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United States Patent Office 3,161,563 
Paterated Dec. 15, 1964. 

3,16,563 
METHOD AN APPARATUS EOR SHE LATERAL 
STRETCH ING OF WEBS, AND RESULTANT 
EPERUCT 

Wiian C. Walker, WiBiasiburg, and Ncrisian Weberg, 
Atooraa, Pa., assigners to West Virginia Pulp and Paper 
Company, New York, N.Y., a corporation of Delaware 

Fied Sept. 4, 1962, Ser. No. 222,992 
S5 Cigas, (CE. 162-597) 

This invention relates to a method and apparatus for 
treating papers, especially so-called printing papers, to 
increase their dimensional stability with respect to vari 
ation in moisture content, and the provide improvements 
in stiffness. 
The present application is a continuation-in-part of our 

copending application, Serial No. 114,813, filed June 
5, 1961, and now abandoned, for "Method and Appara 
tus for Reducing Hygroexpansivity of Paper, and the Re 
Sultant Product. 

It is well konwn that when a sheet of paper is wetted, 
or even subjected to a substantial increase in relative 
humidity in the surrounding atmosphere, it will expand 
an appreciable amount. The expansion in paper made 
on a paper machine is not uniform in all directions, as 
the expansion in the cross-machine direction is greater 
than in the machine direction. Conversely, paper that 
is caused to lose moisture will shrink more in the cross 
machine direction than in the machine direction. One 
important factor in the tendency of printing papers to 
non-uniformly change dimensions with changes in re 
ative humidity is, that during manufacture on a paper 
machine, the paper is restrained in the machine direction 
so that little longitudinal shrinkage can occur, while in 
the cross-machine direction considerable shrinkage occurs 
because the paper is not restrained in that direction. 

Printing papers that change dimensions with changes 
in relative humidity have been a source of much difficulty 
in printing pressrooms. These difficulties arise from 
either a high sensitivity to humidity or from a difference 
in sensitivity from one side of the sheet to the other. 
When paper is stacked on a skid, high sensitivity to hu 
midity over all of a sheet results in a tendency toward 
wavy edges at high relative humidities, and tight edges 
at low relative humidities. Such paper can cause in 
proper feeding to a printing press, or can cause Wrinkling 
on the press. High sensitivity to relative humidity 
changes may also result in misregister between colors in 
multicolor work. 

Because of the difference in the tendency of paper to 
change dimensions between the cross-machine and ma 
chine directions with changes in relative humidity, print 
ing papers with low sensitivity to humidity in the machine 
direction may still cause difficulties on a printing press 
due to the higher sensitivity of the paper in the cross 
machine direction. It is thus desirable to reduce the 
amount of sensitivity in the cross-machine direction dur 
ing manufacture so that the final web becomes more uni 
form in sensitivity to humidity changes between the ma 
chine direction and cross-machine direction. 
The sensitivity of a paper to change dimensions with 

changes in relative humidity has been called the hy 
groexpansivity of the paper. The coefficient of hygro 
expansivity is a measurement of the sensitivity of paper 
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to change dimensions with changes in relative humidity 
and is defined as: 

AL 
Coefficient of hygroexpansivity = (4.) 105 

Oti sit 
where 
A = the length of the paper sample tested, 
AL=change in length that occurs as the relative humidity 

varies, and 
A%R.H.=change in the relative humidity. 
It is not uncommon in various commercial grades of 
paper to find the coefficient of hygroexpansivity in the 
cross-machine direction to be as much as 3 or 4 times 
larger than the coefficient of hygroexpansivity in the 
machine direction. Such paper when subjected to changes 
in relative humidity gives rise to operational problems 
during the printing of such items as punch cards, map 
paper, recorder charts, and label paper, where dimensional 
stability is a requisite for satisfactory printing. 

It is well konwn that when paper is dried, moisture 
within the fibers is driven out, causing the fibers to shrink. 
On a paper machine, shrinkage is greater in the cross 
machine direction than in the machine direction for two 
main reasons. First, the fibers are oriented preferential 
ly in the machine direction, and when moisture is driven 
out from within the fibers, the greatest shrinkage occurs 
in the cross-machine direction since the fibers shrink 
more in a lateral direction than along their length. This 
shrinkage is partially transmitted to the dimensions of 
the web and is considered to be one reason for the di 
mensional instability of paper. Secondly, the web is 
subjected to restraint from shrinking in the machine di 
rection during drying due to the tension put on the 
web as it is drawn through the dryer sections of a paper 
machine, while no such restraint is applied to the web in 
the cross-imachine direction. The web, consequently, 
may lose as much as 5% in width or deckle during the 
drying operation. 

According to the present invention, it has been found 
that a lateral stretching of the paper beyond its elastic 
limit during the drying operation will cause a reduction 
in the hygroexpansivity of the paper in the cross-ma 
chine direction. It was at first though that restraint on 
the web in the cross-machine direction during the whole 
drying process would be necessary to effect a significant 
reduction in the cross-machine hygroexpansivity. But 
such an operation would involve a large portion of the 
paper machine and would be difficult to arrange. By re 
straint, we mean not allowing the web to shrink in the 
cross-machine direction during drying. Surprisingly, 
however, we have found that the web may be allowed 
to shrink a certain amount due to a partial drying, and 
then by subjecting the web to a momentary lateral stretch 
ing beyond its elastic limit, at the proper moisture con 
ditions, a very significant reduction in the cross-machine 
hygroexpansivity can be obtained. 
While it is difficult to overcome the fiber orientation 

problem that exists, and its effect upon hygroexpansivity, 
it has been found that a more dimensionally stabilized 
paper can be produced in the manier according to our 
invention. Various known devices may be employed for 
the purpose of lateral stretching, namely, so-called toroid 
or bowed rolls. Other devices used for edge tentering, 
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could also be employed. An example of this type of 
device is shown in the Wiley et al. Patent 2,412,187. 

Because the bowed roll is a simple and compact de 
vice readily mounted upon the machine, and will stretch 
the web only in the cross-machine direction, it is the 
one preferred by us, and accordingly we have shown 
this type of device in connection with our invention. We 
have found that through the use of such devices, under 
the proper conditions, a substantial fraction of the loss 
in deckle that has been sustained due to shrinkage of the 
web in the cross-machine direction can be permanently 
restored, and that such restoration is effective in reducing 
the coefficient of hygroexpansivity in the cross-machine 
direction. As much as 75% of the deckle loss has been 
permanently restored to paper treated in the manner of 
our invention, and there is no reason why even greater 
amounts can not be restored through the use of multi 
ple bowed rolls. 
A bowed roll is sometimes provided as part of, or im 

mediately following the dryer section of a paper machine 
and serves to remove any wrinkles that the web may have 
acquired, but such a roll is not arranged or designed to 
effect any appreciable permanent stretching of the web 
in a lateral direction. A bowed roll is also sometimes 
used near or at the wet end of a paper machine for the 
purpose of increasing deckle. The effect on hygroexpan 
sivity by the use of a roll in this manner is very little for 
two main reasons: (1) the moisture content of the web 
is too high to result in any marked reduction in hygro 
expansivity, as is explained later: (2) the web is not 
stretched enough because the bow of rolls known in the 
art is usually less than 1%, and the amount of deckle 
recovery produced is also only about 1%. Furthermore, 
we have found that the use of two bowed rolls in tanden 
is preferred over the use of a single bowed roll. Substan 
tial improvements in the reduction of the coefficient of 
hygroexpansivity are obtained through the combination 
of a high degree of bow in the rolls and a high degree 
of web wrap around the rolls. The geometry of the pa 
per web run is such that the machine direction path 
length varies across the machine as the web passes over 
a highly bowed roll with a high degree of web wrap, 
and some sections of the web are slack when only one 
bowed roll is used. This results in problems in runabil 
ity, as for example, there is more web wrinkling due to 
the uneven web path length, more machine direction dis 
tortion in the length of the web, and greater frequency 
of web breaks because the machine direction tension is 
applied to less than the full width of the web. By using 
two bowed rolls in tandem, it is possible to position the 
rolls so as to reduce to a negligible amount the variation 
in web path length across the paper machine, and, hence, 
avoid endangering the runability of the web on the paper 
machine. 

It has been found that one critical factor in our method 
of laterally stretching the web is the moisture content 
of the web at the time of stretching. If the stretching is 
done at the web end of the machine or where the moisture 
content of the web is relatively high, the inter-fiber bonds 
have not yet been fully formed, and the result is that 
fibers tend to slide over one another, and bonds are 
formed elsewhere when the proper moisture conditions 
are met. Hence, such stretching has been found to have 
little effect on the hygroexpansivity of the sheet, if the 
stretching is done after the web is too dry, improvements 
in the hygroexpansivity properties are hard to effect 
through lateral stretching by bowed rolls because of the 
strength of the paper and its resistance to such stretching. 
The stretch that is sought in the present case is had after 
the web has been dried sufficiently to cause Some inter 
fiber bonding and after some lateral shrinkage has oc 
curred, which we pull back out. The theory behind our 
process, though not conclusively proved, is that we 
change the internal strain situation in the cross-machine 
direction of the fibers in the web so that less of the lateral 
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4. 
expansion of the fibers caused by high humidity condi 
tions is transmitted as lateral expansion to the whole web. 
After many trials, we have determined that the desired 
interbonding of the fibers will occur when the moisture 
content is in the range of from 8 to 50%, with a preferred 
range of from 10 to 30%. When the moisture content 
is greater than 30%, the action of the stretching devices, 
especially bowed rolls, is somewhat less effective on the 
hygroexpansivity improvement, although improvements 
have been noted when the moisture content is as high 
as 50%. Surprisingly, we have also found that within 
our preferred moisture range, the amount of hygroexpan 
sivity improvement is greater when the paper is drier dur 
ing the treating operation, i.e., a one percent increase in 
total web width due to laterally stretching the web at a 
moisture content of 10% reduces the coefficient of hygro 
expansivity more than a one percent increase in web 
width due to laterally stretching the web at a moisture 
content of 30%. 
One type of bowed roll employed by us is an article of 

commerce, and while it has been generally illustrated in 
the drawings, satisfactory types are well known in the 
art, an example being that shown in Patent 2,393, 191, 
J. D. Robertson, as well as in other patents standing in 
the name of this patentee. 
The effectiveness of the bowed rolls depends not only 

upon the moisture content of the web, but also on the 
amount of the bow in the roll, the friction between the 
web and the bowed roll, and the degree of wrap of the 
Web around the bowed roll. It has also been found that 
as the machine direction tension is increased, the effective 
ness of the bowed rollis is also increased, since with in 
creased tension, the web is held more strongly against 
the bowed rolls. Web tensions up to about 6% pounds 
per linear inch in the machine direction have been em 
ployed. Web wraps around the bowed rolls have been 
in the range of from 50° to 180°, with the preferred wrap 
in the range of from 90 to 145. Rolls with bows up 
to 4% have been employed successfully. Throughout 
the specification and claims, the word “bow' is defined 
as the maximum change in length that the resilient face 
of the roll undergoes as it rotates about the axis of the 
roll. 

In one type of bowed roll as presently manufactured, 
it is possible to vary the bow without removing the roll 
from the machine, and this type of roll has been found 
to be of advantage, not only because the amount of 
stretch imparted to the paper may thereby be varied, but 
having the rolls temporarily in straight form has been 
found to be an advantage in the threading of a reduced 
width of the paper through the machine at the start of 
a III. 

In the normal manufacture of paper on a paper ma 
chine, the profile of the cross-machine direction hygro 
expansivity is not uniform as the coefficient of hygro 
expansivity is higher at the edges of the web than in the 
center. When the web is stretched in the manner of our 
invention by uniformly bowed rolls, more stretching takes 
place in the center of the web than at the web margins 
due to slippage between the web and the bowed rolls at 
the web margins. The cross-machine direction hygro 
expansivity of the web is lowered, but the cross-machine 
direction profile is not improved. However, for some 
purposes, this may be suitable to the manufacturer. We 
have found that it is possible to compensate for the un 
even profile inherent in the web and also for that pro 
duced by the bowed rolls by employing means for grip 
ping the web at its margins during the stretching oper 
ation. Therefore it is desirable to provide auxiliary hold 
ing or edge grippings means at the web margins, such as 
retaining bands that press the marginal portions of the 
web against the corresponding portions of the bowed rolls 
to prevent lateral slippage between the roi and the web 
at the margins, and to effect a more uniform stretching 
action across the web, resulting in a more uniform cross 
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machine direction hygroexpansivity profile. The appa 
ratus for accomplishing this is described in detail later. 

In addition to employing rolls in which the amount of 
bow may be varied, the bowed rolls may be modified 
so as to make the bow non-uniform, thereby obtaining 
greater stretching action at the edges of the web. This 
is accomplished by decreasing the radius of curvature of 
the rolls at their end portions to provide a higher bow at 
the ends of the roll than in the center of the roll. Ac 
cordingly, in the preferred embodiment of our invention, 
rolls are employed in which the amount of bow at the 
central portion is in the order of 1% and the amount 
of bow at the end portions is as high as 3%, with the 
amount of bow progressively increasing from the central 
portion of the roll toward each end thereof. It is further 
desirable to provide auxiliary retaining means at the web 
margins to press the marginal portions of the Web against 
the corresponding portions of increased curvature of the 
rolls. 

Non-uniformly bowed rolls are known in the art, an 
example being that shown in Patent 2,689,392 to J. D. 
Robertson. 
From the foregoing description, it is evident that the 

point in the paper machine at which the bowed rolls or 
other devices are located is determined by the amount of 
moisture in the web at a given point. In the manufacture 
of paper, it is common practice to locate a so-called size 
press between dryer sections. We had supposed that it 
would be necessary to locate the bowed rolls after the size 
press for the reason that the moisture introduced into the 
web at the size press would be expected to reduce the 
improvement in hygroexpansivity. Surprisingly enough, 
however, we have found that the bowed rolls may, if 
desired, be disposed before the size press, since the mois 
ture picked up at the size press has been found not to 
disturb the relationship of the hygroexpansivity of treated 
and untreated webs. 

It has also been found that the above described method 
of laterally stretching a traveling web of paper produces 
a product with improved stiffness characteristics due to 
improvements realized in the modulus of elasticity of the 
product. As is well known, the stiffness of paper varies 
directly with the modulus of elasticity. Improvements in 
stiffness up to about 21 percent in the cross-machine direc 
tion have been derived on papers of basis weight between 
40 and 48 pounds per 3000 square feet of paper, with 
the average increase being in the order of 10 percent. 
Our invention will be further understood by reference 
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to the following detailed description taken with the an 
nexed drawings, in which: 
FIGURE 1 is a view in front vertical elevation show 

ing a pair of bowed rolls equipped with the web edge 
gripping device forming part of the present invention; 
FIGURE 2 is an enlarged vertical sectional view taken 

on line 2-2 of FIGURE 1; 
FIGURE 3 is an enlarged vertical sectional view taken 

on line 3-3 of FIGURE 1 and showing the tension arm 
of an edge gripping device; 
FiGURE 4 is a view in vertical sectional elevation 

taken on line 4-4 of FIGURE 1 and showing a pair of 
bowed rolls disposed between successive dryer drums in 
a paper machine; 
FIGURE 5 is an elevational view, partly sectioned, 

showing the mounting arrangement of an edge gripping 
device; 
FIGURE 6 is an exploded view of an edge gripping 

device and associated mounting clamp; 
FIGURE 7 is a sectional view of one of the pulleys 

employed in an edge gripping device. 
Referring to FIGURES 1 and 4, the paper web P passes 

around dryer drum 10, paper carrying roll 2 mounted 
on shaft i3 held at its opposite ends by bearings 4 and 
16 on frame members 8 and 2, and then passes around 
bowed rolls 22 and 24 before continuing around dryer 
drum 26 and through the rest of the dryer units in the 
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6 
machine. Bowed roll 22, of the type herein employed, 
has a surface 28 of rubber or other flexible material en 
gaged over a series of roll sections, not shown, which are 
rotatably mounted upon a curved shaft 30 held at its 
opposite ends in clamps, not shown, mounted on the 
frame members 32 and 34 of the paper machine dryer 
section. It is understood that for the purpose of illustra 
tion, bowed rolls 22 and 24 are identical in size and con 
struction, and the description of one roll serves as a 
description for the other. 
The bowed rolls 22 and 24 are disposed with their 

longitudinal axes substantially at right angles to the lon 
gitudinal axis of the paper machine, and are positioned 
in relation to each other such that the machine direction 
web path length from dryer drum 10 to dryer drum 26 
is substantially the same all across the web P. In opera 
tion, the traveling paper web Preaches each of the bowed 
rolls 22 and 24 at the inner or concave side and leaves at 
the outer or convex side thereof, and, hence, is subjected 
to a lateral stretching action by each of the bowed rolls 
22 and 24. In the preferred arrangement, each bowed 
roll 22 and 24 is positioned with its direction of bow 
oriented such that the angle bisector of the angle of web 
wrap around the roll is perpendicular to the direction of 
bow in order to utilize the maximum stretching action 
of the roll. 

For the purpose of confining the paper web P to the 
bowed rolls 22 and 24 at the margins thereof, an edge 
gripping device comprising pulleys 35, 36, and 37 rotatably 
mounted on pulley bracket 33 and tension arm 39, as 
described later, and carrying an endless belt 40 of rubber 
or other resilient material, is provided, it will be under 
stood that such gripping devices are provided at the 
opposite ends of each of the bowed rolls 22 and 24 to 
press the web margins against the bowed rolls 22 and 24 
and thus grip the web at the margins between the bowed 
rolls and the endless beit 46 to prevent the web P from 
slipping laterally relative to the bowed rolls. 
With particular reference to FIGURES 3, 5, and 6, 

it is seen that pulleys 35 and 36 are rotatably mounted on 
shafts 42 and 44, respectively, which are held at one end 
by pulley bracket 38. Pulley 37 is rotatably mounted on 
shaft 46 which is held at one end by tension arm 39, 
the latter being adjustably mounted about shaft 44 be 
tween pulley 36 and pulley bracket 38. A lateral ex 
tension 48 on tension arm 39 has an open portion 50 to 
receive the shank 52 of bolt 54 which passes into the 
tapped hole 56 in pulley bracket 38. The tension on the 
endless belt 40 is adjustable by loosening bolt 54 and 
moving the tension arm 39 toward or away from pulley 
35, thus moving pulley 37 likewise and causing the tension 
on the endless belt 48 to be increased or decreased. 

Pulley bracket 33 has a slotted member 66 mounted 
thereon, on the side opposite the pulleys 35, 36, and 37. 
Slotted member 69 has an opening 62 which corresponds 
with opening 64 of pulley bracket 38 (FIGURE 3). A 
bolt 66 is received by opening 64, and its shank 68, passes 
through opening 62 of slotted member 68 for the purpose 
of mounting the gripping device on a bowed roll. 
The gripping device described above is mounted on 

each end of the shaft of a bowed roll, as for example shaft 
3 of bowed roll 24 (FEGURES 5 and 6) by means of 
a mounting bracket comprising ciamp members 70 and 
72, bracket member 74 which is mounted on clamp mem 
ber 72 and rigidly held by supports 76 and 78. The clamp 
members 70 and 72 are positioned about shaft 3 of 
bowed roll 24 and are held fast onto shaft 3 by means 
of boits 79 passing through holes 80. Bracket member 74 
contains a semi-split sleeve 82 for receiving positioning 
rod 84 which is held fast in sleeve 82 by means of bolts 
$5 passing through holes 36 and secured at their threaded 
ends by nuts 87. Positioning rod 84 has a squared end 
88 which is received by slotted member 69 of pulley 
bracket 38. The shank 68 of bolt 66 passes through the 
opening 62 of slotted member 60, through hole 90 of 
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positioning rod 84 and is locked at its threaded end by 
nut 92. Pulley bracket 38 can thus be adjusted toward 
and away from the bowed roll 24 by loosening nut 92 
and sliding the pulley bracket 38, by means of slotted 
member 60, relative to the squared end 88 of positioned 
rod 84. 

Edge gripping devices are provided near each of the 
ends of bowed rolls 22 and 24, and are mounted on the 
shafts 30 and 31 of the bowed rolls 22 and 24 as de 
scribed above. Each of the edge gripping devices are so 
mounted in relation to the bowed rolls that the endless 
belt 40 of each device contacts the bowed roll for a sub 
stantial portion of the belt run. The belts 40 are driven 
by contacting the bowed rolls, and the direction of travel 
of each belt is perpendicular to the longitudinal roll axis 
at the point of contact between the belt and the bowed 
roll. In operation, the web P is pressed at its margins 
against each bowed roll 22 and 24 by endless belt 40 of 
each gripping device and is thus gripped therebetween, 
whereby lateral slippage between each bowed roll and 
the web is reduced to a minimum, and the stretching ef 
fect of each bowed roll on the traveling web is accord 
ingly increased. 
The pulley of FIGURE 7 is illustrative of the type of 

pulleys that have been employed in the edge gripping de 
vices. The peripheral edge of the pulley casing 100 is 
flanged to receive an endless belt. The casing 108 rides 
on ball bearings 10 housed within the inner and outer 
races 102 and 103 which are retained in bearing blocks 
104 and 105 by means of snap ring 106. Spacer ring 67 
is provided between the outer races 102. The ball bear 
ings are retained on the extended shaft portion 188 of 
shaft 109 by means of snap ring 110. A grease fitting 
111 and passageway 112 are provided for lubrication pur 
poses. 
The following data are illustrative for a publication 

paper of about 50 pounds basis weight which has been 
treated in a manner according to the present invention, 
employing two bowed rolls in tandem. The moisture 
trol sample web, which was not subjected to the stretch 
action at the first bowed roll was 17%. The amount of 
bow of each roll was 4%. The web wrap on each roll 
was 140, and the web tension in the machine direction 
was about 4% pounds per linear inch. 
All of the following coefficients of hydroexpansivity 

were measured in the center of the web. For purposes 
of determining the coefficient of hygroexpansivity, the rel 
ative humidity was varied from 15 to 80%. The con 
trol sample web, which was not subjected to the stretch 
ing action of the bowed rolls, had a coefficient of hygro 
expansivity in the cross-machine direction of 13.9. The 
paper that was stretched by the bowed rolls exhibited a 
coefficient of hygroexpansivity in the cross-machine di 
rection of 7.3, which amounted to an improvement of 
about 47.5%. The coefficient of hygroexpansivity in 
the machine direction of the control sample was about 4, 
and the stretched paper had a value of about 3 in that di 
rection. It can be seen that the effect of stretching the 
paper laterally had no harmful effect on the hygroex 
pansivity of the paper in the machine direction, and, 
in fact, the machine direction hygroexpansivity was re 
duced. 
The deckle loss of the web in the above example was 

5% for the control sample. After final drying, the 
deckle loss of the treated sample was only 2.0%, indi 
cating that a permanent restoration of 60% of deckle loss 
was effected by the lateral stretching of the web. 
As previously mentioned, it has been found that greater 

improvements in hygroexpansivity per degree of deckle 
recovery are effected in the preferred moisture range 
when the paper is drier. The following data are illus 
trative of this point. In one instance, paper was treated 
in the manner according to this invention while the web 
had a moisture content of about 30%. For a 1% in 
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crease in total reel width, the percent reduction in the co- 75 

efficient of hygroexpansivity in the cross-machine direc 
tion as compared to that of the untreated web, was about 
11%. Paper of similar quality which was treated in the 
identical manner according to this invention while the 
web had a moisture content of about 10%, exhibited a re 
duction in the coefficient of hygroexpansivity in the cross 
machine direction of about 19% for a 1% increase in 
total reel width, indicating that almost twice as much im 
provement in hygroexpansivity was effected at the lower 
moisture content. 

Improvennents in the stiffness of the paper have also 
been obtained by treating webs in the manner of this in 
vention, and the following data are illustrative of a paper 
of about 48 pounds basis weight which has been laterally 
stretched by the use of bowed rolls in tandem to effect 
an improvement in the coefficient of hygroexpansivity of 
about 20%. The stiffness of this same paper was in 
creased 11% in the cross-machine direction over the 
stiffness of the untreated paper. Over a series of com 
mercial runs, improvements in stiffness as high as 21% 
in the cross-machine direction have been noted, with 
an average of about 10% improvement in stiffness in the 
cross-machine direction and about 7% improvement in 
the machine direction. 
While our invention has disclosed the use of two bowed 

rolls for laterally stretching a web of paper, more than 
two such rolls have been employed successfully, and such 
use is therefore contemplated to be within the scope of 
our invention. Also, while we have mentioned webs of 
paper, it is to be noted that webs of paperboard and other 
material in web form may be treated in the manner of this 
invention. 
While a preferred embodiment of the invention has 

been illustrated and described in detail, it is to be under 
stood that changes may be made therein and the inven 
tion practiced in other forms. It is not, therefore, our 
intenton to limit the patent to the specific details illus 
tratively described, but to cover the invention broadly in 
whatever form its principles may be utilized. 
We claim: 
1. A device for increasing the lateral stretching effect 

of a bowed roll on a traveling web of paper passing 
around the surface of the bowed roll which comprises a 
bracket member and an endless resilient belt rotatably 
mounted on said bracket member, said device mounted 
and disposed in relation to the bowed roll whereby a por 
tion of the endless resilient belt presses the traveling web 
at the web margin against the surface of the bowed roll 
to grip the web between the endless resilient belt and the 
bowed roll surface. 

2. A device for increasing the lateral stretching ef 
fect of a bowed roll on a traveling web of paper passing 
around the surface of the bowed roll which comprises a 
bracket member, rotatable means mounted on said brack 
et member, and an endless resilient belt passing around 
said rotatable means, said device mounted and disposed 
in relation to the bowed roll whereby a portion of the 
endless resilient belt presses the traveling web at the web 
margin against the surface of the bowed roll to grip the 
web between the endless resilient belt and the bowed roll 
surface. 

3. A device for increasing the lateral stretching effect 
of a bowed roll on a traveling web of paper passing 
around the surface of the bowed roll which comprises a 
bracket member, rotatable means mounted on said brack 
et member, an endless resilient belt passing around said 
rotatable means, and means for mounting said bracket 
member on the shaft of a bowed roll, said device disposed 
in relation to the bowed roll whereby a portion of the 
endless resilient belt presses the traveling web at the web 
margin against the surface of the bowed roll to grip the 
web between the endless resilient belt and the bowed roll 
Surface. 

4. A device for increasing the lateral stretching effect 
of a bowed roll on a traveling web of paper passing 

1. 
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around the surface of the bowed roll which comprises a 
bracket member, rotatable means mounted on said brack 
et member, tensioning means adjustably mounted on said 
bracket member, rotatable means mounted on said ten 
sioning means, an endless resilient belt passing around the 
rotatable means mounted on the bracket member and on 
the tensioning means, and means for mounting said 
bracket member on the shaft of a bowed roll, said device 
disposed in relation to the bowed roll whereby a portion 
of the endless resilient belt presses the traveling web at 
the web margin against the surface of the bowed roll to 
grip the web between the endless resilient belt and the 
bowed roil surface. 

5. A device for increasing the lateral stretching effect of 
a bowed roll on a traveling web of paper passing around 
the surface of the bowed roll which comprises a bracket 
member, rotatable means mounted on said bracket mem 
ber, a tension arm rotatably mounted at one end on said 
bracket member, rotatable means mounted on the tension 
arm, an endless resilient belt passing around the rotatable 
means mounted on the bracket member and on the tension 
arm, means for adjusting the position of the tension arm 
to increase and decrease the tension on the endless resilient 
beit, and means for mounting said bracket member on the 
shaft of a bowed roll, said device disposed in relation to 
the bowed roll whereby a portion of the endless resilient 
belt presses the traveling web. at the web margin against 
the surface of the bowed roll to grip the web between the 
endless resilient belt and the bowed roll surface. 

6. A device for increasing the lateral stretching effect 
of a bowed roll on a traveling web of paper passing around 
the surface of the bowed roll which comprises a pulley 
bracket, pulleys rotatably mounted on said pulley bracket, 
a tension arm rotatably mounted at one end on said pulley 
bracket, a pulley rotatably mounted on said tension arm, 
an endless resilient belt passing around and received by 
the said pulleys, means for adjusting the position of the 
tension arm to increase and decrease the tension on the 
endless resilient belt, means for mounting the pulley 
bracket on the shaft of a bowed roll, and pulley bracket 
positioning means connecting said pulley bracket to said 
pulley bracket mounting means, whereby said pulley 
bracket may be adjusted toward and away from the bowed 
roll, said device disposed in relation to the bowed roll 
whereby a portion of the endless resilient belt presses the 
traveling web at the web margin against the surface of the 
bowed roll to grip the web between the endless resilient 
belt and the bowed roll surface. 

7. In combination, a bowed roll for laterally stretching 
a traveling web of paper and the like passing thereover, 
and a web edge gripping device for increasing the lateral 
stretching effect of the bowed roll on the traveling web, 
comprising a bracket member and an endless resilient belt 
rotatably mounted on said bracket member, said web edge 
gripping device disposed and mounted in relation to the 
bowed roll whereby a portion of the endless resilient belt 
presses the traveling web at the web margin against the 
surface of the bowed roll to grip the web between the 
endiess resilient belt and the bowed roll surface. 

8. In combination, a bowed roll for laterally stretching 
a traveling web of paper and the like passing thereover, 
and a web edge gripping device for increasing the lateral 
stretching effect of said bowed roll on the traveling web, 
said web edge gripping device comprising a bracket mem 
ber, rotatable means mounted on said bracket member, 
an endless resilient belt passing around said rotatable 
means, and means for mounting said bracket member on 
the shaft of said bowed roll, said web edge gripping device 
disposed in relation to said bowed roll whereby a portion 
of the endless resilient belt presses the traveling web at 
the web margin against the surface of the bowed roll to 
grip the web between the endless resilient belt and the 
bowed roll surface. 

9. In combination, a bowed roll for laterally stretching 
a traveling web of paper and the like passing thereover, 
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and a web edge gripping device for increasing the lateral 
stretching effect of said bowed roll on the traveling web, 
said web edge gripping device comprising a pulley bracket, 
pulleys rotatably mounted on said pulley bracket, a ten 
sion arm rotatably mounted at one end of said pulley 
bracket, a pulley rotatably mounted on said tension arm, 
an endless resilient belt passing around and received by 
said pulleys, means for adjusting the position of the ten 
sion arm to increase and decrease the tension on the end 
less resilient belt, means for mounting the pulley bracket 
on the shaft of said bowed roll, and pulley bracket posi 
tioning means connecting said pulley bracket to said pulley 
bracket mounting means, whereby said pulley bracket may 
be adjusted toward and away from said bowed roll, said 
web edge gripping device disposed in relation to said 
bowed roll whereby a portion of the endless resilient belt 
presses the traveling web at the web margin against the 
surface of the bowed roll to grip the web between the 
endless resilient belt and the bowed roll surface. 

10. In the method of treating a traveling web of paper 
which involves passing the web before final drying around 
successive bowed rolls in tandem disposed with their longi 
tudinal axes substantially at right angles to the longitu 
dinal axis of the paper machine, stretching the web later 
ally as said web passes around each bowed roll to recover 
a substantial fraction of the loss of deckle that has been 
Sustained due to shrinkage of the web in the cross-machine 
direction, and completing the drying operation, the im 
provement for reducing the coefficient of hygroexpansivity 
of the paper in the cross-machine direction and increasing 
the stiffness of the paper which comprises gripping the web 
at its margins as said web passes around each bowed roll 
to decrease the lateral slippage between the web and the 
bowed rolls. 

11. In the method of treating a traveling web of paper 
which involves steps of (a) passing the web before final 
drying around successive bowed rolls in tandem disposed 
with their longitudinal axes substantially at right angles to 
the longitudinal axis of the paper machine, (b) stretch 
ing the web laterally as said web passes around each bowed 
roll to recover a substantial fraction of the loss of deckle 
that has been sustained due to shrinkage of the web in 
the cross-machine direction, and (c) completing the dry 
ing operation, the improvement for reducing the coefficient 
of hygroexpansivity of the paper in the cross-machine di 
rection and increasing the stiffness of the paper which com 
prises (d) gripping the web at the margins as said web 
passes around each bowed roll to decrease the lateral 
slippage between the web and the bowed rolls, and (e) 
laterally stretching the web in step (b) above while the 
web has a moisture content in the range of from 8 to 50%. 

12. In the method of treating a traveling web of paper 
which involves steps of (a) passing the web before final 
rying around successive bowed rolls in tandem disposed 

with their longitudinal axes substantially at right angles 
to the longitudinal axis of the paper machine, (b) stretch 
ing the web laterally as said web passes around each bowed 
roll to recover a substantial fraction of the loss of deckle 
that has been sustained due to shrinkage of the web in the 
cross-machine direction, and (c) completing the drying 
operation, the improvement for reducing the coefficient 
of hygroexpansivity of the paper in the cross-machine di 
rection and increasing the stiffness of the paper in the 
cross-machine direction which comprises (d) passing the 
web in step (a) above around bowed rolls which have a 
bowed surface in the range of from 1 to 4%, (e) gripping 
the web at its margins, as the web wraps each bowed roll 
in the range of from 50° to 180° of the circumference of 
each bowed roll, to decrease the lateral slippage between 
the web and the bowed rolls, and (f) laterally stretching 
the web in step (b) above while the web has a moisture 
content in the range of from 8 to 50%. 

13. In the method of treating a traveling web of paper 
which involves passing the web before final drying around 
successive, non-uniformly bowed rolls in tandem disposed 
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with their longitudinal axes substantially at right angles 
to the longitudinal axis of the paper machine, each of 
said rolls having a greater degree of bow at the end por 
tions than in the central portion thereof, stretching the 
web laterally, more so at the web margins than at the 
center of the web, as said web passes around each non 
uniformly bowed roll to recover a substantial fraction 
of the loss of deckle that has been sustained due to shrink 
age of the web in the cross-machine direction, and com 
pleting the drying operation, the improvement for reduc 
ing the coefficient of hygroexpansivity of the paper in 
the cross-machine direction and increasing the stiffness 
of the paper which comprises gripping the Web at its 
margins as said web passes around each non-uniformly 
bowed roll to decrease the lateral slippage between the 
web and the non-uniformly bowed rolls. 

14. In the method of treating a traveling web of paper 
which involves steps of (a) passing the web before final 
drying around successive, non-uniformly bowed rolls in 
tandem disposed with their longitudinal axes substantially 
at right angles to the longitudinal axis of the paper ma 
chine, each of said rolls having a greater degree of bow 
at the end portions than in the central portion thereof, 
(b) stretching the web laterally, more so at the web 
margins than at the center of the web, as said web passes 
around each non-uniformly bowed roll to recover a sub 
stantial fraction of the loss of deckle that has been sus 
tained due to shrinkage of the web in the cross-machine 
direction, and (c) completing the drying operation, the 
improvement for reducing the coefficient of hygroexpan 
sivity of the paper in the cross-machine direction and 
increasing the stiffness of the paper which comprises 
(d) gripping the web at its margins, as said web wraps 
each non-uniformly bowed roll in the range of from 50 
to 180 of the circumference of each non-uniformly 
bowed roll, to decrease the lateral slippage between the 
web and the non-uniformly bowed rolls, and (e) laterally 
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stretching the web in step (b) above while the web has 
a moisture content in the range of from 8 to 50%. 

15. In the method of treating a traveling web of paper 
which involves steps of (a) passing the web before final 
drying around successive, non-uniformly bowed rolls in 
tandem disposed with their longitudinal axes substantially 
at right angles to the longitudinal axis of the paper ma 
chine, each of said rolls having a greater degree of bow 
at the end portions than in the central portion thereof, 
(b) stretching the web laterally, more so at the web 
margins than at the center of the web, as said web passes 
around each non-uniformly bowed roll to recover a sub 
stantial fraction of the loss of deckle that has been sus 
tained due to shrinkage of the web in the cross-machine 
direction, and (c) completing the drying operation, the 
improvement for reducing the coefficient of hygroexpan 
sivity of the paper in the cross-machine direction and 
increasing the stiffness of the paper in the cross-machine 
direction which comprises (d) gripping the web at its 
margins, as said web wraps each non-uniformly bowed 
roll in the range of from 90 to 145 of the circumference 
of each non-uniformly bowed roll, to decrease the lateral 
slippage between the web and the non-uniformly bowed 
rolls, and (e) laterally stretching the web in step (b) 
above while the web has a moisture content in the range 
of from 10 to 30%. 
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