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DEVICE FOR CUTTING SHEET MATERIAL 

The present invention relates to the conversion of sheet 
material into strips or pieces thereof. 

It is applicable to any material in the form of separate sheets 
or continuous bands designed to be cut longitudinally into thin 
strips as the result of the movement thereof in relation to a 
cutting member, it being possible for strips to be cut transver 
sely to provide pieces of strip, or strands. The invention is 
notably applicable to the conversion of a continuous layer of 
material having a structure similar to that of paper (such as 
reconstituted tobacco) into thin strips or fragments thereof. 

Certain known longitudinal cutting devices have the disad 
vantage of causing rapid wear of the cutting members, which 
operate against one another as they cut the material. 

Also known are devices the cutting members of which work 
without a backing element by tearing the sheet. This is the 
case with devices utilizing two rotary cylinders mounted on 
parallel axes, which are rotated in opposite directions at the 
same speed and which are formed on their peripheries with 
preferably opposite screw threads or with meshing circular 
grooves, the cylinders being made of a material having a high 
coef?cient of friction in relation to paper. 
Such devices, which operate uniquely by a transverse pull 

designed to cause longitudinal tearing, require a material 
capable of withstanding such forces. They produce a ragged 
cut without clean-cut edges and are unsuitable for industrial 
uses in which the strips must be relatively narrow (about one 
millimeter). 
With a view to improving the parting process by tearing, it 

has already been proposed to produce an initial small tear with 
the sharp edges of upstanding ribs on one of the rotating cylin 
ders, the other cylinder being formed with blunt ribs. But here 
again the process involves a transverse elongation or 
stretching of the material. 

It is the object of the present invention to provide an ap 
paratus which overcomes the foregoing disadvantages, in ac 
cordance with which the sheet material is entrained by a ro 
tary cutting member and is stretched thereagainst at the same 
time as a restraining action is exerted thereon on either side of 
said cutting member. Thus the sheet material is subjected to 
longitudinal stresses which cooperate with the shearing effect 
produced by the cutting member. 
By cyclically varying the restraining forces applied on either 

side of the sheet, the longitudinal stresses to which the sheet is 
subjected are spread more widely. The concerted effects of 
the entrainment by the cutting member and the restraint im 
posed on either side thereof produce a curvature in the cut 
strip. As the restraining effect changes, this curvature varies 
and results in a wavy effect. The parallel longitudinal stresses 
have different intensities, being greater in the cutting zone and 
lower in the restraining zone. By varying the restraining force, 
the distortions to which the texture of the sheet is subjected 
during the operation are modified. 
By adjusting the stresses applied to the sheet in these zones, 

each strip is subjected to a longitudinal pulling force which 
snaps it when its length reaches a certain limit dependent on 
the cutting conditions. 
The apparatus of this invention enables wavy strip frag 

ments or strands to be obtained. This advantage is enhanced 
by the “roof tiling " effect obtained as a result of the con?gu 
ration of the restraining means on either side of the cutting 
member. This new product, which has notable utility by 
reason of the improved bulk volume of the strands it ensures, 
likewise falls within the scope of the present invention. 

It is a further object of the present invention to provide a 
device comprising two members of which at least one rotates, 
and which exhibit, on a plane passing through the rotation 
axis, a wavy pro?le formed by sharp ridges on one member 
and by blunt ridges on the other, the ridges of the one engag 
ing between the ridges of the other (from which they are 
preferably spaced by an amount greater than the thickness of 
the sheet in order to avoid cutting thereof between the two 
members). Said members have different linear speeds. 
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2 
Although such a device operates without backing means, it 
will thus enable cutting to be obtained instead of tearing: the 
longitudinal stresses of different magnitude to which the sheet 
is subjected in its parts in contact with either the sharp ridges 
or the blunt ridges cooperate with the cutting edges of said 
sharp ridges. 

Preferably, the member bearing the blunt ridges is mobile 
whereby to renew the restraining'surface in contact with the 
sheet material. Further, this mobile member is of the rotary 
variety, being consequently circular or with screw threads 
thereon whereby to provide more progressive operation by 
virtue of the arcs resulting from the sequence of circles 
described by said members. 

Preferably also, the speed of the sharp-ridged member is 
greater in absolute terms than that of the other member in 
order to take advantage of the braking effect produced by the 
blunt ridges, which effect is necessarily greater than that 
which the sharp ridges would be able to produce. 
The speed differential can be obtained by using different 

diameters. Preferably, the diameter of the sharp-ridged 
member is greater than that of the other member in order to 
obtain entrainment of the sheet by the ridges of the latter 
member before it is drawn into the zone of mesh. 
A further advantage can be obtained by devising the blunt 

ridges so that they are rough only over part of their periphe 
ries, thus making it possible to vary the friction of the sheet 
against the ridges and thereby create conditions favorable for 
waving the strips or strands. 

In order to permit the cutting of nonstraight strands, the in 
vention further provides for equipping the rotary cutting 
member with peripheral ribs such that when it is rotated said 
ribs revolve at different peripheral linear velocities in order to 
cause the sheet to advance faster at the points where it is 
gripped by the faster revolving ribs than at the points where it 
is gripped by the more slowly revolving ribs. The fast-revolv 
ing ribs draw in a greater length of the band in a given space of 
time, thereby imparting an apparent arcing motion to the 
band. 

In a possible embodiment of means for carrying into prac 
tice the above-disclosed alternative mode of performing the 
subject method of this invention, at least one of the two rotat 
ing members of the device described precedingly can be 
frustoconical in shape, whereby the tangential velocities of the 
ribs thereon go increasing from the small end to the large end 
of the cone frustum. 

Preferably, the member with the sharp ridges is chosen as 
the rotating member so as to obtain the restraining effect with 
the ridges of the other member. If both members rotate, the 
one with sharp ridges preferably has a greater angular velocity 
than the other member. 
The description which follows with reference to the accom 

panying nonlimitative exemplary drawing will give a clear un 
derstanding of how the invention can be carried into practice. 

In the drawing: 
FIG. I shows in front elevation a two-roll device formed 

with nonmeshing screw threads thereon. 
FIG. 2 is a detail sectional view taken on the line II—II of 

FIG. 3 of the pro?le of the screw threads on the two rolls in 
FIG. 1. 

FIG. 3 is a side elevation view of the device in FIG. 11. 
FIGS. 4, 5 and 6 are views corresponding to FIGS. 1, 2 and 

3, respectively, but in which the rolls are formed with circular 
grooves thereon, FIG. 5 being a sectional view on the line V 
V of FIG. 6. 

FIGS. 7 and 8 are views corresponding to FIGS. d and 5, 
respectively, but in which the rolls are formed by stacked 
discs. 

FIGS. 9 and I0 are diagrammatic illustrations of the longitu 
dinal stresses imposed upon the sheet material when perform 
ing the cutting method according to this: invention. 

FIG. 11 is a schematic plan view of a frustoconical roll used 
in the device according to this invention, and 

FIG. 12 shows a strand obtained with the device of FIG. Ill, 
from a sheet of height h. 
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The device shown in FIGS. 1 to 3 comprises two rolls 1 and 
2 rotating in opposite directions. These rolls have no direct 
point of contact between them; their angular rotation veloci 
ties are equal but opposite, the gearwheels 3 and 4 being 
identical. The rolls are here shown as being of different diame 
ter. 

Each of rolls 1 and 2 is formed on its periphery with a screw 
thread of appropriate profile. Although the pitches of these 
two screw threads are strictly identical, one is a left-hand 
thread and the other a right-hand thread; thus contact can 
never take place between the two rolls providing they are cor 
rectly positioned initially, but only interpenetration of the 
threads, with the peaks of the one engaging into the middle of 
the hollows of the other. 
The rolls are carried by two parallel shafts 5 and 6 intercon 

nected by rigid supports 7 which are designed to enable the 
center distance 5-6 to be adjusted as required and to ensure 
optimum interpenetration of the two screw threads. Should 
the adjustment range prove narrow, the slight backlash 
between the two gearwheels 3 and 4 will allow the necessary 
adjustments to be made. 
Screw thread 8 is formed on the roll of greater diameter, 

and its tapered ridge is designed to perform the function of a 
knife, as explained precedingly. The screw thread 9 is formed 
on the roll of smaller diameter, and its ridge of trapezoidal (or 
rounded) shape acts as a backing element; it is used to tension 
the sheet 10 upon the ridges 8, to restrain the sheet by the fric 
tion between it and the flat tips of the trapezoidal screw 
threads, and to impart a pro?le to the cut strands such that 
they disengage better from the rolls. 
By reason of the different roll diameters and although the 

rotation speeds are identical, the linear velocities at the points 
of contact with the material to be cut are different, the linear 
velocity of the cutting edge of thread 8 being much greater 
than that of the ?at tip of thread 9, whereby, as explained 
precedingly, the friction effect imparts to sheet 10, upon the 
latter being drawn in, a linear velocity which is much closer to 
that of thread 9 than to that of thread 8. This results in a very 
substantial-relative motion between the sheet and the cutting 
edge of thread 8 at the points of contact 11, thus producing 
the cutting effect. Conversely, no cutting occurs against the 
thread 9, firstly because the speed differential is small and 
secondly because the pro?le of thread 9 is blunt. 

Obviously, the cutting width will be equal to the linear 
distance between two adjacent points 1 1. 

It is possible to polish all or part of one or the other pro?le, 
or on the contrary to make it rough (pro?le 9); also, the 
threads can be protected against wear, for instance by deposit 
ing a very hard metallic coating on all or part of one or the 
other thread, an example being by chromium-plating or by 
spraying tungsten carbide on one of the sides of the thread 8. 

In the embodiment shown in FIGS. 4 to 6, the device 
likewise includes two facing rolls 12 and 13, and the cutting 
process is similar to that described hereinabove with reference 
to FIGS. 1 to 3. Instead of being formed with two threads over 
their peripheries, however, the rolls embody parallel circular 
grooves lying in cross-sectional planes of the rolls. These 
grooves are uniformly spaced at the same distance on both 
rolls. 
With this particular arrangement it is no longer indispensa 

ble for the angular velocities of the two rolls to be equal in ab 
solute terms. This may be an advantage since it enables the 
relative linear velocities at the peripheries of rolls l2 and 13 to 
be varied independently of their diameters. In particular, roll 
12 can rotate very fast while roll 13 rotates very slowly; it may 
be stationary or rotate in the opposite direction (at slow 
speeds). In the example of FIG. 4, shaft 14 is driven at high 
speed in the direction shown by the arrow, by any convenient 
means. Shaft 15 is driven, separately or not, so as to rotate at 
any preselected speed, either in the same direction as shaft 14 
or in the opposite direction. Alternatively, shaft 15 can be left 
free (with roll 13 rotating freely), or be clamped by any con 
venient means (thus making roll 13 stationary). 
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4 
At the same time, the ratio between the diameters of the 

rolls is no longer subject to the constrains existing in the em 
bodiment of FIGS. 1 to 3. The diameter of roll 13 can be 
greater than, equal to, or smaller than that of roll 12. At the 
limit, it may be in?nite (implying a ?at surface) in the case 
where roll 13 does not rotate. In practice, it is preferable for 
roll 13 to have a smaller diameter than roll 12 since this causes 
sheet 10 to be more readily “absorbed" (see FIG. 6). 
The profile of grooves 16 shown in FIG. is that formed on 

roll 12 and is such that the edges of the ridges are very sharp 
and the angle formed by the sides of the ridges is very acute. 
Pro?le 17 is formed on roll 13; the ridge edges thereof are 
blunt, being rounded or trapezoidal, and are rough. The angle 
between the sides of these ridges is not very acute. 
The process of cutting into strands takes place under condi 

tions similar to those described with reference to FIGS. 1 to 3, 
except that the difference between the linear velocities at the 
level of grooves 16 and 17 can be much greater than in the 
previous embodiment described, for the reasons discussed 
precedingly. This can only lead to improved and easier 
cutting. 

In the embodiment portrayed in FIGS. 7 and 8, the two rolls 
18 and 19 positioned face to face (FIG. 7) are no longer made 
of a single block of material but of a stack of bevelled discs. 
Though the discs are preferably, abutting, they may be 
separated by spacers if desired. The outward appearance of 
the roll-forming cylinders is substantially identical to that of 
the grooved cylinders described hereinbefore. 
The discs 20 (FIG. 8) form the roll 18 and their pro?le is 

similar to that of grooves 16 (FIG. 5). Discs 21 form the roll 
19 and their profile is similar to that of grooves 17 (FIG. 5). 
Transverse cutting or prior shredding is no longer essential 

even if a continuous band of material to be transformed into 
strands. This arises from the fact that, because of the com 
paratively rough nature of the process and the high speeds 
reached, experience has shown that under certain conditions 
the cut strips will snap of their own accord into strands of vari 
able length, their average length being dependent upon vari 
ous factors and notably upon the gap between the rolls, the 
rotation speeds thereof, the pro?le of the screw threads, 
grooves, or interstices, the surface condition of the roll 
peripheries, the sharpness of the ridges, and the way the raw 
material is offered up. 

FIG. 9 and 10 show the effect of the transverse snapping of 
the longitudinally cut strands or strips. 

Consider the sheet 10 on the device shown in FIG. 3. It is 
gripped (and distended) between the rolls 1 and 2, and in the 
process is in contact with both rolls at once, the contact pres 
sure being considerable on both sides (since the sheet is 
distended). Now the linear velocities at the peripheries of rolls 
1 and 2 are different along the contact line, even if the rota 
tion speeds are equal: the linear velocity at the periphery of 
roll 1 is distinctly higher than at the periphery of roll 2, the dif 
ference being all the greater as the ratio between the radii de 
parts farther from unity (the rotation speeds remaining 
unchanged). This being so, when cutting takes place, the sheet 
and hence the strands are subjected to two parallel longitu 
dinal stresses of different magnitude, to wit C, and C,, where 
C, is greater than C, (see FIG. 9). Mechanically speaking, this 
is equivalent to two forces applied at A and B, parallel to C, 
and C, but acting in opposite directions. Thus each strand is 
subjected at the time of cutting to a longitudinal pulling force 
in the direction of travel of the material, and it is this pulling 
force that causes snapping. 

However, snapping does not occur before the length of the 
cut strip has reached a certain limit dependent upon the 
cutting conditions. For consider two sheets placed back to 
back (FIG. 10) which penetrate together between two cylin 
ders of radius R and r respectively, rotating at the same speed, 
the sheets being able to slip over each other. It will readily be 
appreciated that because of the different linear speeds the two 
marks a and B will move away from each other and that the 
gap between them will increase with time. 
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By analogy, this increasing gap between a and B can be 
. likened to the condition of internal stress in the strand. This 
stress increases likewise as the strand travels along, until the 
latter breaks. 
As already stated, snapping can occur only under certain 

conditions. Otherwise the longitudinal stresses described 
precedingly, which result from the different rotation speeds of 
the two rolls, will remain and will produce a waviness in the 
strips resulting from successive curvatures. 
The same applies when strands are produced by transverse 

breakages, for here the edges of the strands are subjected to 
stresses higher than those imposed on the middle areas of the 
strands. Hence, prior to rupture, the strands undergo a defor 
mation resulting in curvature. When associated to the “roof 
tiling" effect on the strands due to the sheet being bent round 
the blunt ridges, these curvatures increase the ?lling capacity 
of the strands. The extent of the waviness can be ad 
vantageously modi?ed by varying the degree of roughness of 
the blunt ridges and hence the degree of friction between 
these ridges and the sheet. The edge of each ridge may com 
prise rough portions and less rough or even smooth portions, 
the latter being possibly formed as a ?at area spread over the 
periphery of each ridge in order to periodically modify the 
restraining effect on the strip as well as the transverse tension 
therein. 

Alternatively, without departing from the scope of the 
present invention, it would be possible to moisten the strip or 
to heat one of the two rolls in order to create an effect similar 
to that obtained when ironing with a damp cloth. 

It goes without saying that the embodiment of FIGS. I to 3 
may feature rolls formed with a plurality of screw threads; 
likewise, one of the roll shafts can be driven by the other 
through a gear train. 

In the embodiment shown in FIGS. 4 to 6, the roll I3 may be 
possessed of reciprocating motion (i.e., rotating ?rst in one 
direction, then in the other). In the limit case of an in?nite 
diameter, the roll is represented by a ?at grooved surface pos 
sessed of rectilinear vibratory motion, the direction of the mo 
tion being longitudinally of the grooves, and such reciprocat 
ing motion can be imparted to both rolls. A case in point 
would be a vibrating conveyor with blunt ridges cooperating 
with a sharp-ridged roll having its axis fixed to the moving sur 
face of the conveyor. 
The pro?les of grooves 16 (FIG. 5) and 20 (FIG. 8) may be 

otherwise than symmetrical; more particularly, one ?ank of 
the outer portion may be straight, only the other being 
bevelled, as exempli?ed by the discs 20. 

Alternatively, a roll consisting of a grooved cylinder may be 
associated to a roll formed by a stack of discs. 
The subject device of this invention can be made to operate 

in any position whatsoever, notably with the roll‘supporting 
shafts lying vertically or horizontally. Furthermore, such a 
device can be used in combination with others placed ahead 
so as to permit initial cutting or shredding into fragments of a 
continuous sheet wound to form a spool; in particular, such a 
device can be associated to a transverse cutting system or to a 
strip-delivering system, the link being of the conventional ver» 
tical type, or horizontal as exempli?ed by a vibrating con 
veyor. 

In the embodiment shown in FIG. II, the frustoconical roll 
31 rotates about an axis 32 and is formed with circular ridges 
33 thereon (of which only one is shown) having a sharp-edged 
pro?le. 
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Cylindrical roll 35 rotates about an axis 38 and is formed 
with circular ribs 36 thereon (of which only one is shown) 
having a blunt-edged pro?le. The ribs on rolls 3i and 33 inter 
penetrate in the same way as those of rolls I and 2 of FIGS. I 
and 2. 

Rolls 3i and 35 rotate in opposite directions shown by the 
arrows in FIG. II. Roll 31 rotates very fast whereas roll 33 
rotates fairly slowly. The band of material is offered up above 
the device in such manner that its lower edge is parallel to the 
rotation axis 33 of roll 35 and is entrained and gripped b the 
ribs 33 and 3b, with the former entraining 1t and the atter 
restraining it. The band tends to position itself more and more 
obliquely in relation to rotation axis 33 because the linear 
velocity at 40 is much higher than at ‘I11, thereby causing the 
precut band to be “swallowed up" much more quickly on the 
side of the larger end than on the side of the smaller end of 
cone frustum 31. 

Clearly, it is thus possible to obtain strands of the type 
shown in FIG. I2, or even strands of wavy pro?le, by virtue of 
the apparent rotational motion of the band about the point A2, 
in the plane tangential to both rolls 31 and 35. 

Obviously, roll 35 may be otherwise than cylindrical; in par 
ticular, a frustoconical shape would enable the restraining 
force to be adjusted to suit the entrainment speed of the ribs 
on roll 3I. 
What I claim is: 
I. A device for cutting sheet material into strips, comprising 

two members located to be situated on either side of the sheet 
to be cut to engage both sides thereof, one at least of said 
members is a rotary member of which longitudinal sections 
taken through the rotations axes thereof produce wavy 
pro?les consisting of sharp ridges on one of said members and 
blunt ridges on the other, with the ridges of one member en 
gaging between those of the other, the linear velocities of the 
ridges of said two members being different. 

2. A device as in claim I, wherein said blunt-ridged member 
is likewise a rotary member. 

3. A device as in claim I, wherein said sharp-ridged member 
is a cylinder the peripheral linear velocity of which is algebrai 
cally greater than that of said blunt-ridged member. 

A. A device as in claim I, wherein said sharp-ridged member 
is cylindrical and its diameter greater than that of said blunt 
ridged member. 

5. A device a in claim I, wherein at least one of the two ro 
tary members is of frustoconical shape. 

6. A device as in claim 5, wherein the rotary member is said 
sharp-ridged member. 

7. A device as in claim 6, wherein the blunt-ridged member 
is likewise a rotary member and the angular velocity of the 
sharp-ridged member is greater than that of the other 
member. 

ii. A device as in claim 1, wherein the ?anks of said sharp 
ridges are smooth and at least one of the ?anks of said blunt 
ridges is rough in part at least. 

9. A device as in claim 3, wherein said blunt ridges have 
portions of unequal roughness. 

It). A device in claim I, wherein said blunt ridges are 
formed with flat tips. 

111. A device as in claim I, wherein said sharp ridges at least 
have one straight ?ank and the other ?ank bevelled. 

I2. A process as in claim I, wherein a plurality of parallel 
drawing forces are applied to said sheet at different points 
thereof and at different linear velocities thereat. 
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