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METHOD AND APPARATUS FOR
SEPARATING 2-UP SHEETS

FIELD OF THE INVENTION

This invention relates generally to business forms and,
more particularly, to a method and apparatus for separating
sheets that are arranged one atop the other.

BACKGROUND OF THE INVENTION

Job sorting the 2-wide output from a continuous web
printer after cutting (or bursting) requires the sheets to be
separated to eliminate the need for blank pages. The sheets
in need of separation comprise an upper and lower sheet,
overlapping and usually, but not always, coincident with one
another. Usually, but not necessarily, the sheets are of
identical dimensions. “Separation” of the sheets means to
separate the overlapping sheets and arrange the separate
sheets end to end, beside or adjacent one another, although
separation can also mean disturbing the coincidence of the
sheets and causing them to overlap instead.

Surprisingly, the prior art is void of an acknowledgment
of the problem solved by the present invention, much less a
solution. In U.S. Pat. No. 4,696,464 (G%immerler), for
example, a method and apparatus is disclosed for uniting at
least two streams of shingled laid out products (particularly
folded products), almost exactly the opposite of the present
invention.

Similarly, U.S. Pat. No. 5,575,466 (Tranquilla) discloses
a means of adjusting the gap size between sheets fed by a
sheet feeder. But this invention is used to adjust the gap
between sheets that have already been separated, as opposed
to a device that separates overlapping, coincident sheets.

Thus, there is a need for a method and apparatus for
separating overlapping, coincident sheets.

SUMMARY OF THE INVENTION

The invention broadly comprises an apparatus for sepa-
rating an upper sheet arranged overlapping and substantially
coincident with a lower sheet. The apparatus includes a first
roller having an axis of rotation and a sheet engaging surface
arranged to frictionally engage the upper sheet, a second
roller having an axis of rotation arranged in spaced relation
to the axis of rotation of the first roller, the second roller
having a sheet engaging surface arranged to frictionally
engage the lower sheet, and, drive means for rotating the first
and second rollers about their respective axes of rotation to
produce different surface speeds at the sheet engaging
surfaces of the first and second rollers, whereby the upper
and lower sheets are separated into a non-coincident con-
figuration by respective frictional engagement with the first
and second rollers. The invention also comprises a method
for separating the aforementioned upper and lower sheets.

A general object of the invention is to provide a method
and apparatus for separating sheets arranged in overlapping
and coincident orientation with respect to one another.

Another object of the invention is to provide a method and
apparatus for the aforementioned separation to be imple-
mented as a part of a web process, i.e., as the sheets travel
along a conveyor.

These and other objects, features and advantages of the
invention will become readily apparent to those having
ordinary skill in the art upon a reading of the following
detailed description in view of the drawings and appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a preferred embodiment of
the apparatus of the invention, taken from a first side of the
apparatus;
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FIG. 2 is a fragmentary perspective view of the preferred
embodiment of the apparatus shown in FIG. 1, taken from a
second side of the apparatus;

FIG. 3 is a fragmentary end view of the invention taken
generally along line 3—3 in FIG. 1;

FIG. 4 is a fragmentary plan view of the apparatus of the
invention;

FIG. § is a fragmentary elevation illustrating an upper
sheet arranged overlapping and substantially coincident with
a lower sheet being feed into the apparatus of the invention;

FIG. 6 is a view similar to that of FIG. 5, except with the
upper and lower sheet being acted upon by the first and
second rollers;

FIG. 7 is a view similar to that of FIG. 6 where the upper
sheet has been passed to the exit means; the lower sheet is
still being acted upon by the first and second roller; and the
upper and lower sheet are now overlapping by not coinci-
dent;

FIG. 8 is a view similar to that of FIG. 7 where the upper
sheet has been passed to the exit means; the lower sheet is
still being acted upon by the first and second rollers; and the
upper and lower sheet are no longer overlapping or coinci-
dent;

FIG. 9 is a view similar to that of FIG. 8 where both the
upper and lower sheets have been passed to the exit means
and a gap exists between the upper and lower sheets.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

At the outset, it should be understood that, although a
preferred embodiment of the apparatus of the invention is
illustrated in the drawings, the invention as claimed is not
intended to be limited to the precise embodiment shown.
The invention is generally directed to a method and appa-
ratus for separating an upper and lower sheet from one
another by use of opposing rollers that engage the upper and
lower sheets at different surface speeds. In one embodiment,
the upper and lower sheets are arranged in overlapping and
coincident configuration, although this is not a requirement
of the invention. Also, the in embodiment shown, the upper
and lower (first and second) rollers are of equal diameter, but
this also is not required. It should also be understood that the
claims of the invention are not directed or limited to any
particular drive means for the rollers. Obviously, the rollers
could be driven by pulleys, gears, directly by motors, or by
a variety of other means. The rollers could be coupled
together by a common drive with speed control achieved by
pulleys, gears or the like, or the rollers can be driven and
controlled separately. In an embodiment shown the top roller
is oversped with respect to the lower roller, but the invention
works equally well with the lower roller oversped with
respect to the upper roller. Finally, the apparatus is designed
to accommodate sheets made of paper, but could separate
sheets made of other materials of various shapes and sizes.

Adverting now to FIG. 1, sheet separating apparatus 10 is
shown in perspective to include frame members 11 and 12,
arranged in parallel spaced relation to one another. Upper
rotatable shaft 13 and lower rotatable shaft 14 are arranged
transversely to frame members 11 and 12 and rotatably
secured thereto. Both shafts are arranged for rotation. Fix-
edly secured to upper rotatable shaft 13 are first rollers 185.
Fixedly secured to lower shaft 14 are second rollers 16. As
best shown in FIG. 2, in a preferred embodiment, shaft 13
is arranged in parallel spaced relation to shaft 14. Also in a
preferred embodiment, rollers 15 are each of identical
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diameter, and rollers 16 are each of identical diameter. It is
not necessary that rollers 15 and 16 be of identical diameter,
but, in a preferred embodiment, the rollers are arranged for
rotation such that the surface speed of roller 15 at the point
of contact with the upper sheet is higher than the surface
speed of roller 16 at the point of contact with the lower sheet.

As shown in FIG. 3, the shafts and rollers are arranged to
produce a small gap between rollers 15 and 16, such that
each of the rollers frictionally engage a combination upper/
lower sheet 18 to be separated. Combination upper/lower
sheet 18 comprises an upper sheet 18a and a lower sheet
18b. The rollers may be made of any suitable material, but
preferably are made of a material such as plastic or rubber
to cause sufficient friction to engage the sheets. The number
of rollers, size, shape, spacing, coating, and horizontal and
vertical locations of the rollers are selected to provide
greater frictional coupling to the sheet than the coupling
force between sheets. Some minor experimentation may be
required in initial set-up of the apparatus. Although the
embodiment shown in FIG. 1 includes four first rollers and
seven second rollers, it should be appreciated that the exact
number of rollers is not critical to the invention.

Also as shown in FIG. 3, in a preferred embodiment,
rollers 15 and 16 are staggered with respect to one another.
Viewing FIG. 3 from left to right, second roller 16 engages
lower sheet 18b, then first roller 15 engages upper sheet 184,
then second roller 16 engages lower sheet 18b, etc. This
staggered orientation of the rollers is preferred but not
necessary.

The rollers may be driven in any number of ways known
in the art. For example, separate motors can directly drive
each shaft to which the rollers are mounted. Alternatively,
the shafts can be driven by one or two motors through a
gearbox. Finally, and as shown in FIGS. 1 and 2, the shafts
can be motor driven (by a single motor) with speed differ-
entiation achieved through sheaves of different diameters
driven by pulleys. For example, as shown in FIG. 2, motor
26 drives sheave 28 through pulley 27 which, in turn, drives
sheaves 29 and 30 through pulley 33. Sheave 29 is fixedly
secured to shaft 14, to which are mounted rollers 16. Sheave
28 is fixedly secured to shaft 31 which drives conveyor belt
32 through roller 40.

Adverting now to FIG. 1, it is seen that shaft 31 also
directly drives sheave 24 which is fixedly secured to shaft
31. Adverting now to FIG. 1, it is seen that sheave 24 is
fixedly secured to shaft 31 and therefore rotates therewith.
As sheave 24 rotates it drives serpentine pulley 19 about
sheaves 20, 21, 22, 23 and 24. Obviously, by varying the
diameter of the sheaves associated with the driven shafts, the
speed of rotation of the shafts can also be varied. For
example, to achieve a surface speed of roller 15 at a point of
engagement with the upper sheet which is twice as fast as the
surface speed of roller 16 at a point of engagement with the
lower sheet, the diameter of sheave 29 must be twice as large
as the diameter of sheave 20 (assuming rollers 15 and 16 are
of equal diameter).

Operation

As shown in FIG. 5, overlapping sheets 18 enter the
apparatus via a feed means which comprises a conveyor
having rollers 48 and 49 and conveyor belt 52. The feed
conveyor can be driven separately, or by the same drive
means that drives the separation rollers 15 and 16. As shown
in FIG. 5, sheets 18 are directed towards first roller 15 and
second roller 16. Adverting both to FIGS. 3 and 6, sheets 18
are shown positioned between the rollers, with upper sheet
18a in contact with first roller 15, and lower sheet 185 in
contact with second roller 16. The surface speed of roller 15
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at the point of contact with upper sheet 184 is adjusted to be
greater than the surface speed of roller 16 at the point of
contact with lower sheet 18b. In a preferred embodiment, a
ratio of surface speed of at least 2:1 between the first and
second rollers was found ideal for separation, although other
ratios will also be suitable. The speed differential causes the
upper sheet to progress ahead of the lower sheet as shown in
FIG. 6. It should be appreciated that, in a preferred
embodiment, the slower roller is arranged to rotate with an
associated surface speed which is slightly faster than the
conveyor belt speed of the feed means. Also, the overspeed
differential between the rollers occurs only during the time
at which the two sheets being separated are located in the
gap between the rollers. Electronic sensors, discussed infra,
are used to monitor the position of the sheets, and encoders
are used to monitor roller speed.

In FIG. 7, the upper sheet has progressed enough to be
acted upon by roller 45, which, as shown in FIG. 1, is
pivotally connected to non-rotational shaft 43 by pivot arm
44. Roller 45 functions to keep the sheets in position on the
exit means, which comprises a conveyor of rollers 40 and
41, and conveyor belt 32. Also as shown in FIG. 1, and
schematically in FIG. 5§ by the phantom views of roller 45,
shaft 43 is held in place by pegs 464, 46b or 46¢, mounted
on member 11 (and similar means on member 12 not shown)
to accommodate sheets of various sizes. Roller 45 is free-
wheeling, and not driven. As sheet 184 is propelled ahead of
sheet 185, sheet 18b is now acted upon by roller 16 alone as
shown in FIG. 7.

Adpverting to FIG. 8, sheet 18a is shown propelled ahead
of sheet 18b. Thus, the apparatus has now arranged the
sheets in non-overlapping and non-coincident orientation. It
should be appreciated that the apparatus could be operated
(by adjusting the roller surface speeds) to arrange the sheets
on the exit conveyor in overlapping (but non-coincident)
orientation. As shown in FIGS. 7 and 8, once leading sheet
18a has cleared the rollers and advanced toward the exit
means, trailing sheet 185 is now operated upon only by
second roller 16, and not by roller 15. Thus, the gap between
the rollers is critical, and should, in a preferred embodiment,
be adjustable to accommodate sheets of varying thicknesses
and frictional coefficients. Means for adjusting gap widths
between the rollers are well known to those having ordinary
skill in the art.

Finally, as shown in FIG. 9 both upper sheet 18a and
lower sheet 18b have cleared the rollers and are arranged in
non-overlapping and non-coincident orientation on the exit
conveyor 32, and the next sheet 18 is poised to enter the
roller combination.

Thus, it is seen that the apparatus comprises a first roller
having an axis of rotation. The first roller has a sheet
engaging surface (located about the circumference of the
roller) which is arranged to frictionally engage the upper
sheet. The apparatus also includes a second roller having an
axis of rotation arranged in spaced relation to the axis of
rotation of the first roller. In a preferred embodiment, the
respective axes of rotation are parallel to one another. The
second roller also has a sheet engaging surface (located abut
the circumference of the roller) which is arranged to fric-
tionally engage the lower sheet. The apparatus is also shown
to include drive means for rotating the first and second
rollers about their respective axes of rotation to produce
different surface speeds at the sheet engaging surfaces of the
first and second rollers, whereby the upper and lower sheets
are separated by respective frictional engagement with the
first and second rollers.

The apparatus also contains sensors 50 and 51, shown in
FIGS. 5-9, which are arranged to detect the location and



US 6,231,041 B1

5

speed of the respective sheets as they progress through the
apparatus. The sensors can be arranged to detect the leading
or trailing edges of the sheets, and can be integrated with
control circuits, or a computer, to control the speed of the
respective rollers and feed and exit conveyors to vary the
gaps between the sheets as they exit the machine, or to vary
the degree to which the sheets overlap upon exit. An
encoder, not shown, but well known in the art, can be
coupled to each roller to monitor its speed and sheet flow. In
a preferred embodiment, sensor 50 is arranged to detect the
leading edge of the 2-up set of sheets to initiate the sepa-
ration process. Then either the top or bottom rollers are
oversped relative to the other by a factor of 2x for the time
that the oversped sheet is in the nip of the rollers. The second
sensor 51 detects the leading edge of the lead sheet upon exit
and the trailing edge of the trailing sheet. As described
previously, in a preferred embodiment, one of the rollers is
oversped with respect to the other only during the time the
sheets are located in the gap between the rollers. At all other
times, the rollers are arranged to rotate at the same speed.

The invention provides an efficient method of separating
2-up sheets. In a preferred embodiment, the method com-
prises passing coincident upper and lower sheets between a
first roller having an axis of rotation and a sheet engaging
surface arranged to frictionally engage the upper sheet and
a second roller having an axis of rotation arranged in spaced
relation to the axis of rotation of the first roller, the second
roller having a sheet engaging surface arranged to friction-
ally engage the lower sheet, and, drive means for rotating the
first and second rollers about their respective axes of rotation
to produce different surface speeds at the sheet engaging
surfaces of the first and second rollers, whereby the upper
and lower sheets are separated into a non-coincident con-
figuration by respective frictional engagement with the first
and second rollers. Of course, it is not necessary that the
upper and lower sheets be coincident with one another prior
to separation—they might just be overlapping.

Thus, it is seen that the objects of the invention are
efficiently obtained, although modifications and changes
may be made to the invention by those having ordinary skill
in the art without departing from the spirit and scope of the
invention.

What I claim is:

1. An apparatus for separating an upper sheet from a lower
sheet, said apparatus comprising:

a first roller having an axis of rotation and a sheet
engaging surface arranged to frictionally engage said
upper sheet, said first roller operatively arranged for
rotation in a first rotational direction;

a second roller having an axis of rotation arranged in
spaced relation to said axis of rotation of said first
roller, said second roller having a sheet engaging
surface arranged to frictionally engage said lower
sheet, said second roller operatively arranged for rota-
tion in a second rotational direction, where said first
rotational direction is opposite said second rotational
direction; and,

drive means for rotating said first and second rollers about
their respective axes of rotation to produce different
surface speeds at said sheet engaging surfaces of said
first and second rollers;

whereby said upper and lower sheets are separated by
respective frictional engagement with said first and
second rollers.

2. An apparatus as recited in claim 1, further comprising

feed means for introducing said upper and lower sheets in
overlapping and substantially coincident relationship for
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respective frictional engagement by said sheet engaging
surface of said first roller and said sheet engaging surface of
said second roller.

3. An apparatus as recited in claim 2, wherein said
different surface speeds at said sheet engaging surfaces are
sufficient to separate said upper and lower sheets into a
non-overlapping configuration.

4. An apparatus as recited in claim 2, wherein said
different surface speeds at said sheet engaging surfaces are
sufficient to separate said upper and lower sheets into a
non-coincident configuration.

5. An apparatus as recited in claim 1, further comprising
an exit means for ejecting said separated upper and lower
sheets from said apparatus.

6. A method of separating an upper sheet arranged over-
lapping and substantially coincident with a lower sheet, said
method comprising:

passing said upper and lower sheets between a first roller
having an axis of rotation and a sheet engaging surface
arranged to frictionally engage said upper sheet, said
first roller rotating in a first rotational direction, and a
second roller having an axis of rotation arranged in
spaced relation to said axis of rotation of said first
roller, said second roller having a sheet engaging
surface arranged to frictionally engage said lower
sheet, said second roller rotating in a second rotational
direction, where said second rotational direction is
opposite said first rotational direction; and,

rotating said first and second rollers about their respective
axes of rotation to produce different speeds of said
sheet engaging surfaces of said first and second rollers;

separating said upper and lower sheets into a non-
coincident configuration by respective frictional
engagement with said first and second rollers.

7. A method as recited in claim 6 wherein said first roller
rotates to produce a surface speed at said sheet engaging
surface which is faster than said surface speed of said second
roller sheet engaging surface.

8. A method as recited in claim 7 wherein said first roller
rotates to produce a surface speed of said sheet engaging
surface which is at least twice as fast as said surface speed
at said second roller sheet engaging surface.

9. An apparatus for separating an upper sheet from a lower
sheet, said apparatus comprising:

a first roller having an axis of rotation and a sheet
engaging surface arranged to frictionally engage said
upper sheet;

a second roller having an axis of rotation arranged in
spaced relation to said axis of rotation of said first
roller, said second roller rotating in the opposite sense
with respect to the first roller, said second roller having
a sheet engaging surface arranged to frictionally engage
said lower sheet;

wherein said first and second rollers are equal in diameter;
and,

drive means for rotating said first and second rollers about
their respective axes of rotation to produce different
surface speeds at said sheet engaging surfaces of said
first and second rollers;

whereby said upper and lower sheets are separated by
respective frictional engagement with said first and
second rollers.

10. An apparatus as recited in claim 9, further comprising
feed means for introducing said upper and lower sheets in
overlapping and substantially coincident relationship for
respective frictional engagement by said sheet engaging
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surface of said first roller and said sheet engaging surface of
said second roller.

11. An apparatus as recited in claim 10 wherein said feed
means is a Conveyor.

12. An apparatus as recited in claim 9 further comprising
an exit means for ejecting said separated upper and lower
sheets from said apparatus.

13. An apparatus as recited in claim 12 wherein said exit
means is a conveyer.

14. An apparatus for separating an upper sheet from a
lower sheet, said apparatus comprising:

a first roller having an axis of rotation and a sheet
engaging surface arranged to frictionally engage said
upper sheet;

a second roller having an axis of rotation arranged in
spaced relation to said axis of rotation of said first
roller, said second roller rotating in the opposite sense
with respect to the first roller, said second roller having
a sheet engaging surface arranged to frictionally engage
said lower sheet;

drive means for rotating said first and second rollers about
their respective axes of rotation to produce different
directions of rotations; and,

wherein said drive means is operatively arranged to
produce a higher surface speed at said sheet engaging
surface of said first roller than at said sheet engaging
surface of said second roller;

whereby said upper and lower sheets are separated by
respective frictional engagement with said first and
second rollers.

15. An apparatus as recited in claim 14, further compris-
ing feed means for introducing said upper and lower sheets
in overlapping and substantially coincident relationship for
respective frictional engagement by said sheet engaging
surface of said first roller and said sheet engaging surface of
said second roller.

16. An apparatus as recited in claim 15 wherein said feed
means is a conveyor.

17. An apparatus as recited in claim 14, further compris-
ing an exit means for ejecting said separated upper and lower
sheets from said apparatus.
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18. An apparatus as recited in claim 17 wherein said exit
means is a conveyer.

19. An apparatus for separating an upper sheet from a
lower sheet, said apparatus comprising:

a first roller having an axis of rotation and a sheet
engaging surface arranged to frictionally engage said
upper sheet;

a second roller having an axis of rotation arranged in
spaced relation to said axis of rotation of said first
roller, said second roller rotating in the opposite sense
with respect to the first roller, said second roller having
a sheet engaging surface arranged to frictionally engage
said lower sheet; and,

drive means for rotating said first and second rollers about
their respective axes of rotation to produce different
directions of rotations;

wherein said drive means is operatively arranged to
produce a surface speed at said sheet engaging surface
of said first roller which is at least twice as fast as the
surface speed at said sheet engaging surface of said
second roller;

whereby said upper and lower sheets are separated by
respective frictional engagement with said first and
second rollers.

20. An apparatus as recited in claim 19, further compris-
ing feed means for introducing said upper and lower sheets
in overlapping and substantially coincident relationship for
respective frictional engagement by said sheet engaging
surface of said first roller and said sheet engaging surface of
said second roller.

21. An apparatus as recited in claim 20 wherein said feed
means is a CONveyor.

22. An apparatus as recited in claim 19, further compris-
ing an exit means for ejecting said separated upper and lower
sheets from said apparatus.

23. An apparatus as recited in claim 22 wherein said exit
means is a conveyer.
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