as defined in claim 10 wherein the
nonstretchable member is a cloth tape helically
closely wound around the nonhelical portion of the
tube 12. A shaft as defined in claim 10 wherein the
nonstretchable member is a metal wire closely
wound around the nonhelical portion of the tube.

13. A shaft as defined in claim 10 whersin the
nonstretchable member is a thermally shrinkable
synthetic resin tube shrunk by heating as fitted
around the tube.

14. A shaft as defined in claim 1 wherein the
protective cover is an elastic sleeve.

15. A shaft as defined in claim 1 wherein the
protective cover is a sleeve axially cut at one
portion and made of a mterial permitting the sleeve
to deform to a larger diameter and to restore itself.

16. A shaft as defined in claim 1 wherein the
protective cover comprises an elastic sleeve, and a
multiplicity of sirips each in the form of a slender
plate and integral with the outer surface of the
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elastic sleeve, the strips being made of a harder
material than the elastic sleeve, extending almost
over the entire length of the sleeve axially thereof
and arranged at a spacing circumferentially thereof.

17. A shaft as defined in claim 16 wherein each
of the strips has on its outer surface a plurality of
ridges extending longitudinally thereof.

18. A shaft as defined in claim 1 wherein the
protective cover is a tube comprising a multiplicity
of streichable portions and a multiplicity of non-
stretchable portions both extending longitudinally of
the cover and arranged alternately circumferentially
thereof. :
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