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3,069,343 
CALENDER STACKSEiECTION CONTROL 

Lawrence A. Moore and Robert H. Hart, both of Beioi, 
Wis., assignors to Beloit iron Works, Beloit, Wis., a 
corporation of Wisconsin 

Filed Nov. 9, 1961, Ser. No. 151,280 
20 Claims. (C. 100-41) 

The instant invention relates to the portion of the paper 
machine known as the calender or calender stack, and 
more particularly, to an improved multi-nip calender. 
Although the invention may have utility in a number 

of fields involving the pressing, smoothing, ironing or the 
like treatment of a strip of flexible material, including the 
various calenders used in a number of fields, a specific 
preferred use is in the paper machine calender. The oper 
ation of the calender in a paper machine is well known 
and understood in the art. The purpose of the calender 
stack is to compact the paper to some extent and give 
it a fine smooth finish. This effect is obtained on both 
sides of the paper by the use of friction and pressure. 
The calender stack comprises a plurality of conventionally 
upright or vertically aligned calender rollis, which may 
be thought of as lying in a generally vertical plane (i.e., 
the generally vertical plane defined by the nips of the 
calender). Although calenders are known wherein the 
rolls are not stacked in exact vertical alignment and the 
principles of the instant invention are readily applied to 
such calender arrangements, the conventional calender 
arrangement and the one preferred for use in the prac 
tice of the instant invention does involve vertically stacked 
rolls and the invention will be described primarily in con 
nection with this type of calender (although rolls could 
be horizontally aligned or aligned in other non-vertical 
arrangements). 

In the conventional vertically aligned calender stack, 
the lowest or bottom roll of the stack is driven me 
chanically and it, in turn, drives the roll immediately there 
above, and so on, by friction. There is a certain amount 
of work between these rolls and the result is that there 
is a substantial amount of work performed on the paper 
as it passes through each of the calender nips. The paper 
web is directed first to the top roll of the stack and it 
passes either over the top roll and through the top nip 
or directly through the top nip from which it follows the 
next roll down to the next nip and is transferred thereon 
to the surface of the third roll and so on, until the 
web passes through the bottom nip between the bottom or 
king roll and the roll immediately thereabove. 

In most instances, efficient calendering of paper requires 
a relatively large number of nip treatments at relatively 
low pressures or at pressures at least sufficiently low to 
prevent crushing of the paper while ironing it smooth. 
In general, the rolls are so mounted in the ordinary 
calender that the entire weight of each roll rests on the 
roll therebelow. This is accomplished by mounting the 
roll so as to permit limited vertical movement. The full 
Weight of a plurality of heavy rollers is thus applied to 
the paper Web passing through the bottom nip in the 
stack; and the bottom or king roll is usually formed with 
a slight "crown' or enlarged cross-sectional area at the 
middle thereof in order to compensate for the deflection 
of the king roll downwardly which is brought about by 
the application of the weight of the rolls thereabove to 
the king roll. 
The correlation of the various nip loads in order to 

obtain a desired result in present-day calenders presents a 
number of problems, some of which are not fully under 
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2 
stood, some of which remain unsolved, and some of 
which have been at least partially solved. For example, 
one source of uneven nip pressure resulted from the fact 
that the superimposed rolls in the stack carry very heavy 
bearings at opposite ends thereof and these bearings were 
so heavy that they tended to bow the ends of the Super 
imposed rolls downwardly and create excessive nip pres 
sures along the edges of the web passing through nips 
defined by these rolls. A solution to the problem is 
presented in Hornbostel U.S. Patent No. 2,850,952, where 
in means are proposed for urging these bearings upwardly 
to relieve the effect of the excessive bearing weights on 
the individual rolls. 

Another problem which has been diligently studied by 
a number of workers in the prior art relates to the deflec 
tion that is produced in the king or bottom roll as a 
result of the overall load applied thereto. This deflection 
of the centroidal axis of the bottom roll would ordi 
narily result in a downward dip in the middle of this 
roll, if the roll were supported at opposite ends by con 
ventional bearings and was formed with a substantially 
uniform diameter throughout its length. To compensate 
for this downward dip, the bottom rolls are convention 
ally crowned or formed with a slightly enlarged diameter 
in the middle portion thereof. Under certain sets of oper 
ating and force conditions, such a crown may serve to 
effect a substantially uniform nip pressure across the full 
width of the nip defined by the bottom roll and the 
roll immediately thereabove, but the operation of most 
calender stacks requires a number of variations in load 
ing and loading conditions, such that a given crown on 
the ring roll (which crown is fixed) will not be satisfactory 
for all operating conditions. 

In order to compensate for this type of deficiency in 
the flexibility of operation of the bottom roll, Shapiro 
U.S. Patent No. 2,897,538 suggests the application of a 
bending moment to the bottom roll ends using pairs of 
bearings to mount opposite ends of the roll, with one 
bearing of each pair being fixed in position and the other 
being carried by a lever arm actuated by means moving 
generally parallel to the axis of the roll for applying a 
bending moment to the end of the roll. Goulding U.S. 
Patent No. 2,611,150 also shows the use of a pair of 
bearings to rotatably receive a shaft at one end of a 
roll for the purpose of applying a force couple thereto, 
wherein one of the bearings is fixed and the other mov 
able, although Goulding is concerned primarily with a 
plastic sheeting device. 
One aspect of the instant invention resides in an 

arrangement for applying a bending moment to the ends 
of rolls in a calender or related device which does not 
involve the application of a so-called “end load to the 
bearings carrying the roll. In other words, the force 
couple is applied to a given roll shaft at a specific location 
in the calender stack by the use of a pair of bearings, 
but this pair of bearings is mounted in a housing which 
is capable of tilting movement for applying the couple 
without subjecting the bearings to any significant “end 
load” or load applied generally parallel to the axis of the 
shaft, which type of load is undesirable from the point 
of view of wear on the bearings. 

Another particularly significant aspect of the instant 
invention resides in the concept of correlating the mounting 
of all or most of the bearings carrying the roll ends in a 
calender stack in such a manner that predetermined de 
sirable nip loads may be maintained throughout the en 
tire length of each of the nips in the stack. This correla 
tion of the overall nip load arrangement is effected by the 
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use in combination of means for relieving the weights for 
intermediate rolls in the stack combined with means for 
applying bending moments to both the top and bottom 
rolls in the stack in a predetermined manner. In particul 
lar, the instant invention contemplates the use of suitable 
means for applying a bending moment to the top roll in a 
calender stack so as to correlate nip pressure throughout 
the entire calender stack. - 

It is, therefore, an important object of the instant 
invention to provide an improved multi-nip calender stack 
assembly, with improved correlation of nip loads through 
out the stack and throughout the width of the nips. 

5 

O 

It is a further object of the instant invention to provide 
an improved mounting for the top roll of the calender 
stack for purposes of correlating nip loads throughout the 
stack. 

It is another object of the instant invention to provide 
an improved mounting for a nip-defining roll by applying 
a force couple to end portions of the roll without applying 
an “end load' to the bearings. 

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 an essentially diagrammatic illustration 

of a calender stack embodying the invention looking in 
the machine direction; 
FIGURE 2 is an elevational view taken generally from 

the right side of FIGURE 1, showing a portion of the 
mounting for the bottom roll of the stack, with parts 
shown in section and parts shown diagrammatically; 
FIGURE 3 is a view in elevation also taken generally 

along the right side of FIGURE 1 showing a portion of 
the mounting for the top roll of the calender, with parts 
shown in section and parts shown diagrammatically; 
FIGURE 4 is a diagrammatic view of another calender 

stack embodying the invention, with forces applied thereto 
indicated by arrows; and 
FIGURE 5 is a graph showing the nip loads at the 

various nips in the calender of FIGURE 4. 
As shown on the drawings: 
In FIGURE 1, a calender stack embodying the instant 

invention is indicated generally by the reference numeral 
10 and this calender stack 10 comprises a bottom roll 11 
and a plurality of superimposed rolls 12, 13, 14, includ 
ing the top roll 14. As indicated in FIGURES 2 and 3, 
the calender 10 comprises a generally upright calender 
frame 15 in which the rolls 1, 2, 13 and 14 are mounted. 
The rolls 11, 12, 13 and 14 define therebetween nips 
N-1, N-2, N-3 lying in a generally vertically aligned plane 
P (FIGURE 2) and through which passes the continuous 
web W in conventional manner. 
As indicated diagrammatically in FIGURE 1, the inter 

mediate superimposed rolls 12 and 13 (above the bottom 
roll 11 and below the top roll 4) are provided with sepa 
rate and indepenent bearings 16a, 6b, 17a, 17b rotatably 
carrying the ends 12a, 12b, 13a, 13b of these rolls 12 
and 13. In accordance with the teachings of Horn 
bostel Patent No. 2,850,952, separate and independent 
means, shown diagrammatically at 18a, 18b, 19a, 19b, are 
provided for each of the bearings 16a, 16b, 17a, 17b, 
respectively, for urging such bearings upwardly, to re 
lieve the effect of the weight of these bearings 16a, 16b, 
17a, 17b tending to bow the ends of the axes A-12 and 
A-13 for these rolls downwardly. As indicated in FIG 
URE 2, this may be accomplished by the use of an arm 
20 mounted on a pivot 21 carried by the frame 15 and 
extending outwardly therefrom to receive the bearing 16b 
and then to engage at its terminal portion 20a suitable 
means for applying an upward force, in the form of a 
diaphragm 22 mounted on a stop 23 carried by fixed rods 
25 and 26 vertically aligned. The fluid pressure actu 
ated diaphragm 22 acts upon the arm 20 to counteract 
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4. 
or overcome the load resulting from the weight of the 
bearing 16b. 

It will be appreciated that the centroidal axes A-11, 
A-12, A-3, A-14 of the rolls 11, 12, 13 and 14 are 
subject to deflection in response to various loads applied 
to these rolls and because of the very substantial length of 
these rolls in actual practice in paper machine calenders, 
this deflection gives rise to serious problems. Relieving 
the load of the bearing weights to minimize the tendency 
to deflect the ends of the roll axes A-12. and A-13 down 
wardly provides one element in the overall correlation of 
nip pressures, in accordance with the invention. Another 
aspect of the instant invention pertaining to the overall 
control and correlation of nip pressures resides in the 
concept of using separate and independent bearing means 
for rotatably carrying the ends of the bottom and the 
top rolls 11 and 14 on the frame 15 and applying a 
bending moment to each such roll end of effect a pre 
determined deflection in the roll axis A-11 and/or A-14 
and thus a predetermined loading across all of the calen 
der nips N-1, N-2 and N-3. - 
As shown in FIGURE 1, at opposite ends of the bot 

tom roll there are shaft elements or stub shafts 11a 
and 11b. Allochiral pairs of bearings (shown diagram 
matically as axially spaced bearing 27a and 27a' as the 
left hand pair and 27b and 27b' as the right hand pair) 
rotatably receive the stub shafts 11a and 11b, respec 
tively. These pairs of bearings 27a, 27a' and 27b, 27b' 
are referred to herein as “allochiral' for the reason that 
they are opposed right and left hand assemblies (looking 
in the machine direction) although not necessarily en 
tirely symmetrical in every detail. The right hand pair of 
bearings 27b, 27b' rotatably receives the stub shaft 11b, 
with the bearings 27b and 27b' spaced from each other 
so that they are adapted to apply a force couple in a 
generally vertical plane P (FIGURE 2) of the roll axis 
A-11 and the nips N-1, etc. The bearings 27b and 27b' 
are securely mounted in a conventional housing 28b so 
that the bearings 27b and 27b' will remain in a predeter 
mined spaced relationship. The bearings 27a and 27a' 
are mounted in rigid assembly in like manner in the left 
hand housing 28a. 

Allochiral lever arms 29a and 29b are rigid (e.g. in 
tegral) with respective housings 28a and 28b. The lever 
arm. 29a extends from the housing 28a and the bearings 
27a and 27a' carried thereby in the generally vertical 
plane P (FIGURE 2) downwardly and away from the 
stack as defined by the rolls proper 11 through 14 and 
then inwardly from the roll end 11a to a terminal lever 
arm portion 30a intermediate the ends 11a, 11b of the 
roll 11. The right hand lever arm 29b extends in gener 
ally symmetrical relation to a terminal portion 30b. 
The housing 28a is pivotally mounted, on a fixed pivot 

31a, for limited rocking movement. The pivot 31a is 
preferably positioned intermediate the bearings 27a and 
27a. A right hand pivot 31b carries the right hand hous 
ing 28b in like manner. It will be appreciated that the 
pivots 31a, 3b are shown diagrammatically herein, but 
any convention pivot arrangement may be used and the 
pivots 31a, 31b are carried by a suitable fixed support, 
for example, as shown in FIGURE 2 the pivot 31b is 
carried on a cross beam 32 of the overall frame as 
sembly 15. The pivots 31a, 31b carry substantially the 
entire weight of the bottom roll 11 plus the load applied 
thereto along the nip N-1. 
The terminal portions 30a, 30b of the allochiral lever 

arms 29a, 29b are provided with suitable means 33a, 
33b for moving the same generally toward and away 
from the stacked rolls 11 through 14 and in the plane 
P thereof to apply the necessary force couples to the 
shaft elements 1a and 11b. The means 33a and 33b 
here shown are fluid pressure actuated diaphragms mount 
ed on a fixed support F and engaging the terminal lever 
arm portions 30a and 30b (but adapted to be repositioned 
slightly to the right or left of the position shown in FIG 
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URE 1, so as to vary somewhat the application of force 
through the lever arms 29a, 29b. The diaphragms 33a, 
33b are adapted for limited vertical movement in their 
function. 

It will be appreciated that, in the absence of the load 
applied along the nip N-, the upward movement of the 
diaphragms 33a, 33b to effect end moments in the roll 
11 would tend to bow the central portion of the roll axis 
upwardly along a line M-11 which exaggerates the deflec 
tion. Because of the load at the nip N-1 (plus the actual 
weight of the roll 11 itself), the centroidal axis of the roll 
11 is not so deflected, however. Instead, the force couples 
may be applied to the roll ends 1a and 11b in such a 
manner as to substantially counteract the tendency for 
the central portion of the centroidal axis of the roll 1 
to deflect downwardly along a line D-1 due to the load 
applied at the nip N-1. The net result is that by the 
proper application of the force couples to the roll ends 
11a, 11b it is possible to approximate the true center line 
alignment of the roll axis indicated at A-1, or to ap 
proximate other predetermined positive or negative de 
flections in the roll axis, depending upon the correlation 
of the various force factors employed in the practice of 
the instant invention. 
Although it is indicated in an essentially diagrammatic 

manner, it will be appreciated that it is preferable to 
mount the bearing housing 28b for sliding movement be 
tween two vertically aligned tracks 35 and 36 carried by 
the main frame 15 and a supplemental frame element 
15a, but other suitable means may be used to maintain 
the bearing housings, such as housing 28b in Suitable 
operating position. 

It will also be noted that the axis A-14 of the top roll 
14 is subject to deflection and the top roll 4 is provided 
with allochiral shaft elements or stub shafts 4a, 4b at 
opposite ends thereof. Allochiral pairs of bearings 37a, 
37a and 37b, 37b rotatably receive the shaft elements 
4a and 14b, respectively, and are adapted to apply a 

force couple thereto. The bearings 37a, 37a' are mounted 
in fixed relation to each other in a suitable bearing hous 
ing 38a pivotally mounted on a pivot 39a; and the right 
hand pair of bearings 37b, 37b' are likewise carried in 
a housing 38b pivotally mounted on a pivot 39b. Al 
though the pivots 39a and 39b are indicated in essentially 
diagrammatical manner, it will be appreciated that (as 
shown in FIGURE 3) they are mounted (for limited ver 
tical and/or horizontal movement) on a part of the overall 
frame, for example, the pivot 39b may be suitably mounted 
on a cross beam 40 interconnecting the main frame 15 
with the supplemental vertically aligned frame component 
15a (or any other suitable conventional mounting means 
may be employed). The limited vertical and/or hori 
zontal movement or adjustment of the pivots 39a and 39b 
(which is indicated diagrammatically) is afforded so that 
selected variations in the lever action are available. 
Once adjusted to a given position, however, the pivots 
may remain fixed during operation. In addition, it will 
be noted from FIGURE 3 that the bearing housing 38b 
is preferably mounted between vertical tracks 41 or 42 
carried on the overall frame assembly 15, E5a for main 
tenance of the proper position of the bearing housing 
38b during operation. Allochiral lever arms 43a and 
43b (rigid with the bearing housings 38a and 38b, re 
spectively, and the bearings carried thereby) extend from 
the housings 38a and 38b respectively in the generally ver 
tical plane P upwardly and away from the stack of rolls 
11 through 14 and then inwardly to terminal lever arm 
portions 44a and 44b, respectively (inwardly of both ends 
of the roll 14). Suitable means in the form of fluid pres 
sure actuated diaphragms 45a-45a' and 45b-45b' 
adapted for limited vertical movement are provided for 
acting on the terminal portions 44a and 44b, respectively, 
of each of the lever arms 43a and 43b generally toward 
and away from the stack of rolls 1 through 4 and in 
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6 
the plane P thereof to apply force couples to the shaft 
elements 14a and 14b via the allochiral pairs of bearings 
37a, 37a' and 37b, 37b'. 

It will be appreciated that the force applying means 33a, 
33b and 45a, 45b used with the lever arms 29a, 29b and 
43a, 43b, respectively act generally in the plane P and 
generally normal to the axes of the rolls involved. This 
type of movement effects the formation of the force couple 
at the roll ends without "end loading the respective bear 
ing assemblies. Moreover, the extension of the lever 
arin inwardly from the roll ends in the manner already 
described affords ideal mechanical advantage for the ap 
plication of the force couple. 

Referring to FIGURE 3, it will be noted that the fluid 
actuated diaphragm means 45b (and of course 45a as 
indicated in FIGURE 1) are suitably mounted on a 
fixed support that forms a part of the overall frame 15. 
As here indicated, the support comprises a pair of beams 
46, 46 extending the width of the machine and carrying 
cross beams 47a and 47b actually mounting the dia 
phragms 45a and 45b, but any conventional arrangement 
may be used. 

It will be noted that the conventional bearing assem 
blies (such as the bearing assemblies 7a and 17b for the 
roll 3) as well as the particular bearing assemblies in 
the housings 38a and 38b for the roll 4 would, if 
mounted free at the ends of the roll 14 without the sup 
port here shown, tend to deflect the central axis of the 
roll 4 downwardly along the edges as shown in exag 
gerated fashion by the deflection line D-14. The total 
load on the nip N-3 below in such circumstances would, 
however, be a result essentially of only the total weight 
of the roll 4 and its bearings, which in most circum 
stances would be a load insufficient to effect enough pres 
sure at the nip N-3 to obtain any appreciable improve 
ment in the finish of the paper web W passing there 
through. In order to overcome this difficulty the instant 
invention provides for the application of force couples 
to the shaft ends 4a and 14b in order to apply bending 
moments to the roll 4. If such force couples are ap 
plied so as to deflect the centroidal axis of the roll 14 
downwardly, the force couples so applied would tend to 
impart a downward deflection to the centroidal axis along 
the line M-14 of FIGURE 1, which represents this theo 
retical downward deflection in exaggerated manner. This 
theoretical downward deflection curve M-14 has, of 
course, a greater sag than the sag in the centroidal axis 
which results from the weight of the roll 14 merely sup 
ported at its ends in the absence of the roll 3 below. 

In actual practice, of course, a load is usually applied 
to the roll 4 (via the bearings) at the same time that 
the force couple is applied. The load application may 
require a slight downward adjustment of the pivots 
39a-39b. As a matter of fact, in such circumstances, 
the centroidal axis of the roll 4 is not deflected down 
wardly along the line M-14 by the application of such 
force couples at the ends i4a and 4b, for the reason that 
the roll immediately therebelow, which is the roll 13, tends 
to resist this overall deflection. The net result is that 
the application of the force couples to and the loading at 
the roll ends 14a and 14b serves to increase the pressure 
along the nip N-3 up to a pressure at which substantial 
improvements in finish of the web are obtained at the 
very first nip N-3 which receives the web. 

For purposes of demonstrating certain important as 
pects of the instant invention, FIGURE 4 shows a calen 
der stack indicated generally by the reference numeral 50 
comprising a bottom roll 51 and a plurality of superim 
posed rolls 52, 53, 54, 55 and 57, with the top roll being 
57. The intermediate rolls 52, 53, 54 and 55 are each 
provided with separate and independent load relieving de 
vices at opposite ends thereof, at 52a, 52b, 53a, 53b, etc., 
all in the manner previously described although here 
shown only diagrammatically. 
The opposite ends 51a and 51b of the bottom roll are 
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7 a, 
suitably supported (as by the pivots 51c and 51.d, re 
spectively, cooperating with bearing housings 51e and 
51f, respectively) for carrying the entire load of the 
roll 51 and the load applied thereto in conventional man 
ner. In addition, means of the type already described are 
provided for applying a force couple to the left hand 
end 51a, indicated diagrammatically at FC-1, and a 
force couple FC-2 to the right hand end 51b, for apply 
ing a bending moment to the roll 51. As indicated by 
the arrow heads in dotted lines these force couples FC-1 
and FC-2 are reversible, if desired. 
The top roll 57 is also provided with means of the 

type herein described for applying a force couple FC-3 
to the left hand end 57a and the force couple FC-4 to 
the right hand end 57b of the roll. For purposes of 
applying the force couples FC-3 and 4, it will be noted 
that pivotal mounting means 57c and 57d are provided 
to cooperate with the allochiral bearing housings 57e and 
57f which in turn are connected to allochiral lever arms 
57g and 57h that are actuated by conventional means 
shown diagrammatically at 57i and 57k. As indicated in 
FIGURE 4, the arrows designating the force couples 
FC-3 and FC-4 show the application of this force 
moment in a direction which will be called the positive 
direction, and it will be understood that the opposite di 
rection would therefore be the negative direction. In 
addition to the application of the force couples FC-3 
and FC-4, the present arrangement involves also the ap 
plication of a load indicated by the arrows L-3 and L-4 
to show the positive direction for the load. In order 
to permit the application of a positive load without the 
necessity of applying a force couple, limited vertical move 
ment of the pivots 57c and 57d is provided for by con 
ventional mounting means 57m and 57n (which may be 
diaphragms like 57i and 57k). A lifting force or nega 
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tive load would be in the opposite direction to the arrows . 
L-3 and L-4, and this can be done via the means 57m 
and 57n. 
The calender nips formed between the rolls 51 through 

57 are indicated at N-11 through N-15, with the nip 
N-11 being the bottom nip and the nip N-15 being the 
top nip. W. 

Referring now to FIGURE 5, it will be seen that the 
nips N-11 through N-5 are indicated in sequence from 
top to bottom along the ordinate, and the nip load in 
pounds per inch of nip is indicated (increasing) along 
the abscissae. Although there is some variation depend 
ing upon the particular type of paper being calendered 
there is a practical minimum nip load NL-1 at which ap 
preciable improvement of the finish is obtained in a 
calender nip and below which the improvement of the 
finish is not appreciable. At nip loads above the prac 
tical minimum of NL-1 the desired improvement in finish 
is obtained up to a practical maximum nip load NL-2, 
at which damage to the Web. (e.g. crushing of the paper) 
results. There is thus a preferred operational area or 
predetermined range of nip loads from the practical mini 
mum. NL-1 to the practical maximum NL-2. This 
predetermined practical nip load range may vary from 
a practical minimum for some papers of about 100-25 
pp.i. to a practical maximum for other papers of about 
600-100 p.p.i. But for a given paper the practical range 
would be about 300--100 p.p.i. depending upon the 
sensitivity of the sheet to reduction in bulk. m 
The calender stack 50 was designed for the purpos 

of demonstrating various aspects of the invention, with 
an overall operating face F or nip width of 228 inches. 
The diameter of the bottom calender roll 51 is 34 inches, 
the diameter of the top calender roll 57 is 24 inches 
and the diameter of the intermediate rolls 52 through 55 
is in each case 18 inches. If the calender stack were 
operated without any load relieving devices of the type 
hereinbefore described, and the full weight of each of the 
rolls 52 through 57 was supported in each case by the 
rolls beneath, the nip load would lie along the line L-1 
indicated in the chart of FIGURE 5, which shows that 
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8 
the top nip.N-15 would have too little pressure to effect 
a practical improvement in finish, and the bottom nips 
N-11 and N-12 would have such great nip pressures that 
they would result in such damage to the paper web that 
the calender stack would be inoperative. It is for this 
reason that many of the prior art calenders are broken 
down into two sections with only a few rolls to each sec 
tion, thus avoiding excessive pressures in the lower nips 
of the calender. - - - 

If, in contrast, the load relieving means 52a, 52b, 53a, 
53b, etc. are actuated for the intermediate rolls 52 through 
55 in the calender stack 50, the excessive pressures in 
the bottom nip N-11 and N-12 are avoided, but ad 
equate finishing nip pressures in the upper nips N-14 and 
N-15 are not obtained, with the various nip loads being 
indicated in the chart of FIGURE 5 along the dashed 
line L-2. The instant invention involves the use of the 
end load relieving means 52a, 52b, etc. for the inter 
mediate rolls 52 through 55 in order to avoid excessive 
nip pressures at the lower nips N-11, N-12, etc., but the 
instant invention also contemplates the use of loads L-3 
and L-4, as well as force couples FC-3, FC-4 to apply 
end moments to the top roll 57 so as to increase the nip 
loads Substantially uniformly across not only the top nip 
N-15 but those immediately below (e.g. N-13 and N-14) 
to the extent that these upper nip loads are also within 
the operational range. In this way the beneficial use of 
all of the calender nips N-11 through N-15 is obtained 
for finishing purposes, without damage to the web, us 
ing nip loads represented graphically in FIGURE 5 along 
the dotted line L-3. 

It will also be appreciated that in certain instances it 
may be desirable to apply force couples to the ends of 
one or more of the intermediate rolls, as indicated for 
example by force applying couples 53a-53a' and 
53b-53b' for the roll 53. This provides an addition 
method of controlling the nature and uniformity of nip 
loads in the calender. 
The nip loads have been computed for several different 

sets of conditions. In the arrangement employed for 
purposes of this calculation the force couples FC-3 and 
FC-4 are defined by allochiral pairs of bearings whose 
centers are spaced apart 36-inches, with the center of the 
inboard bearing being 20 inches from the edge of the 
operating roll face, the pivots 57c and 57d being centered 
between the center lines of each of the pairs of bearings 
and the actuating means 57i and 57k being aligned only 
5 inches inward of the inboard of each of the pairs of 
bearings defining the force couples FC-3 and FC-4. 
Also, in the arrangement for the present computations, 
the bottom roll 51 is mounted so as to have a slight cen 
tral deflection A (which in this case is an actual "positive” 
or downward deflection as contrasted to a crown which 
may be called a "negative' deflection). For purposes of 
the calculation per se, the deflection A, of course, can be 
varied as a result of the overal application of forces 
loading from above and/or the application of the force 
couples FC-1 and FC-2 in the manner hereinbefore de 
scribed (or the operating face of the roll 51 may be 
machined so as to obtain a desired "positive” or “nega 
tive' deflection). Also, in obtaining the figures in the 
instant computations, it will be understood that the load 
relieving means 52a, 52b, 53a, 53b, etc. are actuated with 
respect to the intermediate rolls 52 through 55 so as to 
mount each of these rolls 52 through 55 in such a manner 
that its deflection conforms substantially with the deflec 
tion A of the bottom roll 51. 

Using a top roll 57 with an actual central crown of 
0.018 inch (ie... increased central diameter) the follow 
ing conditions are obtained varying the loads L-3 and 
L-4 from positive (downward) to negative (upward) and 
the force couples expressed in in-1bs. from positive (in the 
directions indicated in FIGURE 4 for FC-3 and FC-4) 
to Zero and later to negative (in the directions opposite 
to those shown for FC-3 and FC-4 in FIGURE 4). 



3,060,843 

Table I 

(A) Roll 51 deflection.------------------ 0.017 0.019 0.0207 
(B) Load (lbs.)------------ -6,600 0. +4,400 
(C) Force couple (En-lbs.) 0 --16,000 --22,000 
(D) N-11 load (p.p...i 92 250 272 
(E) N-12 load (p.p...i 58 27 243 
F) N-13 load (p.p.i.) 23 185 215 
G) N-14 load (p.p.i.). -------- - - - 88 153 187 
(H) N-15 load (p.p.i.)------------------ 53 22 155 

Using a top roll 57 with an actual crown of 0.038 inch, 
the following conditions are obtained in Table 2 (below) 
wherein the lines (A) through (H) have the same mean 
ing as indicated in Table 1: 

0.019 0.020 0.022 0.06 
0 || --4, 400 -12,000 -10,800 
0 --9,500 --24,000 -18,000 

250 272 324 167 
217 243 300 129 
85 25 274 93 
153 187 249 56 
122 155 224 9 

It will thus be seen that the invention also involves 
the method concept of calendering paper by passing the 
same through a plurality of superimposed calender nips 
in a calender stack comprising a bottom roll and a plu 
rality of superimposed rolls including a top roll, all pro 
vided with heavy bearings at opposite ends thereof, which 
method effects the application of pressures at each nip in 
a predetermined range sufficient to finish the paper with 
out damaging the same by the use of excessive pressures, 
which method comprises the steps of relieving the weight 
load of the bearings for each of the superimposed rolls 
below the top roll whereby each such roll maintains pres 
sures across the nip with the roll below it within said 
predetermined range and applying a bending moment to 
the ends of the top roll via its bearings tending to deflect 
the top roll axis downwardly so as to maintain pressures 
across the nips with the rolls below the top roll within said 
predetermined range. 

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. 
We claim as our invention: 
1. A multi-nip calender comprising a calender frame, 

a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll, separate and independent bearings rotatably carry 
ing the ends of each superimposed roll below the top roll, 
separate and independent means for each of said bearings 
carried by said frame and urging each of said bearings 
upwardly, and separate and independent bearing means 
for rotatably carrying the ends of the bottom and top rolls 
on the frame and applying a bending moment to each 
such roll end to effect a predetermined deflection in the 
roll axis and a predetermined loading across the calen 
der nips. 

2. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of Superimposed rolls including a top 
roll, separate and independent bearings rotatably carry 
ing the ends of each superimposed roll below the top roll, 
separate and independent means for each of said bear 
ings carried by said frame and urging each of said bear 
ings upwardly, and separate and independent bearings 
means for rotatably carrying the ends of the top roll and 
applying a bending moment to each such roll end to effect 
a predetermined deflection in the roll axis and a prede 
termined loading across the calender nips. 

3. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll, separate and independent bearings rotatably carry 
ing the ends of each superimposed roll below the top 
roll, separate and independent means for each of said 
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bearings carried by said frame and urging each of said 
bearings upwardly, and allochiral pairs of bearings for 
rotatably carrying the ends of the bottom and top rolls 
on the frame and applying a bending moment to each 
such roll end to effect a predetermined deflection in the 
roli axis and a predetermined loading across the calender 
nlpS. 

4. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll, separate and independent bearings rotatably carrying 
the ends of each superimposed roll below the top roll, 
separate and independent means for each of said bearings 
carried by said frame and urging each of said bearings 
upwardly, and allochiral pairs of bearings for rotatably 
carrying the ends of the top roll on the frame and apply 
ing a bending moment to each such roll end to effect a 
predetermined deflection in the roll axis and a predeter 
mined loading across the calender nips. 

5. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of Superimposed rolls including a top 
roll, and separate and independent bearing means for ro 
tatably carrying the ends of the bottom and top rolls on 
the frame and applying a bending moment to each such 
roll end to effect a predetermined deflection in the roll 
axis and a predetermined loading across the calender 
nipS. 

6. A multi-inip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll all in a generally vertical plane, allochiral pairs of 
bearings rotatably carrying the ends of the bottom roll, 
fixed pivots on said frame mounting each of said pairs of 
bearings, allochiral lever arms rigid with each of said 
pairs of bearings and extending therefrom to terminate 
generally in the plane of the superimposed stack of rolls 
inwardly from the pair of bearings with which the lever 
arm is rigid, and means for acting on the terminal por 
tions of each of said lever arms and applying a bending 
moment to each such roll end to effect a predetermined 
deflection in the roll axis and a predetermined loading 
across the calender nips. 

7. A multi-nip calender comprising a calender frame, a 
stack of calender rolls in the frame including a bottom roll 
and a plurality of superimposed rolls including a top roll 
all in a generally vertical plane, allochiral pairs of bearings 
rotatably carrying the ends of the top roll, fixed pivots on 
said frame mounting each of said pairs of bearings, allo 
chiral lever arms rigid with each of said pairs of bearings 
and extending therefrom to terminate generally in the 
plane of the Superimposed stack of rolls inwardly from 
the pair of bearings with which the lever arm is rigid, 
and means for acting on the terminal portions of each of 
said lever arms and applying a bending moment to each 
such roll end to effect a predetermined deflection in the 
roll axis and a predetermined loading across the calender 
npS. 

8. A multi-nip calender comprising a calender frame, 
a Stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll all in a generally vertical plane, allochiral pairs of 
bearings rotatably carrying the ends of the bottom roll 
and the top roll, fixed pivots on said frame mounting each 
of Said pairs of bearings, allochiral lever arms rigid with 
each of said pairs of bearings and extending therefrom to 
terminate generally in the plane of the superimposed stack 
of rolls inwardly from the pair of bearings with which the 
lever arm is rigid, and means for acting on the terminal 
portions of each of said lever arms and applying a bend 
ing moment to each such roll end to effect a predetermined 
deflection in the roll axis and a predetermined loading 
across the calender nips. 

9. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 

  



8,060,848 

roll and a plurality of superimposed rolls including a top 
roll all in a generally vertical plane, separate and inde 
pendent bearings rotatably carrying the ends of each 
superimposed roll below the top roll, separate and inde. 
pendent means for each of said bearings carried by said 
frame and urging each of said bearings upwardly, allo 
chiral pairs of bearings rotatably carrying the ends of the 
bottom roll, fixed pivots on said frame mounting each of 
said pairs of bearings, allochiral lever arms rigid with 
each of said pairs of bearings and extending there 
from to terminate generally in the plane of the Super 
imposed stack of rolls inwardly from the pair of bearings 
with which the lever arm is rigid, and means for acting 
on the terminal portions of each of said lever arms and 
applying a bending moment to each such roll end to effect 
a predetermined deflection in the roll axis and a predeter 
mined loading across the calender nips. 

10. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll all in a generally vertical plane, separate and inde 
pendent bearings rotatably carrying the ends of each 
superimposed roll below the top roll, separate and inde 
pendent means for each of said bearings carried by said 
frame and urging each of said bearings upwardly, allo 
chiral pairs of bearings rotatably carrying the ends of the 
top roll, fixed pivots on said frame mounting each of Said 
pairs of bearings, allochiral lever arms rigid with each of 
said pairs of bearings and extending therefrom to termi 
nate generally in the plane of the Superimposed stack of 
rolls inwardly from the pair of bearings with which the 
lever arm is rigid, and means for acting on the terminal 
portions of each of said lever arms and applying a bend 
ing moment to each such roll end to effect a predeter 
mined deflection in the roll axis and a predetermined 
loading across the calender nips. 

11. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top . 
roll all in a generally vertical plane, allochiral pairs of 
bearings rotataby carrying the ends of the bottom roll 
and the top roll, fixed pivots on said frame mounting each 
of said pairs of bearings, allochiral lever arms rigid with 
each of said pairs of bearings and extending therefrom to 
terminate generally in the plane of the Superimposed stack 
of rolls inwardly from the pair of bearings with which the 
lever arm is rigid, and means for acting on the terminal 
portions of each of said lever arms and applying a bend 
ing moment to each such roll end to effect a predeter 
mined deflection in the roll axis and a predetermined load 
ing across the calender nips. 

12. In a mounting for a roll whose axis is subject to de 
flection, said roll having shaft elements at opposite ends 
thereof and being mounted in a calender stack disposed in 
a generally vertical plane, in combination, allochiral pairs 
of bearings rotatably receiving said shaft elements and 
adapted to apply a force couple thereto, fixed pivots 
mounting each of said pairs of bearings, allochiral lever 
arms each rigid with one of said pairs of bearings and ex 
tending therefrom in said vertical plane away from the 
stack and to a terminal lever arm portion inwardly of the 
roll end having the shaft element received by such one 
of said pairs of bearings, and means for acting on the 
terminal portions of each of said lever arms generally 
toward and away from the stack and in the planethereof 
to apply such force couple to said shaft elements. 

13. In a mounting for a roll whose axis is subject to 
deflection, said roll having shaft elements at opposite ends 
thereof and being mounted at the bottom of a calender 
stack disposed in a generally vertical plane, in combina 
tion, allochiral pairs of bearings rotatably receiving said 
shaft elements and adapted to apply a force couple there 
to, fixed pivots mounting each of said pairs of bearings, 
allochiral lever arms each rigid with one of said pairs of 
bearings and extending therefrom in said vertical plane 
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2 
downwardly away from the stack and to a terminal lever 
arm portion inwardly of the roll end having the shaft ele 
ment received by such one of said pairs of bearings, and 
means for acting on the terminal portions of each of said 
lever arms in a generally vertical direction to apply such 
force couple to said shaft-elements. 

deflection, said roll having shaft elements at opposite ends 
thereof and being mounted at the top of a calender stack 
disposed in a generally vertical plane, in combination, allo 
chiral pairs of bearings rotatably receiving said shaft ele 
ments and adapted to apply a force couple thereto, fixed 
pivots mounting each of said pairs of bearings, allochiral 
lever arms each rigid with one of said pairs of bearings 
and extending therefrom in said vertical plane upwardly 
away from the stack and to a terminal lever arm portion 
inwardly of the roll end having the shaft element received 
by Such one of said pairs of bearings, and means for act 
ing on the terminal portions of each of said lever arms in 
a generally vertical direction to apply Such force couple 
to said shaft elements. - - - - 

15. In a mounting for a roll whose axis is subject to 
deflection, said roll having shaft elements at opposite ends 
thereof and being mounted to define a pressure loaded 
nip along a surface thereof defining a plane with the roll 
axis, in combination, allochiral pairs of bearings rotatably 
receiving said shaft elements and adapted to apply a force 
couple thereto, pivots mounting each of said pairs of bear 
ings, allochiral lever arms each rigid with one of said pairs 
of bearings and extending therefrom generally in said 
plane and to a terminal lever arm portion spaced from 
the nip and inwardly of the roll end having the shaft ele 
ment received by such one of said pairs of bearings, and 
means for acting on the terminal portions of each of said 
lever arms generally toward and away from the nip and 
in said plane to apply such force couple to said shaft ele 
ments. 

16. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of Superimposed rolls including a top 
roll, separate and independent bearings rotatably carrying 
the ends of each superimposed roll, separate and inde 
pendent means for each of said bearings carried by said 
frame and urging each of said bearings upwardly, shaft 
elements at opposite ends of the bottom roll disposed in a 
generally vertical plane defined by the calender nips, 
allochiral pairs of bearings rotatably receiving said shaft 
elements and adapted to apply a force couple thereto, piv 
ots mounting each of said pairs of bearings, allochiral 
lever arms each rigid with one of said pairs of bearings 
and extending therefrom in said vertical plane away from 
the Stack and to a terminal lever arm portion inwardly of 
the roll end having the shaft element received by such 
one of said pairs of bearings, and means for acting on 
the terminal portions of each of said lever arms generally 
toward and away from the stack and in the plane thereof 
to apply such force couple to said shaft elements. 

17. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of Superimposed rolls including a top 
roll, separate and independent bearings rotatably carrying 
the ends of each Superimposed roll below the top roll, 
Separate and independent means for each of said bearings 
carried by said frame and urging each of said bearings 
upwardly, shaft elements at opposite ends of the top roll 
disposed in a generally vertical plane defined by the cal 
ender nips, allochiral pairs of bearings rotatably receiv 
ing said shaft elements and adapted to apply a force cou 
ple thereto, fixed pivots mounting each of said pairs of 
bearings, allochiral lever arms each rigid with one of said 
pairs of bearings and extending therefrom in said vertical 
plane away from the stack and to a terminal lever arm 
portion inwardly of the roll end having a shaft element 
received by such one of said pairs of bearings, and means 
for acting on the terminal portions of each of said lever 
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arms generally toward and away from the stack and in the 
plane thereof to apply force couple to said shaft elements. 

18. A multi-nip calender comprising a calender frame, 
a stack of calender rolls in the frame including a bottom 
roll and a plurality of superimposed rolls including a top 
roll, separate and independent bearings rotatably carry 
ing the ends of each superimposed roll below the top 
roll, separate and independent means for each of said 
bearings carried by said frame and urging each of said 
bearings upwardly, shaft elements at opposite ends of the 
top and bottom rolls disposed in a generally vertical plane 
defined by the calender nips, allochiral pairs of bearings 
rotatably receiving said shaft elements and adapted to 
apply a force couple thereto, fixed pivots mounting each 
of said pairs of bearings, allochiral lever arms each rigid 
with one of said pairs of bearings and extending there 
from in said vertical plane away from the stack and to a 
terminal lever arm portion inwardly of the roll end hav 
ing the shaft element received by such one of said pairs of 
bearings, and means for acting on the terminal portions 
of each of said lever arms generally toward and away 
from the stack and in the plane thereof to apply such 
force couple to said shaft elements. 

19. A method of calendering paper by passing the 
same through a plurality of superimposed calender nips 
in a calender stack comprising a bottom roll and a plu 
rality of superimposed rolls including a top roll, all 
provided with heavy bearings at opposite ends thereof, 
which method effects the application of pressures at each 
nip in a predetermined range sufficient to finish the paper 
without damaging the same by the use of excessive pres 
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sures, which method comprises the steps of relieving the 
weight load of the bearings for each of the superimposed 
rolls below the top roll whereby each such roll maintains 
pressures across the nip with the roll below it within said 
predetermined range and applying a bending moment to 
the ends of the top roll via its bearings tending to deflect 
the top roll axis downwardly so as to maintain pressures 
across the nips with the rolls below the top roll within 
said predetermined range. 

20. A method of calendering paper by passing the 
same through a plurality of superimposed calender nips 
in a calender stack comprising a bottom roll and a plu 
rality of Superimposed rolls including a top roll, all pro 
vided with heavy bearings at opposite ends thereof, which 
method effects the application of pressures at each nip in 
a predetermined range sufficient to finish the paper with 
out damaging the same by the use of excessive pressures, 
which method comprises applying a bending moment to 
the ends of the bottom roll via the bearings therefor to 
effect a deflection in the bottom roll, urging the bearings 
upwardly for each of the superimposed rolls below the 
top roll to substantially conform each of these rolls with 
said deflection of the bottom roll whereby each such roll 
maintains pressures across the nip with the roll below it 
within said predetermined range and applying a bending 
moment to the ends of the top roll via its bearings tend 
ing to deflect the top roll axis downwardly so as to main 
tain pressures across the nips with the rolls below the 
top roll within said predetermined range. 

No references cited. 


