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Filed July 31, 1959, Ser. No. 830,779 
14 Claims. (Ci. 161—13G) 

The present invention relates to the mechanical treat 
ment of thin, planar bodies of deformable materials for 
modi?cation of the physical characteristics thereof and 
more particularly to a new concept in the processing of 
paper webs. 

Physical modi?cation of sheet materials and especially 
paper involves well recognized procedures varying from 
the compacting and burnishing of smooth roll calender 
ing, through pattern calendaring in which one of the rolls 

"carries a suitable design, simple embossing combining a 
patterned steel roll with a smooth roll or even mated pat 
terned rolls, to the more rigorous treatment obtained 
through utilization of sim'darly patterned rolls carrying 
intermeshing surfaces. Although it may be acknowledged 
that these known procedures impart certain distinctive 
qualities to sheet materials, it is equally true that each 
has inherent limitations and the demand for an effective 
process to enhance the texture, softness, drape, ?exibility, 
absorbency, bulk and decorative characteristics of de 
formable sheet materials remains unsatis?ed. 

It is a primary object of the present invention to pro~ 
vide an effective process of applying controlled mechani 
cal forces to deformable sheet material for improvement 
of the physical characteristics thereof. 
A further object of our invention is to provide a meth 

od of applying controlled mechanical forces to deform 
able sheet material to create therein a regularly disposed 
and sequentially repeated pattern of material distortion 
and distention. 
Another object of this invention is to provide an im 

proved apparatus for applying controlled mechanical 
forces to deformable sheet material. 
A still further object of the invention is to provide a 

modi?ed sheet material having improved physical char 
acteristics. 

Other objects and advantages of our invention will be 
readily apparent from the following detailed description 
of certain preferred embodiments thereof when taken in 
conjunction with the accompanying drawings, wherein: 
FIGURE 1 is a perspective View of opposed rolls for 

the processing of deformable sheet materials as contem 
plated by our invention. 
FIGURE 2 is a planar representation of the manner of 

intersection of the ribs of the opposed rolls of FIGURE 1. 
FIGURE 3 is an enlarged fragmentary section taken 

substantially along the line 3——3 of FIGURE 2. 
FIGURE 4 is an enlarged fragmentary section taken 

substantially along the line 4—4 of FIGURE 2. 
FIGURE 5 is a fragmentary section taken substan 

tially along the line 5—-5 of FIGURE 1 and illustrative 
of a typical rib form constituting the surfaces of such 
rolls. 
FIGURES 6, 7, 8 and 9 are also fragmentary sections 

of rolls illustrative of alternative rib forms which may 
be carried thereby. 
FIGURES 10, 11, 12 and 13 are schematic elevations 

of opposed rolls illustrative of several embodiments of 
rib arrangements. 
FIGURE 14 is a plan view of sheet material subjected 

to the treatment of the opposed rolls of FIGURE 1 and 
illustrative of the deformation obtained therein. 
FIGURE 15 is an enlarged fragmentary sectional view 

taken along the line 15-45 of FIGURE 14. 
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FIGURE 16 is an enlarged fragmentary sectional View 

taken along the line l6—l6 of FIGURE 14; and 
FIGURE 17 is an enlarged fragmentary sectional view 

taken substantially along the line l7—l7 of FIGURE 14. 
Briefly stated the present invention contemplates a 

new commercial product as well as its production by the 
application of controlled mechanical forces to a deform 
able sheet material during its passage between a pair of 
opposed rolls carrying upon their surfaces a plurality of 
resilient ribs so disposed as to intersect at the tangential 
nip of the rolls, whereby there is created in said sheet a 
regularly disposed and sequentially repeated pattern of 
material distortion and distention. 

Referring to the drawings, a sheet 1 of deformable ma 
terial, for example, paper, plastic or metal foil, is given 
modi?ed physical properties by its passage between a 
pair of opposed rolls 2 and 3, provided with shafts 4 and 5 
projecting outwardly therefrom and through which they 
may be mounted in suitable apparatus (not shown) pro 
viding means for their rotation, as well as pressure load 
ings if desired, such mounting and drive apparatus being 
well known to the art and needing no detailed explana 
tion for an understanding of the immediate invention. 
The rolls 2 and 3 carry ribs of a resilient material, such 

as rubber or plastic, which may be selected as to thick— 
ness and hardness as determined by the nature of the 
material in the sheet 1 undergoing processing and the 
end effect desired. 
As shown in FIGURE 1, the rolls are provided with a 

pattern comprising a plurality of regularly spaced periph 
eral ribs 7 and 8 preferably disposed helically along the 
entire length of each roll. The rib contour or transverse 
section which is to a large degree important in deter 
mining the characteristics of the pattern effected in the 
sheet material 1, may be altered as desired. Several con 
tours are illustrated in FIGURES 5-9 of the drawings. 
In general, it is contemplated that the ribs 7 and 8 will 
be of V-shape in cross section with either a sharp, rounded 
or ?attened apex, again as determined by the nature of 
the material being processed and the end effect desired. 
The pitch or number of ribs per inch of roll surface may 
also be varied as desired and will in turn determine the 
?neness of the pattern in and the degree of change in 
physical characteristics of the material. 

In a preferred embodiment of the invention, the helix 
angle of the ribs 7 and 8 determines the angle of inter 
section of such ribs at the roll nip 9 as best seen in FIG 
URE 1 and the modi?ed arrangements thereof illustrated 
in FIGURES 10, 11 and 13. It should be realized, how 
ever, that a helical arrangement of ribs is not essential 
to their intersection at the roll nip and an angular relation 
ship of ribs as shown in FIGURE 12 will enable attain 
ment of the desired processing of deformable sheet mate 
rial. 
As the sheet material 1 passes between the rolls 2 and 

3, a sequential material distortion is e?ected beginning 
at the ?rst point of contact 10 between the intersecting 
resilient ribs 7 and 8 as best seen in FIGURE 3. This 
initial contact constitutes a point of ?xation for the sheet 
material about which there is compression and deforma 
tion of such sheet material during passage through the 
nip of the rolls, this action reaching a maximum at the 
center line 11 of the nip 9. This material deformation is 
produced as the result of forces arising from rib inter 
ference and sufficient space 18 provided between the ribs 
to permit lateral displacement therein, as shown in FIG 
URE 4. It is believed that as the contacting ribs 7 and 
8 advance the sheet 1, there is a gripping force exerted 
against the sheet, such forces increasing as the ribs per 
se are deformed under pressure, and there is established 
a vector of deformation in a plane parallel to the plane 
of the sheet material 1 which will cause, under most con 



ditions, a twisting deformation about each point of ?xa 
tion. The existence and magnitude of the twisting de 
formation is related to the angle of intersection of these 
ribs. As the sheet material emerges from the nip 9, 
the rib interference diminishes and there remains in the 
sheet material a permanent pattern of deformation and 
distortion. 
The sheet material 1, following treatment, has formed 

therein a pattern of ridges and valleys designated gen 
erally by the lines 25 and 25 respectively in FIGURE 14. 
The ridges 25 of one face of the sheet material constitute 
the valleys 26 in the opposite face thereof and the ridges 
and valleys intersect at points of ?xation 27 as seen in 
FIGURES 14, 15 and 16. Patterns differing from that 
shown in FIGURE 14 are possible from different rib con 
?gurations and operating conditions. 
The rolls 2 and 3 shouid preferably operate at substan 

tially equivalent peripheral speeds during material proc 
essing in order that the resultant material pattern will be 
of desirable character. The nip pressure 1petween the 
rolls may be varied, as has been indicated hereinbefore, 
in accordance with the nature of the material being proc 
essed and the end result which is desired. 
-While, for simplicity of roll fabrication, identical rib 

patterns may be preferred, it is not intended that the pres 
ent invention shall be restricted thereto. Other angular 
rib arrangements are entirely practicable and, in fact, as 
illustrated in FIGURE 12, one roll may carry a series of 
spaced longitudinal ribs while the second roll has spaced 
annular ribs. 
The principles of our invention may be illustrated by 

the following examples. 
Example I 

Creped tissue paper having a basis weight of 17.5 
pounds/ream 2880 square feet) was passed between op 
posed rolls, 4%" in diameter witha 1/2” cover of rubber 
of 40 Shore A durometer secured thereto, the rolls being 
driven at a peripheral speed of 100 feet/ minute under a 
pressure loading at the nip of 17 pounds per linear inch. 
The roll surfaces carried identical patterns comprising 
groovesof 60° V shape in cross section with a pitch of 
10/inch and a helix angle of 23°. A comparison of the 
physical properties of the paper before and after proc 
essing is given in the following table. 

Before After 

Bulk 1 ______________________ _- 180. 5 
Tensile (Machine Direction) 17.0 
Tensile (Cross Directi0n)---. 6.1 
‘Him (1 feel Excellent 

1 Thickness of 24 sheets under aloading of 235 grams per square inch ex 
pressed in thousandths of an inch. 

Example 11 
The‘ procedure of Example I was repeated with a two 

ply facial tissue having a basis Weight of 10.2 pounds per 
ream (2880 square feet) being passed through a nip oper 
ated under a pressure loading of 34 pounds per linear 
inch. The physical properties of the paper before and 
after processing are listed hereinafter. 

Before After 

Bulk1 _______________________________________ -- 73. 5 81.8 
Tensile (Machine Direction)-. --_oz.- 15. 5 14. 9 
Tensile (Cross Direction) ____ -- .-_oz_- 5. 8 5. 1 
Handfeel ___________________________________ -- Good Excellent 

1 Thickness of 24 sheets under a loading of 235 grams per square inch ex_ 
pressed in thousandths of an inch. 

Example III 

The procedure of Example I was again followed using 
a heavy kraft paper having a basis weight of 49 pounds 
per ream 2880 square feet) and approximately 20% 

15 

25 

30 

35 

50 

55 

60 

3,130,412 
4 

moisture content. To obtain a satisfactory mechanical 
action upon this heavier paper, the nip pressure loading 
was increased to 55 pounds per linear inch and rubber 
having a 70 Shore A durometer reading was employed 
in the roll coverings. 
The physical properties of the paper before and after 

processing are given in the following table. 

Before After 

Caliper _____________________________ ..inches.. 0. 0055 0. 0191 
Tensile (Machine Direction). ..pounds.- 29.4 27.2 
Tensile (Cross Direction) ____________ --do-- 19.8 15.4 
Stretch (Machine Direction)- .-percent.- 3.3 9.4 
Stretch (Cross Direction) ______________ .-do_- 4.5 5.0 

Example IV 

Aluminum foil having a basis weight of 29.5 pounds 
per ream (2880 square feet) was- pressed between op— 
pressed rolls as in Example I with a pressure loading at 
the nip of 11 pounds per linear inch. The results of this 
processing are given in the following table. 

Before After 

Caliper _____________________________ .-inches.- 0. 0007 0. 0067 
Tensile (Machine Direction). ___pounds__ 7.0 5.4 
Tensile (Cross Direction) ____ -_ ._-do-._- 5.8 5.5 
Stretch (Machine Direction). ercent-- 3.4 4.1 
Stretch (Gross Direction) ............. ..d0-..- 2. 9 2. 0 

Example V 

A composite sheet of aluminum foil and paper adhe 
sively united and having a basis weight of 31 pounds per 
ream (2880 square feet) was processed as in Example ".HI 
except that the pressure loading of the nip was reduced 
to 5 pounds per linear inch. The results obtained are 
set out hereinafter. * 

Before After 

Caliper ............................. --inches-- 0. 0025 0.0090 
Tensile (Machine Direction)- ___pounds__ 11.9 11.8 
Tensile (Cross Direction)-...' ....... .-do-.-- 9. 3 9.0 
Stretch (Machine Direction). percent-- 2.2 2.9 
Stretch (Cross Direction) ............. -. 0---- 2.6 2.3 

The foregoing examples demonstrate clearly the im 
proved characteristics imparted to sheet materials by ‘our 
invention. Paper towel stock will acquire improved soft 
ness, drape and an increased water absorbency with no 
material diminution of its original strength. Toilet tis 
sues are given greater bulk and enhanced esthetic appear 
ance and textures. The physical appearance of metallic 
foils and foil laminates can also be improved. By varia 
tion in the hardness of the patterned roll covers and nip 
pressures the present process can be utilized to alter the 
physical characteristics of even more dense. sheet mate 
rials, such as board stock and the like, it being necessary 
only that the material possess su?icient plasticity to effect 
deformation. 

It will be readily apparent that various modi?cations in 
the arrangement of component parts and the operating 
conditions imposed thereon are possible wtihout departing 
from the spirit of the invention or the scope of the ap 
pended claims. 
.What we claim is: 
1. In combination in apparatus for modifying the 

physical characteristics of deformable sheet material, a 
pair of opposed rolls carrying upon their surfaces ribs 
of resilient material, the ribs of each roll being so dis 
posed as to intersect with the ribs of the opposite roll 
in the nip between said rolls, the disposition of said rolls 
being such that intersecting apex regions only of said ribs 
are deformed as the rolls are turned with a sheet of ma 

terial therebetween. 
2. In combination in apparatus for modifying the 
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physical characteristics of deformable sheet material,'a 
pair of opposed rolls carrying upon their surfaces ribs of 
resilient material, said ribs being helically disposed so as 
to intersect in the nip between said rolls, the disposition 
of said rolls being such that intersecting apex regions only 
of said ribs are deformed as the rolls are turned with a 
sheet of material therebetween. 

3. In combination in apparatus for modifying the 
physical characteristiw of deformable sheet material, a 
pair of opposed identical rolls carrying upon their sur 
faces ribs of resilient material, said ribs being helically 
disposed so as to intersect in the nip between said rolls, 
the disposition of said rolls being such that intersecting 
apex regions only of said ribs are deformed as the rolls 
are turned with a sheet of material therebetween. 

4. In combination in apparatus for modifying the 
physical characteristics of a paper web, a pair of opposed 
identical rolls carrying upon their surfaces ribs of re 
silient material, said ribs having sloped sides and being 
helically disposed so as to intersect in the nip between 
said rolls, the disposition of said rolls being such that 
intersecting apex regions only of said ribs are deformed 
as the rolls are turned with a paper web therebetween. 

5. Sheet material having valleys and ridges formed 
therein, the valleys on one side of the material consti 
tuting the ridges on the other side, and having valley and 
ridge intersections where are present a planar deforma 
tion of the sheet material. 

6. Sheet material having valleys and ridges formed 
therein, the valleys on one side of the material consti 
tuting the ridges on the other side, and having valley and 
ridge intersections where are present a planar twisting 
deformation of the sheet material. 

7. Sheet material having a plurality of regularly spaced 
valleys and ridges formed therein, the valleys on one side 
of the material constituting the ridges on the other side, 
and having periodic valley and ridge intersections where 
are present a planar deformation of the sheet material. 

8. Sheet material having a plurality of regularly spaced 
valleys and ridges formed therein, the valleys on one side 
of the material constituting the ridges on the other side, 
and having periodic valley and ridge intersections where 
are present a planar twisting deformation of the sheet 
material. 

9. Paper having a plurality of regularly spaced valleys 
and ridges formed therein, the valleys on one side of the 
paper constituting the ridges on the other side thereof, 
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and having periodic valley and ridge intersections where 
are present a planar deformation of the paper. 

10. Paper having a plurality of regularly spaced val 
leys and ridges formed therein, the valleys on one side 
of the paper constituting the ridges on the other side 
thereof, and having periodic valley and ridge intersections 
where are present a planar twisting deformation of the 
paper. 

11. Paper having a plurality of regularly spaced val 
leys and ridges formed therein and extending throughout 
its area, the valleys on one side of the paper constituting 
the ridges on the other side thereof, and having a regu 
larly disposed pattern of valley and ridge intersections 
where are present a planar twisting deformation of the 
paper. 

12. A process of modifying the physical characteristics 
of a paper web which comprises establishing a nip be 
tween a pair of rolls having resilient ribs thereon, the 
ribs on one roll intersecting the ribs on the other roll in 
said nip, disposing the web in said nip, rotating said rolls 
to continuously advance the web through said nip and 
to grip said Web between intersecting apex regions of said 
ribs, the compression of said intersecting apex regions of 
said ribs effecting deformation of the gripped areas of 
said web. 

13. A process of modifying the physical characteristics 
of deformable sheet material which comprises disposing a 
sheet of said material between opposed members having 
resilient ribs thereon, the ribs on one member intersecting 
at spaced locations with the ribs on the other member and 
moving the ribs of one member relative to the ribs of 
the other member to grip said sheet between intersecting 
regions of said ribs and effect deformation of said sheet 
generally in a plane parallel to the plane of the sheet in 
the gripped regions of the sheet. 

14. The process of claim 13 in which the deformable 
sheet material is paper. 
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