07/084480 A2 |1 00 00O 0O

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T R OO O

International Bureau

(43) International Publication Date
26 July 2007 (26.07.2007)

(10) International Publication Number

WO 2007/084480 A2

(51) International Patent Classification: Not classified
(21) International Application Number:
PCT/US2007/001081

(22) International Filing Date: 15 January 2007 (15.01.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/759,714 18 January 2006 (18.01.2006) US
(71) Applicant (for all designated States except US): 3M
INNOVATIVE PROPERTIES COMPANY [US/US],
3M Center, Post Office Box 33427, Saint Paul, Minnesota

55133-3427 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): SMEENK, Lars A.,
[US/US]; 3M Center, Post Office Box 33427, Saint Paul,
Minnesota 55133-3427 (US).

(74) Agents: FRANZEN, Rick, L., et al.; 3M Center, Office of
Intellectual Property Counsel, Post Office Box 33427, St.
Paul, Minnesota 55133-3427 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: DEAD-SHAFT ROLLER WITH AEROSTATIC ROTARY UNION

(57) Abstract: A dead-shaft roller having a shaft and a roll with a fluid circulation passage therein, and at least two bearings support
the roll on the shaft. A rotary union is positioned at at least one end of the roll, possibly both. The rotary union has a rotatable sleeve
and a non-rotating sleeve. The rotatable sleeve has a fluid conducting path therein, such that the fluid conducting path is in fluid
communication with the fluid circulation passage in the roll. The non-rotating sleeve is positioned adjacent and internal to the
rotatable sleeve. The non-rotating sleeve has a first fluid port therein such that the fluid conducting path is in fluid communication
with the first fluid port at a first fluid transfer zone. At least two air bearings are present, mounted between the rotatable sleeve and
the non-rotating sleeve, such that the air bearings are on opposite sides of the first fluid transfer zone.



10

15

20

25

WO 2007/084480 PCT/US2007/001081

DEAD-SHAFT ROLLER WITH AEROSTATIC ROTARY UNION

Cross-Reference to Related Application
This application claims the benefit of U.S. Provisional Patent Application Serial
No. 60/759714, filed January 18, 2006, entitled "Dead-Shaft Roller with Aerostatic Rotary

Union", which application is hereby incorporated by reference in its entirety.

Technical Field
The present invention is related to rollers for the support of indefinite length webs,

and more particularly to dead-shaft idler rollers that include temperature control.

Background

In recent years the fabrication of products in the form of, or conversion from, an
indefinite length web of material has become a popular method of manufacture whenever
the product lends itself to such methods. High production rates and lower costs are often
obtained when web based manufacturing can be used. A well-developed art has grown up
around the need for moving and handling indefinite length webs when such web based
methods are used.

Dead-shaft idler rollers are commonly used to support and/or deflect indefinite
length webs during production processes. It is usually desirable to construct such idler
rollers to present minimal rotational friction to the web being supported. Energy losses
caused by rotational friction in the idler roller must be made up by the transfer of kinetic
energy from the web to the idler roller. This is undesirable for several reasons, including
the possibility of loss of precision tension control over the web.

Dead-shaft idler rollers are generally preferred over similar live-shaft rollers for
various reasons. Dead-shaft rollers have less roll face deflection than a similar live-shaft
design because its bearings are located in headers, i.e. closer to the center of the roll. |
Precision grinding of a dead-shaft roll is typically less complicated than for a live-shaft roll

of comparable size and capacity in terms of mounting, aligning, and driving the roll in the
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grinding machine. Additionally, it is easier to mount and maintain the alignment of dead-
shaft rollers on manufacturing equipment than live-shaft rollers.

Another type of roller also often used in web-based manufacturing is a temperature
controlled roller. In some processes, it is desirable to add or remove thermal energy from
the web at some stage of production processes. Electrical heaters can be used to impart
energy (heat). However, rolls that are heated or cooled by fluid are also known to the art
and have their advantages over electrically hegted rollers. For example, water is a very
efficient and safe medium to transfer heat to a web. Fluid or water heated rolls can be
controlled more responsively than electrically heated rolls. Further, fluid such as water
can both heat and cool relative to room temperature. There are numerous expedients
discussed in literature that allow fluid to be circulated through a temperature controlled
roller while it is spinning. However, these expedients all pertain to live-shaft rollers. The
art would be well served by the discovery of the mechanism by which the advantages of
fluid-based temperature-controlled rollers could be combined with the advantages of dead-

shaft rollers.

Summary

Embodiments of the present invention address these issues by providing a dead-
shaft roller that includes a rotary union for transferring fluid to the roll even while the roll
is spinning. One of the features that appears in preferred embodiments of this invention is
that the air, used in the air bearings to reduce friction between moving parts within the
rotary union, also seals leakage of fluid.

In one respect, the invention is a dead-shaft roller having a shaft and a roll with a
fluid circulation passage therein for flow of heating or cooling fluid. At least two beatrings
support the roll on the shaft. A rotary union is positioned at at least one end of the roll;
sometimes a rotary union is positioned at each end. The rotary union includes a plurality
of fluid paths or passages therein, to control the flow of the heating or cooling fluid. In
some embodiments, the rotary union has a rotatable sleeve and a non-rotating sleeve. The
rotatable sleeve has a fluid conducting path therein, in fluid communication with the fluid
circulation passage in the roll. The non-rotating sleeve is positioned adjacent the rotatable

sleeve, usually internal to the rotatable sleeve, and has a first fluid port therein, the first
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fluid port being at a first fluid transfer zone and in fluid communication with the fluid
conducting path of the rotatable sleeve. In most embodiments, at least two air bearings are
present, mounted between the rotatable sleeve and the non-rotating sleeve and positioned
on opposite sides of the first fluid transfer zone.

The rotary union and its various passages and ports may supply or recover the fluid
used for temperature control. In many preferred embodiments, the rotary union both
supplies and recovers the fluid. In such embodiments, the roll also has a fluid return
passage for returning fluid that has passed through the fluid circulation passage.
Additionally, the non-rotating sleeve has a second fluid port at the rotary union that is a
fluid outlet, and the rotatable sleeve has a fluid return conduit therein, such that the fluid
return conduit is in fluid communication with the fluid return passage. In parallel with the
discussion above, the fluid return conduit is in fluid communication with the second fluid
port at a second fluid transfer zone. For best results, the air bearings are positioned on
opposite sides of the second fluid transfer zone.

In some embodiments, the roll may be configured as multiple (e.g., two or three)
nested shells so that, for example, the first and the second shell that together define the
fluid circulation passage. In such designs, it is often advantageous for the second and a
third shell to together define the fluid return passage.

When using a dead-shaft roller according to the present invention, it is usually
desirable to provide at least one support for the shaft that is adapted to accommodate the

expected thermal expansion of the shaft during operation.

Brief Description of the Drawings
FIG. 1 shows a perspective view of a dead-shaft roller according to the present
invention.
F1G. 2 shows a cross-section view of the dead-shaft roller, taken along section lines
2-2 of FIG. 1.

Detailed Description
Referring now to FIG. 1, a perspective view of a dead-shaft roller according to the

present invention is illustrated. The dead-shaft roller 10 includes a roll 12 mounted on a

-3-
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dead shaft 14. At least one bearing 16, usually at least two bearings 16, support the roll 12
of the dead shaft 14; only one bearing 16 is visible in FIG. 1. The bearings 16 are
conveniently rolling element bearings, although other types will also prove suitable. Many
preferred embodiments of the dead-shaft roller 10 have the dead shaft 14 supported by a
pair of mounts, such as shaft mounts 18 and 20. The shaft mounts 18, 20 conveniently
include a shaft clamp 22 capable of accommodating thermal expansion in the dead shaft
14. The shaft clamp 22 is conveniently attached to a flexural mount 24, such as by two
bending members 26 and 28.

The dead-shaft roller 10 also has a rotary union 30 at at least one end of the roll 12.
As the reader will discern in connection with the discussion below, the invention can be
prepared with a rotary union at one or both ends of the roll 12. Embodiments having a
rotary union 30 at each end are simpler to construct in some ways, more difficult in other
ways, but on balance, tend to be more expensive than the illustrated embodiment with one
union 30. The illustrated embodiment also conveniently includes a manifold 32 for the
connecting of air and fluid to the rotary union 30 via air hoses 34 and fluid hoses 36, as
desired.

Roll 12, together with rotary union 30, provide fluid flow through roll 12 to heat or
cool dead-shaft roller 10, as desired.

Referring now to FIG. 2, a cross-section view of the dead-shaft roller 10, taken
along section lines 2-2 of FIG. 1, is illustrated. For clarity, the manifold 32 of FIG. 1 has
been removed. The illustrated roll 12 has a first shell 40 and a second shell 42 that
together define a fluid circulation passage 44. Fluid moving through the fluid circulation
passage 44 serves to regulate the temperature of the outer surface 46 of first shell 40. The
illustrated embodiment also has a third shell 48 internal to the first and second shells 40,
42, such that the second shell 42 and the third shell 48 together define a fluid return
passage 50. The efficiency of the thermal transfer from roll 12 to web is usually enhanced
if the fluid circulation passage 44 and/or the fluid return passage 50 (if present) are
constructed in the form of a spiral annulus around roll 12.

Adjacent to at least one end of the roll 12 is the rotary union 30, which includes a
rotatable sleeve 60 that is attached to and rotates with the roll 12, and non-rotating sleeve

62 adjacent to and positioned interior to the rotatable sleeve 60. The rotatable sleeve 60
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has at least one fluid conducting path 64 therein, such that the fluid conducting path 64 is
in fluid communication with the fluid circulation passage 44 defined by shells 40 and 42.
The non-rotating sleeve 62 has a first fluid port 66 therein, and the fluid conducting path
64 is in fluid communication with the first fluid port 66 at a first fluid transfer zone 68. It
is usually convenient for the first fluid transfer zone 68 to extend around at least a portion
of, and at least a good bit of, the circumference of the rotatable sleeve 60 and non-rotating
sleeve 62.

The rotary union 30 has at least one air bearing, in this embodiment at least two air
bearings 70 and 72 longitudinally mounted along shaft 14 between the rotatable sleeve 60
and the non-rotating sleeve 62, with air bearings 70, 72 positioned on opposite sides of the
first fluid transfer zone 68. The presence of the air bearings 70, 72 in these positions
achieves a valuable end in that the air pressure within the air bearings accomplishes two
functions: air pressure floats the non-rotating sleeve 62 for easy motion relative to the
rotatable sleeve 60; and, contains the fluid in the first fluid transfer zone 68.

The illustrated rotary union 30 is adapted not only for conveying fluid into the fluid
circulation passage 44, but also for collecting that fluid returning from the roll 12 via the
fluid return passage 50. Accordingly, the non-rotating sleeve 62 has a second fluid port 76
that is generally used as an outlet for fluid that has circulated through the roll 12.

Similarly with the structures noted above, the rotatable sleeve 60 has a fluid return conduit
therein 78, such that the fluid return conduit 78 is in fluid communication with the fluid
return passage 50. Also similarly, the fluid return conduit 78 is in fluid communication
with the second fluid port 76 at a second fluid transfer zone 80. Once again, the air
bearings 70, 72 are on opposite sides of the second fluid transfer zone 80.

In many preferred embodiments, a water barrier annulus 82 is present, conveniently
sized (e.g., ground) to a diameter just slightly less than the inside diameter of the rotatable
sleeve 60. Extra effort on precision grinding at this point facilitates to separate the
exchanges going on in first fluid transfer zone 68 and second fluid transfer zone 80.

Conveniently, a first and a second exhaust grooves 84 and 86 (e.g., for air and/or
water) are present to collect and remove the small amount of water that might leak through

the tight clearance between the rotatable sleeve 60 and the non-rotating sleeve 62.
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In many preferred embodiments, the non-rotating sleeve 62 is loosely restrained
from longitudinal movement, i.e., parallel to the long axis of dead shaft 14. Any number
of mechanical expedients can serve to accomplish this, including a radially extending
ﬂangg mounted on the dead-shaft 14 just outboard of the end of non-rotating sleeve 62.

Dead-shaft rolier 10, configured for fluid passage therethrough to heat or cool
surface 46, as desired, is configured for moving indefinite lengths of web material during
processing. The operation of roller 10 generally is no different from operation of
conventional dead-shaft rollers, other than supplying and feeding fluid (e.g., water) to the
various paths and passages, even while roll 12 is spinning.

While the invention has been particularly shown and described with reference to
various embodiments thereof, it will be understood by those skilled in the art that various
other changes in the form and details may be made therein without departing from the

spirit and scope of the invention.
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‘What is claimed is:
1. A roller system, comprising:
a shaft;
a roll having a fluid circulation passage therein;
at least two bearings supporting the roll on the dead shaft;
a rotary union at at least one end of the roll, the rotary union comprising

a rotatable sleeve having a fluid conducting path therein, such that the fluid
conducting path is in fluid communication with the fluid circulation passage;

a non-rotating sleeve adjacent the rotatable sleeve, the non-rotating sleeve
having a first fluid port therein such that the fluid conducting paths are in fluid
communication with the first fluid port at a first fluid transfer zone;

at least two air seals mounted between the rotatable sleeve and the non-

rotating sleeve, such that the air seals are on opposite sides of the first fluid transfer zone.

2. The system according to claim 1 wherein the at least two air seals are each associated

with an air bearing.

3. The system according to claim 1 wherein

the roll further comprises a fluid return passage for returning fluid from the fluid
conducting path, and wherein

the non-rotating sleeve has a second fluid port therein,

the rotatable sleeve has a fluid return conduit therein, such that the fluid return
conduit is in fluid communication with the fluid return passage, and also such that the fluid
return conduit is in fluid communication with the second fluid port at a second fluid
transfer zone, such that the air bearings are on opposite sides of the second fluid transfer

zone.

4. The system according to claim 2 wherein the roll comprises a first and a second shell

that together define the fluid circulation passage.
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5. The system according to claim 3 wherein the roll comprises a third shell such that the

second shell and the third shell together define the fluid return passage.
6. The system according to claim 1 wherein the bearings are rolling element bearings.

7. The system according to claim 1 further comprising at least one support for the shaft

adapted to accommodate thermal expansion of the shaft.

-8-
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