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(57) Abrégée/Abstract:

Sheet accumulator systems and methods are provided for forming a stack of under-accumulated sheets. The method can include
advancing sheets in a predetermined sequence and under-accumulating a first portion of the advanced sheets In a first stack. The
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(57) Abrege(suite)/Abstract(continued):

method can also Include under-accumulating a second portion of the advanced sheets In a second stack and automatically

stacking the first stack of sheets on the second stack of sheets to form a combined stack wherein the combined stack Is In a
predetermined sequence.
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Abstract of the Disclosure
Sheet accumulator systems and methods are provided for forming a stack of
under-accumulated sheets. The method can include advancing sheets in a
predetermined sequence and under-accumulating a first portion of the advanced
sheets in a first stack. The method can also include under-accumulating a
second portion of the advanced sheets in a second stack and automatically
. stacking the first stack of sheets on the second stack of sheets to form a

combined stack wherein the combined stack is in a predetermined sequence.
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Description
SHEET ACCUMULATOR SYSTEMS AND METHODS

10 ' Technical Field
The disclosed subject matter relates to sheet accumulator systems and
methods. More particularly, the disclosed subject matter relates to sheet
accumulator systems and methods for under-accumulating sheets in a mail

15 insertion machine or other device for manipulating stacks of sheets.

Background Art

Various sheet accumulator systems have been employed for

20 accumulating sheet material such as paper sheets, documents, and the like into
stacks. Accumulators can function to stack sheets in a proper sequence. For
example, sheets can be stacked in an “A to Z" sequence, wherein the top sheet

in the stack is the first sheet in the sequence and the sheets following are in

sequence to the bottom sheet, the last sheet In the sequence. Alternatively,

25 sheets can be stacked by an accumulator in a “Z to A" sequence, wherein the top
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sheet in the stack is the last sheet in the sequence and the sheets following are
in reverse sequence to the bottom sheet, the first sheet in the sequence. Mail

insertion machines employ sheet accumulators to accumulate sheets in a stack

prior to processing, such as binding, and placement into envelopes.

5 Mail insertion machines typically transport sheets one-by-one along a
“stream’; to an accumulator for stacking in an "A to 2" or "Z to A” sequence.
‘Sheets are commonly transported to an accumulator along a stream in a “Z to
A” sequence, wherein the first sheet transported is the last sheet in an ordered
sequence comprising a document, and the second sheet is the second to last

10 sheet in the ordered sequence. Subseguent sheets are transported in the
reverse sequence until the last sheet, the first sheet in the ordered sequence, is
transported.

Under-accumulators are known devices for receiving sheets transported
In a stream and accumulating the sheets in a sequence one below the other

15  (“under-accumulating”). The accumulation of sheets one below the other is
known as under-accumulating. For example, an under-accumulator receiving
sheets in a "Z to A" sequence stacks the sheets in a “Z to A” sequence.
Conversely, for example, an under-accumulator receiving sheets in an “A to Z”
sequence stacks the sheets in an “A to Z” sequence. '

20 Examples of under-accumulators are disclosed in U.S. Patent Nos.
6,203,006; 5,915,686, 5,794,931, 5,692,745; 5,647,587; 5,590,873; 5,244,200:;
and 5,147,092. A typical under-accumulator includes at least two driven belts
which engage a sheet at its upper and lower surface, respectively, shaft-mounted
pulleys for directing and driving the belts, two side guides which engage and

25 guide the edges of sheets being transported by the belts, a mechanism for lifting
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a stack of accumulated sheets, a ramp for directing the sheet downward under
the stack of sheets, and a sheet-restraining means for pre\)enting £he stacked
documents from being fed by the belts until all sheets for a particular set have
been under-accumulated.

Current under-accumulators are limited in the number of sheets that can
be under-accumulated due to the increasing weight of the sheets as they are
stacked. This limitation results because it becomes increasingly difficult to
overcome the weight of accumulated sheets as the number of sheeté stacked
increases. The lifting mechanism of an under-accumulator has a limited ability
to place another sheet undemeath the stack due to the increasing weight of the
stack. Typically, the number of sheets required to equal the weight limit of the
under-accumulator is known. In this instance, the under-accumulator can include

instructions to stop when the predetermined number of sheets has been

accumulated.

A common method for under-accumulating a sheet set that exceeds the
weight limitation of a single under-accumulator is to separately under-accumulate
subsets of the sheet set with the under-accumulator and then manually stack the
undek-acoumulated subsets together in the proper stack sequence. The under-
accumuiation of sheets in this manner is undesirable because it is time-
consuming and laborious for an operator. Therefore, it is desired to provide a
system and methods for automaticaily under-accumulating a set of sheets in a
stack, wherein the weight of the stack can exceed the weight limit for an under-

accumuiator.
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Summary

According to one aspect, there is provided a method for forming a stack of
under-accumulated sheets in an under-accumulation process for mail processing,
comprising: (a) advancing an unassembled set of sheets for assembly in a
combined stack in a predetermined sequence, the unassembled set of sheets having
a specified number of sheets therein; (b) providing program job information
indicating the number of sheets in the unassembled set of sheets; (c) determining
whether the unassembled set of sheets can be under-accumulated in a first under-
accumulator based upon the program job information and information regarding a
capacity of the first under-accumulator; (d) under-accumulating a portion of the
advanced sheets in a first stack in the first under-accumulator to a level determined
based upon the program job information; (e) under-accumulating a remaining
portion of the advanced sheets in a second stack in a second under-accumulator
wherein a last sheet in the predetermined sequence Is under-accumulated last in the
second stack; and (f) stacking the first stack of sheets on the second stack of sheets
to assemble the combined stack of sheets wherein the last sheet is on a bottom of
the combined stack.

According to a second aspect, there is provided a system for forming a stack
of under-accumulated sheets in an under-accumulation process for mail processing,
comprising: (a) an advancing mechanism for advancing an unassembled set of
sheets for assembly in a combined stack in a predetermined sequence the
unassembled set of sheets having a specified number of sheets therein; (b) a first
under-accumulator for under-accumulating a first portion of the advanced set of
sheets in a first stack; (c) a second under-accumulator for under-accumulating a
second portion of the advanced set of sheets in a second stack wherein a last sheet
in the predetermined sequence is under-accumulated last in the second stack; (d) a
stacking device operable to stack the first stack of sheets on the second stack of
sheets to assemble the combined stack of sheets wherein the last sheet is on a
bottom of the combined stack; and (e) a controller for controlling under-
accumulation of the advanced sheets to under-accumulate the first portion of the
advanced sheets in the first stack in the first under-accumulator to a level determined
based upon program job information indicating the number of sheets in the

unassembled set of sheets and to under-accumulate the second portion of the
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the advanced sheets in the first stack in the first under-accumulator to a level
determined based upon the program job information and to under-accumulate the
second portion of the advanced sheets in the second stack in the second under-
accumulator.

According to a third aspect, there is provided a system for forming a stack of
under-accumulated sheets in an under-accumulation process for mail processing,
comprising: (a) an advancing mechanism for advancing an unassembled set of
sheets to be assembled in a single stack in a predetermined sequence; (b) a first
under-accumulator for under-accumulating a first portion of the advanced set of
sheets in a first stack; (c) a second under-accumulator for under-accumulating a
second portion of the advanced set of sheets in a second stack after the first portion
has been under-accumulated; (d) a controller for receiving program job information
for the unassembled set of sheets during advancement of the unassembled set of
sheets and prior to advancement of the unassembled set of sheets to a first set of
sheets to a first under-accumulator, and wherein the controller is also adapted for
controlling under-accumulation of the advanced sheets to under-accumulate the first
portion of the advanced sheets in the first stack in the first under-accumulator to a
level determined based upon the program job information and to under-accumulate
the second portion of the advanced sheets in the second stack in the second under-
accumulator, wherein the controlling is in response to a determination, prior to under-
accumulation in the first under-accumulator, that the first under-accumulator is not of
a capacity to under-accumulate all of the sheets to be in the set, and wherein the
determination is based upon the program job information indicating a weight capacity
of the first under-accumulator and a weight of the sheets to be in the set; and (e) a
stacking device operable to stack the first stack of sheets from the first under-
accumulator on the second stack of sheets from the second under-accumulator to
assemble the single stack of sheets wherein the last sheet in the predetermined
sequence is under-accumulated last in the second stack. |

a system for forming a stack of under-accumulated sheets in an under-
accumulation process for mail processing, comprising: (a) an advancing mechanism
for advancing an unassembled set of sheets to be assembled in a single stack in a
predetermined sequence; (b) a first under-accumulator for under-accumulating a
first portion of the advanced set of sheets in a first stack; (c) a second under-
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accumulator for under-accumulating a second portion of the advanced set of sheets
In a second stack after the first portion has been under-accumulated; (d) a controller
for receiving program job information for the unassembled set of sheets during
advancement of the unassembled set of sheets and prior to advancement of the
unassembled set of sheets to a first set of sheets to a first under-accumulator, and
wherein the controller is also adapted for controlling under-accumulation of the
advanced sheets to under-accumulate the first portion of the advanced sheets in the
first stack in the first under-accumulator to a level determined based upon the
program job information and to under-accumulate the second portion of the
advanced sheets in the second stack in the second under-accumulator, wherein the
controlling iIs in response to a determination, prior to under-accumulation in the first
under-accumulator, that the first under-accumulator is not of a capacity to under-
accumulate all of the sheets to be in the set, and wherein the determination is based
upon the program job information indicating a weight capacity of the first under-
accumulator and a weight of the sheets to be in the set; and (e) a stacking device
operable to stack the first stack of sheets from the first under-accumulator on the
second stack of sheets from the second under-accumulator to assemble the single
stack of sheets wherein the last sheet in the predetermined sequence is under-
accumulated last in the second stack.

According to a fourth aspect, there is provided a method for forming a stack of
under-accumulated sheets in an under-accumulation process for mail processing,
comprising: (a) advancing an unassembled set of sheets for assembly to be
assembled in a single stack in a predetermined sequence; (b) receiving program job
Information for the unassembled set of sheets during advancement of the
unassembled set of sheets and prior to advancement of the unassembled set of
sheets to a first set of sheets to a first under-accumulator; (c) determining whether
the unassembled set of sheets can be under-accumulated in a first under-
accumulator based upon the program job information and information regarding a
capacity of the first under-accumulator; (d) under-accumulating a first portion of the
advanced set of sheets in a first stack in the first under-accumulator to a level
determined based upon the program job information; (e) maintaining the ﬁfst portion
of sheets in the first stack until receiving instructions to advance the first stack for
stacking; (f) under-accumulating a second portion of the advanced set of sheets in a
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second stack in a second under-accumulator after under-accumulation of the first
stack wherein a last sheet in the predetermined sequence is 'under-accumulated last
In the second stack; (g) maintaining the second portion of sheets in the second stack
until receiving instructions to advance the second stack for stacking; and (h) stacking
the first stack on the second stack to assemble a single stack of sheets wherein the
last sheet from the predetermined sequence is on a bottom of the single stack.
According to a fifth aspect, there is provided a system for forming a stack of
under-accumulated sheets in an under-accumulation process for mail processing,
comprising: (a) an advancing mechanism for advancing an unassembled set of
sheets to be assembled in a single stack in a predetermined sequence; (b) a
memory for storing program job information received for the unassembled set of
sheets during advancement of the unassembled set of sheets; (c) a first under-
accumulator for under-accumulating a first portion of the advanced set of sheets In a
first stack to a level determined based upon the program job information and for
maintaining the first portion of sheets in the first stack until receiving instructions to
advance the first stack for stacking; (d) a second under-accumulator for under-
accumulating a second portion of the advanced set of sheets in a second stack after
the first portion has been under-accumulated and for maintaining the second portion
of sheets in the second stack until receiving instructions to advance the second stack
for stacking; (e) a controller for receiving program job information for the
unassembled set of sheets during advancement of the unassembled set of sheets
prior to advancement of the unassembled set of sheets to a first set of sheets to a
first under-accumulator, and wherein the controller is also adapted for sending
Instructions to the first and second under-Qaccumulators, for determining whether the
advanced set of sheets can be under-accumulated in the first under-accumulator
based upon the program job information and information regarding a capacity of the
first under-accumulator, and for controlling when the first and second under-
accumulators advance the first and second stacks, respectively, for stacking; and (f)
a stacking device operable to stack the first stack of sheets from the first under-
accumulator on the second stack of sheets from the second under-accumulator to
assemble the single stack of sheets wherein a lowermost sheet in the single stack is
a sheet which was advanced last in the predetermined sequence prior to under-

accumulation.
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According to a sixth aspect, there is provided a program product, comprising at
least one computer-readable medium having stored thereon instructions, wherein
execution of the instructions by at least one programmable computer for controlling
an accumulator system causes the accumulator system to perform a sequence of
steps for forming a stack of under-accumulated sheets, the sequence of steps
comprising: (a) advancing an unassembled set of sheets to be assembled in a
single stack in a predetermined sequence; (b) receiving program job information for
the unassembled set of sheets during advancement of the unassembled set of
sheets and prior to advancement of the unassembled set of sheets to a first set of
sheets to a first under-accumulator; (c) determining whether a first under-
accumulator is of a capacity to under-accumulate all of the advanced set of sheets
based upon the program job information and information regarding a capacity of the
first under-accumulator; (d) under-accumulating a first portion of the advanced set of
sheets in a first stack in the first under-accumulator to a level determined based
upon the program job information; (e) under-accumulating a second portion of the
advanced set of sheets in a second stack in a second under-accumulator wherein a
last sheet in the predetermined sequence is under-accumulated last in the second
stack; and (f) stacking the first stack of sheets on the second stack of sheets to
assemble the single stack of sheets wherein the last sheet is on a bottom of the
single stack.

A computer-readable or machine-readable “medium,” as used herein, can be
any physical element or carrier wave, which can include instructions or code for a
sequence of steps in a machine-readable form or can include associated data in a
machine-readable form. Examples of physical forms of such media include floppy
disks, flexible disks, hard disks, magnetic tape, any other magnetic medium, a CD-
ROM, a DVD-ROM, any other optical medium, a RAM, a ROM. a PROM. an
EPROM, a FLASH-EPROM, any other memory chip or cartridge,
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as well as media bearing the software in a scannable format. A carrier wave
type of medium is any type of signal that may carry digital information

representative of the data or the instructions or code 1or the sequence of steps.

Such a carrier wave may be received via a wireline or fiber-optic network or

other similar communication type media, for example, via a modem, or as a
radio-frequency or infrared signal, or any other type of signal which a computer
or the like may receive and decode via a tel_ecommunications medium.

It is therefore an object to provide novel sheet accumulator systems,
methods and software, for uSe in under-accumulating sheets for a mail insertion
machine or other device for manipulating stacks of sheets.

An object having been stated hereinabove, and which is achieved in

whole or in part by the system and method disclosed herein, other objects will

become evident as the description proceeds when taken in connection with the

accompanying drawings as best described hereinbelow.

Brief Description of the Drawings

Exemplary embodiments of the disclosed subject matter will now be
explained with reference to the accompanying drawings, of which:

Figure 1 Is a schematic diagram of a mail insertion system for forming a
stack of under-accumulated sheets according to an embodiment of the disclosed
subject matter; and

Figure 2 is a flow chart illustrating a method for under-accumulating
sheets In a maill insertion machine according io one embodiment of the disclosed

subject matter.

—
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Detailed Description

The disclosed subject matter now is described more fully hereinafter with
reference 1o e aCcu wwpénymg Arawings, i wiiiCl: Preierned emooalments of the
disclosed subject matter are shown. The disclosed subject matter can, however,
be embodied in many different forms and should not be construed as limited to

the embodiments set forth herein; rather, these embodiments are provided so

that this disclosure will be thorough and complete, and will fully convey the scope

of the disclosed subject matter to those skilled in the art.

As will be appreciated by one of skill in the art, the disclosed subject
matter can be embodied as a method, sysiem, or computer program product.
Acobrdingly, the disclosed subject matter can take the form of an entirely
hardware embodiment, an ehtirely software embodiment, or an embodiment
combining software and hardware aspects. Furthermore, the disclosed subject
matter can take the form of a computer program product on a computer-readable
storage medium having computer-readable program code and/or control data
carried by the medium. Any suitable computer readable medium can be utilized
as described above including, for example, hard disks, CD-ROMs, optical
stbrage devices, or magnetic storage devices as well as communication signals
and physical communication media. l

As can readily be appreciated by those of skill in the art, the systems and
methods of the disclosed subject matter can be applied to several types of
machines requiring sheet under-accumulation. As described herein, the
disclosed subject matter can be applied to mail insertion machines and can be
used with other device suitable devices for manipulating stacks of sheets. For

example, the disclosed subject matter can be applied to copiers, printers, and
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facsimile machines or any other suitable devices or systems requiring sheet

under-accumulation.

Referring to FIG. 1, a schematic diagram of an under-accumulation

- system, génerally designated 100, according to an embodiment of the subject

matter described herein is illustrated. Under-accumulation system 100 can

“include a controller 102 having hardware and software components for

controlling the operation of an advancing mechanism 104 and a multi-deck
accumulator 106 having a first under-accumulation deck 108, a second under-
accumulation deck 110, and a third under-accumulation deck 112. Controller
102 can also control the operation of a stacking device 114. Under-accumulation
system 100 can be associated with additional components (not shoWn) as part
of a mail insertion system or the like.

Advancing mechanism 104 can include components for receiving the
sheets of a sheet set one-by-one or in a stack and advancing the sheets
downstream one-by-one. In one embodiment, advancing mechanism 104 can
include a track having more than one roller for advancing sheets downstream to

multi-deck accumulator 106. During operation, advancing mechanism 104 can

receive sheets of a set one-by-one from an upstream device such as a printer.

The sheets can be delivered to muiti-deck accumulator 106 in an “A to 2"
sequence for under-accumulation in an “A to Z” sequence, or delivered in a “Z
to A" sequence for under-accumulation in a “Z to A" seguence.

Multi-deck accumulator 106 can receive the sheets from advancihg '
mechanism 104 and selectively divert the sheets to deck 108, deck 110 or deck
112 as instructed by controller 102. In one embodiment, decks 108, 110, and

112 are positioned above one another. Alternatively, decks 108, 110, and 112
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can be positioned beside one another. Multi-deck accumulator 106 can include

conveying paths for advancing sheets to decks 108, 110, and 112. Sheets
advanced to multi-deck accumulator 106 can be selectively diverted along one
of the conveying paths to one of decks 108, 110, and 112 via a divert gate. The
divert gate can include a pivotally movable, divert plate positioned upstream of
multi-deck accumulator 106 for diverting the sheets. In one embodiment, the
divert gate can be selectively movable to deflect advancing sheets upward to
guide the sheets into the conveying path for advancement to deck 108, to deflect

advancing sheets downward to guide the sheets Iinto the conveying path for

advancement to deck 110, or to deflect advancing sheets further downward to

guide the sheets into the conveying path for advancement to deck 112. An

exemplary multi-deck accumulator is disclosed in U.S. Patent No. 5,794,931,

Decks 108, 110, and 112 can under-accumulate sheets received from
advancing mechaniSm 104 and store the sheet stacks until receiving instructions
to advance the stacks to stacking device 114. The sheet stacks in decks 108,

110, and 112 can be merged and stacked on top of one another at stacking

- device 114. Sheet stacks can be delivered to stacking device 114 via a

mechanism such as one or more divert gates and rollers. Stacking device 114
can store the under-accumulated sheets until needed for further downstream
processing such as binding or insertion into a package or envelope.

In one embodiment, controller 102 controls the under-accumulation of a
set of sheets when the weight of the set exceeds the capacity of deck 108 or
deck 110. In this instance, the set can be divided into a first and second set for

separate under-accumulation by decks 108 and 110, respectively. For example,
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controller 102 can instruct a divert gate to divert a first set of sheets received
from advancing mechanism 104 to deck 108 for under-accumulation. Next,
controller 102 can instruct the divert gate to divert a second set of sheets to deck
110 for under-accumulation. Controller 102 can then instruct deck 110 to deliver
its under-accumUlated second sheet stack to stacking device 114 and then
Instruct deck 108 to stack its under-accumulated first sheet stack on top of the
stack from deck 110. Thus, this results in a single stack of under-accumulated

sheets for the ¢ombined first and second set of sheets. An exemplary stacking

device is disclosed in U.S. Patent No. 5,899,453,

In one embodiment, controller 102 can be a programmable device, such
as a computer. Controller 102 can be connected to a touch screen display 116
via communication line 118 for receiving information from and communicating
iInformation to an operator. Alternatively, under-accumulation system 100 can
include a monitor, mouse, keyboard, or other suitable input and/or output device
known to those skilled in the art. Controller 102 can communicate instructions
and monitor components 104, 106, 108, 110, 112, and 114 via communication
lines 120, 122, and 124 Instructions for forming a stack of under-accumulated

sheets can be stored in the components of controller 102, either within internal

memory or on internal disk storage. The instructions can also be stored on local

or remote computer-readable media.

The disclosed subject matter is described below with reference to a flow
chart illustration of computer program products according to the subject matter
disclosed herein. It will be understood that each block of the flow chart

illustrations, and combinations of blocks in the flow chart illustrations, can be
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implemented by computer program instructions. These computer program
instructions can be loaded onio a general purpose computer, special purpose
computer, or othef programmable data processing apparatus to produce a
machine, such that the instructions which execute on the computer or other
programmable data processing apparatus create means for implementing the
functions specified in the flow chart block or blocks. These computer program
Instructions can also be stored in a cdmputer-—readable memory that can direct
a computer or other programmable data processing apparatus to function in a
particular manner, such that the instructions stored in the computer-readable
memory produce an article of manufacture including instruction means which
implement the function specified in the flow chart block or biocks. The computer
program instructions can ailso be loaded onto a computer or other programmable
daia processing apparatus to0 cause a seriés of operational steps to be
performed on the computer or other programmable apparatus to produce a
computer implemented method such that the instructions which execute on the
computer or other programmable apparatus providing steps for implementing the
functions. specified in the flow chart block or biocks.

Accordingly, blocks of the flow chart illustrations support combinations of
means for performing the specified functions, combinations of steps for
performing the specified functions and program instruction means for performing
the specified functions. It will also be understood that each block of the flow
chart illustrations, and combinations of blocks in the flow chart illustrations, can
oe implemented by special purpose hardware-based computer systems which
perform the specified functions or steps, or combinations of special purpose

hardware and computer instructions.
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Referring now to FIG. 2, a flow chart, generally designated 200, is
provided which illustrates a preferred embodiment of a method for under-
accumulating sheets in a stack in 2 mat! insertion machine according to one
embodiment of the disclosed subject matter. This method can be controlied by
controller 102. Altemativ\ely, this method can be performed by a computer.
system, which can be local or remote. The method begins at the step indicated
by reference numeral 202. In step 204, advancing mechanism 104 delivers a set
of sheets to multi-deck accumulator 106 in a “Z to A’ sequence for under-
accumulation in a “Z to A” sequence. Alternatively, the sheets of a set can be
delivered in an “A to Z" sequence for under-accumulation in an “A to Z”

sequence.

Controller 102 can determine whether more than one deck is required for
under-accumulating the sheet set (step 206). More than one deck is required
when the set of sheets exceed the maximum amount that can be under-
accumulated by either deck 108 or deck 110. In this embodiment, controller 102
determines whether more than one deck IS required based on program job
information regarding the number of sheets in the set and/or information
regarding the weight of a singie sheet of the set of sheets. Alternatively, sheets
of a set can be under-accumulated in one deck and then diverted to another
deck for under-accumulation when the first deck reaches its limit. Controller 102
can receive detection information regarding the number of sheets or weight of
subset, as the subset is accumulated within a deck for determining whether the
deck has reached its capacity. Based on the number of sheets in the set,
controller 102 can determine whether the shéet number exceeds the number of

sheets that can be under-accumulated by deck 108 or deck 110. if the number
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of sheets in the set exceeds the maximum number that can be under-
accumulated by deck 108 or deck 110, controller 102 controls the delivery of a
first set of sheets received by ac_cumufator 106 to deck 108 and a second set of

sheets, following the first set of sheets, to deck 110, as described in further detail

below. Otherwise, all of the sheets in the set can be under-accumulated by deck

-108. Controller 102 can receive information regarding the maximum number of

- sheets that can be under-accumulated by deck 108 and information regarding

the total number of sheets in the set from program job information associated

with the sheet set.

Alternatively, controller 102 can determine whether to uise decks 108 and
110 based on the weight of the sheets in the set and the weight capacity of deck
108 for under-accumulating sheets. Controller 102 can receive information
regarding the weight of the sheets in the set and the maximum weight capacity
of deck 108 from a program job associated with the sheet set. If the weight of
the sheets in the set exceeds the maximum weight capacity of deck 108, a first
received set of sheets having a weight.up to the maximum weight capacity of
deck 1 08 can be diverted to deck 108 for under-accumulation. Next, the
following sheets can be diverted to deck 108 for under-accumulation.

Deck 112 can be used when the weight and/or number of sheets of a set
of sheets exceeds the weight or number that can be under-accumulated by the
combination of decks 108 and 110. The shéets remaining after under-
accumulation by decks 108 and 110 can be diveried to deck 112 for under-
accumulation and subsequently delivered in reverse order to stacking device 112

for proper stacking.
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If controller 106 determines that more than one deck is not required at
step 206, all of the sheets of the set are diverted to a single deck, deck 108, for
under-accumulation (step 208). Next, the under-accumulated sheets in deck 108
can be delivered to accumulator 106 to await delivery downstream. The method
for under-accumulating the'sheet set stops at step 210.

If controller 106 determines more than one deck is required at step 206,
multi-deck accumulator 106 receives a first set of sheets from advanciﬁg
mechanism 104 (step 212). The first set of sheets is less than or equal to the
maximum amount that can be under-accumulated by deck 108. In step 214, the
first set of sheets is delivered to deck 108, under-accumulated, and stacked.
Thus, the first sheet received from advancing mechanism 104 in the first set of

sheets is the top sheet on the stack in deck 108, and the last sheet received in

the first set of sheets is the bottom sheet. The first set of sheets is comprised of

sheets received from advancing mechanism 104 beginning with the first sheet.

In step 216, accumulator 106 receives a second set of sheets from

advancing mechanism 104 beginning with the next sheet in sequence following

the last sheet in the sequence from the first set of sheets. The second set of

sheets is diverted to deck 110, under-accumulated, and stacked (step 21 8).

Thus, the next sheet in sequence following the last sheet from the first set of
sheets is the top sheet on the stack in deck 110, and the last sheet in the
sequence Is the bottom sheet. The second set of sheets is comprised of sheets
received from advancing mechanism 104 beginning with the next sheet in
sequence following the last sheet from the first set of sheets, and the last sheet

Is the last sheet in the sequence of sheets.
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Additional decks in the multi-deck accumulator 106 can be used if the
number of sheets in the sequence is greater than the number of sheets that can
be under-accumulated ir deckse 108 and 110. Each deck used under-

- accumulates the maximum number of sheets possible and st_ores the sheets unﬁl
5  all the sheets have been under-accumulated into decks. An error message can
~ be displayed to the operator on display 116 if the number of sheets in the
sequence is greater than the number of sheets that can be under-accumulated
in decks 108 and 110.
In step 220, the last set of sheets under-accumulated in deck 110 is
10  delivered to stacking device '1 14 and stacked. This is the second set of eheets

in this embodiment wherein two decks are employed.

Next, the subsequent sets of sheets are transported to stacking device
114 and stacked in the reverse sequence that they were under-accumulated
(step 222). Therefore, in this embodiment the first set of sheets in deck 108 is

15 transported to stacking device 114 and stacked on top of the second set of
sheets.

Next, the method can stop at step 210. Thus, the sheets are stacked in
a “Z to A” sequence as received from advancing mechanism 104. The sheets
can then be further processed by under-accumulation system 100.

20 Controller 102 can be implemented iIN a general-purpose computer
system. Whether using a server, a personal computer or other type of computer,
such a system typically includes a bus or other communication mechanism for '
communicating information, and a processor coupled with the bus for processing |
information in accord with program instructions. The computer system also

25  typically includes a main memory, such as a random access memory (RAM) or
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other dynamic storage device, coupled to the bus, for storing information and
instructions to be executed by the processor. The main mémory z-.;lso can be
used for storing temporary variables or other intermediate information, during
execution of instructions by the processor. The computer system can aiso
include a read only memory (ROM) or other static storage device coupled to the
bus, for storing static information and instructions for the processor. A storage
device, such as a magnetic disk (hard drive and/or floppy) or optical disk, is
provided and coupled to the bus, for mass storage of information and

instructions.

The computer system can also provide the local user interface to system

100, for example, if the computer is implemented as a personal or workstation.

- The processOr of the computer systemn can be coupled via the bus to

interfaces/drivers for a display, such as a cathode ray tube (CRT) or a liquid
crystal display (LCD) or other flat-panel display, for displaying information to a
computer user. An input device, typically including alphanumeric and other keys,
is coupled to the bus for communicating information and command selections to
the processor. Another type of common user input device Is a cursor control and
selection dev‘ice, such as a mouse, a \t_rac_kball,. or cursor direction ke'_ys\for
communicating direction information and command selections to the processor
and for controlling cursor movement on display and inputting user selections of
displayed information.

The computer system can also include input/output interfaces for external
links. One or more such interfaces provides data exchangé with elements of

multi-deck accumulator 106 and stacking device 114 during operations and to

send control instructions to elements to multi-deck accumulator 106 and stacking
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device 114. The computer system can also include é modem or local area
network (LAN) interface, to enable the system to communicate with remote data
devices for reporting and/or remote control purposes or for downloading of
program instructions and/or cbntrol data into the computer system.

The disclosed subject matter can be implemented in a variety of
communications environments including a Local Area Network (LAN) and Wide
Area Network (WAN) environments. Implementation can be in communications
envirdnments utilizing TCP/IP communications protocol, such as the- Internet,
and environments utilizing SNA protocol. Hardware for the impiementation IS
generally consistent with typical personal computing equipment, and does not
generally require special environmental conditions other than a typical office '
environment. In one exemplary embodiment, the disciosed subject 'matter can
be implemented on an international Business Machines™ or IBM ™-compatible
personal computer and software capable of supporting a thin wire Ethernet
TCP/IP environment. Controller 102 can be based on an Intel™ processor and
having sufficient memory to perform all functions efficiently. The disclosed

subject matter can be iImplemented via other computing device, ihcluding, but not

limited to, mainframe computing systems and mini-computers.

The disclosed subject matter can be written in various computer
languages including, but not limited to, C++, Smalltalk, Java, and other
conventional programming languages such as BASIC, FORTRAN, and COBOL.

Computer readable program code is provided for receiving processing

system operation related information from each of a plurality of under-

accumulation devices, and for representing each of the under-accumulation

devices as an interactive icon on a display connected to a data processing
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system. Each interactive icon has indicia 'associated therewith which displays
the operation related information for a respective under-accumulation device and
changes appearance in response to a change in the operation related
information. Computer readable program code means is providea for diSplaying
selective operation related information about a respective under-accumulation
device In response to user actions, and for displaying operation related
information for each under-accumulation device in real time. Computer readable
program code means is also provided for adding, deleting, and modifying the
location and appearance of the interactive icons.

Hence, at different times all or portions of the executable code or related
control data for the software can reside in physical media or be Carried by
electromagnetic media. Physical hardware media can inciude the memories and
mass storage of the computer processing system serving as controller 102, such
as various semiconductor memories, tape drives, disc drives and the like of
general-purpose computer systems. All or portions of the software can at times
be communicated through the Internet or various other telecommunication
networks. Such communications, for example, can serve to load the software
from another computer (not shown), for example, into the computer processing
system serving as controller 102. Thus, another type of media that can be the
software elements includes optical, electrical and electromagnetic waves such
as used across physical interfaces between local devices, through wired and
optical landline networks and over various air-links. The physical elements
carrying such signals also can be considered as media, in that they can convey

the software elements to the computer system for reading and execution thereof. '
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It will be understood that various details of the subject matter disclosed
herein can be changed without departing from the scope of the disclosed subject
matter. Furthermore, the foreqoing description is for the purpose of illustration
only, and not for the purpose of limitation as the disclosed subject matter is

defined by the claims.
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Claims

1. A method for forming a stack of under-accumulated sheets in an under-

accumulation process for mail processing, comprising:

(a) advancing an unassembled set of sheets to be assembled in a single

stack in a predetermined sequence;

(b) receiving program job information for the unassembled set of sheets
during advancement of the unassembled set of sheets and prior to advancement
of the unassembled set of sheets to a first set of sheets to a first under-

accumulator;

(c) determining whether the unassembled set of sheets can be under-
accumulated in a first under-accumulator based upon the program job information

and information regarding a capacity of the first under-accumulator;

(d) under-accumulating a portion of the advanced sheets in a first stack in
the first under-accumulator to a level determined based upon the program job

information:;

(¢) under-accumulating a remaining portion of the advanced sheets in a _,
second stack in a second under-accumulator wherein a last sheet in the
predetermined sequence is under-accumulated last in the second stack; and

(f) stacking the first stack of sheets on the second stack of sheets to
assemble the single stack of sheets wherein the last sheet is on a bottom of the

single stack.

2. The method of claim 1 wherein the advanced set of sheets are ina Z to A

sequence when advancing to the first under-accumulator.

3. The method of claim 2 wherein the first and second stacks areina Z to A
sequence.
4. The method of claim 1 wherein the single stack of sheets is in a Z to A

sequence from top to bottom.
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5. The method of claim 1 wherein the advanced set of sheets is in an Ato Z

sequence when advancing to the first under-accumulator.

6. The method of claim 5 wherein the first and second stacks are in an Ato Z
sequence.
7. The method of claim 1 wherein the single stack of sheets is in an A to Z

sequence from top to bottom.

8. The method of claim 1 wherein step (¢) comprises determining whether the
unassembled set of sheets can be under-accumulated in the first under-
accumulator based upon the program job information indicating a total number of
sheets to be in the set or a weight of sheets to be in the set and based upon a

sheet capacity or a weight capacity of the first under-accumulator.

9. The method of claim 1 wherein step (f) comprises advancing the second

stack of sheets to a stacking device.

10. The method of claim 1 further comprising under-accumulating additional
portions of the advanced set of sheets in at least one separate stack in addition to

the first and second stacks of sheets.

11.  The method of claim 1 wherein the program job information comprises

information regarding a total number of sheets to be in the set.

12. The method of claim 11 wherein the program job information further

comprises information regarding a maximum number of sheets that can be under-

accumulated by the first under-accumulator.

13. The method of claim 12 wherein step (c) comprises comparing a total
number of sheets to be in the set to a maximum number of sheets that can be

under-accumulated by the first under-accumulator.
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14. The method of claim 1 wherein the program job information further

comprises information regarding what a weight of the set will be.

15. The method of claim 14 wherein the program job information further

comprises information regarding a weight capacity of the first under-accumulator.

16.  The method of claim 15 wherein step (c) further comprises comparing what

a weight of the set will be to a weight capacity of the first under-accumulator.

17. A system for forming a stack of under-accumulated sheets in an under-

accumulation process for mail processing, comprising:

(a) an advancing mechanism for advancing an unassembled set of sheets

to be assembled in a single stack in a predetermined sequence;

(b) a first under-accumulator for under-accumulating a first portion of the

advanced set of sheets In a first stack;

(c) a second under-accumulator for under-accumulating a second portion of
the advanced set of sheets in a second stack wherein a last sheet in the

predetermined sequence is under-accumulated last in the second stack;

(d) a stacking device operable to stack the first stack of sheets on the
second stack of sheets to assemble the single stack of sheets wherein the last

sheet is on a bottom of the single stack; and

(e) a controller for receiving program job information for the unassembled
set of sheets during advancement of the unassembled set of sheets prior to
advancement of the unassembled set of sheets to a first set of sheets to a first

under-accumulator, and wherein the controller is also adapted for controlling
under-accumulation of the advanced sheets to under-accumulate the first portion
of the advanced sheets in the first stack in the first under-accumulator to a level

determined based upon the program job information and to under-accumulate the

second portion of the advanced sheets in the second stack in the second under-

accumulator.
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18. The system of claim 17 wherein the advancing mechanism is adapted for

advancing the sheets in a Z to A sequence prior to under-accumulation.

19.  The system of claim 18 wherein the first and second stacks areina Z to A

sequence.

20. The system of claim 17 wherein the single stack of sheets isin a Z to A

sequence.

21. The system of claim 17 wherein the advancing mechanism is adapted for

advancing sheets in an A to Z sequence prior to under-accumulation.

22. The system of claim 17 wherein the first and second stacks are in an A to Z

sequence.

23. The system of claim 17 wherein the single stack of sheets is in an A to Z

sequence.

24. The system of claim 17 further comprising additional under-accumulators for
under-accumulating additional portions of the advanced set of sheets in at least

one separate stack in addition to the first and second stacks of sheets.

25. The system of claim 17 wherein the program job information received by the
controller comprises a total number of sheets to be in the set to control under-

accumulation of the second portion of the advanced set of sheets.

26. The system of claim 25 wherein the program job information received by the
controller further comprises a maximum number of sheets that can be under-

accumulated by the first under-accumulator to control under-accumulation of the

second portion of the advanced set of sheets.
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27. The system of claim 26 wherein the controller i1s further operable for
comparing a total number of sheets to be in the single stack to a maximum number
of sheets that can be under-accumulated by the first under-accumulator to control

under-accumulation of the second portion of the advanced set of sheets.

28. The system of claim 17 wherein the program job information received by the
controller comprises what a weight of the single stack will be to control under-

accumulation of the second portion of the advanced set of sheets.

29. The system of claim 28 wherein the program job information received by the

controller further comprises a weight capacity of the first under-accumulator to

control under-accumulation of the second portion of the advanced set of sheets.

30.  The system of claim 29 wherein the controller is operable to compare what
the weight of the single stack will be to the weight capacity of the first under-

accumulator to control under-accumulation of the second portion of the advanced

set of sheets.

31. The system of claim 17 further comprising an input/output device for

receiving information from and communicating information to an operator.

32. A system for forming a stack of under-accumulated sheets in an under-

accumulation process for mail processing, comprising:

(a) an advancing mechanism for advancing an unassembled set of sheets

to be assembled in a single stack in a predetermined sequence;

(b) a first under-accumulator for under-accumulating a first portion of the

advanced set of sheets in a first stack:

(c) a second under-accumulator for under-accumulating a second portion of
the advanced set of sheets in a second stack after the first portion has been under-

accumulated:

(d) a controller for receiving program job information for the unassembled

set of sheets during advancement of the unassembled set of sheets and prior to
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advancement of the unassembled set of sheets to a first set of sheets to a first
under-accumulator, and wherein the controller is also adapted for controlling
under-accumulation of the advanced sheets to under-accumulate the first portion
of the advanced sheets in the first stack in the first under-accumulator to a level
determined based upon the program job information and to under-accumulate the
second portion of the advanced sheets in the second stack in the second under-
accumulator, wherein the controlling is in response to a determination, prior to
under-accumulation in the first under-accumulator, that the first under-accumulator
IS not of a capacity to under-accumulate all of the sheets to be in the set, and
wherein the determination is based upon the program job information indicating a
weight capacity of the first under-accumulator and a weight of the sheets to be in

the set; and

(e) a stacking device operable to stack the first stack of sheets from the first
under-accumulator on the second stack of sheets from the second under-
accumulator to assemble the single stack of sheets wherein the last sheet in the
predetermined sequence is under-accumulated last in the second stack.

33. A program product, comprising at least one computer-readable medium
having stored thereon instructions, wherein execution of the instructions by at least
one programmable computer for controiling an accumulator system causes the
accumulator system to perform a sequence of steps for forming a stack of under-
accumulated sheets, the sequence of steps comprising:

(a) advancing an unassembled set of sheets to be assembled in a single
stack in a predetermined sequence;

(b) receiving program job information for the unassembled set of sheets
during advancement of the unassembled set of sheets and prior to advancement

of the unassembled set of sheets to a first set of sheets to a first under-

accumulator:

(c) determining whether a first under-accumulator is of a capacity to under-
accumulate all of the advanced set of sheets based upon the program job
iInformation and information regarding a capacity of the first under-accumulator:
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(d) under-accumulating a first portion of the advanced set of sheets in a first
stack in the first under-accumulator to a level determined based upon the program

job information;

(e) under-accumulating a second portion of the advanced set of sheets in a
second stack in a second under-accumulator wherein a last sheet in the

predetermined sequence Is under-accumulated last in the second stack; and

(f) stacking the first stack of sheets on the second stack of sheets to

assemble the single stack of sheets wherein the last sheet is on a bottom of the

single stack.

34. The program product of claim 33, wherein step (¢c) comprises determining
whether the first under-accumulator is of a capacity to under-accumulate all of the
sheets to be in the single stack based upon the program job information indicating

a weight of sheets to be in the single stack or a total number of sheets to be in the

single stack.

35. The program product of claim 34, wherein step (c) comprises determining
whether the first under-accumulator is of a capacity to under-accumulate all of the
sheets to be in the single stack based upon the program job information indicating

a comparison of the weight capacity of the first under-accumulator with the weight

of sheets to be in the single stack.

36. A method for forming a stack of under-accumulated sheets in an under-
accumulation process for mail processing, comprising:

(a) advancing an unassembled set of sheets for assembly to be assembled

In a single stack in a predetermined sequence;

(b) receiving program job information for the unassembled set of sheets
during advancement of the unassembled set of sheets and prior to advancement
of the unassembled set of sheets to a first set of sheets to a first under-

accumulator;
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(c) determining whether the unassembled set of sheets can be under-
accumulated in a first under-accumulator based upon the program job information

and information regarding a capacity of the first under-accumulator,

(d) under-accumulating a first portion of the advanced set of sheets in a first
stack in the first under-accumulator to a level determined based upon the program

job information;

(e) maintaining the first portion of sheets in the first stack until receiving

instructions to advance the first stack for stacking;

(f) under-accumulating a second portion of the advanced set of sheets in a
second stack in a second under-accumulator after under-accumulation of the first

stack wherein a last sheet in the predetermined sequence is under-accumulated

last in the second stack:

(g) maintaining the second portion of sheets in the second stack until

receiving instructions to advance the second stack for stacking; and

(h) stacking the first stack on the second stack to assemble a single stack of

sheets wherein the last sheet from the predetermined sequence is on a bottom of

the single stack.

37. A system for forming a stack of under-accumulated sheets in an under-

accumulation process for mail processing, comprising:

(a) an advancing mechanism for advancing an unassembled set of sheets

to be assembled in a single stack in a predetermined sequence,;

(b) a memory for storing program job information received for the

unassembled set of sheets during advancement of the unassembled set of sheets;

(c) a first under-accumulator for under-accumulating a first portion of the

advanced set of sheets in a first stack to a level determined based upon the
program job information and for maintaining the first portion of sheets in the first

stack until receiving instructions to advance the first stack for stacking;

(d) a second under-accumulator for under-accumulating a second portion of

the advanced set of sheets in a second stack after the first portion has been under-
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accumulated and for maintaining the second portion of sheets in the second stack
until receiving instructions to advance the second stack for stacking;

(e) a controller for receiving program job information for the unassembled
set of sheets during advancement of the unassembled set of sheets prior to
advancement of the unassembled set of sheets to a first set of sheets to a first
under-accumulator, and wherein the controller is also adapted for sending
instructions to the first and second under-accumulators, for determining whether
the advanced set of sheets can be under-accumulated in the first under-
accumulator based upon the program job information and information regarding a
capacity of the first under-accumulator, and for controlling when the first and
second under-accumulators advance the first and second stacks, respectively, for

stacking; and

(f) a stacking device operable to stack the first stack of sheets from the first
under-accumulator on the second stack of sheets from the second under-
accumulator to assemble the single stack of sheets wherein a lowermost sheet in
the single stack is a sheet which was advanced last in the predetermined

sequence prior to under-accumulation.
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