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This invention relates to apparatus for mounting a roll
whose centroidal axis is subject to deflection, and more
particularly, to an apparatus for mounting a roll t.hat is
subjected to a load tending to effect central deflection of
the roll axis. .

Although the instant invention may be useful in a
number of arts, it is particularly useful in the paper m?.k-
ing art and will be described primarily in connection
therewith, In paper machines there are a number of
different types-of rolls of substantial size (i.e., substantial
length-to-diameter ratio) which are subjected to loa@s
tending to deflect such rolls centraily. For example, in
press couples, calender stacks, etc., the web passes thyough
a nip between a pair-of rolls whereat the web is sup]ected
1o pressures. The pressures thus applied at such nip tend
to load the rolls defining the nip and to deflect the axes
of these rolls in a direction generally away from the nip.
If one of the rolls defining a nip is backed up by other
rolls or other means, its tendency to deflect away from thfa
nip is reduced or may be completely overcome so that it
is deflected in the direction of the nip. On the other hand,
certain press rolls and, for example, the king roll or
bottom roll in a calender stack may not be provided with
‘back up means and the pressures or load thus applied to
the nip for a calender stack king roll (as for example)
tends to deflect the same centrally downwardly. Such
deflection results in ‘an undesirable application of forces
across the nip and other undesirable operating features;
and such deflection is often corrected in paper machines
by “crowning” of the king roll. The crowning of the roll
requires accurate and expensive finishing of the roll sur-
face so as to obtain a slightly greater roll diameter in the
central portion of the roll; but such crowning is carried
out on the basis of a predetermined set -of force -condi-
tions and may not be satisfactory for operation under a
-different set of force conditions. Accordingly, crowning
of rolls often does not afford satisfactory operation for
many different types of operating conditions.

In arts relating to the paper machine art, such as the
coating of paper or fabrics with plastic materials, pres-
sure or calender rolls are also used. In addition, paint
mixing systems or the like are also subject to the buildup
.of forces in the ‘central portion of pressure nips which
tend to cause central deflection of the rolls and result in
non-uniform and/or other undesirable conditions across
the width of such pressure nips.

Jt will be appreciated that one may think of most of
these various pressure rolls in terms of the outer annularly
cross-sectioned functional .component or “shell” thereof.
The instant invention affords a simple but unique mount-
ing arrangement for a roll shell subject to a load tending
to cause deflection of iis centroidal axis. One important
aspect of the instant invention involves the use of force
couples for applying internal counter-deflection moments
to the shell in response to the -application of the load to
the shell in such a manner as to more or less automatically
resist or minimize deflection of the roll when it is sub-
jected to varying loads. This is accomplished through
the use of allochiral mounting means secured to the ends
of the shell, but extending inwardly from the ends of the
shell to be supported at locations disposed inwardly of
the shell ends from the points at which these mounting
+means are secured to the ends of the shell. These mount-
ing means are allochiral in that they are “right hand”
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and “left hand” members mounted at opposite ends of the
shell (or looking in the “machine direction” at opposite
sides of the roll shell). These members are referred to
herein as “allochiral” for the reason that they are opposed
right and left hand assemblies although not necessarily
entirely symmetrical in every detail.

The use of a pair of bearings to rotatably receive a
stub shaft extending outwardly from the end of the roll
for the purpose of applying a force couple thereto,
wherein one of the bearings is fixed and the other movable,
is shown in the prior art, for example, in Goulding U.S.
Patent No. 2,611,150. . The Goulding mounting ‘arrange-
ment calls for a pair of bearings for each of the stub
shafts at opposite ends of the roll. In addition, the prior
art in the form of Hornbostel U.S. Patents Nos. 2,648,122
and 2,651,103 shows the mounting of a roll shell on a
through shaft using mounting elements that are positioned
inwardly from the ends of the shell, but which afford a
direct ..(radially aligned force) connection between the
through shaft and the shell at the mounting element posi-
tions inwardly from the ends of the shell.

In the instant invention, however, the advantages of
applying. a counter-deflection moment to the shell are
obtained without the necessity of using a pair of bearings
at each end of the roll, and without the necessity of pro-
viding means for applying a force couple to each of such
pairs of bearings. The application of a counter-deflection
moment to the shell in the instant invention is effected by
the use of a unique and simple arrangement of allochiral
mounting :(and “force couple applying”) means prefer-
ably in the form of annular members which are secured
to the ends of the shell but which extend inwardly rather
than outwardly of the shell ends. "These mounting mem-
bers are carried at a location inwardly from their outer
extremities and the ends of the shell by means of a through
shaft or the mechanical equivalent thereof, which provides
shaft means extending from mounting means for the shaft
outside of opposite ends of the sheli inwardly to afford
support for such annular mounting members at the previ-
ously described location inwardly from the shell ends.
The exterior mounting means for the through shaft com-
ponent may mount the ‘through shaft for rotation, and
thus the entire roll assembly for rotation; or advantages
may be obtained from the use of internal bearing means
carried on the through shaft component and rotatably
mounting the aforesaid annular mounting members at the
previously described location inwardly from the shell ends.

In any event, substantially the entire weight of the shell
and any load applied thereto is. carried by the through
shaft compenent at the previously described locations in-
wardly from: the shell ends. . And the internal mounting
means or annular mounting members which are to effect
the internal counter-deflection moments in the shell are
mounted on and fully supported by the through shaft com-
ponent at the aforesaid locations inwardly from the shell
ends, but these annular members are not connected di-
rectly to the interior of the shell radially opposite to the
positions at which they are mounted on the through shaft
component. Instead, these annular mounting members
extend outwardly from the locations at which they are
carried by the through shaft component and they in-turn

-are secured to the shell at the ends thereof (although not
_necessarily . the exact extremities .of the shell) in such

a4 manner that the internal counter deflection moment
is applied to the shell via these annular mounting mem-
bers in response to the application of a load to the shell.
This results in a greatly simplified, sturdy assembly which
is essentially “self-correcting” with respect to its tendency
to resist the normal deflection to which conventionally
mounted rolls are subjected under load.

It is, therefore, an important object of the instant inven-
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tion to provide an improved anti-deflection zoll and/or
anti-deflection assembly for the mounting of a roll shell
subject to a load.

It is another object of the instant invention to provide
an improved roll assembly wherein force couples are ap-
plied to effect internal counter-deflection moments via
simple, sturdy and effective members positioned internally
of the shell ends.

Yet another object of the instant invention is to provide
a rotatable roll shell whose axis is subject to deflection in
response to a load applied to said shell, through shaft
means received by said shell, and allochiral mounting
means tigidly secured to the ends of said shell and sup-
porting the weight of said shell on said shaft inwardly
from the ends of said shell, thereby applying internal
counter-deflection moments to said shell in response to
the application of the load to said shell.

Other and further objects, features and advantages of
the present invention will become apparent to those skilled
in the art from the following detailed disclosure thereof
and the drawings attached hereto and made a part hereof.

On the drawings:

FIGURE 1 is a diagrammatic illustration showing the
two lower rolls of a stack of rolls, illustrating in exagger-
ated form the manner in which such rolls may be deflected
during specific correlation among essential control factors
in a calender stack of the prior art;

FIGURE 2 is a diagrammatic illustration similar to
FIGURE 1, but showing the roll shell in sectional eleva-
tion for an assembly embodying the invention;

FIGURE 3 is an essentially diagrammatic view show-
ing the alignment of internal counter-deflection moments
of the type effected in the operation of the assembly of
FIGURE 2;

FIGURE 4 is an essentially diagrammatic illustration
of deflection curves involved in a consideration of the
instant invention;

FIGURE 5 is a view comparable to that of FIGURE 2
showing another embodiment of the instant invention;

FIGURE 6 is an essentially diagrammatic side eleva-
tional view showing a press couple arrangement wherein
a roll assembly of the instant invention is used;

FIGURE 7 is an essentially diagrammatic side eleva-
tional view showing a calender stack wherein a roll assem-
bly of the instant invention is used;

FIGURE 8 is a fragmentary detail view of an end
assembly or end mounting of another embodiment of the
instant invention, comparable generally to the end mount-
ing shown for the shell in the upper right hand corner of
FIGURES 2 and 5; and

FIGURE 9 is a view corresponding to that of FIGURE
8 showing still a different modification of the invention.

As shown on the drawings:

In FIGURE 1, a bottom portion of a calender stack,
indicated generally by the reference numeral 10, is shown
comprising a king roll 11 at the bottom mounted on
suitable bearings 12 and 13 which are in turn firmly se-
cured to a fixed mounting such as a floor F. Immediately
above the king roll 11 is a calender roll 14 which, in turn,
is mounted for rotation in bearings 15 and 16. Actually,
the roll 11 is provided with a left hand stub shaft 1la
or shaft element which is rotatably received by the left
hand bearing 12 and a right hand stub shaft 115 which is
rotatably received by the right hand bearing 13. The roll
14 is also provided with a left hand stub shaft 144 rotat-
ably received by the left hand bearing 15 and a right hand
stub shaft 145 rotatably received by the right hand bear-
ing 16. .

As will be noted, the axis X-11 for the roll 11 is de-
flected downwardly below a horizontal or center line C-11
at the middle of the roll 11 and this is caused by the
load applied to the roll 11 by the weight of the roll 14
(and any other rolls thereabove). This weight is trans-
mitted through the sheet of paper (shown in exaggerated
thickness at W—1) passing through the nip between the
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rolls 11 and 14. In the calender 10, however, the central
portion of the top surface of the roll 11 is still crowned
50 as to extend a distance R~11 above the outer extremities
of the roll 11, and the bottom surface of the roll 11 is
downwardly bowed still a greater distance D-11. The
amount of operating crown R-11 depends upon the
amount of original crown formed on the roll 11 and the
total weight of the calender stack of rolls 14, etc. mounted
thereabove. As will be appreciated, if it is desired to op-
erate a calender with substantially no operating crown
(R-11) in the king roll 11, the initial crown of the king
roll 11 and the total weight of the calender rolls 14, etc.
are correlated so as to obtain substantially no operating
crown. If, however, it then becomes desirable to make
a change in the operation of the prior art calender by using
less calender rolls in the stack, then a greater operating
crown R—11 will be obtained. This may possibly result in
an undesirable pressure distribution at the portion of the
web W-1 passing through the nip N-1. The same is true
with respect to variations in load which may be applied to
any other crowned roll in a paper machine or other device.

In many of such prior art devices, the crown initially
formed on the roll being subjected to the load is just
sufficient to permit the roll to deflect in response to this
predetermined load to such an extent that the roll presents
a substantially flat (usually horizontal) nip defining sur-
face. It will be appreciated that any variation from such
predetermined load will, however, necessarily result in a
deviation from the desired flat or level contour of the
operating surface or nip defining line of the roll (herein
designated 1ic).

Referring now to FIGURE 2, it will be seen that the
assembly of the instant invention is adapted to mount a
roll shell 21 whose centroidal axis in the unloaded con-
dition of the roll (indicated at C-21 in FIGURES 2, 3
and 4) is subject to deflection. As will be appreciated,
the extent of deflection and crown has been greatly ex-
aggerated in FIGURE 1 and will also be exaggerated in
the description of FIGURES 2, 3 and 4 for the purpose
of simplifying the nature of the disclosure. As indicated
diagrammatically in FIGURES 2, 3 and 4, the axis C-21
is a center line for the shell 21 which would be a sub-
stantially straight, horizontal line in the views shown,
if the shell 21 were not subjected to any loading forces
including the load of its own weight. The roll 21 is,
however, subjected to a load across its entire width,
including the load of its weight and the load of an upper
press roll 22 (FIGURE 6) forming a press nip N-1
therewith. As indicated in FIGURE 6, a felt F is
trained around the roll shell 21 and carries a paper web
W-2 through the nip N-1 at which a substantial load
indicated by the arrow 23 is applied against the shell 21.
For the instant purposes the load indicated diagram-
matically by the arrow 23 in FIGURE 6 will be under-
stood to be applied uniformly across the entire width
(or length) of the shell 21 and is represented in FIGURE
2 by the arrows 23a and 23b at the quarter points and
23¢ at the midpoint. As indicated diagrammatically in
FIGURE 4, in the case of a conventionally mounted
roll shell this load 23 would result in a conventional de-
flection curve D-21 in the shell axis.

The shell 21 is, however, mounted in accordance with
the instant invention on a through shaft 24 which in this
embodiment is received by the shell 21 extending com-
pletely therethrough to be held against rotation and fully
supported by fixed mounting blocks 254 and 25/ indi-
cated diagrammatically. It will be appreciated that the
assembly of the instant invention indicated generally by
the reference numeral 20 in FIGURE 2 does not require
a through shaft 24 which extends continuously through-
out the interior of the shell 21, but only through shaft
elements or means which extend inwardly from the re-
spective mounting blocks 25q¢ and 25b a sufficient dis-
tance to carry out the function of mounting the other
elements which will be described. As a practical matter,
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however, there are a number of distinct advantages in
applying a through shaft 24 extending - continuously
throughout the length of the shell 21 in the manner here
shown. There is an additional advantage in the use of
a fixed through shaft 24 (held against rotation) and
mounting the shell 21 for rotation via bearings 26a and
26b, for the reason that the non-rotating through shaft
24 may safely endure substantially greater stresses than
should ordinarily be used ‘with a rotating shaft.

The through shaft means 24 carries allochiral bearing
elements -26a and 265 positioned inwardly from the cor-
responding shell ends 21g and 21b. The bearing as-
semblies 28a and 265 are shown diagrammatically since
they -may be of conventional structure, but it will be
understood that spherical roller bearing assemblies are
preferred for use in the invention, since these bearing
assemblies are known to be resistant to a radially. -ap-
plied load, but capable of limited yielding to a pivotal or
momental movement of the type desired herein. For this
purpose the bearing assembly 26 is indicated diagram-
matically as comprising inner and outer races 26al, 26a2
and a central spherical roller element 2643 and the other
bearing assembly 26b is indicated in like manner. In
this respect, it will be appreciated that the axis of the
shaft 24 will tend to tilt or slope downwardly from the
-support 25b, for example, toward the middle of the
shaft 24 (as indicated along the line D-21 in FIGURE
4); and the axis of the annular mounting means or inner
shell 21e at the right hand side of FIGURE 2 will tend
to tilt or slope downwardly in the opposite direction (or
outwardly toward the support 25b) by virtue of the mo-
ment M-2 applied thereio (FIGURE 3), so the bearing
26b thus resists the radial load applied thereto but ac-
commodates telative axial misalignment or tilting be-
tween the mounting means 21e and the shaft 24, herein-
before referred to as “pivotal” or momental movement.

The shell 21 comprises ‘a generally annularly cross-
sectioned functioning body portion 21c plus generally
coaxially 'spaced, rigidly secured or integral, allochiral
turned-in .end portions 21d and 2%e respectively, inter-
mediate the shell 21 and the shaft 24. The shell 21 is
here formed integrally with the turned-in portions (which
may be referred to as “sleeves” or “inner shells”) 21d
and 21e, for example, by conventional casting techniques
for metal which, of course, results in the formation of
these annularly cross-sectioned “turned-in” (i.e. canti-
levered) members 21d and 21e encircling or surrounding
the through shaft 24 interiorly of the shell 21, but rigidly
secured to the ends 21a and 2%b only, respectively, of
the shell 21 so as to be radially spaced from the shell
axially inwardly from the ends 21a and 21b. These
cantilevered members 21d and 21e extend appreciably
axially inwardly from the shell ends 21a and 215, re-
spectively, to the bearing assemblies 264, 265 (being di-
rectly connected to such mounting elements as the outer
races 26a2 and 2652 in conventional manner), so as to
be radially spaced from the shaft 24 -axially outwardly
from the inner ends of the members 214 and 21e mount-
ed on the shaft 24 via the bearing assemblies 264 and 26b.

It will thus be seen that the weight of the shell proper
21c¢ and the load 23 applied thereto is carried first in its
entirety at the outer rigid (integral) connection between
the shell body 21c¢ and the internal annular members 21d
and 21e forming the (sole) rigid connection with the
shell ends 21a and 21b, respectively. Next, it will be
seen that the entire load 23, plus the weight of the shell
proper 2ic and the weight of the internal annular mem-
bers 21d and 2le is carried solely, appreciably axially
inwardly from the ends 21a and 215 of the shell 21 by
the allochiral bearing assemblies 26a and 265 (or more
specifically ‘the ‘mounting elements -formed by the outer
races 2642 and 2652 which -engage the annular members
21d and 2le, respectively, at approximately the -quarter
point locations disposed inwardly of -the shell ends 21q
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-matic showing of FIGURE 4.
-curves D-21 and MC substantially cancel each other out
-and the axis of the shell, indicated in a solid line R-21
in FIGURE 4, assumes a substantially straight line con-
figuration conforming generally with the true center line

6

and 21b) or from the “points” in the immediate vicinity
of the shell ends 21a and 215 whereat the aforementioned
rigid integral connection is effected. (It will thus be ap-
preciated that in the embodiment of FIGURE 2 the shell
21 is supported interiorly or from within solely on the
shaft 24, via the internal annular members 214 and 21e.)
This arrangement results in generally allochiral moments
M-1 and M~2 indicated diagrammatically in FIGURE 3.

As indicated in FIGURE 3 the left hand moment M-1
is developed initially in the annular member 214 by virtue
of the downward force component at the end connection
21a (between the shell body 21c and the annular mem-
ber 21d) and the upward load resisting force component
at the center line of the bearing assembly 26a. Although
there is no direct radially aligned connection between the
bearing assembly 264 and the interior of the shell 21c,
the moment or force couple M—1 necessarily results in
the formation of a corresponding moment M’—1 in the
main shell body 21c, which may be indicated diagram-
matically in FIGURE 3 by the force couple arrows 26a
and 26’'a. The corresponding force arrangement for the
opposite moment M-2 is also indicated in FIGURE 3.
It will be appreciated that the resulting end moments
M’~1 and M'-2 acting on the body of the shell 21¢ tend
to bow the shell 21¢ upwardly in the center to a position
indicated at 21’c in FIGURE 3 on the exaggerated deflec-
tion curve MC resulting from such end moments, which
curve is also shown in the diagram of FIGURE 4 in con-
trast with the conventional deflection curve D-21. ‘It
will also be appreciated that the greater the overall load
23 that is applied to the working surface of the shell
body 21c, the greater the end moments M-1 and M-2,
and thus the greater the tendency for the end moments
to bow .or deflect the shell body 21c upwardly. This is
thus the theoretical explanation for the self-correcting
character of the instant roll assembly in response to varia-
tions in the load applied to the shell. In other words, if
the load increases the so-called mormal deflection curve
D-21 (referring to FIGURE 4) would deflect down-
wardly ‘to a greater extent, but the end moments ‘would
also increase and this would result in the “automatic cor-
rection” effect of this assembly whereby the end moment
deflection curve MC is moved upwardly, in the diagram-
In each case, the two

C-21, with very slight peaks RA and RB at the quarter
point. . These so-called “peaks” RA and RB are actually

so small as to be negligible in most uses, even though

they represent the maximum final deflection from the true
center line C-21. It has been found that the self-correct-
ing counter deflection effect is obtained in the most advan-
tageous manner if the rigid connection between the shell
body 21c and the inner annular members 214 and 21e
is made substantially at the extremities of the shell body
21c and the entire load is transmitted from the annular
members 21d and 21e to the through shaft 24 at approxi-
mately the quarter points (i.e. 23a and 235) of the shell

Jbody 21c¢.

For example, in studying a preferred embodiment of
the instant invention, the following critical factors are

involved:

Metal shell-outside diameter (D)=38"

Face width, i.e. shell length (1)=280"
Wall or shell thickness (#)=5""

Nip load (N)=400 p.p.i.

Young’s modulus of elasticity (E)=24x10¢ p.si. (duc-
tile iron) ’

Moment of inertia of shell (I)

Moment introduced at-the ends during loading (Mg)
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The shell deflection due to 400 p.p.i. nip load is computed

from the following formula:
5NI*

v=sszl () 13 1O+ OT
ST On

wherein y indicates deflection normal to the axis and x
indicates corresponding displacement parallel to the axis.
The first part of the above equation represents the deflec-
tion of a simply supported shell, and the second part
the counter-deflection due to the end moments developed
during loading. By equalizing these two parts at the cen-
ter of the shell the necessary moment M, may be cal-
culated and consequently the distance of the bearing
centers from the shell ends found. In the particular cal-
culation for the ductile iron shell, and neglecting its weight
for this calculation, the proper location of the bearing
centers is found to be 64 inches from the ends (which
is approximately at the quarter point of 70 inches), and
the maximum total deflection is found to be less than
0.001 inch at approximately the quarter points of the shell
(i.e. as represented diagrammatically at RA and RB in the
deflection curve R-21 of FIGURE 4).

Since the moments developed during loading vary lin-
early with the nip load in the present assembly, the ideal
locations of the bearings 264 and 26b remain constant
with respect for the shell for all loadings. Thus if the
nip load is doubled to 800 p.p.i. on the foregoing roll, the
maximum beam deflection would double and would be
less than 0.002 inch at the quarter points. If the shell
body 21c is crowned, according to conventional prior art
procedures, it will be appreciated that the maximum beam
deflection may be reduced to an even greater extent.
And for this purpose a slight crown R-31 lis formed on
the shell 31 shown in FIGURE 5 which will be described
hereinafter.

In the aforementioned roll the diameter of the through
shaft is /12 inches and the maximum stress developed in
this shaft with a 400 p.p.. nip load is 16,500 p.s.i., which
would result in the maximum deflection at the center of
about 1.25 inches. It will be appreciated that this deflec~
tion could be reduced by increasing the rigidity of the
central portion of the shaft 24, for example, by increas-
ing the diameter thereof as indicated in the dotted line
at 24a, but the stress level actually computed is not ex-
cessive, particularly since the shaft 24 is not rotating.
The extent of the deflection per se in the shaft 24 is not
particularly significant with respect to deflection in the
shell body 21c, for the reason that the position of the
bearings 26a and 26b relative to each other remain sub-
stantially the same in spite of variations in the deflection
of the overall shaft 24.

Referring now to FIGURE 5, it will be seen that the
overall assembly indicated generally by the reference nu-
meral 30 comprises a shell 31 having generally the same
structure as the overall shell 21, except for the slight
crown at the center indicated at R-31, and the corre-
sponding parts of the shell 31 which are the same or sub-
stantially the same as elements of the shell 21 are indi-
cated with the same reference numeral in the 30 series.
In similar fashion the overall load is indicated diagram-
matically at the quarter points 33z and 33b and at the
midpoint 33c, a through shaft 34 is also shown mounted
at its opposite ends in suitable mounting means 35a and
35b which in this case, however, are housings for bear-
ings 37a and 37b respectively which rotatably mount the
through shaft 34 for corotation with the shell 31 and
remainder of the assembly 30. The entire load 334, b, ¢
on the shell 31 is again carried by the through shaft 34,
which in turn is carried by the bearings 374, 37b in this
arrangement. The interior annular members 314 and
31e are again rigidly secured to (and integral with) the
ends 31a and 31b of the shell proper 31c and extend
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8

inwardly therefrom to mounting means 36a and 36b again
positioned at approximately the quarter points for the
shell 31c. In this case, however, the mounting means
36a form a sandwich structure defined by an inner me-
tallic sleeve 36al engaging the through shaft 34 and an
outer metallic sleeve 36a2 engaging and secured to the
inner portion of the annular member 31d, with a solid
elastomer element 3643 sandwiched therebetween. The
solid elastomer element 3643 is formed of suitable natural
or synthetic rubber which may be mounted between the
metallic sleeves 3641 and 3642 and vulcanized in order
to complete the formation of the sandwich structure 36a.
A corresponding sandwich structure 365 is formed in like
manner and designated by the corresponding reference
numerals. The type of sandwich structures 36a, 36b em-
ployed here is similar to that described in detail in Horn-
bostel U.S. Patent No. 2,651,103, and it is capable of
operation in a comparable manner to the extent that the
sandwich structures 36a, 360 carry the radially aligned
load, but yield to a limited extent at least to movement
resuliing from the application of the end moments in the
manner already described herein (i.e., resulting in limited
misalignment between the axes of the shaft means and the
mounting means).

As indicated in FIGURE 7, the shell 31 may be used
as a king roll in a calender stack provided with super-
imposed rolls 41, 42, 43, 44 and 45 receiving a web W-3
in conventional manner. The load indicated diagram-
matically by the arrow 35 is transmitted to the sandwich
structures 36a, 36b shown in FIGURE 5 so as to obtain
a force arrangement already described in detail in con-
nection with FIGURES 3 and 4 herein.

FIGURES 8 and 9 show modifications of the rigid con-
nection between the shell and the internal mounting
means. In the embodiment indicated generally by the
reference numeral 5¢ in FIGURE 8, the shell body 5ic
is formed separately from the internally cantilevered, an-
nularly cross-sectioned mounting member 51e (with the
elements 51c and 51e functioning generally in a manner
corresponding to the manenr in which the elements 3ic
and 31e function in the embodiment 30). A mounting
element 5652 is also indicated in the view of FIGURE 8
to correspond with the metal sleeve 3652 of FIGURE 5
and function in the same manner. In the embodiment
50, however, the annular member 51e is provided with an
outer flange 51f which fits against the absolute extremity
51b of the shell body and is secured thereto, for example,
by bolts indicated at 58 in order to effect the rigid con-
nection therebetween which is employed in order to effect
the desired end moments in the manner already described.

In FIGURE 9, corresponding elements are indicated in
the 60 scries of reference numerals, but it will be seen
that the interior cantilevered member 61e¢ in this case is
provided with a flange 61f which is secured generally to
the end 61b of the shell body 61c but not to the abso-
lute extremity indicated at 614°. In this embodiment
the flange 61f is secured to the shell 63ic by conventional
bolt assembly 68 a short distance inwardly from the abso-
Inte extremity 615" of the shell 61c and this may afford
some advantages in connection with the mounting of other
equipment at the absolute extremity 615’, although the
length of the moment arm in the annular member 6le is,
of course, reduced and the bending moment is corre-
spondingly less effective. An essential feature of the
invention is, however, indicated by the fact that the mount-
ing means 6652 which will be directly supported by the
through shaft (not shown) are still positioned inwardly
from the point of rigid connection 61f between the shell
61c and the annular member 61e.

It will be understood that modifications and variations
may be effected without departing from the spirit and
scope of the novel concepts of the present invention.
As used herein, the terms “cantilevered” and “cantilev-
erly” refer to a supporting arrangement for a member
mounted on a given base element wherein one portion
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means and extending appreciably axially inwardly of each
of the shell ends intermediate the shell and the shaft
means and bearing means at the ends of the shaft means
for corotatably supporting the shell and the shaft means,
each such mounting means being secured rigidly to the
shell solely at its outer end and mounted on. the shaft
means solely at its inner end appreciably axially inwardly
of the shell ends, each said mounting means being radially
spaced from the shaft means axially outwardly from its
inner end mounted on the shaft means and being radially
spaced from the shell axially inwardly from its outer end
secured to the shell, thereby applying internal counter-
deflection moments to said shell in response to the ap-
plication of a load to said shell, said sheli being supported
from within solely. on said shaft means via said mount-
ing means.

9, In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, said shell having a substantial length-to-diam-
eter ratio, through shaft means extending continuously
through and radially spaced from said shell, allochiral
co-axially spaced mounting means surrounding the shaft
means and extending appreciably axially inwardly of each
of the shell ends intermediate the shell and the shaft
means, bearing means rotatably supporting said mount-
ing means on said. shaft means appreciably axially in-
wardly of each of the shell ends for rotatably mounting
the shell, each such mounting means being secured rigidly
to the shell solely at its outer end and mounted on the
shaft means via said bearing means solely at its inner
end appreciably axially inwardly of the shell ends, each
said mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to said
shell, said shell being supported from within solely on
said shaft means via said mounting means, and said bear-
ing means carrying the full weight of said shell, said
mounting means, said shaft means and a load applied
to said shell.

10. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, shaft means in the shell and in radially spaced
‘relation thereto for rotatably mounting the shell, allo-
chiral co-axially spaced mounting means surrounding the
shaft means and extending appreciably axially inwardly
of each of the shell ends intermediate the shell and the
shaft means, each such mounting means. being secured
rigidly to the shell solely at its outer end and mounted
on the shaft means solely at its inner end appreciably
axially inwardly of the shell ends, and means interposed
between said shaft means and said mounting means ac-
commodating limited axial misalignment while carrying
the radial load of the mounting means on the shaft means,
each such mounting means being secured rigidly to the
shell solely at its outer end and mounted on the shaft
means solely at its inner end appreciably axially inwardly
of the shell ends, each said mounting means being ra-
dially spaced from the shaft means axially outwardly
from its inner end mounted on the shaft means and being
radially spaced from the shell axially inwardly from its
outer end secured to the sheil, thereby applying internal
counter-deflection moments to said shell in response to
the application of a load to said shell.

11. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, shaft means in the shell and in radially spaced
relation thereto for rotatably mounting the shell, allo-
chiral co-axially spaced mounting means surrounding the
shaft means and extending appreciably axially inwardly
of each of the shell ends intermediate the shell and the
shaft means, each such mounting means being secured
rigidly to the shell solely at its outer end and mounted
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on the shaft means solely at its inner end appreciably
axially inwardly of the shell ends, and allochiral bearing
means interposed between said shaft means and said
mounting means accommodating limited axial misalign-
ment while carrying the radial load of the mounting means
on the shaft means, each such mounting means being
secured rigidly to the shell solely at its outer end and
mounted on the shaft means solely at its inner end ap-
preciably axially inwardly of the sheil ends, each said
mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell’in response to the application of a load to said
shell.

12. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, shaft means in the shell and in radially spaced
relation thereto for rotatably mounting the shell, allo-
chiral co-axially spaced mounting means surrounding the
shaft means and extending appreciably axially inwardly
of each of the shell ends intermediate the shell and the
shaft means, each such mounting means being secured
rigidly to the shell solely at its outer end and mounted
on the shaft means solely at its inner end appreciably
axially inwardly of the shell ends, and allochiral solid
elastomer mounting elements interposed between said
shaft means and said mounting means accommodating
limited axial misalignment while carrying the radial load
of the mounting means on the shaff means, each such
mounting means being secured rigidly to the shell solely at
its outer end and mounted on the shaft means solely at
its inner end appreciably axially inwardly of the shell
ends, each said mounting means being radially spaced
from the shaft means axially outwardly from its inner end
mounted on the shaft means and being radially spaced
from the shell axially inwardly from its outer end se-
cured to the shell, thereby applying internal counter-
deflection moments to said shell in response to the appli-
cation of a load to said shell. .

13. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to

-said shell, shaft means in the shell and in radially spaced

relation thereto- for rotatably mounting the shell, and al-
lochiral co-axially spaced mounting means surrounding
the shaft means and extending appreciably axially inward-
ly of each of the shell ends intermediate the shell and
the shaft means, each such mounting means being se-
cured rigidly to the shell solely at its outer end and
mounted on the shaft means solely at its inner end ap-
proximately one quarter of the shell length axially in-
wardly of the shell ends, each said mounting means being
radially spaced from the shaft means axially outwardly
from its inner end mounted on the shaft means and be-
ing radially spaced from the shell axially inwardly from
its outer end secured to the shell, thereby applying inter-
nal counter-deflection moments to said shell in response
to the application of a load to said shell.

14. In combination, a roll shell whose centroidal axis
is subject to deflection in response fo a load applied to said
shell, said shell having a substantial length-to-diameter
ratio, means applying a load to said shell tending to effect
such deflection, shaft means in the shell and in radially
spaced relation thereto for rotatably mounting the shell,
and allochiral co-axially spaced mounting means sur-
rounding the shaft means and extending appreciably axial-
ly inwardly of each of the shell ends intermediate the
shell and the shaft means, each such mounting means be-
ing secured rigidly to the shell solely at its outer end
and mounted on the shaft means solely at its inner end
appreciably axially inwardly of the shell ends, each
said mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
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of such member is secured to and supported by such base
element and another portion of such member extends
away from such one portion and is not otherwise secured
to or supported by such base element, i.c., as in the mount-
ing of a conventional cantilever beam.

I claim as my invention:

1. In combination, a rotatable roll shell whose axis
is subject to deflection in response to a given load applied
to said shell, through shaft means extending axially
through said shell, tubular inner support shells of sub-
stantial length extending inwardly from each of the ends
of the roll shell and rotatable with the roll shell, said sup-
port shells being radially inwardly spaced from the roll
shell and radially outwardly spaced from the shaft means,
the outer ends of the support shells being rigidly con-
nected to the outer ends of the roll shell, and a support
means for each of the support shells supporting the inner
ends thereof on the shaft means an appreciable distance
from the outer ends so that the inner support shells are
free to bend along their length, said tubular support shells
being of a substantial length for applying a predetermined
deflection moment to the ends of said roll shell with said
given load.

2. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, shaft means in the shell and in radially spaced
relation thereto for rotatably mounting the shell, and
allochiral mounting means surrounding the shaft means
and extending appreciably axially inwardly of each of the
shell ends intermediate the shell and the shaft means,
each such mounting means being secured rigidly to the
shell solely at its outer end and mounted on the shaft
means solely at its inner end appreciably axially inwardly
of the shell ends, each said mounting means being radially
spaced from the shaft means axiaily outwardly from its
inner end mounted on the shaft means and being radially
spaced from the shell axially inwardly from its outer end
secured to the shell, thereby applying internal counter-
deflection moments to said shell in response to the appli-
cation of a load to said shell..

3. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, said shell having a substantial length-to-diam-
eter ratio, shaft means in the shell and in radially spaced
relation thereto for rotatably mounting the shell, and
allochiral co-axially spaced mounting means surrounding
the shaft means and extending appreciably axially in-
wardly of each of the shell ends intermediate the shell
and the shaft means, each such mounting means being
secured rigidly to the shell solely at its outer end and
mounted on the shaft means solely at its inner end ap-
preciably axially inwardly of the shell ends, each said
mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to said
shell, said shell being supported from within solely on
said shaft means via said mounting means.

4. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, shaft means in the shell and in radially spaced
relation thereto, means on the shaft means for rotatably
mounting the shell, and annular allochiral coaxially
spaced mounting means surrounding the shaft means and
extending appreciably axially inwardly of each of the
shell ends intermediate the shell and the shaft means, each
such mounting means being secured rigidly to the shell
solely at its outer end and mounted on the shaft means
solely at its inner end appreciably axially inwardly of
the shell ends, each said mounting means being radially
spaced from the shaft means axially outwardly from its
inner end mounted on the shaft means and being radially
spaced from the shell axially inwardly from its outer end
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secured to the shell, thereby applying internal counter-
deflection moments to said shell in response to the appli-
cation of a load to said shell, said shell having a sub-
stantial length-to-diameter ratio, said shell being sup-
ported from within solely on said shaft means via said
mounting means.

5. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, through shaft means extending continuously
through and radially spaced from said shell, bearing
means on the shaft means for rotatably mounting the
shell, and allochiral co-axially spaced mounting means
surrounding the shaft means and extending appreciably
axially inwardly of each of the shell ends intermediate
the shell and the shaft means, each such mounting means
being secured rigidly to the shell solely at its outer end
and mounted on the shaft means solely at its inner end
appreciably axially inwardly of the shell ends, each said
mounting means being radially spaced from the shaft
means axially outwardly for its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to said
shell.

6. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, said shell having a substantial length-to-
diameter ratio, through shaft means extending continu-
ously through and radially spaced from said shell, bear-
ing means at the ends of the shaft means for co-rotatably
supporting the shell and the shaft means, and allochiral
co-axially spaced mounting means surrounding the shaft
means and extending appreciably axially inwardly of each
of the shell ends intermediate the shell and the shaft
means, each such mounting means being secured rigidly
to the shell solely at its outer end and mounted on the
shaft means solely at its inner end at substantially 20
to 30% of the shell length axially inwardly from the
shell ends, each said mounting means being radially
spaced from the shaft means axially outwardly from its
inner end mounted on the shaft means and being radially
spaced from the shell axially inwardly from its outer end
secured to the shell, thereby applying internal counter-
deflection moments to said shell in response to the appli-
cation of a load to said shell, said shell being supported
from within solely on said shaft means via said mounting
means.

7. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, through shaft means extending continuously
through and radially spaced from said shell, allochiral
co-axially spaced mounting means surrounding the shaft
means and extending appreciably axially inwardly of each
of the shell ends intermediate the shell and the shaft
means, bearing means rotatably supporting said mounting
means on said shaft means appreciably axially inwardly
of each of the shell ends for rotatably mounting the shell,
each such mounting means being secured rigidly to the
shell solely at its outer end and mounted on the shaft
means via said bearing means solely at its inner end
appreciably axially inwardly of the shell ends, each said
mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to said
shell, said shell being supported from within solely on
said shaft means via said mounting means.

8. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shell, through shaft means extending continuously
through and radially spaced from said shell, allochiral
co-axially spaced mounting means surrounding the shaft
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axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to
said shell.

15. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to said
shell, a press roll in nip-defining relationship with said
shell and applying a load to said shell tending to effect
such deflection, shaft means in the shell and in radially
spaced relation thereto for rotatably mounting the shell,
and allochiral co-axially spaced mounting means surround-
ing the shaft means and extending appreciably axially in-
wardly of each of the shell ends intermediate the shell
and the shaft means, each such mounting means being
secured rigidly to the shell solely at its outer end and
mounted on the shaft means solely at its inner end ap-
preciably axially inwardly of the shell ends, each said
mounting means being radially spaced from the shaft
means axially outwardly from its inner end mounted on
the shaft means and being radially spaced from the shell
axially inwardly from its outer end secured to the shell,
thereby applying internal counter-deflection moments to
said shell in response to the application of a load to said
shell,

16. In combination, a roll shell whose centroidal axis is
subject to deflection in response to a load applied to said
shell, said shell having a substantial length-to-diameter
ratio, at least one superimposed calender roll applying a
load to said shell tending to effect such deflection, shaft
means in the shell and in radially spaced relation thereto
for rotatably mounting the shell, and allochiral co-axially
spaced mounting means surrounding the shaft means and
extending appreciably axially inwardly of each of the shell
ends -intermedijate the shell and the shaft means, each
such mounting means being secured rigidly to the shell
solely at its outer end and mounted on the shaft means
soely at its inner end appreciably axially inwardly of the
shell ends, each said mounting means being radially spaced
from the shaft means axially outwardly from its inner
end mounted on the shaft means and being radially spaced
from the shell axially inwardly from its outer end secured
to the shell, thereby applying internal counter-deflection
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moments to said shell in response to the application of a
load to said shell.

17. In combination, a roll shell whose centroidal axis
is subject to deflection in response to a load applied to
said shel, said shell having a substantial length-to-diam-
eter ratio, through shaft means extending continuously
through and radially spaced from said shell, allochiral co-
axially spaced mounting means surrounding the shaft
means and extending appreciably axially inwardly of
each of the shell ends intermediate the shell and the shaft
means, bearing means at the ends -of the shaft means for
corotatably supporting the shell and the shaft means, and
means interposed between said shaft means and said
mounting means accomodating limited axial misalignment
while carrying the radial load of the mounting means on
the shaft means, each such mounting means being secured
rigidly to the shell solely at its outer end and mounted on
the shaft means via such interposed means solely at its
inner end substantially 20 to 30% of the shell length
axially inwardly of the shell end, each said mounting
means being radially spaced from the shaft means axially
outwardly from its inner end mounted on the shaft means

-and being radially spaced from the shell axially inwardly

from its outer end secured to the shell, thereby applying
internal counter-deflection moments to said shell in re-
sponse to the application of a load to said shell.
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