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ADJUSTABLE CROWN ROLL
Edgar J. Justus, Beloit, Wis., assignor to Beloit Corpora-
tion, Beloit, Wis., a corporation of Wisconsin
Filed Jan. 24, 1964, Ser. No. 339,998
14 Claims. (ClL 29—116)

This application is a continuation-in-part of application
Serial No. 52,456, now Patent No. 3,119,324, filed August
29, 1960.

The present invention relates to improvements in rolls
and particularly to an improved roll structure for ob-
taining controlled nip pressure between a roll couple.

In roll couples forming pressure nips therebetween roll
deflection occurs when loads are applied to the rolls to
obtain pressures in the nip. Various arrangements have
been empioyed to obtain either a controlled or a uniform
nip load along the lemgth of the nip. Crowned rolls are
usually satisfactory only for one predetermined nip load
and other mechanical and hydraulic nip loading devices
have not proven entirely satisfactory. The provision of
uniform nip pressure is particularly important in paper-
making machinery, for example, wherein the uniform
treatment of a web of paper across its width is essential to
obtaining a uniform and satisfactory product, and in a
wet press, for example, uniform extraction of water is de-
pendent upon uniform nip load, and in a satisfactory ma-
chine provisions must be made for varying the overall
nip load.

Am object of the present invention is to provide an im-
proved roll structure which utilizes a cylindrical rol] shell
supported and loaded on its inner surface by a shoe means
opposite the nip which is particularly satisfactory in ob-
taining uniform nip pressures over a range of loverall nip
loads and is capable of continuous high speed long op-
erating life without rapid wear and without requiring
frequent part replacement or servicing attention.

A further object of the invention is to provide an im-
proved roll assembly capable of controlled deflection for
obtaining a uniform nip load which is relatively inexpen-
sive to construct and avoids disadvantages of the struc-
tures heretofore available.

A still further object of the invention is to provide an
improved roll assembly having a roll shell with an inner
‘supporting shoe means wherein superior lubrication is
maintained between the shoe means and the shell, and
the provision of extensive fluid seals or close manufactur-
ing tolerances is avoided.

A still further object of the invention is to provide an
improved control deflection roll having an outer roll shell
supported on its inner surface opposite its nip area having
features which make it particularly -satisfactory for use
in high speed papermaking machines at the nip loads re-
quired and which provides advances over structures here-
tofore available that make it practical for commercial use
in such environments. )

The mechanism contemplates ‘providing ‘a roll assem-
bly including an outer elongate tubular cylindrical roll
shell with a non-rotatable shaft means extending through
the shell, means supporting the shaft means, bearing means
between the roll shell and shaft means for positioning the
roll shell, an elongate limber shoe means having an outer
surface co-extensive with the length of the roll shell and
being in axially continuous supporting engagement with
the inner surface of the roll shell opposite a nip formed
with another roll with said surface being rigidly shaped
to build up a supporting film of lubricating fluid during
relative rotation of the roll shell from fluid within the
shell, a controlled fluid pressure loading means mounted
_on the shaft means applying radially outwardly directed
forces to said shoe means along the length thereof so that

10

15

20

25

30

35

40

45

50

55

60

65

70

2

a continuous nip loading force is maintained within the
roll shell, and means pivotally supporting said shoe means
for pivotal movement relative to the inner surface of the
roll shell to conform to the pressure of the fluid Iubricat-
ing film between the surface of the shoe means and roll
shell.

Other objects, advantages and features of the invention
will become more apparent with the teaching of the prin-
ciples thereof in connectiony with the disclosure of the
preferred embodiment in the specification, claims and
drawings, in which:

FIGURE 1 is a vertical sectional view taken through
the axis of a controlled deflection roll constructed and
operating in accordance with the principles of the present
invention, showing one énd of the roll;

FIGURE 2 is a vertical sectional view taken substan-
tially. on line II—II of FIGURE 1;

FIGURE 3 is a smaller sectional view, similar to FIG-
URE 1, illustrating the arrangement along the length of
the poll;

FIGURE 4 is an enlarged detailed fragmentary view
showing the end plate at the end of the fluid pressure
channel;

FIGURE 5 is a fragmentary sectional view 1llust(ramng
the structure of the bearing shoe; ‘

FIGURE 6 is a fragmentary side elevational view of the
pivot bar;

FIGURE 7 is an end elevational view of the pivot bar;

FIGURE 8 is a fragmentary end elevational view show-
ing an arrangement for two pressure rolls;

FIGURE 9 is a fragmentary vertical sectional view
showing an arrangement whereby the controlled deflec-
tion roll is driven;

FIGURE 10 is a schematic showing of the fluid pres-
sure circuits and control for the controlled deflection roll;
and

FIGURE 11 is a graph showing pressure relatlonshlps
for changing nip pressures and roll deflection.

As shown on the drawings:

FIGURES 1-3 show a controlled deflection roll as-
sembly 11 which operates in a roll couple with a second
roll in the manner illustrated in FIGURE 8. The roll
assembly includes an elongate cylindrical hollow roll
shell 12 with a core or inner stationary shaft means 13
extending therethrough. The roll shell 12 is supported
opposite the nip by a shoe means 14 which slidingly en-
gages the inner surface of the roll shell 12.

The shoe 14 is supported for applying a force to the
roll shell by an elongate axially extending piston means
or pivot bar 15. The shoe 14 is pivotally supported so
as to tiltably conform to the inner surface of the shell
12 and the film of supporting lubricating fluid which builds
up between the shoe 14 and inner surface of the shell
12. For providing the pivotal support an elongate pivot
pin ‘16 is positioned between the pivot bar 15 and the
shoe 14.

The inner non-rotatable shaft 13 has a hollow center
17, being substantially tubular in shape within the roll
shell 12, and has radial openings such as 18 for accom-
modating tubing. At the ends of the shaft are shaft ends
19 which are centrally hollow to accommodate tubing, and
bearing lubricating passages 20 extend axially into the
shaft ends 19.

For supporting the roll assembly the shaft is supported
at the ends on self-aligning bearings havmg parts 21 and
22 and a surrounding support 23 which is suitably mount-
ed in a bracket such as shown in FIGURE 8. The bear-
ing parts 21 and 22 are prevented from rotating rela-
tively to thereby hold the shaft 13 against rotation by
a threaded pin 24.

In the roll mounting of FIGURE 8, the upper con-
trolled deflection roll 11 is supported on a bracket 25
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secured to a mounting bracket 26 on a machine frame 27.
The controlled deflection roll 11 forms a nip with a lower
roll 28 which is suitably supported and may be loaded
at its ends by suitable mechanism such as that shown
schematically by the arrowed line 29 to control the over-
all nip pressure. An arrangement of this type provides
a press couple for a wet press of a paper machine and
while the features of the invention are particularly well
adapted to use in paper machinery for presses, calenders
and the like it will be appreciated that they may be em-
ployed in other environments.

As shown in FIGURE 1, for holding the roll shell 12
in place and maintaining it in alignment with its mating
roll, bearing rings 30 are bolted to the ends of the roll
shell and are supported on bearings 31 on the ends 19
of the shaft. These may be Torrington type bearings
secured by a threaded bearing ring 34. Rolted to the
bearing ring 35 is an outer ring 32 carrying a sheave 33
for driving the roll shell 12 for finishing the outer surface
thereof in preparation for use. The ring 32 has an in-
wardly extending flange for preventing the escape of lu-
bricant from the bearing 31. The lubricant is supplied
through the passage 20 and excess lubricant passes cen-
trifugally out through the passages 35 into the interior
of the roll shell and lubricant deflectors 36 bolted to the
end of the shaft 13 clear the ends of the oil passages 35
within the shell so that the oil can escape and be returned
through the return line as will be later described.

As shown in FIGURES 1-3, the inner surface 37 of
the roll shell 12 is smooth and the outer surface 38,
FIGURES 2 and 5 is formed to a radius 40 the same as
the radius of the inner surface 37 of the shell 12, - The
leading end of the shoe 14 is removed to provide either
a curved or, as shown, a flat surface 39 providing a lu-
bricant collecting wedge shaped area which builds up a
film of supporting fluid between the outer surface 38 of
the shoe and the inner surface 37 of the shell. The pivotal
support of the shoe 14 permits it to accommodate the
building up of this supporting layer of fluid and permits
the equalization of the pressure of the fluid over the outer
surface 38 of the shoe. With this arrangement the slid-
ing engagement between the shoe 14 and the shell 12 can
occur at high speeds required by modern papermaking
machinery without undue wear and without the genera-
tion of undue heat. Thus, because of the rigid outer shape
of the shoe with its leading relieved nose surface 38, and
because of the pivotal support of the shoe 14 success-
ful high speed continued support can be achieved.

Another factor which contributes materially to the suc-
cessful relationship between the shoe 14 and shell 12 is
the provision of a shoe 14 with a continuous elongate
outer surface 38 which is co-extensive with the length of
the shell. By providing a continuous outer surface no
concentrations of stress occur and no bending of the shell
occurs at unsupported locations. Also there are no non-
uniformities along the length of the shell with respect to
the generation of heat due to the friction and uniform
support is maintained along the entire length of the nip.
The shoe 14 is relatively limber so that it can bend with
bending of the roll while maintaining a uniform nip
pressure and is preferably formed of a chilled casting cold
worked 3-5% before machining. While a preferred ar-
rangement is illustrated, it will be understood that the
shoe could be formed in sections, with each section being
independent but abutting each other so that the outer sur-
face 38 would still provide a continuous support for the
shell. Thus, reference herein to a continuous supporting
surface in an axial direction encompasses the surface pro-
vided by a one-piece limber beam or by a beam formed
in a number of pieces with the pieces closely abutting each
other in an axial direction.

For providing the pivotal support for the shoe 14, an
axially extending arcuate recess 41 is provided on the
inner surface of the shoe, and a similar recess 42, shown
in FIGURES 6 and 7, is provided in the pivot bar 15.
These recesses 41 and 42 are formed to the radius of the
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pin 16, which may be in sections along its length. The
pivot pin is held at the recesses due to the forces between
the pivot bar 15 and the shoe 16.

The pivot bar has a recess 43 extending on all surfaces
near its base for receiving an O-ring to provide a seal for
the liquid in an axially extending channel 44 in which the
pivot bar 135 slides.

The channel 44 is rectangular in shape and is cut for
the full length of the shaft 13. The channel can easily
be milled and its ends are closed by end plates 45. The
inner surfaces of the end plates are relieved at 45z sub-*
stantially in line with the surface 49 of the core with the
relieved portion preventing the pin 16 from working axial-
Iy out of the grooves. The end plates are conveniently
bolted in place by bolts extending into tapped holes in
the shaft.

The shaft 13 is formed with a planar surface 49 on each
side of the channel 44, and the shoe 14 is wider than the
width of the channel 44 so as to have surfaces 48 on each
side of the channel which seat on the shaft surface 49
when pressure is relieved from the channel 44, but which
clear the surface 49 during normal operation.

For delivering fluid under pressure to the channel pres-
sure lines 47 lead to the channel from a main pressure
line 47a.

The channel is shown as formed in sections with dividers
56 between each of the sections and with the pivot bar 15
similarly formed in sections and the sections abutting the
dividers 50. The dividers are conveniently formed by
rectangular blocks which are set into the channel and held
in place by bolts tapped into the top of the blocks with a
sealing material around the edge of the blocks. With
this arrangement fluid at different pressures can be di-
rected to the different compartments into which the chan-
nel is divided by the dividers 50, although usually for
maintaining uniform nip pressure the compartments will
be interconnected as shown. Fluid pressure is prefer-
ably provided by hydraulic oil delivered from a controlled
output pump.

For maintaining lubricating fluid such as oil within the
inner surface of the shell 12 a lubricating line 51 directs
a stream of oil against the inner surface of the shel] ahead
of the shoe 14. This oil spreads out and provides the
built-up layer of lubricating film which forms between
the shoe and the shell. Excess oil is returned through
an oil return line 52, FIGURES 1 and 3; for aiding in re-
turning the oil, scoops 53 are mounted at the ends of the
shaft adjacent the ends of the shoe 14 at the leading edge
thereof. These scoops gather up the excess oil that
spreads out beyond the end of the shoe and feed it to
the return lines 52.

Thus, in operation, lubricating fluid is continually sup-
plied to the inner surface of the shell 12 through the
lubricating supply line 51, and a film of lubricating oil
builds up in the wedge shaped relieved leading edge 39
of the shoe 14 to build up a supporting film between the
outer surface 38 of the shoe and the inner surface 37 of
the roll shell 12. Excess oil is returned through the
return lines 52. The shoe 14 provides the outer surface
38 which affords continuous support co-extensive with
the roll shell 12.

FIGURE 9 shows an arrangement for continually driv-
ing a roll shell during operation. A roll shell 54 is pro-
vided with an axially extending annular end extension
§7 that is carried in spaced bearings 69. The outer race
of the bearings 60 is supported in a self-aligning bearing
61 which accommodates the bending which will occur
without stress.

The bearings 68 also support the load on the inner
shaft 55 supporting the shoe 36. The shaft 55 is sup-
ported at its ends on bearings 62a¢ which are carried in
the annular extension 57 which is supported by the
bearings 60. The extension is also provided with an end
58 to which a drive sheave is secured.

FIGURE 10 shows schematically a pressure control ar-



3,276,102

5

‘rangement wherein an initial pressure change is made
in the force applied to a roll mounted in fixed bearings,
and an automatic change is made to the pressure applied
to the inner surface of the roll shell. Forces may be ap-
plied to the end of an upper roll 60a by air cylinders 68
at the ends of the roll to control roll bending with air
being supplied from an adjustable air pressure valve 62.
The valve 62 may be manually operated or may be auto-
matically controlled in response to other operational fac-
tors of the machine. :

The air pressure signal is supplied to a responsive dia-
phragm 63 which supplies a pressure signal through lines
69 to a diaphragmed pressure balancing chamber §7. The
diaphragm of the chamber 67 is connected to a pivotal
arm 7¢ which connects to a diaphragm of a chamber 71.
The arm 70 is mounted on an adjustable pivot point and
the unit including chamber 67 and 71 is of the type which
is available commercially, such as for example, a Hagen
ratio totalizer. For convenience of reference, the pres-
sure signals are referred to by the jetter I, with the initial
air pressure signal I; being supplied at the diaphragm 63,
and transmitted through the line 69 to register at I, and
be converted into a signal I3, - The signal I, is supplied to
a pressure responsive diaphragm 72 which provides a
signal I, to control a by-pass valve 73 that regulates the
pressure output of an oil pump 74 receiving oil from a
tank 74a.

The output of the pump 74 is supplied through an
oil pressure line 76 to a chamber 77 operating on a piston
beneath at loading shoe 78 within a roll shell 61a. The
shell 61a forms a nip N with the upper roll 60. In the
arrangement of FIGURE 10 the loaded roll shell is shown
below the mating roll 604 and it will be understood that
the roll shell may be either above or below the mating
roll and is not limited to a particular position. The pres-
sure supplied through the line 76 is shown as Ij, and a
pressure indication signal Ig is fed from the cylinder 77
to the diaphragm within a pressure chamber 64. The dia-
phragm acts on a lever arm 65 with its pressure signal Iy,
to be converted to a pressure signal Iz by acting on a
diaphragm within a pressure chamber 66, connected to
the lever arm 65. The diaphragm is loaded by a spring
90 but the resistance pressure of the spring 90 can be
altered by a modifying signal provided from a valve 79
from a constant air pressure line. By changing the air
pressure supply through the valve 79, the relationship be-
tween the air pressure and oi]l pressure can be changed
to change the crown of the roll 60a. FIGURE 11 shows
three curves M;, M,, and M_,, which result from three
different settings of the valve 79. The unit including
chambers 64 and 66 can also be a Hagen ratio totalizer or
equivalent mechanism.

The output signal Iy is supplied to the upper portion of
the chamber 15 as signal Iy. - The signal Iy will thus in-

fluence the position of the arm 70 and accordingly the .

pressure transmitted to the channel 77. Changes in the
slopes of the pressure relationships My, My, and M_; can
be varied by changing the location of the pivot point for
either the lever arms 65 or 76.

Thus is will be seen that I have provided ‘an improved
controlled deflection roll arrangement which meets the
objectives and advantages above set forth, and which is
capable of obtaining uniform or controlled nip pressure
avoiding advantages encountered in devices heretofore
available.

The drawings and specifications ' present a detailed
disclosure of the preferred embodiments of the invention,
and it is to be understood that the invention is not limited
to the specific forms disclosed, but covers all modifica-~
tions, changes and alternative constructions and methods
falling within the scope of the principles taught by the
invention.,

I claim as my invention:

1. A roll assembly for forming a pressure nip with
a second roll comprising:
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an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for posi-
tioning the roll shell and to maintain it in alignment
with the second roll, ‘

a rigid elongate limber shoe means bendable over its
length having an outer surface substantially co-
extensive with the length of the roll shell and being
in axially continuous supporting engagement with
the inner surface of the shell opposite the nip with
said surface being rigid and of substantially the
same radius of curvature as the inner surface of the
roll shell and having a leading nose surface spaced
from and facing the oncoming roll shell inner sur-
face to build up a supporting film of lubricating
fluid during relative rotation. of the roll shell from -
fluid within the shell,

and a controlled fluid pressure loading means mounted
on said shaft means applying radially outwardly
directed forces to said shoe means along the length
thereof so that a continuous nip loading force is
maintained within the roll shell independent of
bending of the nip with load.

2. A toll assembly for forming a pressure nip with

a second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for posi-
tioning the roll shell and to maintain it in alignment
with the second roll,

a shoe means having an outer surface axially  sub-
stantially coextensive with the roll shell for con-
‘tinuous supporting engagement therewith and hav-
ing a radial outer surface of substantially the same
radius of curvature as the inner surface of the roll
shell and having a leading nose surface spaced from
and facing the oncoming roll shell inner surface to
build up a supporting film of lubricating fluid dur-
ing relative rotation of the roll shell from fluid
within the shell, ’

means delivering lubricating fluid within the roll
shell against the inner surface thereof in advance of
said shoe means,

and a controlled fluid pressure loading means mounted
on said shaft means applying radially outwardly
directed forces to said shoe means along the length
thereof so that a continuous nip loading force is
maintained within the roll shell independent of bend-
ing of the nip with load.

3. A roll assembly for forming a pressure nip with

a second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell, :

means supporting said shaft means,

bearing means between the roll shell and shaft for posi-
tioning the roll shell and to maintain it in alignment
with the second roll,

a shoe means having an outer surface substantially
co-extensive with the length of the roll shell and being
in axially continuous supporting engagement with the
inner surface of the shell opposite the nip,

said surface being arcuate and convex and of sub-
stantially the same radius of curvature as the
inner surface of the roll shell and having a lead-
ing nose surface spaced from and facing the
oncoming roll shell inner surface for building up
a supporting film of lubricating fluid between the
roll shell and shoe means from fluid within the
roll shell,
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and a controlled fluid pressure loading means mounted
on said shaft means applying radially outwardly di-
rected forces to said shoe means along the length
thereof so that a continuous nip loading force is
maintained within the roll shell independent of bend-
ing of the nip with load.

4. A roll assembly for forming a pressure nip with

a second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for
positioning the roll shell and to maintain it in align-
ment with the second roll,

a shoe means having an outer surface axially sub-
stantially co-extensive with the roll shell for continu-
ous supporting engagement therewith and having a
rigid radial outer surface of substantially the same
radius of curvature as the inner surface of the roll
shell and having a leading nose surface spaced from
and facing the oncoming roll shell inner surface to
build up a supporting film of lubricating finid during
relative rotation of the roll shell from fluid within
the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly di-
rected forces to said shoe means along the length
thereof so that a continuous nip loading force is
maintained within the roll shell independent of bend-
ing of the nip with load,

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a fluid pressure line connected to said channel means,

and an elongate piston means supported by the fluid
in said channel means supporting said shoe means
for applying a radial nip loading force to said roll
shell.

5. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means, bearing means be-
tween the roll shell and shaft for positioning the roll
shell and to maintain it in alignment with the second
roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a rigid
radial outer surface of substantially the same radius
of curvature as the inner surface of the roll shell and
having a leading nose surface spaced from and facing
the oncoming roll shell inner surface to build up a
supporting film of lubricating fluid during relative
rotation of the roll shell from fluid within the shell,
a controlled fluid pressure loading means mounted
on said shaft means applying radially outwardly di-
rected forces to said shoe means along the length
thereof so that a continuous nip loading force is main-
tained within the roll shell independent of bending of
the nip with load,

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a fluid pressure line connected to said channel means,

an elongate piston means supported by the fluid in
said channel means supporting said shoe means for
applying a radial nip loading force to said roll shell,

and a pivotal connection between said piston means and
shoe means supporting the shoe means on an axis
parallel to the roll shell for accommodating the film
of fluid built up between the inner surface of the
roll shell and the shce means.

6. A roll assembly for forming a pressure nip with a

second roll comprising:
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an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for posi-
tioning the roll shell and to maintain it in alignment
with the second roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a rigid
radial outer surface of substantially the same radius
of curvature as the inner surface of the roll shell and
having a leading nose surface spaced from and facing
the oncoming roll shell inner surface to build up a
supporting film of lubricating fluid during relative
rotation of the roll shell from fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly directed
forces to said shoe means along the length thereof so
that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a fluid pressure line connected to said channel means,

an elongate piston means supported by the fluid in said
channel means supporting said shoe means for ap-
plying a radial nip loading force to said roll shell,

radially facing axially extending recesses in the shoe
means and piston means,

and an axially extending pivot pin means in said re-
cesses pivotally supporting the shoe means for ac-
commodating the film of fluid built up between the
inner surface of the roll shell and the shoe means.

7. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a nﬁ)n-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for
positioning the roll shell and to maintain it in align-
ment with the second roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continunous
supporting engagement therewith and having a radial
outer surface rigidly shaped to build up a supporting
film of lubricating fluid during relative rotation of
the roll shell from fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly directed
forces to said shoe means along the length thereof
so that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a fluid pressure line connected to said channel means,

an elongate piston means supported by the fluid in said
channel means supporting said shoe means for ap-
plying a radial nip doading force to said roll shell,

and a radially outwardly facing shoe support surface
on said shaft means beside said channel means,

said shoe means being circumferentially wider

than the channel and resting on said surface with

the collapse of pressure in said channe! means,

8. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means, bearing means be-
tween the roli shell and shaft for positioning the roll
shell and to maintain it in alignment with the second
roll, ‘
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a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a rigid
radial outer ‘surface of substantially the same radius
of curvature as the inner surface of the roll shell and
having a leading nose surface spaced from and facing
the oncoming roll shell inner surface to build up a
supporting film of lubricating fluid during relative
rotation of the roll shell from fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly directed
forces to said shoe means-along the length thereof so
that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load, '

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a fluid pressure line connected to said channel means,

and a plurality of pistons located in said channel means
each supported by the fluid in said channel means and
each supporting said shoe means for applying a radial
nip loading force to said roll shell.

9. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for po-
sitioning the roll shell and to maintain it in align-
ment with the second roll, )

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and-having a rigid
radial outer surface of substantially the same radius
of curvature as the inner surface of the roll shell
and having a leading nose surface spaced from and
facing the oncoming roll shell inner surface to build
up a supporting film of lubricating fluid during rela-
tive rotation of the roll shell from fiuid within the
shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly di-
rected forces to said shoe means along the length
thereof so that a continuous nip loading force is
maintained within the roll shell independent of bend-
ing of the nip with load,

means defining an axially elongate radially outwardly
facing channel on said shaft means,

a plurality of pistons located in said channel means
each supported by the fluid in said channel means and
each supporting said shoe means for applying a
radial nip loading force to said roll shell,

rigid dividers in said channel means between said pis-
tons separating the channel means into a plurality of
individual chambers,

and fluid pressure lines connected to the chambers.

10. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll and shaft for position-
ing the roll shell and to maintain it in alignment with
the second roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a radial
outer surface rigidly shaped to build up a supporting
film of lubricating fluid during relative rotation of
the roll shell from fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly direct-
ed forces to said shoe means along the length there-
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of so that a continuous nip loading force is main-
tained within the roll shell independent of bending
of the nip with load,

and fluid scoops on the shaft means for removing excess
fluid from.the inner surface of the roll shell.

11. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means between the roll shell and shaft for po-
sitioning the roll shell and to maintain it in align-
ment with the second roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a ra-

~ dial outer surface rigidly shaped to build up a sup-
-porting film of lubricating fluid during relative ro-
tation of the roll shell from fluid within the shell,

means delivering lubricating fluid within the roll shell
against the inner surface thereof in advance of said
shoe means,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly direct-
ed forces to said shoe means along the length thereof
so that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

and a fluid return passage means having an inlet im-
mediately at the ends of said shoe means receiving
excess fluid which does not form a film between the
shoe means and roll shell.

12. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

end bearings between the ends of the roll shell and
shaft means,

fluid end scoops on the shaft means projecting for mov-
ing fluid from the inner surface of the roll shell,

passages leading from the scoops to said end bearings
for lubricating the bearings from the scoops,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a radial
outer surface rigidly shaped to build up a support-
ing film of lubricating fluid during relative rotation
of the roll shell from fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly direct-
ed forces to said shoe means along the length there-
of so that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

and means pivotally supporting said shoe means about
an axis parallel to the roll axis for pivotal movement
relative to the inner surface of the roll to conform
to the pressure of the fluid film between the shoe
means and roll shell.

13. A roll assembly for fonming a pressure nip with a

second roll comprising:

65 an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

self-aligning bearings supporting each end of the shaft
means,

bearing means between the roll shell and shaft for po-
sitioning the roll shell and to maintain it in align-
ment with the second roll,

a shoe means having an outer surface axially substan-
tially co-extensive with the roll shell for continuous
supporting engagement therewith and having a rigid
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radial outer surface of substantially the same radius
of curvature as the inner surface of the roll shell and
having a leading nose surface spaced from and fac-
ing the oncoming roll shell inner surface to build up
a supporting film of lubricating fluid during rela-
tive rotation of the roll shell from. fluid within the
shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly direct-
ed forces to said shoe means along the length thereof
so that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

and means pivotally supporting said shoe means about
an axis parallel to the roll axis for pivotal movement
relative to the inner surface of the roll to conform
to the pressure of the fluid film between the shoe
means and roll shell.

14. A roll assembly for forming a pressure nip with a

second roll comprising:

an outer tubular cylindrical roll shell,

a non-rotatable shaft means extending through said
shell,

means supporting said shaft means,

bearing means supporting said shaft means,

bearing means between the roll shell and shaft for po-
sitioning the roll shell and to maintain it in align-
ment with the second roll,

a shoe means having an outer surface axially substan-

- tially co-extensive with the roll shell for continuous

supporting engagement therewtih and having a rigid
radial cuter surface of substantially the same radius
of curvature as the inner surface of the roll shell and
having a leading nose surface spaced from and fac-
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ing the oncoming roll shell inner surface to build up
a supporting film of lubricating fluid during relative
rotation of the roll shell from: fluid within the shell,

a controlled fluid pressure loading means mounted on
said shaft means applying radially outwardly direct-
ed forces to said shoe means along the length thereof
so that a continuous nip loading force is maintained
within the roll shell independent of bending of the
nip with load,

means defining an axially elongate radially outwardly
facing continuous channel extending the full length
of each shaft means and opening from the ends there-
of,

plate means on the ends of said channel means,

a fluid pressure line connected to the channel means,

and an elongate piston means supported by the fluid in
said channel means located between said plate means
and supporting the shoe means for applying a radial
nip loading force to said roll shell.
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