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This invention relates to a structure for a roli whose
axis is subject to deflection in response to Ioad applied
to the roll, and more particularly, to a structure for such
a roll wherein there may be obtained a predetermined
and variable “crown” or variation in the outer peripheral
dimension of the roll,

Although the instant invention may be useful in a num-
ber of arts, it is particularly useful in the paper machine
art and will be described primarily in connection there-
with. In paper machines, there are a number of different
types of rolls of substantial size which are subjected to
loads tending to defiect such rolls centrally.  For example,
wire return rolls in a Fourdrinier paper machine are sub-
ject to a load tending to effect central deflection thereof
by virtue of the weight of the rolls themselves and of the
Fourdrinier wire carried by the rolls, the tension on the
Fourdrinier wire, and, in the case of a driven roll, the
force component resulting from the resistance or reaction
of the wire itself to the driving force. These forces tend
to deflect the roll downwardly in the middle and this re-
sults in an undesirable guidance of the traveling wire,
which it has been found advantageous to avoid by counter-
acting the tendency for downward deflection of the re-
turn roll in one manner or another.,

In addition, in press couples, calender stacks, ete. the
web passes through a nip between a pair of superimposed
rolls whereat the web is subjected to pressures. The pres-
sures thus applied at such nip tend to load the rolls and
deflect the same. 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 one or both rolls,
The crowning of the roll requires accurate and expensive
finishing of the roll surface 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 predeter-
mined set of force conditions and may not be satisfactory
for ‘operation under a different set of force conditions.
Accordingly, crowning of rolls often does not afford satis-
factory operation for many different types of operating
conditions.

In other arts relating to paper machines, such as the
coating of paper or fabrics with plastic materials, pres-
sure or calender rolls are also used. Also, paint mixing
roll systems or the like are 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 press nips. In each of the roll systems of the prior
art-just mentioned, it is ordinarily possible to provide a
roll having a given crown which affords satisfactory oper-
ation for a given set of operating conditions (primarily
a given set of load conditions for the roll). The difficulty,
however, is that changes in these operating conditions
may and often do result in an unsatisfactory operation
for such a roll which has been crowned in a predetermined
manner for operation under a different set of conditions.

The instant invention affords a. simple but unique roll
structure wherein limited but very significant variation
in the crowning of the roll is permitted, without the neces-
sity of machining or otherwise refinishing the roll surface.
The instant invention provides a very. sturdy and reliable
roll structure wherein the crown may be varied by the
simple expedient of varying the temperature of the roll
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itself, or a functional part of the roll. The instant invep-
tion is thus particularly well adapted for uses wherein
temperature control of the operating surface of the roll
is mot particularly critical. (so that temperature control
of the roll itself may be accurately maintained without
outside interference), but another aspect of the instant
invention prevides for a roli structure which comprises
heat insulative means interposed between the functional,
temperature-sensitive component of the roll and the oper-
ating surface thereof. .

In the instant invention, there is provided a roll con-
struction formed of an outer shell and an inner shell rigid
therewith. Both of the shells are preferably formed of
structural metal, and one of the shells has a substantially
lower coefficient of thermal expansion than the other.
Means are also provided for heating one of the shells.
The ratio of cross-sectional area (i.e. annular area) of
the inner shell to that of the outer shell is varied to a sub-
stantial extent across the width of the shells, or the width
of the roll. In this arrangement, heating of the shell
having the higher coefficient of thermal expansion effects
the maintenance of a greater outer peripheral dimension
(or “crown”) in the region of the roll wherein there is
a greater ratio of cross-sectional ares of the shell that is
formed of material having the higher coefficient of thermal
expansion as compared to the cross-sectional area of the
shell formed of material having the lower coefficient of
thermal expansion.

The exact contour which the outer periphery of the
roll will have thus depends not only upon the relative
cross-sectional areas of the inner and outer shells {which
is a structural aspect of the roll that requires rebuilding
to change) but also upon the temperature at which the
shell elements (and particularly the shell element having
the higher coefficient of thermal expansion) are main-
tained. It will be appreciated that variation in this tem-
perature can be readily accomplished without the dis-
advantages of rebuilding the roll or remachining the
surface,

It is, therefore, an important object of the instant in-
vention to provide an improved roll structure -for rolls
subject to deflection in response to loads applied thereto.,
It is another object of the instant invention to provide an’
improved roll assembly wherein the simple expedient of
temperature control may be used to effect crowning of
the roll in a predetermined manner.

Yet another object of the instant invention is to pro-
vide a roll whose axis is subiject to deflection in response
to a load applied to the roll, said roll comprising an
outer shell formed of a material having a relatively low
coefficient of ‘thermal expansion, an inner shell rigid
with the outer shell and formed of a material having a
relatively higher coéfficient of thermal expansion, and
meaps for heating the inner shell, the ratio of cross-
sectional area of the inner shell fo the outer shell being.
greater at the center of the roll than at the ends thereof,

- whereby heating of said inner shell effects maintenance -
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of a gredter outer peripheral dimension for
shell at the center than at the ends therecf.

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 the stack of rolls, illustrating. in' ex-
aggerated form the manner in which such rolls may .be
deflected during a specific correlation among the essen-
tial control factors in a calender stack of the prior art;

FIGURE 2 is an essentially diagrammatic cross-sec- .
tional view of a roll assembly embodying the invention;

the - outer
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FIGURE 3 is a view corresponding to that of FIGURE
2 but showing another embodiment of the invention;
and
_ FIGURE 4 is a view corresponding to FEGURES' 2
and 3, but showing still another embodiment of the in-
stant invention.

- As shown on the drawings:

In FIGURE 1, a bottom portion of a calender stack,
indicated generally by the reference numeral 18, is shov{n
comprising a king roll 11 at .the bottom mounted on suit-
able bearings 12 and 13 which are in turn firmly securcd
to 2 fixed mounting such as a fioor F. Immediately
above the king roll 11 is a calender roll i4 which, in
turn, is mounted for rotation in bearings 13 and 1%, Ac-
tually, the roll 11 is provided with a left hand stub shaft
11a or shaft element which is rotatably received by the
left hand bearing i2 and a right hand sinb shaft i1b
which is rotatably received by the right hand bearing
13. The roll 14 is also provided with a left hand stub
shaft 14a rotatably received by the left hand bearing
15 and a right hand stub shaft 145 rotatably received
by the right hand bearing 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 1% and this is caused by the
load applied to the roll 11 by the weight of the roil 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
rolls 11 and 14. In the calender 18, however, the cen-
tral portion of the top surface of the roli 11 is still
crowned so 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~13 depends upon
the amount of original crown formed on the roll 11 and
the fotal weight of the calender stack of rolls 14, etc.
raounted thereabove. As will be appreciated, if it is de-
sired 'to operate a calender with substantially no operat-
ing crown (R-11) in the king roll fi, 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 de-
sirable to make a change in the opsration of the prior art
calender by using less calender rolis in the stack, then a
greater operating crown R—E1 will be obtained. This
may possibly result in an undesirable pressure distribu-
tion 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 pre-
sents a substantially flat (usually horizontal) nip defining
surface. It will be appreciated that any variation from
such predetermined load will, however, necessarily re-
sult in a deviation from the desired flat or level con-
tour of the operating surface or nip defining line of
the roll (herein designated 11c).

Referring now to FIGURE 2, it will be seen that the
assembly of the instant invention indicated generally by
the reference numeral 20 comprises a roll 21 whose
centroidal axis (C-~21) in the unloaded condition of the
roll 21 here shown is subject to deflection, when the
roll is loaded. (It will be appreciated that the deflections
and crowns indicated in FIGURES 1 and 2 are greatly
exaggerated for purposes of simplifying the disclosure.)
As indicated diagrammatically in FIGURE 2, the axis
C-21 is a center line for the roll 21 which would be
substantially straight or horizontal in the view of FIG-
URE 2, if the roll 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,
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4
including the load of its weight and the load of an upper
roil which is represented diagrammatically by arrows Zfia,
24b and 24c, although such load is desirably applied
uniformly across the width of the roll 21. This load, as
in the case of the load applied to the king roll i of

FIGURE 1, results in a central deflection of the axis of

the roll 21 indicated in dashed lines at B-Z21, plus a
nominal or “zero” upper crown in the region of R-21
and a larger lower crown in the region D-21. In ac-
cordance with the knowledge of the prior art the roll 23
may be constructed so as to have a predetermined op-
erating crown R—21 where it is subjected to predeter-
mined lozd conditions (24a, b, c); but in contrast to
the prior art, the operating crown R-21 in the roll of
the invention can be varied within predetermined Iimits
and in a predetermined manner, by means of a simple
expedient of temperature control.

As shown in FIGURE 2, the roll 21 consists of an
outer shell 22 and an inner shell 23 rigid therewith. The

shells 22 and 23 are preferably formed of structural.

metal and are rigidly secured together by conventional

means. .
The mounting of the roll 21 is conventional in most

respects; and it involves suitable allochiral head elements

23, 25q mounting the roll 21 for rotation via stub shafts-

26, 26a integral with their respective heads 25, 254 and
carrisd in suitable bearings 27, 274. The stub shafts 26,
2%a are hollow entering into the hollow interior 28 of the
roll 21. Conventional means indicated diagrammatically
are provided for heat exchange fluid in the hollow inte-
rior 23 of the roll 21 whereby the inner shell 23 (and the
cuter shell 22) may be subject to temperature changes.

As indicated in FIGURE 2, hot oil from a source S
may be introduced via the stub shaft 26z and head 25
into the interior 28 for effecting heating of the roll 21;
and spent oil may be withdrawn via the head 25 and stub
shaft 26 into a drain D, from which the oil may be
heated and recirculated to the source S. If less than
room or normal operating temperature is desired, cool-
ing heat exchange liquid may be used instead. Also, the
holiow intericr 28 of the roll 21 may be filled with liquid
sodium and equipped with a steam coil for temperature
contrc! thereof.

Referring to the specific details of the shell assembly,
it will be seen that the outer shell 22 is cf substantiaily
uniform anmular thickness. In contrast, the inner shell
23 is of non-uniform annular thickness, having a substan-
tially greater annular thickness in the central portion 23a
thereof. Expressed in other terms, the (annular) cross-
sectional area of the outer shell 22 is substantially uni-
form; whereas the (annular) cross-sectional area of the
inner shell 23 is varied substantially; and, as a conse-
quence, the ratio of the cross-sectional areas of the inner
shell 23 and outer shell 22 are varied across the width of
the roll 21 to a substantial extent, with such ratio being
greater at the center of the roll 21 than at the ends there-
of. The inner sheil 23 is formed of a material such as
bronze having a relatively higher coefficient of thermal
expansion, as compared to the outer shell 22 which is
formed of a material such as stainless steel.
of materials used in either of the shells 22, 23, it will be
appreciated  that Poisson’s ratio is approximately the
same (or at least in the same range for structural
metals); and the modulus of elasticity or Young’s modu-
ius for the materials is approximately the same (or at
least within the same range for structural metals, i.e.
about 10 to 30X 106 Ibs./in2), Preferably the ratio of
Young's moduli for the inner and outer shells is in the
range of 2:1 to about 1:2.

With respect to the coefiicient of thermal expansion for
the materials used in the inner and outer shelis 22, 23,
it will' be appreciated that these materials should also
have approximately the coefficients of thermal expansion
of structural metals, which is within the range of about
2 to about 15X 10~% in./in./° F.  One ¢f the shells (prei-

In the case .
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erably the inner shell 23) has a substantially greater co-
efficient of thermal expansion, however than that of the
other shell. The difference in coefficient of thermal ex-
pansion between the two materials should be in the range
of about 1 to 10X 10-¢ in./in./° F. For example, in a
preferred embodiment the inner shell 23 is formed of
bronze having a coefficient of 10 to 11X 10-6 in./in./° F.
and the outer shell 22 is formed of stainless steel having
a coeflicient of about 5 to 7106 in./in./® F. Other
materials having a relatively high coefficient of thermal
expansion such as brass or aluminum may be used in
place of the bronze; and other materials having a rela-
tively low coefficient of thermal expansion such as iron
alloys, Inconel, etc. may be used in place of the stainless
steel.

The roll 21 is, of course, designed so that during the
various temperature changes the operating crown may be
varied and the materials used will be subjected only to
relatively safe stresses. The manner in which variations
in the crown may be obtained in response to variations in
temperature by virtue of the use of materials having dif-
ferent coefficients of thermal expansion and the use of a
shell structure wherein there are variations in the ratios
of cross-sectional areas or annular thicknesses between
the two shells can be demonstrated by calculation. In
calcunlating the crown on a roll embodying the invention
having the structure shown in FIGURE 2, the following
definitions are employed:

Rpyy=mean radius of outer shell 21

Rpg=mean radius of inner shell 22

R,y =outer radius of outer shell 21

R g=outer radius of inner shell 22

Ryy=inner radius of outer shell 21

Riy=inner radius of inner shell 22

ti=annular thickness of outer shell 21

ty==annular thickness of inner shell 22

Ey=Modulus of Elasticity (Young’s Mod.) of shell 21

E;=Modulus of Elasticity (Young’s Mod.) of shell 22

y=coeflicient of thermal expansion of sheil 21 (in./in./°
E)

ag=coefficient of thermal expansion of shell 22 (in./in./°
F.)

V=Poisson’s ratio for shell 21

Vy==Poisson’s ratio for shell 22

Sy==circumferential stress for shell 21

Sy=circumferential stress for shell 22

p=pressure (p.s.i.) between the shells 21, 22

App=change in diameter of shell 21

Apg=change in diameter of shell 22

Ap=change in temperature (° F.)

Due to given p:

_ 1 2pR%, (,__Vx)
Apy=+ A

(-9

Ap1=-4-2Rp; (1) {AT)
Apg=}-2Rps(ag) (AT)
Total Apj==total Apg:

2pR2, (1_1;_:)4_213,“1(@) (AT)

-E—t;- V.
— 2 ) (AT

6]

o) (AT) — Roa() (AT
(-5 (9]

2p 5,

Apg=— Tty

Due to AT:

B
Enty

= —op| Em _.Y_I>
- p[Eltl (1 2 +

2
le

AT[Bapsoy— Boyen]=p ["E‘E
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P le

A T[Rngoy— Rmpon]
__ le Vl ._.ZE
=5 [ (1= g) B (1-52)

Example

Assume shell 21 is a 440 stainless steel shell with 40
inch outside diameter; Rp;=19.5 inches; t,=1.00 inch;
E1=28.5X108 1bs./in% a;=5.6%10-6 in./in./° F.; and
V1=‘0.26.

Assume shell 22 is a bronze shell with Ey=143x 106
Ibs./in?; «3=10.4% 10~ in./in./° F.; Va=0.33; £, at
center=>5.00 inch (therefore, R;yg=16.5); #; at ends=1.00
inch (therefore, Ryy==18.5).

Using maximum $;=15,000 p.s.i. at center:

(19.5) (0.87) , (16.5)(0.835) (16.5) (1)
15000[ 585X10° | 14X1019.5)(3)
(16.5X10.4X105—19.5X 5.6 %X 16-9)

AT,=189° F,

_ 2X 15000 19.5X.87
= 28.5X 100

Ap=0.01794-0.0413=0.0592 inch

Rmztl]

ml t?.

AT,=

Ap +2319.5X 5.6 X 1076 189
at end:

5, 188(18.5X10.4 X 10-9—19.5 X 5.6 X 10~9)
= 19.5><.87+18.5><.835X18.5)(1
28.5X10° ' 14X10%8 T 19.5X1

851=9,560 p.s.d.

A 2X9560X19.5¢.87
D= 28.5 X 10

Ap=0.01144-0.0413=0.0527 inch
Crown=90.0592—0.0527=0.0065 inch
It will thus be seen that a predetermined crown is ob-

+06.0413

“tained ai a given operating temperature and it is apparent

that this crown is varied in response o variations in such
operating temperature. :
Referring now to FIGURE 3, it will be seen that there
is shown a roil structure corresponding in many respects
to the roll structure’ of FIGURE 2, wherein elements
comparable to those of the embodiment of FIGURE 2
are indicated by the same reference numeral in the 30
series, ie. the roll itself is designated by the reference
numeral 31 rather than the reference numeral 21 used in
FIGURE 2. In the roll 31, however, it will be noted that
the inside shell 33 is formed of bronze Lut it has a sub-
stantially uniform ° thickness or cross-sectional area,
whereas the outer sheil 32 is formed of stainless steel but
has a non-uniform cross-sectional area, with a substan-
tially reduced annular thickness near the central portion
32a thereof. In the roll 31, the relatively thinner annu-
lar portion 32a in the central portion of the outer sheil
3% yields in response. to increased radial pressure on the
inner shell 33 effected by an increase in temperature
thereof, s0 as to obtain a slightly variable operating
crown R-31 at the outer periphery of the roll 31. The
use of an increased cross-sectional area of the material
of greater coefficient of thermal expansion (as in the
embodiment of FIGURE 2) will of course result in a
more effective and significant variation in the crown than
is obtained in the roll 31. The roll 31 is equipped with
an additional feature of the invention and that is. a heat

_insulative rubber coating 39 of substantially uniform

70

thickness covering the outer shell 32 and presenting the
actual operating or outer peripheral surface 3%a for the
roll 31. The outer cover 39 is suitably formed of rubber
or similar material which has a negligible Young’s modu-
lus with respect to the structural elements 32, 33 of the

75 roll 31, but which may function advantagecusly to con-
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trol the temperature of the shell elements 32,
therefore, the crown R-31.

In FIGURE 4, whersin elements comparable to those
shown in FIGURES 2 and 3 are indicated by the same
reference numeral in the 40 series, it wiil be seen that a
roll indicated generally by the reference numeral 41, like-
wise, comprises an outer shell 42 and an inner shell 43.
In this instance the outer shell 42 has a reduced thick-
ness at its central portidn 424 to be contoursd to suit
the desired crown R—41 within the operating range for the
crown, Likewise, the inner shell 43 is provided with an
enlarged cross-sectional area at the cemtral portion 43a
thereof. The contours of the two shells 42 and 43 are
made to suit the desired crown (permitting, of course,
variations therein as a result of variations in the fempera-
ture of the inner shell 43). The resulting annular space
53 between the shelis 42 and 43 is filled with a rmaterial
having a high bulk modulus of elasticity such as sulfur,
lead, epoxy resin, or the like. This arrangement permits
the force of expansion of the inner bronze shell 43 to be
transmitted directly and radially from the shell 43 to the
shell 42. As in the case of the roll 24, the greater cross-
sectional area at the central portion 43a of the inner sheill
43 results in a proportionately greater increase in the
operaiing crown R—~41 with increases in temperature. The
filler material 58 has an extremely low coefficient of ther-
mal expansion so that it does not have any appreciable
effect on this aspect of the roll 4. Also, the filler mate-
rial 5¢ is preferably a heat insulative material so that
temperature changes exteriorly of the roll 41 wiil have
less effect upon the temperature of the inner shell 43 (and,
therefore, the ultimate crown on the roll 42). In the roll
41 the heat insulative means 5% is again positioned be-
tween the inner shell 43 and the operating cuter peripheral
surface 41a of the roll 41,

In order to obtain significant dxfferences in crown in
accordance with the practice of the instant invention, the
ratic of outer shell thickness to inner shell thickness may
vary from a minimum ratio to from about 1% to 10
times such minimum ratio (and the ratios of the cross-
sectional areas will vary correspondingly, as the squares of
the radii of the shells). The outer shell may vary from
a practical minimum of about %2 inch in thickness o a
practical maximum of about 2 inches in thickness; whereas
the inner shell may vary frem a practical minimum of
about ¥4 inch in (annular) thickness to a practical maxi-
mum of 5 or 10 inches in thickness.

The particular crown obtained in any of such rolis
depends upon the foregoing structural features, but also
may be varied readily during operation by control of the
heat source (S) to effect variations in the temperature of
the inner shell and the heat source is equipped with a
conventional temperature control device for effectively
controlling the temperature of the inner shell and, there-
fore, the crown.

Roll inner diameter is preferably contoured in accord-
ance with the flexure curve in the manner usually applied
in “crowning” the outside diameter of conventional rolls.
There is no need, however, for prevision of a finish as in
crowning the working, outside, surface. The bore may
even be “stepped” i.e., a series of cylindrical bores having
diameters successively reduced from ends to center of the
roll length such that the steps approximate the desired
contour.

* It will be understood that modifications and variations
may be effected without departing from the spirii and
scope of the novel concepts of the present invention.

I claim as my invention:

1. A roll whose axis is subject to deflection in response
to a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
higher coefficient of thermal expansion, and means for

33 and,
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heatirig the inner shell, the ratic of cross-sectional area
of the inner shell to the outer shell being greater at the
center of the roll than at the ends thereof, whereby heat-
ing of said inner shell effects maintenance of a greater
outer peripheral dimension for the outer shell at the
center than at the ends thereof. ‘

2. A roll whose axis is subject to deflection in response
to a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
higher ceefficient of thermal expansion, and means for
heating the inner shell, the outer shell having a sub-
stantially uniform cross-sectional area and the inner shell
having a substantially greater cross-sectional area in the
central portion than at the ends thereof, whereby heating
of said inner shell effects maintenance of a greater outer
peripheral dimension for the outer shell at the center than
at the ends thereof.

3. A roll whose axis is subject to deflection in response
tc a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
higher coefficient of thermal expansion, and means for
heating the inner shell, the outer shell having a substan-
ially smaller cross-sectional area at its middie than at its
ends, whereby heating of said inner shell effects mainte-
nance of a greater outer peripheral dimension for the outer
shell at the center than at the ends thereof.

4, A roll whose axis is subject to deflection in response
to a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
higher coefficient of thermal expansion, a filler material
between said shells of extremely high bulk modulus of
elasticity and extremely low coefficient of thermal expan-
sion, and means for heating the inner shell, the ratio of
cross-sectional area of the imner shell to the outer shell
being greater at the center of the roll than at the ends
thereof, whereby heating of said inner shell effects main-
tenance of a greater onter peripheral dimension for the
outer shell at the center than at the ends thereof.

5. A roll whose axis is subject to deflection in response
to a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
cuter shell and formead of a material having a relatively
higher coefficient of therma! expansion, and means for
heating the inner shell, the ratio of cross-sectional aréa
of the inner shell to tha outer shell being varied across the
width of said shells, whereby heating of said inner shell
effects maintenance of a greater outer peripheral dimen-
sion for the outer shell at regions where said ratio is
greater than it is at other portions of the shells.

6. A roll whose axis is subject to deflection in response

a load applied to the roli, said roll comprising an outer
shell formed of a material having a relatively low coefi-

cient of thermal expansion, an inner shell rigid with the
cuter shell and formed of a material having a relatively
higher coefficient of thermal expansion, heat. insulative
means interposed between the inner shell and the outer
periphery of the roll, and means for heating the inner
shell, the ratio of cross-sectional area of the inner shell
to the outer shell being greater at the center of the roll
than at the eads thereof, whereby heating of said inner
shell effects maintenance of a greater outer peripheral
dimension for the outer shell at the center than at the ends
thereof.

7. A roll whose axis is subject to deflection in response
to a load applied to the rol, said roll comprising an cuter
shell formed of a material having a relatively low coeffi-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
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higher coefficient of thermal expansion, heat insulative
means covering the outer shell and presenting an outer
peripheral surface for said roll, and means for heating the
inner shell, the ratio of cross-sectional area of the inmer
shell to the outer shell being greater at the center of the
roll than at the ends thereof, whereby heating of said in-
ner shell effects maintenance of a greater outer peripheral
dimension for the outer shell at the center than at the
ends thereof.

8. A roll whose axis is subject to deflection in response
to a load applied to the roll, said roll comprising an outer
shell formed of a material having a relatively low coefii-
cient of thermal expansion, an inner shell rigid with the
outer shell and formed of a material having a relatively
higher coefficient of thermal expansion, a heat insulative
filler material between said shells of extremely high bulk
modulus of elasticity and extremely low coefficient of
thermal expansion, and means for heating the inner shell,

15

10

the ratio of cross-sectional area of the inmer shell to the
outer shell being greater at the center of the rol] than at
the ends thereof, whereby heating of said inner shell ef-
fects maintenance of a greater outer peripheral dimension
for the outer shell at the center than at the ends thereof.

9. A roll whose axis is subject to deflection in response
to a Icad applied to the roll, said roll comprising an outer
shell and an inner shell rigid therewith, cne of said shells
having a substantially higher coefficient of thermal ex-
pansion than the other, and means for heating said one of
said shells, the ratio of cross-sectional area of the jnner
shell to that of the outer sheli being varied substantially
across the width of said shells, whereby heating of said
one of said shells effects maintenance of a greater outer
peripheral dimension.
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