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Air Carrier Spacer Sleeve
Abstract of the Disclosure

A cylindrical spacer sleeve (210, 11, 111, 211) is interposed between a
printing sleeve (15), which carries printing matrices, and a printing cylinder (13). The
spacer sleeve (210, 11, 111, 211) has an innermost core member (20) that is
expandable by interposition of air pressure between the inner surface (21) of the core
member (20) and the outer surface (12) of the printing cylinder (13). In an alternative
embodiment, the core member (20) is not expandable. The outer surface (37) of the
. spacer sleeve (210) torsionally rigidly supports by an interference fit, the printing
sleeve (15). A rigid bridge layer (30) is disposed between the outer surface (37) and
the core member (20). The spacer sleeve (210, 11, 111, 211) has a plurality of air
channels (50) through which pressurized air is supplied from within the bridge layer
(30) to the outer surface (37). In one embodiment, the bridge layer (30) includes a pair
of axially spaced apart spacer rings (44, 45). Pressurized air flowing through the
channels (50) assists in expanding the diameter of the innermost surface (14) of the
printing sleeve (15) for alternatively mounting the printing sleeve (15) onto the spacer
sleeve (210, 11, 111, 211) and dismounting the printing sleeve (15) from the spacer
sleeve (210, 11, 111, 211).
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TITLE OF THE INVENTION
AIR CARRIER SPACER SLEEVE

BACKGROUND OF THE INVENTION

The present invention relates to flexographic and
gravure printing and more particularly to such printing
involving printing sleeves that are air-mounted on printing

cylinders.

The patents to Bass et al (U.S. No. 3,146,709), Hoexter
et al (U.S. No. 3,978,254), Fellows (U.S. No. 4,030,415),
Julian (U.S. No. 4,144,812), Bardin (U.S. No. 4,197,798),

Hoage et al (U.S. No. 4,903,597) and Kuhn et al (U.S. No.

5,468,568), pertain primarily to printing sieeves, wHich
carry the printing matrices used for épplying ink to a
substrate. The pateﬁts to White et al (U.S. No. 4,089, 265)
and Katz (U.S. No. 4,794,858) pertain primarily to the
printing cylinders -———— mandrels) on which the printing
sleeves are mounted when performing the printing function.
As known in the art, the diameter of the inner sufface
of the air-mounted printing sleeve must be slightly smaller
than the diameter of the outer surface of the printing
cylinder. The difference in these diameters is a dimension
known as the interference fit.‘ Moreover, the diameter of
the inner sﬁrﬁace of the printing sleeve must be expandable

by the>provision of pressurized air between the opposed
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surfaces of the sleeve and the printing cylinder in order to

mount such printihg sleeves onto the printing cylinders as

well as remove the sleeves therefrom.

In addition, if the transverse cross-sectional shape of
the outer surface of the printing cylinder is conical so as
to taper slightly from one end of the cylinder to the
opposite end, then the transverse cross-sectional shape of
the inner surface of the printing sleeve also must be
commensurately conical so as to taper from one end of the
sleeve to the other end’of the sleeve./ In this way, the so-
called tapered sleeve is fitted to mount securely to the so-
called gapered printing cylindef. Similerly, 11 Lae
cransverse cross-sectional shape of the outer surface of the
printing cylinder is parallel to the cylinder‘s axis of
rotation from one end of the printing cylinder to the
opposite end, then the transverse cross-sectional shape of
the inner surface of the printing sleeve also must be
parallel to the rotational axis from one end of the sleeve
to the other end of the sleeve. 1In this'way, the so-called
parallel sleeve is fitted to mount securely to the so-called
parallel printing cylinder.

A parallel printing sleeve cannot be mounted on a
tapered printing cylinder. Similarly, a tapered printing
sleeve cannot be mounted on a parallel printing cylinder.

Typically, a printing job will involve an “image
repeat,” which is the circumferential length of the text and
graphics that are to be printed one or more times on the
substrate with each revolution of the printing sleeve. The

circumference of the printing sleeve must be large enough to




contain at least one image repeat. The sleeve repeat, which
is equivalent to the sleeve’s circumference (including the
printing plate mounted on the sleeve), can contain a number
of image repeats. Different printing jobs involve image

5 repeats that differ in size, and different printing jobs

- require sleeve repeats that differ in size. The larger

sleeve repeat sizes require printing sleeves with larger

circumferences, which means larger outer diameters. When a
“converter,” i.e., the operator of the machinery that uses a
10 printing sleeve, orders a printing sleeve that is set up

with the printing plates for a job that demands a given
sleeve repeat size, the inner diameter of that printing
sleeve is determined based on the outer diameter of the
printing cylinders on hand in that converter’s inventory.
15 This is because the printing sleeve must be mounted on a
printing cylinder that has a commensurate outer diameter.
To perform a job that requires a large sleeve repeat
size, the diameter of the outer surface of the printing

sleeve must be large enough to yield the large sleeve repeat

}20. size. This requires printing cylindéfs with larger outer
.::% diameters to support thin printing sleeves. However, new
Teeee printing cylinders are expensive. As an alternative to
ofee’ incurring this expense, thicker printing sleeves resulting
.o, from multiple layers are used instead of the single layer,
,:?% so-called “thin” sleeves. The patents to Thompson et al

(U.S. No. 5,544,584) and Maslin et al (U.S. No. 4,583,460)
. describe multi-layer printing sleeves that can be mounted on
relatively smaller diameter printing cylinders. The multi-

o layer printing sleeves have the effect of reducing the inner

\
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diameter of the sleeve so that the sleeve can be mounted on
a smaller diameter printing cylinder that is already

available in the converter’s inventory. Multi-layer sleeves

are less expensive than printing cylinders, but more

expensive than thin sleeves.

Moreover, it is more costly in labor to change printing'
cylinders on the printing machinery than it is to change
printing sleeves on a printing cylinder. However, this
solution has lead to a proliferation of multi-layer printing
sleeves, which are more costly than the thin sleeves.
Moreover, it is more costly to mount and unmount multi-layer
printing sleeves than thiﬁ”sleeves.

Rather than rely on air-mounted sleeve siétems, some
printing machines still rely on printing cyiinders with an
outer surface that is circumferentially expandable through
the use of an hydraulic system. One such system is

disclosed in the patent to Wyllie et al (U.S. No.

3,166,013) .

In such hydraulic-based, sleeve-mounting systems,
larger repeat sizes can be printed using multi-layer
printing sleeves. In one such multi-layer printing sleeve
known as the CUSHION MYTHO sleeve, which is sold by the
assignee of the present application, an innermost hollow
core layer is formed of carbon fiber reinforced polymeric
material. The carbon fiber reinforced polymeric core does
not expand when subjected to the hydraulic force exerted by
the expansion of the outer surface of the printing cylinder.
The outermost surface of the carbon fiber reinforced

polymeric layer, which outermost surface is ridged and thus

4




uneven, is covered with a rigid layer formed of hardened
polyurethane foam. The outermost surface of the rigid |
polyurethane layer is ground and finished to become

cylindrical and concentric with tﬁé cylindrical interior

5 surface of the carbon fiber reinforced polymeric layer.

" This layer of hardened polyurethane foam is used to increase
the thickness of the overall printing sleeve in order to
provide the desired repeat size. The outer surface of the
rigid foam.layer is covered with a fiberglass reinforced

LO polymeric layer. The outer surface of the fiberglass
reinforced polymeric layer is ridged and thus uneven and is
covered with a layer of compressible material. The outer
surface of the compressible material layer is ground and
finished to become smooth and cylindrical and concentric

15 with the cylindrical interior surface of the carbon fiber
reinforced polymeric layer. The outer surface of the
compressible layer, which is the so-called “cushion” layer,
is used to support the printing plates or matrices that are

mounted thereon.

ve2D ' In other such hydraulic-based, sleeve-mounting systems,

larger repeat sizes can he printed using a thin sleeve

‘e mounted on an intermediate sleeve that can be provided Wwith

*e%ee® pressurized air to mount and unmount the thin sleeve. 1In

one such intermediate sleeve system known as the MYTHO
ek SYSTEM™, which is sold by the assignee of the present

application, an innermost hollow core layer is formed of

: carbon fiber reinforced polymeric material. The carbon
Theedt fiber reinforced polymeric core does not expand when
.o subjected to the hydraulic force exerted by the expansion of

5
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the outer surface of the printing cylinder. The outermost
surface of the carbon fiber reinforced polymeric layer,
which outermost surface is ridged and thus uneven, is
covered with a rigid layer formed of hardened polyurethane
foam. The outermost surface of the rigid polyurethane layer
is ground and finished to become cylindrical and concentric
with the cylindrical interior surface of the carbon fiber
reinforced polymeric layer. This layer of hardened
polyurethane foam is used to increase the thickness of the
overall printing sleeve in order to provide the desired
repeat size. About an inch from the leading end of the
sleeve, a circumferential groove is machined into the layer
of hardened polyurethane foam, and the deeper portion of
this groove is shielded with a circumferential ring. The
outer surface of the rigid foam layer and the
circumferential ring are covered with an incompressible,
carbon fiber reinforced polymeric layer. The outer surface
of the incompressible, carbon fiber reinforced polymerié
layer is grouﬁd and finished to become émooth and
cylindrical and concentric with the cylindrical interior
surface of the carbon fiber'reinforced polymeric layer.
This outer.surface will substitute for the rigid metallic
surface of the printing cylinder, which is used to support
the thin sleeves to which the printing plates or matrices
are mounted. A series of radially extending holes are
drilled through the outer léyer of carbon fiber reinforced
polymeric material and through the circumferential ring so
as to communicate with the deeper portion of the groove

formed in the rigid foam layer. An axially extending hole
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is drilled through the leading end of the sleeve and communicates with the deeper portion
of the groove formed in the rigid foam layer. The axial hole is provided with a fixture for
connecting to a supply of pressurized air that can be used to mount the thin sleeves to
which the printing plates or matrices are mounted.

OBJECT OF THE INVENTION
It is the object of the present invention to overcome or ameliorate some of the
disadvantages of the prior art, or at least to provide a useful alternative.

SUMMARY OF THE INVENTION

There is firstly disclosed herein a spacer sleeve for being torsionally rigidly
mounted on a rotogravure or flexographic printing cylinder that is to be rotated about its
axis when used in a printing machine and for torsionally rigidly supporting on an outer °
surface of the spacer sleeve, a printing sleeve that carries printing metrices, wherein the
spacer sleeve has three operational modes such that in a first mode the spacer sleeve can
be selectively air-mounted onto the printing cylinder and unmounted from the printing
cylinder, in a second mode the printing sleeve can be selectively air-mounted onto the
spacer sleeve and unmounted from the spacer sleeve, in a third mode the printing sleeve
can be torsionally locked to the spacer sleeve, wherein the spacer sleeve has a first end
and a second end disposed axially opposite the first end, the spacer sleeve comprising:

an elongated core member having a generally cylindrical shape, said core
member having a cylindrical inner surface defining a hollow internal region, said core
member having a central rotational axis disposed in said hollow region, said inner surface
of said core member defining a diameter at each point along the length thereof in a
direction transverse to said rotational axis, said core member being formed of
diametrically expandable, high rigidity material, and said core member having a
cylindrical outer surface;

a compressible means for mechanically absorbing radial expansion of said core
member, said compressible means having an inner surface disposed against said
cylindrical outer surface of said core member, said compressible means having an outer
surface disposed to face away from said core member;

a bridge layer having generally cylindrical shape, said bridge layer having an
inner surface disposed to face toward said outer surface of said compressible means, said
bridge layer being formed of incompressible material and having an outer surface
disposed to face away from said compressible means;

an outer cylindrical layer formed of high rigidity material and defining an inner
surface and an outer surface, said inner surface of said outer cylindrical layer being

disposed against said bridge layer; and-

{R:\LIBLL]10385.doc:caa
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a means for providing pressurized gas at the outer surface of the spacer sleeve.

There is further disclosed herein a spacer sleeve for being torsionally rigidly
mounted on a rotogravure or flexographic mandrel that is to be rotated about its axis when
used in a printing machine and for torsionally rigidly supporting by an interference fit on
an outer surface of the spacer sleeve, a printing sleeve that carries printing matrices,
wherein the spacer sleeve has three operational modes such that in a first mode the spacer
sleeve can be selectively air-mounted onto the printing cylinder and unmounted from the
printing cylinder, in a second mode the printing sleeve can be selectively air-mounted
onto the outer surface of the spacer sleeve and unmounted from the outer surface of the
spacer sleeve, in a third mode the printing sleeve can be torsionally locked to the outer
surface of the spacer sleeve, wherein the spacer sleeve has a first end and a second end
disposed axially opposite the first end, the spacer sleeve comprising:

an elongated core member having a generally cylindrical shape, said core
member having a cylindrical inner surface defining a hollow internal region, said core
member having a central rotational axis disposed in said hollow region, said inner surface
of said core member defining a diameter at each point along the length thereof in a
direction transverse to said rotational axis, said core member being formed of
diametrically expandable, high rigidity material, and said core member having a
cylindrical outer surface;

a compressible means for mechanically absorbing radial expansion of said core
member, said compressible means having an inner surface disposed against said
cylindrical outer surface of said core member, said compressible means having an outer
surface disposed to face away from said core member;

a bridge layer having generally cylindrical shape, said bridge layer having an
inner surface disposed to face toward said outer surface of said compressible means, said
bridge layer being formed of incompressible material and having an outer surface
disposed to face away from said compressible means;

a transition layer having a cylindrical inner surface disposed against said
compressible means and having an outer surface disposed against said inner surface of
said bridge layer;

an outer cylindrical layer formed of high rigidity material and defining an inner
surface and an outer surface, said inner surface of said outer cylindrical layer being
disposed against said bridge layer, wherein said outer surface of said outer cylindrical

layer being configured to a tolerance capable of supporting a printing sleeve thereon, and
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said outer surface of said outer cylindrical layer defining a diameter at each point along

the length thereof in a direction transverse to said rotational axis;

a means for providing pressurized gas at the outer surface of the spacer sleeve,
said gas provision means including;:

a plurality of channels, each said channel being configured to direct gas
from within said bridge layer and through the outer surface of the spacer sleeve,

a first groove defined in said bridge layer and configured to extend
circumferentially and communicating with each said channel,

a gas inlet bore defined in said bridge layer and configured to extend
axially therein and receive a pressurized gas fitting for the provision of
pressurized gas,

a second groove defined in said bridge layer and configured to extend
circumferentially and communicating with said bore, and

at least one gas conduit, each said gas conduit being disposed in said
bridge layer and extending axially therein and conﬁgﬁred to permit passage of
gas from said second groove to said first groove.

The present invention, at least in a preferred embodiment, provides an apparatus
that would lower the cost of accommodating multiple jobs of a certain sleeve repeat size
while limiting the number of expensive printing cylinders or multiple sets of expensive
multi-layer sleeves that a converter must keep in inventory.

The present invention, preferably provides an apparatus that enables a converter
to use any printing cylinder with any thin printing sleeve or multi-layer printing sleeve.

The present invention preferably pertains to an intermediate sleeve, a spacer
sleeve or bridge sleeve if you will, that is interposed between the printing cylinder and an
inexpensive printing sleeve. The spacer sleeve includes a core member that has an inner
surface configured to be mounted on the outer surface of a printing cylinder. A bridge
layer is interposed between the core member and an outer cylindrical layer, which has an
outer surface that is configured to receive a printing sleeve mounted thereon. During
manufacture, the diametric thickness of the bridge layer is preferably chosen to
accommodate the desired repeat sizes of the printing sleeves to be mounted on the spacer
sleeve. The spacer sleeve has a means for providing pressurized air to the outer surface of
the outer cylindrical layer in order to facilitate the mounting of printing sleeves on the
outer surface in a conventional manner. In a presently preferred embodiment, the
pressurized air providing means includes an air supply channel that is embedded in the

bridge layer. In a presently preferred embodiment, the inner surface of the core member

8a
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is diametrically expandable in a resilient fashion, and the outer surface of the core
member is disposed against a compressible means that accommodates the diametric

expansion and contraction of the core member.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred form of the present invention will now be described, by way of
example only, with reference to the accompanying drawings wherein:
Fig. 1 is an elevated perspective view with portions partially broken away, of an

alternative embodiment of the present invention mounted on a printing cylinder;

8b

[R:LIBLL]10385.doc:caa




10

15

Fig. 2 is a partial cross-sectional view taken along
the line of sight-designated by the numerals 2 -- 2 in Fig.
1;

Fig. 3 is a partial elevated perspective view taken

.along the line of sight designated by the numerals 3 -- 3 in

Fig. 2;

Fig. 4 is a partial elevated perspective view taken
along the line oflsight designated by the numerals 4 -- 4 in
Fig. 2; |

Fig. 5 is an elevated assembly perspective view of
another_alternative embodiment of the present invention
mounted oﬁ a printing cylinder;

Fig. 6 is an elevated perspective view of components of
yet another alternative embodiment of the present invention
mounted on a printing cylinder;

Fig. 7A is a front plan view of an embodiment as shown

‘in Figs. 5 and 6;

Fig. 7B is a partial cross-sectional view taken along
the line of sight designated 7B -- 7B in Fig. 7A;

Fig. 8A schematically represents the relative.

~orientations in a first embodiment of the present invention,

of the exterior and interior surfaces relative to the
rotational axis, which is indicated by the overlapping
letters CL and the chain-dashed iine;

Fig. 8B schematically represents the relative
orientations in a second embodiment of the present
invention, of the exterior and interior surfaces relative to

the rotational axis, which is indicated by the overlapping

letters CL and the chain-dashed line;
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Fig. 8C schematically represents the relative
orientations in a third embodiment of the present invention,
of the exterior and interior surfaces relative to the

rotational axis, which is indicated by the overlapping

-letters CL and the chain-dashed line;

Fig. 8D schematically represents the relative
orientations in a fourth embodiment of the present.
invention, of the exterior and interior surfaces relative to
the rotational axis, which is.indicated by the overlapping
letters CL and the chain-dashed line;

Fig. 9 is an elevated perspective view with portions
partially broken away, of a presently preferred embodiment
of the invention mounted on a printing cylinder;

Fig. 10 is a partial cross-sectional view taken along
the line of sight designated by the numerals 10 -- 10 in
Fig. 9;

Fig. 11 is a partial elevated perspective view of
portions of an alternative embodiment of Components of the
invention taken partially in axial cross-section;

Figk 12 is a partial side plan view of portions of
still another alternative embodiment taken partially in
axial cross-section;

Fig. 12A is an enlarged, partial, elevated perspective
view of the portion of the alternative embodiment taken
partially in axial cross-section from the circled portion
shown in Fig. 12;

Fig. 13A is a partial axial cross-sectional view of a
further alternative embodiment of components of the present

invention; and

10




Fig. 13B is a partial axial cross-sectional view of a
yet another alternative embodiment of components of the
present invention.

-4 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS —

5 Reference now will be made in detail to the presently
‘ preferred embodiments of the invention, one or more examples
of which are illustrated in the accompanying drawings. Each
example is provided by way of explanation of the invention,
not limitation of the invention. 1In fact, it will be
.0 apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the scope or spirit of the
invention. For instance, features illustrated or desqribed
as part of one embodiment, can be used on another embodiment
.5 to yield a still further embodiment. Thus, it is intended
that the present invention cover such modifications and
variations as come within the scope of the appended claims
and their equivalents. The same numerals are assigned to
the same components throughout the drawings and description.
The present invention is especially desired by printers
who operate flexographic or éfavﬁre printing machines and
®eene have several print jobs that require the same sleeve repeat
size. To reduce the number of differently diametered
printing cylinders and multi-layer printing sleeves that
,' o must be maintained in a printer’s inventory, it is desirable
| to be able to use an inexpensive printing sleeve for any

: sleeve repeat size larger than the smallest diameter

“eeee® printing cylinder that is available in a printer’s

inventory. This is accomplished in accordance with the

11
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present invention by prbviding a spacer sleeve that makes up
the difference between the outer diameter of the printing
cylinder and the larger innermost diameter of a thin
printing sleeve. The spacer sleeve of the present invention
is configured so that it can be air-mounted on a printing
cylinder. Moreover, the spacer sleeve of the present
invention is further configured so that inexpensive thin
printing sleeves can be air-mounted onto the spacer sleeve:
It is less expensive for the printer to use the spacer
sleeve of the present invention to mount thin sleeves than
either to buy new printing cylinders with diameters large
enough to mount the thin sleeves or to buy several sets of
muiti-layer sleeves, each set with a different set of
printing plates for each different printing job.

As known, printing cylinders can bé provided with a
register pin in order to facilitate repeatable orientation
of the printing sleeve thereon via a keyway or slot formed
in the sleeve., For printing cylinders so fitted, the spacer
sleeve of the present invention can be provided with a
similar keyway or slot for adapting to such'printing
cylinders and/or a similar pin for adapting such printing
sleeves. However, as this sort of- -adaptation is well known,
it will not be discussed further nor specifically shown in
the accompanying drawings of the various embodiments.

A presently preferred embodiment of a spacer sleeve
that is configured in accordgnce with the present invention,
is shown in Figs. 9 and 10 and is represented generally by
the numeral 210. As shown in Fig. 10, spacer sleeve 210

functions as a bridge sleeve and as such is disposed between

12




the outermost surface 12 of the printing cylinder 13 and the
innermost surface 14 (Fig. 10), i.e., mounting surfaée, of a
printing sleeve 15. As shown in Fig. 10, printing sleeve 15
is a so-called .thin sleeve, but could just as easily be a

5 multi-layer sleeve. As is typical, a printing plate 16 is
attached to the outer surface 17 of printing sleeve 15 and
has an outer surface 18 that defines the image to be printed
on the substrate (not shown) forming the media that is to be
printed. Figs. 2-4, 7B and 10 depict printing plate 16 and

L0 thin printing sleeve 15 in phantom by the use Qf chain-
dashed lines.

Illustrative portions of an alternative embodiment of a
spacer sleeve that is configured in accordance with the
present invention, are shown in Figs. 12 and 12A, and this

L5 alternative embodiment is represented generally in Fig. 12
by the numeral 211. Fig. 11 depicts portions of components
of another alternative embodiment of a spacer sleeve of the
present invention. Figs. 13A and 13B illustrate portions of
components of still other alternative embodiments of the

. Y0 present invention. Yet another alternative embodiment of a

00 te
seee, spacer sleeve of the present invention, is shown in Figs. 1
([ LXX XY
2 ere and 2 and is represented generally by the numeral 11. Still
o another alternative embodiment of a spacer sleeve of the

present invention is shown in Figs. 5-7A and is represented

.igg ' generally by the numeral 111.

et In accordance with the present invention, the spacer
{:?: © sleeve includes a core member having a generally cylindrical
'x:ﬁ shape. As embodied herein and shown in Figs. 1, 2, 7A, 7B,

9, 10,112, 13A and 13B for example, a core member 20

.oo. E 13
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constitutes the innermost portion of the spacer sleeve. As
shown in Figs. 1, 7A, 10, 12, 13A and 13B for example, core
member 20 has a cylindrical inner surface 21, which is also
shown schematically in Figs. 8A, 8B, 8C and 8D. As shown in
Figs. 3 and 9 for example, core member 20 defines a
cylindrical outer surface 22 that is generally concentric
with inner surface 21.

As shown in Figs. 1, 7A, 8A, 8B, 8C, 8D and 10 for
example, cylindrical inner surface 21 of Eore member 20 is
the wall surface that defines a hollow internal region 24 of
the spacer sleeve. A central rotational axis 23 (Figs. 1, 9
and 12) of the spacer sleeve and the core member 20, is
disposed inside hollow region 24. The rotational axis 23
provides a convenient point of reference for describing
various aspects of the spacer sleeve. For example, inner
surface 21 of core member 20 is disposed relatively closer
to the rotational axis 23 than is the outer surface 22 of
core member 20. Moreover, each point along the axial length
(which runs parallel to axis 23) of inner surface 21 is
characterized by a diameter that is measured in a direction
that is trénsverse, i.e.. perpendicular or normal, to
rotational axis 23.

In the preferred embodiments of the spacer sleeve, the
core member is formed of a diametrically expandable, high
rigidity material. Such material is diametrically
expandable in an elastic manner so that core member 20 can
be repeatedly expanded and contracted without adverse
consequences in order to form an interference fit with the

outer surface of a printing cylinder. The degree of

14




permitted expansion and contraction need not be so large as
to be detectable by the naked eye. Examples of compositions
that are suitable for composing the core member include one
of the group consisting of aramid fiber bonded with epoxy
resin or polyester resin, and reinforced polymeric material
such as hardened glass fiber bonded with epoxy resin or
polyester resin, the latter two also known as fiberglass
reihforced epoxy resin or fiberglass reinforced polyester.
Aramid fiber is sold by Dupont under the K_EVLAR® trademark.
In these expandable embodiments, the core member can be made
in a manner similar to the printing sleeves in the patent to
Julian (US 4,144,812), which is hereby incorporated herein
by this reference. The radial thickness of core member 20
is desirably:in the range of one (1) to seven (7)
millimeters«jwith the larger thicknesses in this range being
used as the sleeve increases in diameter and/or axial
length. The thicker core members 20 prevent the larger
diameter and/or longer, spacer sleeves from deflecting.
However, the embodiments shown in Figs. 13A and 13B are
intended to be mounted on the printing cylinder 13 via a
line-to-1line fit rather than an interference fit. Thus, in
the embodiments’ shown iﬁ Figs. 13A and 13B, additional
materials, which do not expand, can be used to form core
member 20. Suéh additional materials would include
polyurethane with a hardness of more than 75 shore A or
‘graphite impregnated plastics or carbon fiber composites.
In the latter, the carbon fiber is desirably oriented
parallel to the rotational axis 23 in order to providé core

member 20 with maximum rigidity.

15




LO

15

As shown in Figs. 1, 2, 7A, 7B, 10, 12, 13A and 13B for
example, inner surface 21 of core member 20 is intended to
form the mounting surface for the spacer sleeve. Thus,
inner surface 21 becomes tbrsionally rigidly attached to
outer surface 12 of the printing-cylinder 13 when the spacer
sleeve 210, 11, 111, 211 is in use.

In accordance with the preferred embodiment of the
present invention, the spacer sleeve includes a compressible
means for meéhanically absorbing radial expansion and
contraction of the core member to accommodate the
interference fit of the spacer sleeve. The compressible
means has an inner surface that is disposed against the
cylindrical outer surface of the core member. The
compressible means has an outer surface that is disposed to
face away from the core member. As embodied herein and
shown in Figs. 2, 7B and 9 for example, the compressible
means can include a generally cylindrically-shaped rubber
layer 26 that has elastic properties sufficient to deform
enough to take up the radial expansion of core member 20
needed to mount on the printing cylinder. As shown in Figs.
3, 7B and 10 for example. rubber layer 26 is defined by an
outer sufface 27 concentrically dispoéed with respect to an
inner surface 28. As shown in Figs. 3, 7B and 9 for
example, outer surface 27 of rubber layer 26 is finished
smooth. Though the drawing Figs. are not drawn to scale and
certain relative thicknesses have been exaggerated in order
to improve their visibility, rubber layer 26 typically has a

radial thickness that is up to 1/4" thick for a spacer
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sleeve with an interference fit in a range of about 0.004 to
0.016 inches.

In accordance with the present invention, the spacer
sleeve includes a bridge layer formed of incompressible
material and having a generally cylindrical shape. As shown
in Figs. 3, 4, 7B, 9, 10, 11 and 12A for example, a bridge

layer 30 has a radial thickness that constitutes the

‘majority of the thickness of the spacer sleeve in all but

those spacer sleeves having relatively smaller overall
diametérs. The diametrical thickness of bridge layer 30 is
the portion of the spacer sleeve that is varied during
manufacture of the spacer sleeve in order to accommodate the
majoriﬁy of the difference in diameter between the inner
surface 14 of the printing sleeve 15 and the outer surface
12 of the printing cylinder 13. |

As shown in Figs. 5-7B and 9-13B, the présen:ly
preferred embodiment of the bridge layer 30 includes a pair
of solid spacer rings 44, 45. First spacer ring 44 is
disposed at the first end of the spacer sleeve. Second
spacer ring 45 is disposed at the second end of the spacer
sleeve. ﬂSpacer rings 44, 45 are composed of material sucﬁ |
as aluminum that is incombressible, hard, lightweight and
able to be configured to fine tolerances. Most of the
volume occupied by the preferred embodiments of the bridge
layer, which is generally designated by the numeral 30 in
Figs. 7B and 9-12, is empty space. In the alternative
embodiment shown in Figs. 1-4, most of the volume occupied
by bridge layer 30 is formed of incompressible material such

as rigid, expanded polyurethane foam, which Figs. 1-4 show
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in cross-section with stippling to indicate that there are
open cells therein |

In the alternative embodiments of the spacer sleeve
shown in Figs. 5, 6, and 7B for example, the bridge layer is
also formed by a hollow compartment that is defined at
opposed ends by spacer rings 44, 45. As shown in Fig. 7B
for example, each spacer ring is further disposed radially
between an inner surface 36 of an outer cylindrical layer 35
(described below) and an outer surface 42 of a transition
layer 40 (described below). Moreover, as shown in Fig. 6
fof“example, one or more intermediate spacer rings 48 can be
used to provide additional structural integrity, when the
length of the spacer sleeve warrants.

As shown in Figs. 3, 10, 11, 12, 13A and 13B for
example, bridge layer 30 has an inner surface 31 that is
disposed to face toward rotational axis 23 of the sleeve.

Moreover, as shown in Figs. 3 and 10, inner surface 31 of

-bridge layer 30 faces toward outer surface 27 of the

compressible means that is formed by rubber layef 26. As
shown in Figs. 3, 10, 11, 12, 13A and 13B for example, |
bridge layer 30 has an outer surface 32 that is disposed to
face away from rotational axis 23 of the sleeve. Moreover,
as shown in Figs. 3 and 10, outer surface 32 is disposed to
face away from the compressible means.

In accordance with the present invention, the spacer
sleeve includes an outer cylindrical layer. As shown in
Figs. 3, 5, 7B, 9, 10, 11, and 12 for example, an outer
cylindrical layer 35 defines an inner surface 36 and an

outer surface 37. In the embodiments shown in Figs. 3, 5,
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7B, 9 and 10,'inner surface 36 of outer cylindrical layer 35
is disposed against outer surface 32 of bridge layer 30.
Outer surface 37 of outer cylindrical layer 35 is provided
with a smooth finish to a tolerance capable of supporting a

printing sleeve thereon. The outer surface 37 is

sufficiently smooth such that the combined Total Indicator

Runout (TIR) of the spacer sleeve and a thin sleeve mounted
thereon with printing plates, is less than 0.0015 inches.

In the embodiments shown in Figs. 11 and 12, outer
surface 37 of outer cylindrical layer 35 is disp&sed in
alignment with and co-extensive to, outer surface 32 of
bridge layer 30. In the embodiments of Figs. 11 and 12,
each opposite peripheral portion of outer layer 35 is
received in a groove formed in the upper edge portion of an
inner side of one of spacer rings 44, 45 in a tongue-in-
groove fit. 4

Outer cylindrical layer 35 need not be expandable
diametrically and preferably is rigid, non-elastic and
minimizes any possible.friction against the inner surface of
the printing sleeve intended to be mounted thereon.

Examples of materials that are suitable for composing the
outer cylindrical layer 35 include aluminum, steel, aramid
fiber bonded with epoxy resin or polyester resin, and carbon
fiber-reinforced polymeric material such as carbon fiber
bonded with epoxy resin or polyester resin, the latter two
also known as carbon fiber reinforced epoxy resin or carbon
fiber reinforced polyester resin.

In a fashion similar to inner surface 21 of core member

20, outer surface 37 of outer cylindrical layer 35 is
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characterized by a diameter at each point along the length

‘thereof in a direction transverse to rotational axis 23.

These two surfaces of the spacer sleeve are the key to
configuring different embodiments of the spacer sleeve in
order to accommodate the different types of printing sleeves
(parallel and taéered) and the different types of printing
cylinders (parallel and tapered).

As embodied herein and shown in Figs. 8A and 8C for
example, the diameter of outer surface 37 of outer |
cylindrical layer is constant along the length thereof, and
outer surface 37 is parallel (as schematically indicated by
the parailelogram symbol in the right-hand margin) to the
rotational axis 23 of the spacer sleeve. As shown in Figs.
8B and 8D for example, the diameter of outer surface 37 of
outer cylindrical layer 35, varies at a cohstant rate so
that outer surface 37 tapers (as schematiéally indicated by
the wedge symbol in the right-hand margin) along the length
thereof from the first end of the spacer sleeve to the
second end of the spacer sleeve and with respect to the
rotational axis 23 of the spacer sleeve.

As shown in Fiés. 8A and 8B for example, the diameter
of inner surface 21 of core member 20 is constant along the
length thereof, and inner surface 21 is parallel (as
schematically indicated by the parallelogram symbol in the -
right-hand margin) to the rotational axis 23 of the spacer
sleeve. As shown in Figs. 8C and 8D for example, the
diameter of inner surface 21 of core member 20, varies at-a
constant rate so that inner surface 21 tapers (as indicated

schematically by the wedge symbol in the right-hand margin)
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along the length thereof from the first end of the spacer
sleeve to the second end of the spacer sleeve and with
respect to the rotational axis 23 of the spacer sleeve.

The embodiment of the spacer sleeve schematically shown
in Fig. 8A can accommodate a parallel printing sleeve to a
parallel printing cylinder. The embodiment of the spacer
sleeve schematically shown in Fig. 8B can accommodate a
tapered printing sleeve to a parallel printing cylinder.
The embodiment of the spacer sleeve schematically shown in
Fig. 8C can accommodate a parallel printing sleeve to a
tapered printing cylinder. The embodiment of the spacer
sleeve schematically shown in Fig. 8D can accommodate a
tapered printing sleeve to a tapered printing cylinder.

In accordance with the presently preferred embodiments
of the present invention, the spacer sleeve can include a
transition layer, which is a cylindrical layer having
concentric outer and inner surfaces. The outer surface of
the transition layer is disposed against the inner surface
of the bridge layer. As shown in Figs. 3, 7B, 10 and 12 for
example, an outer surface 42 of a transition layer 40 is
disposed against inner surface 31 of bridge layer 30. 1In
the presently preferred embodiments, the inner surface 41 of
transition layer 40 is disposed against the compressible
means. In Fig. 10 for example, inner surface 41 is disposed
against outer surface 27 of rubber layer 26. In such
embodiments, transition layer 40 functions to provide an
interface between the compressible means and bridge layer
30. Outer surface 27 of rubber layer 26 would provide an

unsuitable interface with inner surface 31 of bridge layer
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30. The compressibility of rubber layer 26 would cause
deformation in outer surface 27 of .rubber layer 26 and
result in bridge layer 30 and rubber layer 26 becomiﬁg
detached at their interface as rubber layer 26 was
répeatedly expanded and contracted. Moreover, transition
layer 40 is composed of material that more readily adheres
to rubber layer 26 than the material that composes the
spacer rings 44, 45 or rigid polyurethane foam (Fig. 2) of
bridge layer 30. Examples of materials that are suitable
for composing the transition layer include one of the group
including aramid fiber bonded with epoxy resin or polyester
resin, and reinforced polymeric material such as hardened
glass fiber bonded with epoxy resin or hardened glass fiber
bonded with polyester resin, the latter two also known as
fiberglass reinforced epoxy resin or fiberglass reinforced
polyester.

In the alternative embodiment shown in Fig. 13B, inner
surface 41 of transition layer 40 is disposed against outer
surface 22 of core member 20. Thus, transition layer 40
functions to provide an interface between core member 20 and
bridge layer 30 (only the lower portion being shown) .

In accordance with the present invention, the spacer
sleeve includes a means for providing pressurized gas at its
outer surface near one of its ends. This gas is typically
pressurized air at about 85 pounds per square inch and
facilitates the mounting and dismounting of printing sleeves
onto and off from, the spacer sleeve. As shown in Figs. 2,
4, 5, 7B, 9, 10, 11, 12 and 12A for example, the gas

provision means can include at least one channel 50. In the
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presently preferred embodiments, each channel 50 is formed
through outer surface 37 of duter cylindrical layer 35. 1In
the embodiment shown in Figs. 12 and 12A for example, a
single channel 50 is provided. In the embodiments shown in
5 Figs. 2, 4, 5, 7B, 9, 10, and 11 for example, a plurality of
channels 50 are provided. Each channel 50 typically
measures two (2) millimeters in diameter and is configured
to direct the pressurized gas from within the bridge layer
30 and through the outer surface of the spacer sleeve. 1In
L0 embodiments with multiple channels, about eight channels 50
are desirably disposed evenly spaced apart around the
circumference of the spacer sleeve near the leading end of
the spacer sleeve. As shown in Figs. 2, 4, 7B, and 10,
outer cylindrical layer 35 defines a first free end 38, and
L5 channels 50 are disposed in proximity to first free end 38.
In alternative embodiments shown in Figs. 11 and 12, spacer
ring 44 defines a first free end 43, and each channel. 50 is

disposed in proximity to first free end 43 of spacer ring

44 .
.30 In the embodiments shown in Figs. 2, 4, 10, 11 and 123,
{::: the gas provision means also includes a first groove 51
,;:::;- defined with a radially extending depth into the bridge
$Teees layer 30 and configured to extend circumferentially around
O bridge layer 30 and in communication with channels 50.
.25 First groove 51 is configured and disposed to function as an
:i;i air distribution manifold that feeds the pressurized gas to

all of channels 50. In the embodiments shown in Figs. 2, 4,
*eet 10, 12, and 127, first groove 51 is configured to extend

eese’ through the outer surface of bridge layer 30. 1In the
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alternative embodiment shown in Fig. 12A, first groove 51 is
provided with a radial depth of about 1/16 inch. ‘

In the alternative embodiment shown in Fig. 11, first
groove 51 is configured so that it does not extend through
the outer surface of bridge layer 30. In the Fig. 11
embodiment, an annular groove is machined circumferentially !
into free end 43 of spacer ring 44, and an annular plug 61
is secured therein to providé an air tight seal and thereby
form first groove 51.

In the alternative embodiment shown in Figs. 12 and
12A, the printing sleeve that is to be mounted on the spacer
sleeve, is forced onto spacer ring 44 until first groove 51
is covered by the printing sleeve. 1In this condition, first
groove 51 becomes enclosed in effect and permits the
pressurized gas flowing through the sole channel 50 to
travel around groove 51 and be supplied around the entire
circumference of the spacer sleeve and evenly distributed
between the outer surface of the spacer sleeve and the inner
surface of the printing sleeve.

As shown in Figs. 2, 3, 7B and 10, the gas provision
means can include a gas inlet bore 52 defined in the bridge
layer and configured to extend axially in the bridge layer.
Gas inlet bore 52 is configured with a threaded wall 53 to
receive a threaded pressurized gas fitting 54 (Fig. 1) for
the provision of pressurized gas from outside the spacer
sleeve.

In accordance with the present invention, the gas
provision means can further include at least one gas conduit

56 that extends axially through the bridge layer.
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Preferably, a pair of gas conduits 56 are disposed 180
degrees apart around the circumference of the bridge layer
for purposes of ensuring that the spacer sleeve is
rotationally balanced. Only one gas conduit 56 needs to be
5 configured to permit passage of pressurized gas from gas
inlet bore 52 to channels 50. However, provision can be
made to permit both conduits to carry gas.
As shown in Figs. 9;12 for example, a rigid, hollow
tube formed of metal such as aluminum for example or formed
L0 of a rigid plastic capable of withstanding the gas pressures
involved, desirably can be used to form each gas conduit 56
in a presently preferred embodiment of the invention. 1In
the alternative embodiment shown in Figs. 2-4 for example, a
plastic tube embedded and reinforced in the rigid
15 polyurethane foam forming bridge layer 30 can be used to
form each gas conduit 56.
In the alternative embodiment shown in Figs. 6 and 7B
for example, the gas conduit is formed in effect by the

region of bridge layer 30 defined between inner surface 36

.20 of outer cylindrical layer 35 and outer surface 42 of

;u.n transition layer 40. Howevér, transition layer 40 is not as
u;:%' strong as either the metal that forms conduits 56 in the

$ oo preferred Fig. 10 embodiment or the tubes 56 embedded and
See reinforced in rigid polyurethane foam in the Fig. 2

25 embodiment. Because of this difference in strength, this

LN Fig. 7B embodiment should not be pressurized with gas unless
mounted on a printing cylinder 13 in order to take advantage
se o of the reinforcement provided by the metallic composition of

the printing cylinder. 1In the alternative embodiment shown
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in Fig. 6 for example, the gas conduit also includes gas
passages 49 throuéh intermediate spacer rings 48.

In the preferred embodiment shown in Fig. 10 for
example, each opposite end of gas conduit 56, which has an
inside diameter of from about 3/16 to about 1/4 inch, is
connected into an axially extending fitting opening 66
defined in each spacer ring 44, 45. Adhesive is desirably
used to secure the ends of conduit 56 in an airtight fashion
in fitting openings 66. Spacer ring 44 also includes an
elbow conduit 67 that has an axial leg 68 parallel to and
connected to fitting opening 66. Elbow conduit 67 also has
a radially extending leg 69 connected to first groove 51,
which forms a gas distribution manifold. Elbow conduit 67
can have an inside diameter of froﬁ about 3/16 to about 1/4
inch, which is smaller than the diameter of each of conduit
56 and first groove 51. Moreover, the combined flow area of
all of the channels 50 is smaller than the effective flow
area of first groove 51, and this relative relationship
helps ensure even flow distribution and pressure of the
flowing gas to all of the channels 50 disposed around the
circumference of the spacer sleeve.

As shown in phantom (dashed line) in Fig. 9, two elbow
conduits 67A, 67B are configured in spacer ring 44, the
second elbow conduit 67B at a location 180 degrees from the
first elbow conduit 67A and aligned with a second fitting
opening 66B in order to ensure that the spacer sleeve is
rotationally balanced. However, this second elbow conduit
67B need not be connected to the second fitting opening 66B

to ensure adequate gas flow to all of the channels 50.

26




Moreover, in order to obtain the desired rotational
balance in the embodiments shown in Figs. 1-3, 9 and 10 for
example, the gas provision means can include a second groove
55 defined in the bridge layer 30 aﬁd configured to extend
radially into bridge layer 30 from the outer surface 32
thereof and circumferentially around the entire spacer
sleeve. Second groove 55 is further configured to
communicate with the gas inlet bore 52. As shown in Fig. 2
for example, each gas conduit 56 is configured to permit
passage of gas from the second groove 55 to the first groove
51. As shown in Fig. 10 for example, second groove 55 is
defined in spacer ring 45 and communicates with the gas
inlet bore 52 via a radial leg 69. Similarly, as shown in
Fig. 9, second groove 55 communicates with a blind extension
52A of fitting opening 66A in spacer ring 45 via a radial
leg 69A. As shown in Fig. 9, second groove 55 permits
passage of gas to the first groove 51 via radial leg 69A,
extension 52A, fitting opening 66A, gas conduit 56, fitting
opening 66B, and elbow conduit 67B.

In the alternative embodiment shown in Fig. 12, the gas
provision means includes axial leg 68 defined in spacer ring
44 of bridge layer 30 and connecting fitting opening 66 and
conduit 56 to channel 50.

As shown in Figs. 2, 5, 7B, and 10 for example, outer
surface 37 of outer cylindrical layer 35 has a beveled
surface part 60 disposed to extend from first free end 38
and toward channels 50. 1In a similar fashion, as shown in
Figs. 11 and 12, outer surface 32 of spacer ring 44 has a

beveled surface part 65 disposed to extend from first free
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end 43 and toward channels 50. Surface part 60, 65 is
inclined to the rest of outer surface 37 of outer
cylindrical layer 35 so as to form a lead-in for mounting
the printing sleeve 15 onto outer surface 37 of outer

5 cylindrical layer 35.
Example 1

This hypothetical example is provided to illustrate how

to make a presently preferred embodiment of the spacer
sleeve of the invention. To make the core member 20, a

10 rotatable, metallic forming mandrel is used with an outside
surface having a cylindrical shape that is the mirror image
of the desired shape of the inner surface 21 of the core
member. For example, if the inner surface of the core
member is to be formed as a right cylinder, as schematically

15 indicated by the adjacent parallelograms in Figs. 8A and 8B
for example, then the forming mandrel’s cross-section taken
in a direction that is perpendicular to the rotational axis
of the mandrel, is a circle of constant diameter over the
entire length of the mandrel. 1If the shape is a taper, then

20 the axial cross-section is a conical section.

;“’% In order to configure the inner surface 21 of the core

member 20 with an interference fit for the intended printing

@ ooee cylinder 13, the forming mandrel is selected with an outside
Tetelt diameter that is in a range of from about 0.002 inches to
25, 0.004 inches less than the diameter of the printing cylinder

eees for which the finished spacer sleeve is intended. The
particular diameter selected in this range, depends on the

oot o size of the spacer sleeve to be formed. The smaller the
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diameter of the spacer sleeve, the smaller the interference
fit, since there will be less area available for expansion.

In this illustrative example, a flat tape about one
inch wide and formed of woven fiberglass is passed through a
bath of epoxy resin and then wound around the mandrel. The
dipped fiberglass tape is wound around the mandrel from a
first end of the mandrel to the opposite second end of the
mandrel. When proceeding from the first end to the second
end, the resin-carrying fiberglass tape is wound at an acute
angle to the rotational axis of the mandrel. Considering
the rotational axis of the mandrel at the first end of the
mandrel to be 0° and the second end of the mandrel at the
rotational axis to be 18090, this winding angle from the
first end to the second end is on the order of 80¢ (900 and
2700 being perpendicular to the rotational axis of the
mandrel). Before the winding of the tape proceeds from the
second end back to the first end of the mandrel, a change is
made to the angle at which the resin-dipped tape is wound.
This winding angle is changed so as to form a crossing angle
(1000) that deviates from the 90¢ direction by the same
amount as the first pass from the first end of the winding
mandrel to the second end. Thus, the winding angles deviate
by 100 above and below the 900 direction.

After the winding of the dipped tape proceeds from the
second end back to the first end of the mandrel, the tape is
cut. Then, fiberglass strands are passed through a bath of
epoxy resin before being wound around the mandrel ét the
same angle as the angle during the first pass of the tape

from the first end of the mandrel to the opposite second end
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of the mandrel. When the dipped fiberglass strands reach
the second end, the angle at which the resin-dipped
fiberglass strands are wound is changed to the same angle at
which the second pass of the resin-carrying fiberglass tape
was wound, and the winding of the dipped fiberglass strands
proceeds from the second end back to the first end of the
mandrel. These back and forth passes of dipped fiberglass
strands are repeated until enough windings are applied so as
to form a core of fiberglass reinforced resin with a radial
thickness in the range of from 1.0 mm to 2.5 mm.

Then, the mandrel and the fiberglass reinforced resin
core still wound around the mandrel, are placed in an hot
air oven for several hours at a temperature of 176°© F. to
polymerize the core into a fiberglass reinforced polymeric
precursor tube. Then the mandrel carrying the tube is
removed from the oven and allowed to cool to ambient
temperature. The tube has then become the core member 20 of
the spacer sleeve. The outer surface 22 of core member 20
is rough and uneven due to the presence in the outer surface
22 of partially and randomly protruding epoxy-coated,
fiberglass strands. When removed from the forming mandrel,
the inside surface of the relaxed, i.e., unexpanded, core
member has a diameter that is about 0.002 inches to 0.004
inches less than the diameter of the printing cylinder for
which the spacer sleeve is intended. Thus, the interference
fit between the outside diameter of the printing cylinder
and the inside diameter of the spacer sleeve is in the range

of about 0.002 to 0.004 inches.
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In this first example, a compressible means is formed
by applying extruded elastomeric rubber material around the
rough and uneven outer surface 22 of the core member 20.

The sleeve composed of the core member 20 and the extruded
elastomeric rubber material is placed in an autoclave at a
temperature above 3000 F for several hours until the rubber
layer 26 has been cured. The outermost surface 27 of the
rubber layer 26 is then ground and finished to become smooth
and cylindrical and concentric with the cylindrical inner
surface 21 of the core member 20. The finished rubber layer
26 has a radial thickness that is up to one quarter inch
thick.

In this first embodiment, a transition layer 40 covers
the outermost surface 27 of the rubber layer 26. This
transition layer 40 is formed and composed in the same
manner as the core member 20 described above except that the
initial winding of epoxy bathed tape occurs around the outer
surface 27 of rubber layer 26.

As shown in Figs. 9 and 10 for example, a first spacer
ring 44 and a second spacer ring 45 are cut and machined
from an aluminum cylindex. Each spacer ring 44, 45 has an
axial thickness of about three (3) inches. Spacer ring 44
is configured with a first groove 51 disposed radially
around the outer circumference. Spacer ring 44 is further
configured with a pair of fitting openings 66 disposed
axially in the inner side surface of ring 44 and disposed
180 degrees apart. An elbow conduit 67 is formed to connect

each fitting opening 66 to groove 51.
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As shown in Fig. 10, spacer ring 45 is configured with
a gas inlet bore 52 defined to extend axially from the outer
side surface of ring 45 and having a threaded wall 53 to
receive a threaded pressurized gas fitting 54. Spacer ring
45 is further configured with a pair of fitting openings 66
disposed axially in the inner side surface of spacer ring 45
and disposed 180 degrees apart. At least one fitting
opening 66 in ring 45 is connected to inlet bore 52.

As each spacer ring 44, 45 is glued onto outer surface
42 of transition layer 40 at each free end thereof, a pair
of aluminum tubes 56 are glued into the fitting openings 66
of spacer rings 44, 45. A suitable adhesive for these
purposes is supplied by Angst & Pfister under the PERMABOND
E 32 trademark. Each gas conduit 56 is configured with an
internal diameter of about one quarter inch.

Thereafter, an outer cylindrical layer 35 is prepared
on a forming mandrel in much the same fashion as described
for the preparation of core member 20, with the following
exceptions. First, outer cylindrical layer 35 is to be
attached to spacer rings 44, 45 in a line-to-line fit, and
so the diameter of the forming mandrel is the same as the
outside diameter of the spacer rings 44, 45. Second, carbon
fibers are éubstituted for fiberglass strands. Third, the
angle at which the carbon fibers are laid is parallel to the
axis of rotation rather than substantially transversely
thereto. Fourth, outer layer 35 is stress-relieved before
being attached to the spacer sleeve.

The outer surfaces 32 of the spacer rings 44, 45 are

prepared with adhesive 46 (as shown in Fig. 5 for example),
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and then the outer cylindrical layer 35 is slid over the
outer surfaces 32 in a line-to-line fit therewith. Once the
adhesive sets and connects outer cylindrical layer 35 to
spacer rings 44, 45 and possibly 48, the outer surface 37 of
outer cylindrical layer 35 is finished to almost the desired
thickness of the spacer sleeve 210. About eight channels 50
are drilled radially through outer cylindrical layer 35 so
as to communicate with first groove 51 in spacer ring 44.
The spacer sleeve 210 is then air-mounted on a mock printing
cylinder, and the outer surface 37 is finished to become
smooth and cylindrical and concentric with the cylindrical
inner surface 21 of the core member 20 of the spacer sleeve.
This final finishing of outer surface 37 is performed to the
desired thickness for the intended printing sleeve that is
to be mounted on the spacer sleeve and to a sufficient
uniformity such that the combined TIR of the spacer sleeve
and a thin sleeve mounted thereon with printing plates, is
less than 0.0015 inches; After this finishing step, this
embodiment of the spacer sleeve is compléted.

To operate this embodiment of the spacer sleeve 210, a
printing cylinder 13 that is provided with a facility for
dispensing pressurized air through outer surface 12 thereof
via air escape holes (not shown) is fitted with the spacer
sleeve. As shown in Fig. 10, one end of the outer surface
12 of printing cylinder 13 is provided with a beveled
surface 19 and initially receives one end of the spacer
sleeve 210 thereon. Near that same end of the printing
cylinder, the air escape holes 25 are provided. The spacer

sleeve 210 is slid onto the outer surface 13 of the printing
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cylinder 12 until the air escape holes 25 are covered by the
spacer sleeve. Then the pressurized air is supplied to the
air escape holes in the printing cylinder 13, having the
effect of expanding the inner surface 21 of core member 20
of the spacer sleeve 210 sufficiently to easily slide the
remaining length of the spacer sleeve onto the outer surface
of the printing cylinder.

As the core member expands diametrically, the rubber
layer 26 is compressed between outer surface 22 of core
member 20 and inner surface 41 of transition layer 40. The
compression of rubber layer 26 results in radial compression
thereof and axial elongation thereof so that rubber layer 26
expands axially toward first free end 43 of spacer ring 44
and the outer side surface of spacer ring 45.

Once the entire spacer sleeve 210 is positioned
symmetrically onto printing cylinder 13, the pressurized air
is discontinued. Whereupon, the inner surface 21 of core
member 20 contracts to apply a tight fit about outer surface
12 of printing cylinder 13. 1In this way, the spacer sleeve
210 becomes torsionally rigidly mounted on the outer surface
12 of the printing cylinder 13. 1In other words, there is no
slippage between the outer surface 12 of the printing
cylinder 13 and the inner surface 21 of the spacer sleeve’s
core member 20.

A printing sleeve 15 carrying an attached printing
plate 16, is slid onto the end of the spacer sleeve 210
having the beveled surface part 60 near the free end
thereof. The printing sleeve 15 is slid until it covers

channels 50 in the outer cylindrical layer 35. A

34




pressurized gas fitting 54 is attached to gas inlet 52 as
shown in Fig. 1 for example. Pressurized air is provided
through fitting 54 into gas inlet bore 52. The pressurized
air travels through at least one conduit 56 and elbow

5 conduit 67 and fills first groove 51. The pressurized gas
then escapes through channels 50 and allows the inner
surface 14 of the printing sleeve 15 to be slid entirely
onto outer surface 37 of the spacer sleeve 210. Whereupon
the pressurized air is discontinued, and the gas fitting 54

L0 is disconnected from gas inlet 52.

Upon cessation of the pressurized air through channels

50, the inner surface 14 of the printing sleeve 15 contracts

so as to grip outer surface 37 of the spacer sleeve 210 in a

manner that results in printing sleeve 15 becoming

L5 torsionally locked to the spacer sleeve. After the printing

job is completed, and a different sleeve is to be mounted on

the spacer sleeve, the gas fitting 54 can be reconnected to

gas inlet 52. Pressurized gas is again supplied as

discussed above when the printing sleeve 15 was being

zg.. mounted onto the spacer sleeve 210. Similarly, the inner
,::p, surface 14 of the printing sleeve is slid entirely off of
seed the outer surface 37 of spacer sleeve 210.
$Teeee Similarly, spacer sleeve 210 caQ be removed by
Tefes? reversing the process by which the spacer sleeve was mounted
25, onto the printing cylinder. Moreover, it is possible to
o*°3% remove spacer sleeve 210 while retaining the printing sleeve

on the spacer sleeve, if desired. A spacer sleeve 210 that

: is already carrying a printing sleeve, can be mounted onto
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the printing cylinder in the same fashion as if there were
no printing sleeve already mounted on the spacer sleeve.
Example 2

This second example proceeds like Example 1 through the
transition layer 40. Next, as shown in Fig. 2, a length of
1/4 inch diameter hollow nylon tubing 56 measuring about two
inches shorter than the desired length of the spacer sleeve,
is placed axially along the length of the transition layer
40 and centered equidistant from each free end of the
transition layer, before being taped in place. A second
identical nylon tube 56 is similarly taped to the unfinished
exterior surface 42 of the transition layer at a
circumferential location that is 180¢ from the first tube.

The coarse outermost surface of the transition layer 40
and the two nylon tubes taped thereon, are then surrounded
by a bridge layer 30 composed of rigid, open cell
polyurethane foam. This is accomplished by heating a. steel
mold in an oven to a temperature of about 104¢ F. The mold
is then removed from the oven, and the sleeve composed of
the core member 20, the rubber layer 26, the transition
layer 40, and the nylon tubes, are place into the heated
mold. Then a liquid polyurethane composition is injected
into the heated mold where it surrounds the sleeve and is
allowed to cool for 12 hours to ambient temperature. The
sleeve now has an exterior layer of rigid, open cell
polyurethane foam and is removed from the mold.

The rigid polyurethane foam layer is ground to the
desired thickness, which is determined depending on the

outer diameter of the intended printing cylinder and the
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inner diameter of the intended printing sleeve, and becomes
the bridge layer 30. The outermost surface 32 of the bridge
layer 30 is finished to become cylindrical and concentric
with the cylindrical inner surface 21 of the core member 20.
5 . About one inch from a first end of the bridge layer, a
circumferentially extending groove 51 measuring three
eighths of an inch (3/8") wide in the axial direction, is
milled through the radial thickness of the bridge layer 30.
As shown in Fig. 2 for example, the depth of groove 51 is
L0 deep enough so as to remove a section of the wall of the
nylon tubes 56 and form a slot 57 therein. A second groove
55 is similarly formed about one inch from the second end of
the bridge layer 30. The upper portion of each groove 51,
55 is widened as shown in Fig. 3 for example, to a depth of
15 about one third of the thickness of the bridge layer. This
results in a countersunk surface 58 for each groove. A ring
clip 62 formed of fiberglass reinforced polymeric material
is inserted into the countersunk portion of each groove 51,
Steee S5 as a shield to protect slots 57 in the walls of the nylon
“20.° tubes from becoming clogged during the next step in the
manufacturing process. As shown in Fig. 2 for example, the
TS exterior diameter of each ring clip 62 is slightly smaller

than the exterior diameter of the bridge layer 30.

*e%ee’ An outer cylindrical layer 35 is formed by a final
25 ¢ layer of carbon fiber reinforced polymeric material. As
cese shown in Fig. 3 for example, the layer 35 of carbon fiber

AN reinforced polymeric material is applied to cover the

outermost surface 32 of the bridge layer 30, the exposed

sidewall surfaces 59 of the countersunk portions of the
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grooves 51, 55, and the outer surfaces 63 of the ring clips
62. Note in Figs. 1-4 that the carbon fiber reinforced
polymeric material also extends to cover the first and
second ends of the bridge layer 30 and the edge of the
transition layer 40. In so doing, there is formed a first
free end 38 (Fig. 4) of outer cylindrical layer 35 and a
second free end 39 (Fig. 3) of outer cylindrical layer 35.
This carbon fiber reinforced polymeric layer 35 is formed in
a similar manner as core member 20 is formed as described
above, except that carbon fibers are used instead of
fiberglass strands. Thus, the sleeve with the uncured resin
and carbon fibers wound around the outermost surface 32 of
the bridge layer 30 of rigid polyurethane foam and the outer
surface 63 of ring clips 62, are placed in an hot air oven
for several hours at a temperature of 1760 F. to polymerize
the carbon fiber reinforced polymeric layer. The outer
cylindrical layér 35 is formed by grinding the carbon fiber
reinforced polymeric layer to almost the desired thickness.
As shown in Figs. 1-3 for example, a gas inlet bore 52
is formed by drilliné a passage axially thrdugh second free
end 39 of outer éylindrical layer 35 and into one end of the
bridgellayer 30 so as to cdmmunicate with second
circumferential groove 55. This passage is then threaded
internally so as to threadingly receive a pressurized gas
fixture 54 as shown in Fig. 1. Near the end of the spacer
sleeve that is opposite the end where the axial gas inlet
bore 52 is drilled, eight channels 50 terminating in air
escape holes, each measuring 2 mm in diameter, are radially

drilled through the outer cylindrical layer 35 disposed
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above first groove 51. Each channel 50 is drilled through
the underlying ring clip 62 to communicate with the first
circumferential groove 51. The eight channels 50 are
equally spaced apart around the circumference of the spacer
sleeve.

The spacer sleeve is mounted (using air pressure to
expand the inside diameter of the core member) on a mock
printing mandrel of the size for which the finished sleeve
is intended. The spacer sleeve so mounted, has the outer
surface 37 of its outer cylindrical layer 35, finished to
become smooth and cylindrical and concentric with the
cylindrical inner surface 21 of the core member of the
spacer sleeve. After this finishing step, this embodiment
of the spacer sleeve is completed. However, the preferred
embodiment with the bridge layer formed of spacer rings 44,
45 as in Example 1, appears to yield a better run out
tolerance than this Example 2 embodiment with the bridge
layer formed of rigid polyurethane.

Example 3 .

Construction of a third hypothetical embodiment of. a
spacer sleeve 111 shown in Figs. 5 - 7B for example,
proceeds in the identical fashion as described in Example 1
for each of the core member 20, rubber layer 26, and
transition layer 40. Then a spacer ring 44, 45 is glued
onto outer surface 42 of transition layer 40 at each free
end thereof, resulting in the assembly shown in Figs. 5 and
6 for example. Depending upon the axial length of the
spacer sleeve 111 being constructed, one or more

intermediate spacer rings 48 may need to be glued along the
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length of the spacer sleeve between the two spacer rings 44,
45 disposed at each end of the spacer sleeve. Moreover,
each of the intermediate spacer rings 48 must be provided
with a plurality of gas passages 49 therethrough in order to
permit the passage of pressurized gas from the gas inlet 52
(Fig. 7B) to air channels 50, as described hereafter.

Thereafter, an outer cylindrical layer 35 is prepéred
and attached to the spacer rings 44, 45 in the same fashion
as described for Example 1. The outer cylindrical layer 35
is also finished and the air channels 50 formed in the same
fashion as described for Example 1.

Use of this embodiment of the spacer sleeve proceeds in
much the same fashion as the embodiment described above in
Example 1. The main difference is the path taken by the
pressurized air that enters via gas inlet 52. 1In this
embodiment shown in Fig. 7B for example, the pressurized gas
that enters gas inlet 52, proceeds to channels 50 without
passing through tubing 56. If intermediate spécer rings 48
are required, the pressurized gas passes through the gas
passages 49 formed therein.

While preferred embodiments of the invention have been
described using specific terms, such description is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from

the spirit or scope of the following claims.
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The claims defining the invention are as follows:
WHAT—FO—CHAFMED—FS:

1. A spacer sleeve for being torsionally rigidly mounted on
a rotogravure or flexographic printing cylinder that is to
be rotated about its axis when used in a printing machine
and for torsionally rigidly supporting on an outer surface
of the spacer sleeve, a_printing sleeve that carries
_printing matrices, wherein the spacer sleeve has three
operational modes such that in a first mode the spacer
sleeve can be selectively'air-mounted onto the printing
cylinder and unmounted from the printing cylinder, in a
second mode the printing sleeve can be selectively air-
mounted onto the spacer sleeve énd unmounted from-the spacer
sleeve, in a third mode the printing sleeve can be
torsionally locked to the spacer sleeve, wherein the spacer
sleeve has a first end and a second end disposed axially
opposite the first end, the spacer sleev§ comprising:

an elongated core member having a generally cylindrical
shape, said core member having a cylindrical inner surface
defining a hollow internal region, said core member having a
central rotational axis disposed in said hollow region, said
inner surface of said core member defining a diameter at
each point along the length thereof in a direction
transverse to said rotational axis, said core member being
formed of diametrically expandable, high rigidity material,
and said core member having a cylindrical outer surface;

a compressible means for mechanically absorbing radial
expansion of said core member, said compressible means
having an inner surface disposed against said cylindrical

outer surface of said core member, said compressible means
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having an outer surface disposed to face away from said core
member ; -

a bridge layer having generally cylindrical shape, said
bridge layer having an inner surface disposed to face toward

said outer surface of said compressible means, said bridge

layer being formed of incompressible material and haVing anl

outer surface disposed to face away from said compressible
means;

an outer cylindrical layer formed of high rigidity

material and defining an inner surface and an outer surface,

said inner surface of said outer cylindrical layer being
disposed against said bridge layer; and
a means for providing pressurized gas at the outer

surface of the spacer sleeve.

2. A spacer sleeve as in claim 1, wherein said bridge layer
is defined by at least a first spacer ring and a second
spacer ring spaced axially apart from said first spacer
ring, each said spacer ring having an outer surface disposed
to support said inner sﬁrface of said outer cylindrical
layer, each said spacer ring having an inner surface

disposed toward said core member.

3. A spacer sleeve as in claim 2, wherein said gas
provision means includes a plurality of channels, each said
channel being configured to direct gas from within said

bridge layer.and to the outer surface of the spacer sleeve.

42




4. A spacer sleeve as in claim 3, wherein said gas
provision means includes a first groove defined in said
bridge layer and configured to extend circumferentially and

- communicate with said channels.

5. A spacer sléeve as in claim 4, wherein said gas
provision means includes a gas inlet bore defined in said
bridge layer and configured to extend axially therein and
receive a pressurized gas fitting for the provision of

pressurized gas.

6. A spacer sleeve as in claim 5, wherein said ‘gas
provision means includes at least one gas conduit, each said
gas conduit being disposed in said bridge layer and
extending axially therein and configured to permit passage

of gas from said gas inlet to said first groove.

7. A spacer sleeve as in claim 6, wherein said gas conduit

oo is a rigid tube extending between said spacer rings.

*
setrel 8. A spacer sleeve as in claim 3, wherein said channels are

defined through said outer cylindrical layer.

et 9. A spacer ,sleeve as in claim 3, wherein said channels are

Tee® defined through said first spacer ring.

10. A spacer sleeve as in claim 9, wherein said gas

provision means includes a first groove defined through said
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first spacer ring and configured to extend circumferentially

and communicate with said channels.

11. A spacer sleeve as in claim 9, wherein said gas
provision means includes a first groove defined through said
outer surface of said first spacer ring and configured to

extend circumferentially and communicate with said channels.

12. A spacer sleeve as in claim 1, wherein said bridge

layer is formed of expanded rigid polyurethane.

13. A spacer sleeve as in claim 1, further comprising:

a transition layer having a cylindrical inner surface
disposed against said compressible means and having an outer
surface disposed against said inner surface of said bridge

layer.

14. A spacer sleeve as in claim 13, wherein said transition
‘layer is composed of material that includes one of the group
consisting of aramid fibre bonded with epéxy resin, aramid
fibre bonded with polyester resin, hardened glass fibre
bonded with epoxy resin, hardened glass fibre bonded with
polyester resin, carbon fibre bonded with epoxy resin, and

carbon fiber bonded with polyester resin.

15. A spacer sleeve as in claim 1, wherein said core member
is composed of material that includes one of the group
.consisting of graphite impregnated plastics, urethane of

grade greater than 75 shore A, aramid fibre bonded with
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epoxy resin, aramid fibre bonded with polyester resin,
hardened glass‘fibre bonded with epoxy resin, hardened glass
fibre bonded with polyester resin, hardened carbon fibre
bonded with epoxy resin, and hardened carbon fibre bonded

with polyester resin.

16. A spacer sleeve as in claim 1, whérein said outer
surface of said outer cylindrical layer being configured to
a tolerance capable of supporting a printing cleeve thereon,
and said outer surface of said outer cylindrical layer
defining a diameter at each point along the length thereof

in a direction transverse to said rotational axis.

17. A spacer sleeve as in claim 16, wherein said diameter
of said outer surface of said outer cylindrical layer is

constant along the length thereof.

18. A spacer sleeve as in claim 16, wherein said diameter
of said outer surface of said outer cylindrical layer,
varies at a constant rate so that said outer surface tapers
along the length thereof from the first end of the spacer

sleeve to the second end of the spacer sleeve.

19. A spacer sleeve as in claim .1, wherein said diameter of
said inner surface of said core member is constant along the

length thereof.

20. A spacer sleeve as in claim 1, wherein said diameter of

said inner surface of said core member, varies at a constant
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rate so that said inner surface tapers along the length
thereof from the first end of the spacer sleeve to the

second end of the spacer sleeve.

21. A spacer sleeve as in claim 1, wherein said outer
cylindrical layer is composed of material that includes one
of the group consisting of aluminum, steel, aramid fiber
bonded with epoxy resin, raramid fiber bonded with polyester
S resin, hardened glass fiber bonded with epoxy resin,
hardened glass fiber bonded with polyester resin, carbon
fiber bonded with epoxy resin, and carbon fiber bonded with

polyester resin.

22. A spacer sleeve for being torsionally rigidly mounted

on a rotogravure or flexographic mandrel that is to be

rotated about its axis when used in a printing machine and

for torsionally rigidly supporting by an interference  fit on
5 an outer surface of the spacer sleeve, a printing sleeve
that carries printing matrices, wherein the spacerAsleeve
has three operational modes such that in a first mode the
spacer sleeve can be selectively air-mounted onto the
printing cylinder and unmounted from the printing cylinder,
L | in a second mode the printing sleeve can be selectively air-
mounted onto the outer surface of the spacer sleeve and
unmounted from the outer surface of the spacer sleeve, in a
%2t third mode the printing sleeve can be torsionally locked to
‘enes’ the outer surface of the spacer sleeve, wherein the spacer
L5 sleeve has a first end and a second end disposed axially

; opposite the first end, the spacer sleeve :omprising:
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an elongated core member having a generally cylindrical
shape, said core ﬁember having a cylindrical inner surface
defining a hollow internal region, said core member having a
central rotational axis disposed in said hollow region, said
inner surface of said core member defining a diameter at
each point along the length thereof in a direction
transverse to said rotational axis, .said core member being
formed of diametrically expandable, high rigidity material,
and said core member having a cylindrical outer surface;

a compressible means for mechanically absorbing radial
expansion of said core member, said compressible means
having an inner surface disposed against said cylindrical
outer surface of said core member, said compressible means
having an outer surface disposed to face away from said core
member ;

a bridge layer having generally cylindrical shape, said
bridge layer having an inner surface disposed to face toward
said outer surface of said compressible means, said bridge
layer being formed of incompressible material and having an
outer surface disposed to face away from said compressible
means;

a transition layer having a cylindrical inner surface
disposed against said compressible means and having an outer
surface disposed against said inner surface of said bridge
layer; -

an outer cylindriéal layer formed of high rigidity
material and defining an inner surface and an outer. surface,
said inner surface of said outer cylindrical layer being

disposed against said bridge layer, wherein said outer

47




surface of said outer cylindrical iayer being configured to
a tolerance capabie of supporting a printing sleeve thereon,
and said outer surface of said outer cylindrical layer
defining a diameter at each point along the length thereof
50 in a direction transverse to said rotational axis; -

a means for providing pressurized gas at the outer
surface of the spacer sleeve, said gas provision means
including:

a plurality of channels, each said channel being
55 configured to direct gas from within said bridge layer
and through the outer surface of the spacer sleeve,
a first groove defined in said bridge laYer and
configured to extend circumferentially and ‘
- communicating with each said channel,
50 a gas inlet bore defined in said bridge layer and
| configured to extend axially therein and receive a
pressurized gas fitting for the provision of
pressurized gas,

a second groove defined in said bridge layer and
}5": configured to extend circumferentially and
communicating with said bore, and
ottt at least one gas conduit, each said gas conduit
being disposed in said bridge layer and extending
Te%eat axially therein and configured to permit passage of gas

70 from said second groove to said first groove.

48




23. A spacer sleeve for being torsionally rigidly mounted on a rotogravure
or flexographic mandrel that is to be rotated about its axis when used in a printing
machine and for torsionally rigidly supporting by an interference fit on an outer surface
of the spacer sleeve, a printing sleeve that carries printing matrices, said spacer sleeve
being substantially as hereinbefore described with reference to the accompanying
drawings. - '

Dated 25 September, 1998
Erminio Rossini S.p.A.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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