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1
DOCUMENT SEPARATOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The 1nvention relates to document handling machinery.

BACKGROUND OF THE INVENTION

Various types of machinery are used to handle documents.
For example, mail-sorting equipment feeds mail through a
system that evaluates routing information on the mail and
sorts the mail based on the routing information. Computer
printers and facsimile machines are also examples of
machines that handle documents. The common function of
these machines 1s that they must separate documents from
one another, 1.¢. there must be a singulating function. For
example, a stack of paper 1s mserted into a printer, then each
sheet must be separated from the stack to utilize 1t 1n the
machine. Similarly, a mail-sorting machine may take a stack
of mail and process each mail piece individually, requiring
the individual mail 1tems to be separated from one another.

It 1s noted that “documents” 1s used herein in the broadest
sense possible, and includes for example, paper, mail, maga-
zines, booklets, folders and the like. Documents need not
consist of paper only but may also consist of other matenals
such as for example woven matenals, plastics or metal,
cither alone or 1n combination.

Reliable document separating devices often are cumber-
some, such as those that contain vacuum mechanisms to
cllectuate separation of documents that vary in thickness,
dimensions or material. Less cumbersome devices typically
rely primarily on Iriction between the document and the
separator. These devices may employ, for example, grinding
stones, stationary belts or rubber wheels. Generally, the
device 1s set for a particular document thickness. The setting
1s adjusted when documents of a different thickness are to be
processed. Such devices, are not self-adjusting, so they
cannot process a stack of varying thickness documents.
Because they do not automatically adjust satistactorily for
varying document thickness, the coeflicient of {friction
between the document and separator changes, thereby caus-
ing documents to be transported or fed through the system
two or more at a time.

Accordingly, there 1s a need for a practical, reliable
document separator to singulate documents, such as stacks
ol sheets of paper or mail of varying thickness.

SUMMARY OF THE INVENTION

The present invention provides a document separator for
use mm a document processing machine. The document
separator has a flexible loop of material adjacent to a
document transport mechanism so that 1t holds one or more
documents back from being transported along a transport
path while allowing a single document to be moved forward.

DESCRIPTION OF THE DRAWINGS

The imvention 1s best understood from the following
detalled description when read with the accompanying
drawings.
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2

FIG. 1 depicts a first view of a document separator
according to an illustrative embodiment of the invention.

FIG. 2 depicts a second view of a document separator
according to an 1illustrative embodiment of the invention.

FIG. 3 depicts a third view of a document separator
according to an illustrative embodiment of the invention.

FIG. 4 depicts a fourth view of a document separator
according to an illustrative embodiment of the mvention.

FIG. 5 depicts a fifth view of a document separator
according to an illustrative embodiment of the mvention.

FIG. 6 depicts a loop-type document separator used in
conjunction with flaps according to an illustrative embodi-
ment of the mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

FIG. 1 depicts a first view ol a document processing
machine 100 having a document separator according to an
illustrative embodiment of the invention. A flexible loop of
material 102 facilitates singulation of documents as they are
transported through the document processing machine. A
plurality of documents 1s placed in holding area 104. A
transport mechanism 106 feeds the documents from holding
area 104 along a path 1n a direction depicted by arrow 108.
Flexible loop 102 inhibits the transport of documents other
than the document for which transport through the machine
1s desired. For the machine depicted 1n FIG. 1, the document
in contact with transport mechanism 106 will be moved
forward, with any other documents in the nitial group being
held back by flexible loop 102. Flexible loop 102 inhibits
transport of documents by creating suflicient {riction
between the loop and the document nearest the loop and/or
between adjacent documents. Friction between the transport
mechanism and the individual document to be transported 1s
greater than friction between the remaining documents and
cach other or flexible loop 102. Thus, the transport mecha-
nism moves only the document directly adjacent to 1t
through the machine.

Advantageously, flexible loop 102 creates a spring-like
cllect to maintain adequate pressure against the documents
and between the documents while still allowing a single
document to be separated from the group. Flexible loop 102
also allows documents of different thickness to be singu-
lated. Flexible loop 102 will “spring™ back after documents
pass through. In an exemplary embodiment, document pro-
cessing machine 100 singulates documents varying in thick-
ness from about 0.002 inches to 0.25 inches. Embodiments
of the imventive document separator can be used, for
example, to singulate a stack of paper differing in bond from
16 bond to 72 bond, or approximately 0.003 inches to 0.011
inches, respectively. A further illustrative document thick-
ness range 1s about 0.01 inches to about 0.25 inches, which
may be desirable for mail items. For a document processing
machined used only for thick i1tems, an illustrative range 1s
0.10 inches to about 0.25 inches. Depending on the material
used for flexible loop 102 and/or its positioning, different
thickness ranges may be processed.

Flexible loop 102 may be comprised of numerous difler-
ent materials. It may be a single material such as rubber or
polyamide, or a composite such as Habasit™ F-1. Habasit™
F-1 1s suitable because it has the desired stifiness. It 1s also
durable for lasting use. Habasit™ F-1 1s formed from a
polyamide layer disposed between acrylonitrile-butadiene-
rubber layers. It has a tensile force of 4.5 N and a mass of
1.25 kg/m=. It is commonly used for machine tapes, and has
a rough conveying side. For many applications, loop mate-
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rials with properties the same as Habasit™ F-1 or within a
15% range 1n either direction would be suitable. More
preferably properties are within a 10% range and most
preferably within a 5% range. Stifiness 1s one of the most
significant loop material properties, as 1t has a bearing on the
pressure exerted on the documents and its spring-like action.
Memory materials would be particularly well suited for this
application. Loop material thickness 1s preferably in the
range of 1.0 mm to 1.5 mm, however, the optimum thickness
may depend on such things as the application and size of
loop.

FIG. 1 further depicts an optional flap 110. Flap 110 may
turther enhance the separating function of flexible loop 102.
In the illustrative embodiment of FIG. 1, flap 110 1s
upstream from flexible loop 102 and adjacent document
transport mechanism 106 to adjust the pressure between
flexible loop 102 and the documents. This may be necessary
for certain applications, such as a particular thickness of
documents. Flap 110 preferably curves toward loop 102 and
preferably extends under loop 102. Flap 110 may not need
to be tlexible 1n its entirety, but will need some flexibility for
applications such as transport of documents of varying sizes.
Flexibility can be 1 any portion for flap 110. For example,
flexibility can be achieved by a hinge-like mechanism on a
rigid tlap with a spring-like mechanism, wherein the rigid
portion of the flap 1s adjacent to the documents.

The closer flexible flap 110 1s to tlexible loop 102 1n the
direction of document transport, the greater the pressure
between documents, and thus the greater the coeflicient of
friction. Preferably, document processing machine 100
includes a mechanism to vary the distance between flexible
loop 102 and flexible flap 110. An illustrative embodiment
of an adjustment mechanism i1s shown in FIG. 1. The
mechanism may comprise flap support component 112 to
which flexible flap 110 1s attached. FIG. 4 depicts another
view of the illustrative device for attaching flexible flap 110
to document processing machine 100. In this case flexible
flap 110 1s fastened to tlap support component 112 by a flap
holding component 130 screwed into tlap support compo-
nent 112. Flap support component 112 1s slidably attached to
a stationary component 114. Stationary component 114 has
a peg projecting up through a slot 116 1n flap support
component 112, allowing support component 112 to slide
toward or away from flexible loop 102. The projecting peg
1s preferably threaded so that a knob 116 may be used to
tighten flap support component 112 to stationary component
114 at a desired position.

FIG. 2 depicts a second view of document processing
machine 100 having a document separator according to an
illustrative embodiment of the invention. A stiffener com-
ponent 118 1s included adjacent to a tlexible loop 102 to
reduce the flexibility of loop 102. Stiffener component 118
1s made of a material that reduces the flexibility of loop 102.
Preferably 1t comprises a maternial less flexible than that of
flexible loop 102, however, even using the same material as
that of the loop will reduce loop 102’s flexibility. Pressure
on documents 1s changed by addition of the stiflener com-
ponent, and thus the ability to singulate particular docu-
ments 1s atlected.

The distance between the loop and the transport mecha-
nism aflects the pressure on the documents, and therefore
must be adapted for a particular document type or thickness.
Preferably the distance 1s 1n the range of about O to 5 mm
from the document transport mechanism. In an exemplary
embodiment a mechanism to adjust the distance between the
flexible loop and the document transport mechanism 1s
included. An 1illustrative loop adjustment mechanism

10

15

20

25

30

35

40

45

50

55

60

65

4

includes a loop support to which the loop 1s attached wherein
the support 1s slidably attached to a stationary component so
that the flexible loop can be moved toward or away from the
document transport mechanism.

In general, by varying parameters such as loop material
and distance between the loop and the transport mechanism,
and adding components to aflect flexibility of the loop or
pressure on documents such as a stiffening component or
flexible tlap, the mvention can be adapted to a variety of
document processing machines and document types.

FIG. 3 depicts a third view of document processing
machine 100 having a document separator according to an
illustrative embodiment of the invention. Document pro-
cessing machine 100 has a transport mechanism 106, which
includes transport belts 120. Transport belts are flexible, and
therefore, can detlect away from flexible loop 102. A docu-
ment transport mechanism support, such as roller 122,
positioned adjacent to flexible loop 102 can inhibit such
deflection. The document transport mechanism support
component may span the entire flexible loop or a portion
thereol. In a belted transport mechanism, the belts may also
be supported along their length. In general the document
transport mechanism support inhibits deflection or bending
of any document transport parts that would aflect the pres-
sure between the loop and the transport mechanism. The
document transport mechanism support can comprise one or
more parts, wherein the parts need not be attached to one
another.

FIG. 4 depicts a fourth view of document processing
machine 100 having a document separator according to an
illustrative embodiment of the invention. This view shows
an exemplary attachment configuration of a flexible loop
102 to a loop support component 114. A portion of flexible
loop 102 1s sandwiched between loop support component
114 and loop holder 124. Such a configuration may also
provide another mechanism for adjusting the distance
between tlexible loop 102 and transport mechanism 106. In
this exemplary embodiment, stiffener component 118 1s also
held between loop support component 114 and loop holder
124.

FIG. 5 depicts a fifth view of document processing
machine 100 having a document separator according to an
illustrative embodiment of the invention. This view shows
an optional, exemplary pressure component 126. Pressure
component 126 exerts pressure on documents to facilitate
transport of documents through the machine. Exemplary
pressure component 126 includes one or more strips fash-
ioned from a single piece of material or one or more separate
sheets of matenal, preferably made of metal, that exert
pressure toward belt(s) 128 to reduce document slippage.
Use of metal or other smooth materials allows documents to
be slid beneath 1t to align documents as needed. Pressure
component 126 may be attached to stationary component
114, although other attachment configurations are within the
scope of the mvention. Pressure component 126 can also be
in the form of a roller adjacent to the transport mechanism.
The roller 1s preferably a foam idler roller, but may be a
drive roller or stationary roller, or made of other suitable
materials. Preferably pressure component 126 allows for
different thickness documents to pass by it. In general,
pressure component 126 may be 1 any form that would
force documents toward any belt or other transport device to
assist movement of the documents in the desired direction.

Flexible loop 102 may be used alone, or in conjunction
with one or more flaps or other flexible loops, and 1n any
sequence of loops and flaps. Flaps may comprise, for
example, material such as that used for flexible loop 102.
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Pressure components, such as part 126, can also serve as
flaps. The loops and/or flaps may be 1n contact or spaced
apart from a transport belt moving documents along a
desired path.

FIG. 6 depicts flexible loop 102 used 1n conjunction with
an mner tlap 132 and outer flap 134 in an illustrative
embodiment of the invention. Inner flap 132 1s mounted
generally perpendicular to a transport belt 136 and 1s dis-
posed for making edge contact or may be spaced very
slightly from belt 136 so that a document may readily be
conveyed between flap 132 and belt 136. Flexible loop 102,
however, 1s disposed for making some surface contact with
belt 136 so as to apply a greater contact area against a
document thus holding back any upstream documents not 1n
contact with belt 136 while belt 136 continues to transport
a document. Outer tlap 134 1s disposed for making greater
surface contact than inner flap 132. Thus 1n this embodi-
ment, the document 1s gradually subjected to increasing
surface contact on its side opposite belt 136 to assure
maintaining the document 1n contact with belt 136 as the
document 1s being transported through the system, while
holding back the next document. Flaps should provide
flexibility to allow documents of differing thickness to pass
through, however, such tlexibility need not necessarily be
provided by the flap material 1tself. A hinged flap in con-
junction with a spring-like mechanism may also be used.

In the preferred practice of this mmvention the flaps and/or
loop(s) are adjustably mounted in any suitable manner so
that their distance toward and away from belt 136 can be
varied 1 accordance with the thickness of documents or
with wear characteristics of the flap(s) and loop(s). Prefer-
ably flap(s) and loop(s) are jointly mounted, such as by
mounting block 146. If desired, however, the flaps may be
individually mounted. This may aid adjustability or manu-
facturing, for example. The scope of the invention includes
any number of flaps or loops used 1n conjunction with one
another to improve reliable document separation. The
loop(s) and flap(s) can be 1n any order. Preferably they are
arranged so that there 1s increasing contact between the
flap/loop and the transport belt. It should be noted that the
system depicted 1n FIG. 6 feeds documents on edge, how-
ever, the invention 1s not limited to such embodiments.
Documents may be fed in a flat manner or on edge within the
scope of the invention for any loop and flap combination, or
for use of a loop without one or more flaps.

The invention further includes a document processing
system that incorporates the inventive document separator.
FIG. 6 depicts an 1illustrative embodiment of a document
processing system 140. Document processing system 140
has a document transport mechanism 142 by which docu-
ments are transported along a path. A feeder assembly 144,
such as depicted 1n FIG. 6, recerves a plurality of documents.
Feeder assembly 144 has a tlexible loop of material wherein
the flexible loop 1s adjacent to the document transport
mechanism so that 1t holds one or more documents back
from being transported along the path by the document
transport mechanism. A sorter assembly 148 may also be
included in functional cooperation with and proximate to the
teeder assembly to receive documents from the feeder and
sort documents nto categories. Receptacles 150 can be
included 1nto which sorted documents are delivered. Various
configurations of sorting assemblies, transport mechanisms
and feeder assemblies known 1n the art can be used 1n the
document processing system. In an exemplary embodiment,
the document processing system processes mail items. In a
preferred embodiment, components 1n addition to the flex-
ible loop, are chosen so that documents of varying thickness
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can be processed. While the invention has been described by
illustrative embodiments, additional advantages and modi-
fications will occur to those skilled in the art. Therefore, the
invention in its broader aspects 1s not limited to specific
details shown and described herein. Modifications, for
example, to the matenals, sizes, and attachment and trans-
port mechanisms may be made without departing from the
spirit and scope of the invention. Accordingly, it 1s intended
that the invention not be limited to the specific illustrative
embodiments, but be interpreted within the full spirit and
scope of the appended claims and their equivalents.

The mmvention claimed 1s:

1. A document separator comprising:

a flexible loop of material;

a document transport mechanism by which documents are

transported along a path; and

one or more flaps adjacent to which faces of the docu-

ments pass belore, after, or both before and after
passing adjacent to the flexible loop;

wherein the flexible loop 1s adjacent to the document

transport mechanism so that it holds one or more
documents back from being transported along the path
by the document transport mechanism;

wherein the flexible loop 1s not disposed around a pulley

assembly capable of imparting motion to the flexible
loop; and

wherein at least one flap contacts the document faces as

they pass adjacent to 1it.

2. A document separator comprising:

a flexible loop of material; and

a document transport mechanism by which documents are

transported along a path;

wherein the flexible loop 1s adjacent to the document

transport mechanism so that it holds one or more
documents back from being transported along the path
by the document transport mechanism;

a pressure adjusting component, wherein the pressure

adjusting component comprises:

a flexible flap; and

an adjustment mechanism;

wherein the adjustment mechanism allows the flap to be

positioned at varying distances from the flexible loop
along a path of the documents.

3. The document separator of claim 2 further comprising:

a stiflener component comprising one or more materials

less flexible than the flexible loop matenal;

wherein the stiffener spans at least a portion of the loop to

reduce the flexibility of the loop.

4. The document separator of claim 2 wherein the adjust-
ment mechanism comprises:

a support to which the tlexible flap 1s attached;

wherein the support 1s slidably attached to a stationary

component to move the flexible tlap substantially along,
the path of the documents.

5. The document separator of claim 2 wherein the flexible
loop 1s made of a material comprising polyamide, rubber or
a combination thereof.

6. The document separator of claim 2 wherein the loop 1s
a distance in the range of about 0 to 5 mm from the
document transport mechanism.

7. The document separator of claim 2 further comprising:

a mechamsm to adjust the distance between the flexible

loop and the document transport mechanism.

8. The document separator of claim 7 wherein the loop
adjustment mechanism comprises:
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a support to which the loop 1s attached;

wherein the support 1s slidably attached to a stationary
component [to] so that the flexible loop can be moved
toward or away from the document transport mecha-
nism.

9. The document separator of claim 2 fturther comprising:

a document transport mechanism support component to

reduce deflection of one or more document transport
mechanism belts.

10. The document separator of claim 9 wherein the
flexible loop 1s positioned proximate to at least a portion of
the document transport mechanism support component.

11. The document separator of claam 2 wherein the
flexible loop comprises a material having a thickness in the
range of about 1.0 mm to 1.5 mm.

12. The document separator of claim 2 further compris-
ng:

one or more additional flexible loops.

13. The document separator of claim 2 capable of sepa-
rating documents varying in thickness from about 0.002
inches to about 0.25 1nches.

14. The document separator of claim 2 capable of sepa-
rating documents varying in thickness from about 0.003
inches to 0.011 inches.

15. A document processing machine comprising a docu-
ment separator according to claim 2.
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16. A document processing system comprising a docu-

ment separator according to claim 1; and

a sorter assembly 1n functional cooperation with and
proximate to the feeder assembly to recerve documents
therefrom and sort documents 1nto categories.

17. A document processing system comprising a docu-

ment separator according to claim 2;

a feeder assembly for recerving a plurality of documents,
the feeder assembly having a flexible loop of material
wherein the flexible loop 1s adjacent to the document
transport mechanism so that it holds one or more
documents back from being transported along the path
by the document transport mechanism; and

a sorter assembly 1n functional cooperation with and
proximate to the feeder assembly to recerve documents
therefrom and sort documents 1nto categories.

18. The document separator of claim 1, wherein at least

one flap curves toward and extends under the flexible loop.

19. The document separator of claim I, wherein at least

one flap adjusts to documents of varving sizes by a spring-
like mechanism connected to a hinge attached to the flap.

20. The document separator of claim 1, wherein at least

one flap curves toward and extends under the flexible loop
and wherein the curved flap adjusts to documents of varving
sizes by a spring-like mechanism connected to a hinge
attached to the flap.
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