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(57) A shoe press for applying pressure to a moving
web (W) of paper or the like includes a press shoe ex-
tending along a full width of the web being carried
through a nip (N) defined between the shoe and a back-
ing member (16), a support (18) for the shoe, and a plu-
rality of articulated hydraulic loading cylinders (20) ar-
ranged between the support and the shoe for urging the
shoe toward the backing member (16) to apply pressure
to the web. Each loading cylinder (20) includes a single
piston (26) and first and second cylinders (22, 24) at-
tached to the shoe and to the support, respectively. The

opposite end portions of the piston are slidably received
within the cylinders so as to define working chambers
(34) in the cylinders which are pressurizable by hydrau-
lic fluid for urging the two cylinders away from each oth-
er. The piston (26) engages the cylinders (22, 24) at
seals (32) which enable the piston to pivot with respect
to both cylinders about axes parallel to and perpendic-
ular to the machine direction so as to enable the loading
cylinders to accommodate deformations and thermal
expansion of ,the shoe in the cross-machine direction
and to allow the shoe to pivot about an axis perpendic-
ular to the machine direction.
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Description

Field of the Invention

[0001] The present invention relates to shoe presses
for applying pressure to a running web of paper, paper-
board, or the like. More particularly, the present inven-
tion relates to a shoe press of the type having a support
which supports a press shoe adjacent to a counter roll
or other backing member such that the press shoe and
backing member form an extended nip therebetween,
and having a hydraulic device for urging the press shoe
toward the backing member to apply pressure to the
web running through the nip.

Background of the Invention

[0002] I|napapermaking machine, a wet web of paper
or the like from the forming section of the machine is
typically carried through the nip of a shoe press of the
above-described type, where the web is pressed be-
tween two layers of absorbent felt or the like for wicking
moisture from the web. Such shoe presses can also be
used for calendering the web downstream of the forming
section.

[0003] Various shoe presses of the above-described
type have been proposed. For example, U.S. Patent No.
4,917,768, which is commonly owned with the present
application, discloses a shoe press in which the press
shoe is carried on the support by tubular sleeves rigidly
affixed to and spaced apart on the support along the
cross-machine direction, the sleeves being slidably re-
ceived within cylindrical recesses in the press shoe to
permit the press shoe to be moved toward and away
from a counter roll for varying the nip pressure. The shoe
press includes hydraulic jacks upstream and down-
stream of the sleeves for urging the press shoe toward
the counter roll and for pivoting the shoe about a cross-
machine axis so as to vary the nip pressure in the ma-
chine direction. The sleeves fit somewhat loosely in the
recesses in the shoe and a resilient seal encircles each
sleeve for sealing the interface between the sleeve and
recess. Accordingly, the press shoe is capable of pivot-
ing relative to the support for varying the nip pressure
in the machine direction.

[0004] One of the difficulties encountered in shoe
presses is thermal expansion of the shoe from frictional
heating of the shoe by the belt that carries the paper
webthrough the press, as well as from hot hydraulic fluid
which is circulated through the shoe for various purpos-
es. Thermal expansion of the shoe causes elongation
in the cross-machine direction. In the shoe press dis-
closed in the '768 patent, such thermal expansion of the
shoe causes the sleeves 1o be placed under bending
stresses, which is undesirable. Moreover, although the
shoe in the '768 patent is slidable on the pistons of the
hydraulic jacks, the large normal forces exerted on the
shoe by the pistons during operation of the shoe press
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result in substantial frictional forces on the pistons when
the shoe expands through thermal action. Consequent-
ly, the pistons are placed in bending within the cylinders
of the hydraulic jacks, and such bending can lead to mal-
function of the jacks, particularly for the cylinders toward
the outer ends of the shoe farthest from the centerline
where thermal expansion results in relatively greater
translation of the shoe relative to the support and pis-
tons. Bending of the pistons is undesirable from the
standpoint of wear on the pistons, cylinders, and seals,
and can also interfere with proper functioning of the
press. Additionally, thermal expansion of the shoe can
cause leakage of hydraulic fluid when the seals are ex-
cessively deformed.

[0005] In part because of the problems noted above
with respect to the bending of the sleeves, the assignee
of the present application developed an alternative shoe
press similar to that disclosed in the '768 patent but elim-
inating the sleeves. However, this shoe press still suf-
fered from the problems of bending of the pistons of the
hydraulic jacks as noted above. Additionally, because
the shoe was freely supported on the pistons of the hy-
draulic jacks, the shoe was free to take a variety of po-
sitions relative to the support beam and counter roll.
More particularly, the shoe could become slanted,
wherein one end of the shoe was displaced towards the
downstream end of the machine and the opposite end
was displaced toward the upstream end of the machine.
Because of frictional forces between the shoe and the
pistons, once the shoe became slanted it was difficult
for the shoe to readjust into a correct position.

Summary of the Invention

[0006] The present invention provides a shoe press
capable of tolerating relatively large cross-machine
elongations and other deformations of the press shoe
without the problems associated with some prior shoe
presses noted above. In one embodiment of the inven-
tion, the shoe press includes a press shoe that extends
in a cross-machine direction along the full width of a web
being carried through the press, and a plurality of artic-
ulated hydraulic loading cylinders spaced apart along
the shoe in the cross-machine direction and supported
by a support. The loading cylinders define working
chambers that are pressurizable by hydraulic fluid so as
to cause the loading cylinders to urge the press shoe
away from the support and toward a counter roll or other
backing member for applying pressure to the web being
carried through the nip defined between the shoe and
the backing member. Each loading cylinder comprises
a piston member disposed within a cylinder member.
One of the piston and cylinder members comprises a
two-piece member having a first member fixed relative
to the press shoe and a second member fixed relative
to the support, while the other of the piston and cylinder
members comprises a coupler. For example, in one pre-
ferred embodiment, the two-piece member comprises
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first and second cylinders and the coupler comprises a
piston which is slidably received within both of the cyl-
inders. In an alternative preferred embodiment, the two-
piece member comprises first and second pistons and
the coupler comprises a cylinder which surrounds both
of the pistons.

[0007] The coupler sealingly engages both the first
and second members such that the first member is
urged away from the second member in a loading direc-
tion by pressurization of the working chamber to cause
the press shoe to be urged toward the backing member.
In order to enable the loading cylinders to accommodate
cross-machine elongation of the press shoe, each cou-
pler engages the respective first and second members
at seals which enable the coupler to pivot relative to the
first and second members about axes parallel to the ma-
chine direction. Thus, the press shoe is free to thermally
expand in the cross-machine direction without causing
bending of any piston and/or cylinder members of the
loading cylinders.

[0008] In accordance with a preferred embodiment of
the invention, each loading cylinder includes first and
second cylinders and a single piston. A first working
chamber is defined by the first cylinder and a first end
of the piston which is slidably received therein, and a
second working chamber is defined by the second cyl-
inder and a second end of the piston which is slidably
received therein. Each working chamber is pressuriza-
ble with hydraulic fluid for urging the press shoe in the
loading direction away from the support and toward the
backing member. Preferably, the piston includes a pas-
sage connecting the two working chambers to enable
fluid communication therebetween. One of the press
shoe and the support includes a supply passage for sup-
plying pressurized hydraulic fluid into one of the first and
second working chambers. Advantageously, the supply
passage is in the support for supplying fluid to the sec-
ond working chamber.

[0009] Various configurations of cylinders and pistons
are possible within the scope of the invention. In accord-
ance with one preferred embodiment, the piston com-
prises a tubular member having generally cylindrical in-
ner and outer surfaces. Each of the first and second
ends of the piston has an annular flange which projects
radially outward beyond the cylindrical outer surface of
the piston, and each flange supports a resilient com-
pressible seal. The radial dimensions of the flanges are
sufficiently large in relation to their axial extent and to
the axial lengths of the portions of the piston residing
within the cylinders, that a substantial degree of pivotal
movement of the piston is enabled relative to the cylin-
ders about axes parallel to the machine direction. Pref-
erably, the second cylinder includes a stop member
which extends radially inward to a diameter smaller than
the flange on the second end of the piston so as to limit
movement of the piston in the loading direction away
from the support.

[0010] In accordance with yet another preferred em-
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bodiment of the invention, a hydraulically operated
shoe-retracting actuator is disposed within the interior
of the piston of at least one of the loading cylinders. Ei-
therthe support or the shoe includes a passage adapted
to supply hydraulic fluid to the shoe-retracting actuator,
the actuator being operable by hydraulic pressure to re-
tract the shoe away from the counter roll and toward the
support. The shoe-retracting actuator preferably com-
prises an actuator piston attached to the support and
extending into the interior of the piston of the loading
cylinder, and an actuator cylinder sealingly surrounding
the actuator piston so as to define a chamber pressur-
izable.by hydraulic fluid to urge the actuator cylinder to-
ward the support. The actuator cylinder engages a pro-
jection affixed to the press shoe such that actuation of
the shoe-retracting actuator causes the press shoe to
be urged toward the support.

[0011] It will thus be appreciated that the invention
provides a shoe press in which the press shoe is sup-
ported so as to be freely movable in the cross-machine
direction without wear, bending, or other undesirable
consequences to the loading cylinders. The loading cyl-
inders also can accommodate deformations or transla-
tions of the press shoe in the machine direction, as well
as pivoting of the press shoe about an axis parallel to
the cross-machine direction. Additionally, the articulated
loading cylinders prevent the press shoe from assuming
a slanted position.

Brief Description of the Drawings

[0012] The above and other objects, features, and ad-
vantages of the invention will become more apparent
from the following description of certain preferred em-
bodiments thereof, when taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a cross-sectional view of a shoe press in
accordance with a first preferred embodiment of the
invention, taken on a plane parallel to the machine
direction through an axis of one of the loading cyl-
inders;

FIG. 2 is a view similar to FIG. 1, showing the press
shoe pivoted relative to the support about an axis
parallel to the cross-machine direction;

FIG. 3 is a cross-sectional view of the press shoe
of FIG. 1 taken on a plane parallel to the cross-ma-
chine direction through the axes of the loading cyl-
inders;

FIG. 4 is a cross-sectional view similar to FIG. 1,
showing a second preferred embodiment of the in-
vention having two rows of loading cylinders spaced
apart in the machine direction for imparting pivotal
motion to the press shoe to vary the nip pressure in
the machine direction;

FIG. 5 is a view similar to FIG. 3, showing a third
preferred embodiment of the invention;

FIG. 6 is a view similar to FIG. 1, showing a fourth
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preferred embodiment of the invention having two
pistons and a common cylinder,;

FIG. 7 is a view similar to FIG. 1, showing one of
the loading cylinders of a fifth preferred embodi-
ment of the invention;

FIG. 7A is a top elevation of the shoe of the shoe
press of FIG. 7, showing pins and stops along the
side and downstream edges of the shoe for restrain-
ing motion of the shoe;

FIG. 8 is a view similar to FIG. 7, showing another
of the loading cylinders which includes an internal
shoe-retracting actuator within the piston of the
loading cylinder; and

FIG. 9is a view similar to FIG. 8, showing a loading
cylinder in accordance with a sixth preferred em-
bodiment of the invention.

Detailed Description of the Drawings

[0013] The invention is now explained by reference to
certain preferred embodiments thereof as shown in the
drawings. It will be understood, however, that the inven-
tion is not limited to the embodiments shown and de-
scribed herein.

[0014] W.ith reference to FIGS. 1-3, a shoe press 10
in accordance with a first preferred embodiment of the
invention is illustrated. The shoe press 10 includes a
press shoe 12 which is configured on one surface 14
thereof so as to be generally complementary in contour
to a backing member such as the counter roll 16 depict-
ed in the drawings. The shoe 12 and counter roll 16 de-
fine a nip N through which a moving web W of paper,
paperboard, or the like is carried. The web W typically
is carried by an endless belt Band is in contact with one
or more press felts F or other absorbent material. The
shoe press 10 can be used in the press section and/or
calender of a papermaking machine, and can also be
used as a prepress in a forming section of a papermak-
ing machine. It will be recognized that when used in a
calender or forming section of a machine, the web W
would be passed through the device 10 without any ab-
sorbent felt.

[0015] The shoe press 10 further includes a support
18. The shoe 12 and the support 18 extend lengthwise
in the cross-machine direction (as best seen in FIG. 3)
along at least the full width of the web W, and preferably
the shoe 12 is slightly wider than the web W. The shoe
12 is supported by the support 18 and is urged toward
the backing member 16 for applying pressure to the web
W by a plurality of articulated hydraulic loading cylinders
20 arranged between the support 18 and the shoe 12
and spaced apart in the cross-machine direction.
[0016] Each loading cylinder 20 comprises a piston
member and a cylinder member, one of the members
being formed in two parts and the other member forming
a coupler between the two parts. More particularly, the
two-piece member of the loading cylinder 20 includes a
first cylinder 22 that is fixed relative to the shoe 12, a
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second cylinder 24 that is fixed relative to the support
18, and a piston 26 slidably received with each of the
cylinders. In the embodiment depicted in FIGS. 1-3, the
first cylinder 22 comprises a recess formed in the shoe
12. The second cylinder 24 is a member formed sepa-
rately from the support 18 and affixed thereto.

[0017] A first end 28 of the piston 26 is slidably re-
ceived within the first cylinder 22 and a second end 30
of the piston is slidably received within the second cyl-
inder 24. A resilient compressible seal 32 surrounds
each end of the piston 26 for sealing against the inner
surfaces of the cylinders. A first working chamber 34 is
thus defined between the first end 28 of the piston 26
and the side and end walls of the first cylinder 22, and
a second working chamber 36 is defined between the
second end 30 of the piston and the side and end walls
of the second cylinder 24. The piston 26 includes a pas-
sage 38 connecting the first and second working cham-
bers so that there is fluid communication between them.
The support 18 includes a supply passage 40 for sup-
plying pressurized hydraulic fluid into the second work-
ing chamber 36. The supply passage 40 connects with
abore 42 in afastener 44 which is used for securing the
second cylinder 24 to the support 18. Thus, pressurized
fluid supplied through the passage 40 into the second
working chamber 36 causes the first and second cylin-
ders 22 and 24 to be urged away from each other. The
shoe 12 is thus urged toward the backing member 16.
The first working chamber 34 is also pressurized sub-
stantially equal to the second chamber by virtue of the
passage 38 in the piston 26. Where the first and second
ends 28 and 30 of the piston are essentially equal as
shown in FIGS. 1-3, the net axial force on the piston 26
is thus nearly zero.

[0018] The piston 26 preferably includes spherical
surfaces 46 which confront the inner surfaces of the cyl-
inders 22 and 24. The resilient compressible seals 32
extend radially outward of the spherical surfaces 46 into
contact with the inner surfaces of the cylinders. Accord-
ingly, the piston 26 is able to pivot about axes parallel
to the machine and cross-machine directions relative to
both of the cylinders while maintaining proper sealing of
the working chambers. FIG. 2 depicts the shoe 12 and
first cylinder 22 pivoted relative to the piston 26 about
an axis parallelto the cross-machine direction. Although
only one of the loading cylinders 20 is depicted in FIG.
2, it will be understood that the pistons of all of the cyl-
inders 20 along the cross-machine direction can pivot
relative to the shoe 12 so that the shoe can pivot as a
unit relative to the support 18. FIG. 3 depicts a pair of
the loading cylinders 20 in which the pistons 26 have
been pivoted relative to both cylinders 22 and 24 about
axes parallel to the machine direction as a result of the
shoe 12 being translated in the cross-machine direction
(tothe leftin FIG. 3). Thus, the loading cylinders 20 allow
substantial freedom of movement of the shoe 12 in
terms of both pivotal and translational movements.
[0019] Because the shoe 12 is capable of translating
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in the machine direction relative to the support 18, the
shoe press includes a guide rail or stop 48 for limiting
the extent to which the shoe can move. The loading cyl-
inders 20 also include stop rings 50 for limiting the move-
ment of the pistons 26 in the loading direction away from
the support 18. The stop rings 50 are affixed to the out-
ermost ends of the second cylinders 24 and extend ra-
dially inward to a diameter smaller than that of the spher-
ical surfaces 46 on the second ends of the pistons 26.
Each piston 26 has an axially extending portion 52 of
reduced diameter located about midway along the axial
length of the piston between the spherical surfaces 46
at each end. The reduced diameter portion 52 is smaller
in diameter than the inner surface of the stop ring 50
over a sufficient axial length of the piston 26 so that the
piston is capable of some range of axial movement with-
in the second cylinder 24.

[0020] The shoe press 10 also includes hydrostatic
compartments 54 in the surface 14 facing the counter
roll 16 for lubrication purposes, as well known in the art.
The compartments 54 are supplied with hydraulic fluid
by a pipe 56 attached to the shoe 12 and communicating
with the compartments via passages 58 in the shoe.
[0021] FIG. 4 depicts a second preferred embodiment
of the invention in the form of a shoe press 10' having
two rows of loading cylinders 20' generally as described
above (the primary differences being the smaller diam-
eters of the loading cylinders 20'), the two rows being
spaced apart in the machine direction for varying the nip
pressure in the machine direction.

[0022] FIG. 5illustrates a third preferred embodiment
of the invention. The shoe press 110 of FIG. 5 includes
loading cylinders 120 in which the first cylinders 122 are
formed not as recesses in the shoe 112 but rather as
separate members, similar to the second cylinders 124.
Hydraulic fluid is supplied to the loading cylinders 120
through passages 140 in the shoe 112 and through
openings 142 in the first cylinders 122. The passages
140 may be supplied with fluid via a pipe (not shown)
attached to the shoe 112 in a manner similar to that de-
picted in FIGS. 1-2. It will also be noted that FIG. 5 illus-
trates the type of deformation of the shoe 112 caused
by thermal expansion, whereby the two loading cylin-
ders 120 on the left-hand side which are located on one
side of the machine axial centerline have their pistons
126 pivoted in one direction about axes parallel to the
machine direction, and the two loading cylinders 120 on
the right-hand side of the centerline have their pistons
126 pivoted in the opposite direction about axes parallel
to the machine direction. It will also be noted that the
pistons 126 are hollow tubular members, as opposed to
the generally solid pistons 26 and 26' of the presses
shown in FIGS. 1-4. This construction of the pistons 126
results in savings in material relative to the solid-type
pistons.

[0023] FIG. 6 depicts a fourth preferred embodiment
of the invention. The shoe press 110' of FIG. 6 employs
loading cylinders 120" in which the two-piece member
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is the piston and the coupler is the cylinder. Thus, the
loading cylinder 120" comprises a first piston 126a af-
fixed to the shoe 112", and second piston 126b affixed
tothe support 118', and a cylinder 122" within which both
pistons are slidably received. A common working cham-
ber 134' is defined between the pistons 126a and 126b.
Pressurized fluid is supplied to the working chamber
134' by a passage 140' in the support 118" which con-
nects with a passage 142' that extends through a fas-
tener 144' which secures the second piston 126b to the
support 118". A ring 50', similar in function to the ring 50
of FIG. 1, is affixed to the end of the cylinder 122" adja-
cent the shoe 112' for preventing the first piston 126a
from being withdrawn from the cylinder 122",

[0024] FIG. 7 depicts a fifth preferred embodiment of
the invention. The shoe press 210 of FIG. 7 includes
hydraulic loading cylinders 220 in which the pistons 226
are formed as hollow tubular members, and the first cyl-
inder 222 and second cylinder 224 are separate mem-
bers affixed to the press shoe 212 and the support 218,
respectively. The first cylinder 222 has an end wall 223
which abuts the shoe 212 and a hollow tubular portion
225 projecting normally from the end wall 223 toward
the second cylinder 224. Similarly, the second cylinder
224 has an end wall 227 which abuts the support 218
and a hollow tubular portion 229 projecting normally
from the end wall 227 toward the first cylinder 222. Each
of the tubular portions 225 and 229 has a cylindrical in-
ner surface.

[0025] The piston 226 includes flanges 231 adjacent
each end of the piston. The flanges 231 are generally
annular and project radially outward beyond the cylin-
drical outer surface of the piston. The radially outermost
surfaces 233 of the flanges 231 are preferably but not
necessarily spherical. Each flange 231 includes a
groove 235 continuously encircling the piston and hous-
ing a pair of resilient compressible seal rings 237a and
237b. The inner seal rings 237a are preferably rubber
or a material having compressibility and resilience prop-
erties similar to rubber. The outer seal rings 237b which
make contact with the inner surfaces of the cylinders are
preferably made of a material somewhat stiffer than that
of the inner seal rings. A suitable material is, for exam-
ple, a polymer having bronze additives, although other
materials may alternatively be used. The outer seal
rings 237b project radially outward of the spherical sur-
faces 233 of the flanges and are larger in diameter than
the inner surfaces of the cylinders 222, 224 in their un-
deformed conditions, such that there is an interference
fit of the seal rings in the cylinders. The seal rings 237a
and 237b therefore are compressed, and their resilience
keeps them in sealing contact with the cylinders
throughout the range of pivotal movement of the piston
226. Additionally, the lengths of the flanges 231 in the
radially outward direction are sufficiently large in relation
to the axial lengths of the flanges and the axial length
between the two flanges so that the piston 226 is capa-
ble of pivoting over a relatively large angular range while
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maintain proper sealing contact of the seal rings 237b
with the cylinders.

[0026] To aid in assembling and disassembling the
shoe press, the first cylinders 222 are affixed to the shoe
212 by a pair of clamps 239 and 241 adjacent the up-
stream and downstream sides, respectively, of the shoe.
The clamps include ledges 243 which clamp an annular
flange 245 of the first cylinder 222 between the shoe
212 and the ledges 243. It will be noted that the holes
247 in the clamps 239 and 241 through which fasteners
are passed for securing the clamps to the shoe are not
identically located relative to the ledges 243. This ena-
bles the clamps 239 and 241 to be interchanged so as
to alter the location of the first cylinder 222 relative to
the shoe 212 in the machine direction. Although not
shown, the support 218 also includes an adjustment
mechanism for moving the support and the second cyl-
inder 224 in the machine direction. This adjustment
mechanism may be, for example, a pair of clamps (not
shown) similar to the clamps 239 and 241 for securing
the support 218 to a frame structure, or alternatively, a
pair of such clamps for securing the second cylinder 224
to the support 218. Accordingly, the entire loading cyl-
inder 220 can be shifted in the machine direction relative
to the shoe 212 for changing the center of load on the
shoe.

[0027] W.ith reference to FIGS. 7 and 7A, the shoe
press 210 includes features for limiting motion of the
shoe 212 in the upstream, downstream, and cross-ma-
chine directions. As previously noted in connection with
FIGS. 1 and 2, a stop 48 is positioned adjacent the
downstream side of the shoe 212 for limiting the extent
of downstream motion of the shoe 212. Additionally, a
pin 49 is affixed to the downstream side of the shoe 212
and projects outward therefrom in the machine direc-
tion. The stop 48 includes a slot 51 into which the pin
49 extends. The pin 49 is located at a midpoint of the
width of the shoe 212 in the cross-machine direction, as
shown in FIG. 7A. The slot 51 extends in the loading
direction so that the shoe 212 is free to move toward
and away from the counter roll. However, the slot 51 is
only slightly wider than the pin 49, and accordingly, the
shoe 212 is restrained from moving in the cross-ma-
chine direction. Furthermore, the pin 49 engaged in the
slot 51 ensures that thermal expansion of the shoe 212
in the cross-machine direction does not all occur in a
single direction but rather occurs in opposite directions
on either side of the longitudinal centerline of the shoe
press 210.

[0028] The shoe press 210 also includes pins 249 af-
fixed to the opposite side edges of the shoe 212 and
projecting outward therefrom in the cross-machine di-
rection. A pair of stops 248 are positioned adjacent the
opposite sides of the shoe 212 so that they can be abut-
ted by the pins 249 when the shoe 212 moves in the
upstream direction.

[0029] Thus, the stops 248 and pins 249 limit the ex-
tent of shoe movement in the upstream direction, and
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also help prevent the shoe 212 from assuming a slanted
position in which one side is further upstream than the
other side. It will of course be appreciated that instead
of the stops 248 and pins 249, a single elongate stop
(not shown) could be positioned adjacent the upstream
edge of the shoe 212 so as to serve the same purposes
as the stops 248 and pins 249.

[0030] Preferably, at least one and more preferably
several of the loading cylinders of the shoe press 210
include internal shoe-retracting actuators operable to
retract the shoe 212 away from the counter roll. FIG. 8
shows one of the loading cylinders 220" having a shoe-
retracting actuator 260. The actuator 260 comprises an
actuator piston 262 having a stem 264 secured to the
support 218 and projecting normally therefrom toward
the shoe 212. An actuator cylinder 266 surrounds the
actuator piston so as to define a working chamber 268
pressurizable with hydraulic fluid to cause the actuator
cylinder 266 to be urged toward the support 218. The
stem 264 of the actuator piston includes a passage 270
for supplying fluid into the chamber 268, and the support
218 includes a fluid passage 272 which connects with
the passage 270 in the stem. The chamber 268 is con-
stantly pressurized during operation of the shoe press
so that the pressure within the chamber 268 of the shoe-
retracting actuator is not substantially less than that in
the working chamber 234 of the loading cylinder 220" in
order to avoid damage to the actuator. When the press
shoe 212 is to be retracted away from the counter roll,
the pressure in the working chamber 234 is decreased
below that in the chamber 268.

[0031] The actuator cylinder 266 at the end adjacent
the shoe 212 includes an annular ring 274 which ex-
tends radially inward from the cylinder side wall. A pro-
jection 276 is affixed to the first cylinder 222' and ex-
tends through the central opening of the annular ring
274. The projection 276 includes a head 278 larger in
diameter than the inner diameter of the ring 274 for en-
gaging the annular ring 274 such that movement of the
actuator cylinder 266 toward the support 218 causes the
shoe 212 to be pulled toward the support. The annular
ring 274 includes holes 275 for equalizing the pressure
on both sides of the ring. To aid in disassembling the
press, the annular ring 274 is removably threaded into
the actuator cylinder 266. The projection 276 is also re-
movably threaded into the first cylinder 222'. The first
cylinder 222" includes a reinforced boss 280 into which
the projection 276 is threaded. The shoe 212 includes
a recess 282 for accommodating the boss 280. The re-
cess 282 is larger in diameter than the boss 280 so that
the first cylinder 222'. can be shifted in the machine di-
rection by interchanging the clamps 239 and 241, as
previously described.

[0032] The shoe-retracting actuator 260 also enables
a further advantage in addition to its function of retract-
ing the shoe 212. Specifically, if the hydraulic pressure
within the chamber 268 of the actuator 260 is reduced
below the pressure existing in the working chamber 234,
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the net loading force exerted on the shoe 212 is in-
creased above that exerted if the pressures are equal
in the chambers 234 and 268. Accordingly, the actuator
260 can also be used to increase the loading capacity
of a loading cylinder without increasing the size of the
loading cylinder.

[0033] FIG. 9 shows a sixth preferred embodiment of
a loading cylinder 320 in accordance with the invention.
The loading cylinder 320 includes a first cylinder 322
which has a thickened end wall 323 which mounts the
projection 276 of the shoe-retracting actuator 260", and
accordingly the shoe 312 does not require a recess for
accommodating the projection 276. The first cylinder
322 can be shifted in the machine direction by inter-
changing the clamps 239 and 241, as described above
for the loading cylinder 220'. In addition, the second cyl-
inder 324 can be shifted in the machine direction in a
similar manner. To this end, the support 318 includes a
recess 319 and the second cylinder 324 includes an end
wall 325 upon which the stem 264' of the actuator piston
262' is affixed. The stem 264' extends through a thick-
ened portion 326 of the cylinder end wall 325, and the
thickened portion 326 and a part of the stem 264" extend
into the recess 319 in the support 318. The recess 319
in the support 318 is wider in the machine direction than
the thickened portion 326 of the second cylinder 324 so
that the second cylinder 324 can be shifted in the ma-
chine direction. The second cylinder 324 is secured on
the support 318 by a pair of asymmetric clamps 339 and
341 in similar manner to the attachment of the first cyl-
inder 322 to the shoe 312 by clamps 239 and 241. Thus,
the second cylinder 324 is shifted in the machine direc-
tion by interchanging the clamps 339 and 341.

[0034] Pressurized hydraulic fluid is supplied to the
shoe-retracting actuator 260' by a flexible hose 342
which connects to an end 328 of the stem 264' projecting
from the thickened portion 326 of the second cylinder
end wall 325. This manner of making the fluid connec-
tion with the actuator piston 262’ facilitates shifting the
second cylinder 324 and the actuator 260" in the ma-
chine direction.

[0035] From the foregoing description of certain pre-
ferred embodiments of the invention, it will be appreci-
ated that the invention provides a unique shoe press
having significant advantages over prior presses, in-
cluding the ability to tolerate deformations such as ther-
mal expansion of the shoe without binding or malfunc-
tioning of the loading cylinders. The invention also pro-
vides a simple mechanism for adjusting the center of
load on the shoe in the machine direction.

[0036] Although the preferred embodiments of the in-
vention have been described in considerable detail, the
invention is not limited to these embodiments. Various
modifications and substitutions of equivalents will read-
ily be comprehended by persons of ordinary skill in the
art, and it is intended that such modifications and sub-
stitutions be encompassed within the scope of the in-
vention as set forth in the appended claims.

10

15

20

25

30

35

40

45

50

55

Claims

1. A shoe press for applying pressure to a web W)
which is carried in a machine direction through a nip
(N) between the shoe press and a backing member
(16), comprising:

a press shoe (12; 12', 112; 112", 212) adapted
to be juxtaposed with the backing member (16)
such that the web (W) can be carried through
the nip (N) defined therebetween, the press
shoe extending in a cross-machine direction
along substantially a full width of the web (W);
a support (18; 18'; 118", 218, 318) which sup-
ports the press shoe such that the press shoe
is movable in a loading direction toward the
backing member (16) for applying pressure to
the web (W);

a plurality of articulated hydraulic loading cylin-
ders (20; 20"; 120; 120" 220; 220"; 320) spaced
apart in the cross-machine direction along the
press shoe, each loading cylinder including a
piston member (26; 26", 126; 126a, 126b; 226)
disposed within a cylinder member (22, 24;
122, 124; 122", 222, 224, 222", 224", 322, 324)
so as to define a working chamber (34, 36; 134/,
234) pressurizable by hydraulic fluid, one of the
piston and cylinder members comprising a two-
piece member having a first member fixed rel-
ative to the press shoe and a second member
fixed relative to the support and spaced from
the firstmember, and the other of the piston and
cylinder members comprising a coupler seal-
ingly engaging both the first and second mem-
bers such that the first member is urged away
from the second member in a loading direction
by pressurization of the working chamber to
cause the press shoe to be urged toward the
backing member (16);

each coupler engaging the respective first and
second members at seals (32; 237a, 237b)
which enable the coupler to pivot relative to the
first and second members about axes parallel
to the machine direction, whereby the articulat-
ed hydraulic loading cylinders enable the press
shoe to move in the cross-machine direction
relative to the support.

2. The shoe press of claim 1, wherein the two-piece
member comprises separately formed first (22; 122;
222; 222" and second cylinders (24; 124; 224; 224")
fixed relative to the press shoe and support, respec-
tively, and wherein the coupler comprises a piston
(26, 26'; 226), the piston including a first end (28)
received within the first cylinder and a second end
(80) received within the second cylinder.

3. Theshoe press of claim 2, wherein the first end (28)
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of the piston (26) and the first cylinder (22) define a
first working chamber (34) therebetween, and the
second end (30) of the piston (26) and the second
cylinder (24) define a second working chamber (36)
therebetween, each of the working chambers (34,
36) being pressurizable with hydraulic fluid.

The shoe press of claim 3, wherein the piston in-
cludes a passage (38) connecting the first working
chamber (34) with the second working chamber
(36) to permit fluid communication therebetween.

The shoe press of claim 4, wherein one of the press
shoe (12) and the support (18) includes a supply
passag (40) therein for supplying pressurized hy-
draulic fluid into one of the first and second working
chambers (34, 36).

The shoe press of claim 5, wherein the supply pas-
sage is in the support (18).

The shoe press of claim 2, wherein the piston (26)
includes spherical surfaces (46) for allowing the pis-
ton (26) to pivot relative to both the first (22) and
second cylinders (24).

The shoe press of claim 2, wherein the first (28) and
second ends (30) of the piston (26; 226) each sup-
ports a resilient compressible seal (32; 237a, 237b)
encirclingthe piston for sealing against an inner sur-
face of the corresponding cylinder (22, 24, 222,
224).

The shoe press of claim 2, wherein each of the pis-
tons is tubular so as to define an open interior there-
in, and further comprising a hydraulically operated
shoe-retracting actuator (260; 260') disposed within
the interior of at least one of the pistons, the actuator
being operable by hydraulic pressure to urge the
shoe away from the counter roll.

The shoe press of claim 9, wherein the shoe-retract-
ing actuator comprises an actuator piston (262) at-
tached to the support (218) and extending into the
interior of the piston of the loading cylinder (220",
and an actuator cylinder (266) sealingly surround-
ing the actuator piston (262) so as to define a cham-
ber (268) pressurizable by hydraulic fluid to urge the
actuator cylinder (266) toward the support (218),
the actuator cylinder (266) engaging a projection
(276) affixed to the press shoe such that actuation
of the shoe-retracting actuator causes the press
shoe to be urged toward the support.

The shoe press of claim 10, wherein the actuator
piston (262) includes a stem (264) attached to the
support and projecting normally therefrom toward
the press shoe, the stem (264) including a passage
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(270) which opens into the chamber (268) in the
shoe-retracting actuator, the support (218) having
a hydraulic fluid supply passage (272) which con-
nects with the passage (270) in the stem (264).

The shoe press of claim 8, wherein the piston (226)
comprises a tubular member having generally cy-
lindrical inner and outer surfaces, each of the first
and second ends of the piston having an annular
flange (231) which projects radially outward beyond
the cylindrical outer surface of the piston, each
flange supporting one of the resilient compressible
seals (237a, 237b).

The shoe press of claim 12, wherein the first and
second cylinders (222, 224) comprise cup-shaped
members each having an end wall (223, 227) af-
fixed to the press shoe and support, respectively,
and a tubular portion (225, 229) connected to the
end wall and extending toward the other cylinder,
each of the tubular portions defining a cylindrical in-
ner surface which is sealingly engaged by one of
the seals on the piston.

The shoe press of claim 13, wherein the tubular por-
tion (229) of the second cylinder (224) includes a
stop member which extends radially inward to a di-
ameter smaller than the flange (231) on the second
end of the piston (226) so as to limit movement of
the piston in the loading direction away from the
support (218).

The shoe press of claim 1, wherein the loading cyl-
inders (20') are arranged in two rows which are
spaced apart in the machine direction, the loading
cylinders in one of the rows being hydraulically
pressurizable independently of the loading cylin-
ders in the other row such that nip pressure can be
varied in the machine direction.

The shoe press of claim 1, wherein the coupler com-
prises a cylinder (120') and the two-piece member
comprises a first piston (126a) fixed relative to the
press shoe and a second piston (126b) fixed rela-
tive to the support, the cylinder sealingly surround-
ing both pistons so as to define a common working
chamber (134') between the pistons.

The shoe press of claim 1, further comprising an
adjustable fastening mechanism (239, 241) which
secures the first member to the shoe, the fastening
mechanism being operable to adjust the location of
the first member relative to the shoe in the machine
direction.

A shoe press for applying pressure to a web (W)
which is carried in a machine direction through a nip
(N) defined between the shoe press and a backing
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member (16), comprising:

a press shoe (212) adapted to be juxtaposed
with the backing member so as to form the nip
(N) between the backing member (16) and the
press shoe, the press shoe extending in a
cross-machine direction along a width of the
web (W);

a support (218; 318) providing support for the
press shoe;

an articulated hydraulic loading cylinder (220;
220" 320) including a floating piston (226) and
first and second cylinders (222, 224; 222", 224';
322, 324) arranged between the support and
the press shoe, the loading cylinder including
separately formed first and second cylinders,
the first cylinder fixed relative to the press shoe
and the second cylinder fixed relative to the
support, the floating piston having opposite first
and second end portions slidably received with-
in and sealingly engaging the first and second
cylinders so as to define first and second work-
ing chambers pressurizable by hydraulic fluid
for urging the first and second cylinders away
from each other in a loading direction to urge
the press shoe toward the backing member
(16);

the piston being a tubular member having gen-
erally cylindrical inner and outer surfaces, each
of the first and second end portions of the piston
having an annular flange (231) which projects
radially outward beyond the cylindrical outer
surface of the piston, each flange supporting a
resilient compressible seal (237a, 237b) which
engages an inner surface of the respective cyl-
inder, the flanges accommodating pivoting of
the piston relative to the cylinders about axes
parallel to the machine direction.

The shoe press of claim 18, wherein the first cylin-
der comprises a recess (282) formed in the press
shoe.

The shoe press of claim 18, wherein the first cylin-
der is formed separately from the press shoe and
is affixed to the press shoe.

The shoe press of claim 18, wherein the second cyl-
inder is formed separately from the support and is
affixed to the support.

The shoe press of claim 18, further comprising a
stop ring affixed to the second cylinder and adapted
to engage the flange onthe second end portion of
the piston for limiting movement of the piston away
from the support.

The shoe press of claim 18, wherein each of the
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flanges has spherical surfaces confronting the inner
surface of the respective cylinder to facilitate pivot-
ing of the piston within the cylinder.

The shoe press of claim 18, further comprising a
hydraulically operated shoe-retracting actuator
(260; 260") disposed within the interior of the piston,
the actuator being operable by hydraulic pressure
to urge the shoe toward the support so as to limit
movement of the shoe away from the support.

The shoe press of claim 24, wherein the shoe-re-
tracting actuator comprises an actuator piston (262;
262") attached to the support and extending into the
interior of the piston of the loading cylinder, and an
actuator cylinder (266) sealingly surrounding the
actuator piston so as to define a chamber (268)
pressurizable by hydraulic fluid to urge the actuator
cylinder toward the support, the actuator cylinder
engaging a projection (276) affixed to the press
shoe such that actuation of the shoe-retracting ac-
tuator causes the press shoe to be urged toward
the support.

The shoe press of claim 25 wherein the actuator pis-
ton includes a stem (264) attached to the support
(218) and projecting normally therefrom toward the
press shoe, the stem including a passage (270)
which opens into the chamber (268) in the shoe-
retracting actuator, the support having a hydraulic
fluid supply passage (272) which connects with the
passage in the stem.

The shoe press of claim 20, further comprising an
adjustable fastening mechanism (239, 241) which
secures the first cylinder to the shoe, the fastening
mechanism being operable to adjust the location of
the first cylinder relative to the shoe in the machine
direction.

The shoe press of claim 27, wherein the fastening
mechanism comprises clamps which clamp the first
cylinder onto the shoe, the clamps being locatable
in multiple positions on the shoe for adjusting the
location of the first cylinder on the shoe.

The shoe press of claim 28, further comprising a
second adjustable fastening mechanism (339, 341)
for securing the second cylinder to the support
(818), the second adjustable fastening mechanism
comprising clamps adapted to clamp the second
cylinder onto the support in multiple positions ther-
eon for adjusting the location of the second cylinder
in the machine direction.
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