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Embodiments are directed to conveyor systems and methods which can accommodate negative gap between articles (e.g.,
cartons, packages, products, etc.) conveyed upon a sortation conveyor. Negative gap Is attained by placing articles side-by-side
upon a conveyor (as opposed to single file) so that the trailing edge of a leading article can lag behind the leading edge of a trailing
article in the movement direction. In one embodiment, a conveyor system comprises a main conveying line providing a conveying
surface configured to carry articles, a plurality of pusher elements associated with the main conveying line, a controller configured
to assign pusher elements to articles being conveyed and to determine whether two articles recelved can be placed next to one or
more of the same pusher elements In an overlapping relationship, can be placed to recelve contact from immediately adjacent
pusher elements, or should be spaced by one or more pusher elements.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02656652 2009-01-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
7 February 2008 (07.02.2008)

(51) International Patent Classification:
B65G 47/34 (2006.01) B65G 47/52 (2006.01)
B65G 43/00 (2006.01)

(21) International Application Number:
PCT/US2007/017059

(22) International Filing Date: 31 July 2007 (31.07.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/834,387 31 July 2006 (31.07.2006) US

(71) Applicants and

(72) Inventors: MOORE, John, D. [US/US]; 3434 Weaver
Road, Batavia, OH 45103 (US). HYSELL, Brian, D.
[US/US]; 8036 Mill Creek Circle, West Chester, OH 45069
(US).

(74) Agents: KUHNELL, Clayton et al.; DINSMORE &
SHOHL LLP, 1900 Chemed Center, 255 E. Fifth Street,
Cincinnati, OH 45202 (US).

(54) Title: CONVEYOR SYSTEMS AND METHODS

(10) International Publication Number

WO 2008/016576 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

(88) Date of publication of the international search report:
4 December 2008

10
TAKE-AWAY /4
NDUCTION POINT 151
13’ 26 25 13

D

K
= Qm ] | ]
.- }U\‘m— - A 1_|_5_

rﬁ@

8/016576 A3 01! A0 D000 A0 R L AR

—

17 2525
sWiTeH 197 SWITCH 19
ASSEMBLY ASSEMBLY 7
!t
— e — N 160

FIG. 5

(57) Abstract: Embodiments are directed to conveyor systems and methods which can accommodate negative gap between articles
(e.g., cartons, packages, products, etc.) conveyed upon a sortation conveyor. Negative gap is attained by placing articles side-by-side
upon a conveyor (as opposed to single file) so that the trailing edge of a leading article can lag behind the leading edge of a trailing

&= article in the movement direction. In one embodiment, a conveyor system comprises a main conveying line providing a conveying
&\ surface configured to carry articles, a plurality of pusher elements associated with the main conveying line, a controller configured

WO

elements, or should be spaced by one or more pusher elements.

to assign pusher elements to articles being conveyed and to determine whether two articles received can be placed next to one or
more of the same pusher elements in an overlapping relationship, can be placed to receive contact from immediately adjacent pusher
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CONVEYOR

STEMS AND METHODS

TECHNICAL FIELD

The present invention relates to conveyor systems and methods.

BACKGROUND

In conveyor systems for conveying and distributing articles, a senes of conveyed
articles are typically transported along moving conveying surfaces. Conventional conveyor
systems often include one or more sortation conveyors which divert selected articles from a

prtmary conveying path onto one or more secondary conveying paths.

Sortation conveyors often employ pusher elements which are mounted relative to the
conveying surface. Ofien, the pusher elements are mounted such that they may be selectively
moved across the conveying surface in order to eject an article from the pnmary conveying

path and onto a secondary conveying path. One particular sortation conveyor of this type 1s

referred to as a “shoe sorter,” wherein the pusher elements are termed "divert shoes.™

In a typical conventional shoe sorter, the primary conveying surface 1s provided by
multiple transverse tubes (rollers) or slats which form the conveying surface. Multiple pusher
elements are part of or supported by the conveying surface and are guided in a set position
along the length of the sorter during normal forward operation. The pusher elements can take
on many forms such as belted slats, pins, and molded blocks. Historically, the most prevalent
design is referred to as a shoe, although other designs are possible. Here after the term shoe

i
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and pusher element shall be used to include all conventional shoes, as well as other diverting
elements such as but not limited to slats, belts, rollers, etc.. To direct an article from the
primary conveying path onto a secondary conveying path, a switch mechamsm can be
engaged to cause an assigned set of pusher elements to slide across the conveying surface 1n a
diagonal direction. The diverted pusher elements engage and divert the article to the
secondary conveying path. Such shoe sorters often use guide tracks or guide surfaces which
direct the assigned set of shoes laterally across the conveying surtace, while shoes which are

not assigned continue to travel along the conveying surface in their set position

In conventional sortation conveyors, a control system ensures that the appropriate set
of pusher elements 1s assigned to each article, and that the assigned pusher elements are
directed across the primary conveying surface at the proper time (i.e., when an article needs
to be directed or pushed to a secondary conveying path rather than remain on the primary
conveying path). Sorter throughput depends on a variety of factors, particularly the speed of
the conveying surface and the size of the gap between adjacent articles being sorted. Higher
throughput means that more articles can be handled faster and that handling costs can be
reduced (e.g., because fewer distnnibution facilities may be required, less man-hours may be
required to operate machinery, etc.). If the size of the gap 1s small, it can be difficult for the
control system to not only assign the proper set of pusher elements, but also ensure that the
assigned set of pusher elements are diverted across the conveying surface at the proper time.
However, increasing the speed can introduce other problems such as increased maintenance
and decreased controllability. Accordingly, it 1s desired to provide methods and systems that
increase conveyor throughput for a given conveyor speed, while maintaining adequate

sortation accuracy and timing.

SUMMARY
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In accordance with one embodiment of the present invention, a conveyor system is
provided for selectively diverting articles from a primary conveying surface onto one of a
plurality of branch lines. The conveyor system includes a sortation conveyor which
comprises a driven primary conveying surface for supporting and transporting articles
thereon, one or more branch lines extending away from the primary conveying surface, a
plurality of pusher elements, and means for diverting said pusher elements across said
primary conveying surface. The pusher elements are mounted for movement with the
primary conveying surface for selective movement across the primary conveying surface so
as to selectively divert articles onto the branch lines. The conveyor system includes a control
system which is configured for selectively operating the means for diverting. The control
system is configured to assign two or more of the pusher elements to the article to be
diverted, and to selectively operate the means for diverting when the assigned pusher
elements are located ‘adjacent a predetermined branch line for the article to which the pusher
elements are assigned. The control system is configured to facilitate provision of adjacent
articles in an overlapping configuration upon the pnmary conveying surface and to ensure
proper diversion of articles from the primary conveying surface to any of a plurality of

secondary paths that happen to be assigned to the articles.

In accordance with another embodiment of the present invention, a method for
efficiently conveying articles comprises receiving an article, measuring the length of. the
article, and determining the destination of the article. Based upon the length and destination,
it is automatically determined whether the article should overlap with a preceding article
received. If it is determined that the article can overlap with the preceding article, the article
is automatically placed on a sortation conveyor on one side of the sortation conveyor adjacent

a second side of the sortation conveyor containing the preceding article and overlapping the
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preceding article such that a portion or all of the article is located along the side of a portion

or all of the preceding article.

In accordance with yet another embodiment of the present invention, a method for
assigning shoes to articles on a sorting conveyor comprises receiving the length of an article
to be conveyed and receiving the destination of the article. Based upon the destination and
length of the article and the destination and length of a preceding article, 1t 1s automatically
determined whether the article should be assigned pusher elements that will be adjacent the
side of the preceding article, or whether the article should be assigned pusher elements that
will be upstream from the preceding article with no additional pusher elements between the
article and the preceding article, or whether the article should be assigned pusher elements
that will be upstream from the preceding article with at least one additional pusher element

located between the article and the preceding article.

In accordance with still another embodiment of the present invention, a method for
assigning shoes to articles on a sorting conveyor further compnses placing the article and the
preceding article on a sortation conveyor along opposing sides of the sortation conveyor
based upon the determination, wherein the articles either overlap, are longitudinally adjacent,

or are longitudinally spaced based upon the determination.

In accordance with another embodiment of the present invention, a conveyor system
comprises a main conveying line providing a conveying surface configured to carry articles, a
plurality of pusher elements associated with the main conveying line, a controller configured
to assign pusher elements to articles being conveyed and to determine whether two articles
received can be placed next to one or more of the same pusher elements in an overlapping

relationship, can be placed to receive contact from immediately adjacent pusher elements, or

should be spaced by one or more pusher elements.
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In accordance with still another embodiment of the present invention, a conveyor
system includes a controller which is configured to make the determmination based upon the

length of the articles and the destinations for the articles.

In accordance with still another embodiment of the present invention, a conveyor
system further comprises an article placement mechanism configured to place the two articles

on the conveying surface according to the determination of the controller.

In accordance with still another embodiment of the present invention, a conveyor

system further compnses a track for guiding the pusher elements and a switch configured to
change the track to facilitate movement of the pusher clements to divert the article. A

controller can be configured to control the switch when it is desired to divert the article.

In accordance with a further aspect of the present invention, there is provided a conveyor
system for selectively diverting articles from a primary conveying surface onto one of a plurality of
branch lines, comprising a sortation conveyor comprising a driven primary conveying surface for
supporting and transporting articles thereon; two or more branch lines extending away from the
primary conveying surface; a plurality of pusher elements mounted for movement with the primary
conveying surface for selective movement across the primary conveying surface so as to selectively
divert said articles onto the branch lines; activating elements configured to divert said pusher elements
across said primary conveying surface; and a control system configured for selectively operating the
activating elements, wherein the control system is configured to assign one or more of the pusher
elements to the article to be diverted, and to selectively operate the activating elements when the
assigned pusher elements are located adjacent a predetermined branch line for the article to which the
pusher elements are assigned, wherein the control system is configured to facilitate transporting articles
in an at least partially laterally overlapping side-by-side configuration along the primary conveying
surface and to ensure proper diversion of said articles from the primary conveying surface to any of a
plurality of secondary paths assigned to the articles.

In accordance with a further aspect of the present tnvention, there is provided a method for
efficiently conveying articles comprising: measuring a width of the article; determining a destination of
the article; based upon the width and the destination, automatically determining whether the article
should overlap with a preceding article received; and if it is determined that the article can overlap with
the preceding article, automatically placing the article on a sortation conveyor on one side of the
sortation conveyor adjacent a second side of the sortation conveyor containing the preceding article

such that a portion of the article is located along the side of a portion of the preceding article and

overlaps the preceding article.
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In accordance with a further aspect of the present mmvention, there 1s provided a method for
assigning shoes to articles on a sorting conveyor, comprising: obtaining a length of an article to be
conveyed; obtaining a destination of the article; and based upon the destination and the length of the
article and the destination and the length of a preceding article, automatically determining whether a)
the article should be assigned pusher elements that will be adjacent the side of the preceding article, or
b) the article should be assigned pusher elements that will be upstream from the preceding article with
no additional pusher elements between the article and the preceding article, or ¢) the article should be
assigned pusher elements that will be upstream from the preceding article with at least one additional

pusher element located between the article and the preceding article.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description will be more fully understood in view of the

drawings in which:

F1G. 1 is a schematic top plan view depicting a conveyor system in accordance with

one embodiment of the present invention,;

FIG. 2 is a perspective view depicting portions of the conveyor system of FIG. 1,

F1G. 3 is a schematic top plan view depicting portions of the conveyor system of FIG.

F1G. 4 is a schematic illustration depicting a data array used by the control system of

a sortation conveyor in accordance with one embodiment of the present invention;

S5a
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FIG. 5 i1s a flow chart depicting the assignment of pusher elements to articles by the
control system of a sortation conveyor in accordance with one embodiment of the present

invention; and

FIG. 6 1s a schematic top plan view depicting articles present upon a sortation

conveyor in accordance with one embodiment of the present invention.

The embodiments set forth in the drawings are illustrative in nature and are not
intended to be limiting of the invention defined by the claims. Moreover, individual features

of the drawings and the invention will be more fully apparent and understood in view of the

detailed descnption.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Embodiments ‘are directed to conveyor systems and methods which depart from
conventional single-file conveyance of articles, and which can accommodate negative gap
between articles (e.g., cartons, packages, products, etc.) conveyed upon a sortation conveyor.
Negative gap is attained by placing articles side-by-side upon a conveyor (as opposed to
single file) so that the trailing edge of a leading article can lag behind the leading edge of a
trailing article in the movement direction. By providing negative gap between articles, article

throughput on a sortation conveyor may be increased for a given conveying speed.

A conveyor system in accordance with one embodiment of the present invention can
include, 1in addition to a sortation conveyor, one or more additional conveyor components
provided upstream and/or downstream of the sortation conveyor. Additional components
located upstream of the sortation conveyor can receive and position articles for passage along
to the sortation conveyor in a predetermined manner, as discussed in further detail below.
For example, as shown in FIG. 1, a conveyor system includes an induction conveyor 212

which receives and delivers a series of articles for eventual passage to a sortation conveyor
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10. The induction conveyor 212 can include rollers, belts, and/or any of a variety of other

devices or mechanisms operative to facilitate conveyance of articles.

The induction conveyor 212 1s configured to dispense articles onto a first endless belt
214 of a gap optimizer 213. The articles can arrive onto the first endless belt 214 1n a
generally straight line, all aligned against one side (e.g., the right side), and with a small gap
between the articles. The articles then travel from the first endless belt 214 to a second
endless belt 218 of the gap optimizer 213 by crossing an interface 216. The endless belts 214
and 218 are driven by a common motor, but are driven at different gear reductions so that the
second endless belt 218 runs faster than the first endless belt 214. As a result of this speed
difference, the length of the gap between adjacent articles i1s changed when the articles pass
over the interface 216. By adjusting the speed of the motor, it will be appreciated that the
length of the gap provided between adjacent articles can be variably adjusted. The speed of
the motor can be adjusted on an article-by-article basis by a controller (e.g., 160 shown in
F1G. 3) in order that the gap between any two adjacent articles can be optimally provided.
The motor can comprise a servo motor, induction motor, or other type of motor, and can
operate in an open or closed loop control arrangement (e.g., with or without an encoder). It
will be appreciated that a conveyor system in accordance with the teachings of the present

invention can include a gap optimizer having any of a variety of alternative configurations.

Upon leaving the second endless belt 218 of the gap optimizer 213, the articles
progress onto a shift conveyor 220. During use, the shift conveyor 220 moves at a constant
speed. In one embodiment, the shift conveyor 220 can be driven by a motor under control of
a variable speed motor controller. In some circumstances, the motor controller might receive
and follow a speed setpoint from the sortation conveyor 10. Because the shift conveyor 220

typically has a speed different than the second endless belt 218, the gap between adjacent
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articles will change (e.g., be increased) once the articles move from the second endless belt
218 and onto the shift conveyor 220. In one embodiment of the present invention, each of the
articles is justified on one side (e.g., to the right side) upon entrance to the shift conveyor
220. However, the shift conveyor 220 includes shding elements (e.g., 222) upon which the
entering articles rest. Selected articles are moved by the sliding elements (e.g., 222) to the
other side (e.g., the left side) of the shift conveyor 220, while the remaining articles remain as
mitially justified (e.g., on the nght éide). The shift conveyor 220 can be provided 1n any ot a
variety of alternative configurations. In one particular embodiment of the present invention,
the shift conveyor 220 can be configured similarly to the sortation conveyor 10 descnbed
below, except that its sliding elements (e.g., 222) can be substantially flat so as to effectively
underlie an article (as opposed to the pusher elements 25 of the sortation conveyor 10 which
have a vertically-oriented pushing face). Of course, the shiding shoes of a shift conveyor 1n
accordance one embodiment of the present invention can have any of a vanety of shapes and
configurations which are suitable to facilitate selective movement of the sliding shoes and
selected articles, and other mechanisms can be used to shift articles from one side of the

conveyor to the other.

In operation, some articles leave the shift conveyor 220 justified to one side (e.g., the
right side), while other articles leave justified to the other side (e.g., the left side), thereby
resulting in two rows of articles leaving the shift conveyor 220. These two rows of articles
then move onto another induction conveyor 151. The induction conveyor 151 also operates
at a constant speed, which is typically slower than the constant speed of the shift conveyor
220. As a result, in such a configuration, the gap b.etween adjacent articles can lessen 1n the
movement (conveying) direction when the articles move from the shift conveyor 220 to the

induction conveyor 151. The gap between adjacent articles thereby can be reduced to a
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distance shorter than a single pusher element, and can even be negative (1.e., when articles on

the left and nght sides of the apron overlap).

The articles then move from the induction conveyor 151 onto the éortation conveyor
10. The sortation conveyor 10 operates at a constant speed. The speed of the sortation
conveyor 10 might be the same as or less than the speed of the induction conveyor 151.
Accordingly, by the time the articles enter the sortation con\/eyor 10, the articles are
relatively closely spaced (and can even overlap), and resultantly occupy the sortation

conveyor in a relatively dense configuration (e.g., see FIG. 6).

The sortation conveyor 10 includes a main conveying line 12 along which articles are
transported in a forward direction. The prnimary conveying surface or apron 20 of the main
conveying line 12 may be provided by tubes (rollers) or slats extending transverse to the
direction of travel of articles moving on the apron 20. Of course, other types of aprons may
be employed. The sortation conveyor 10 provides selective diversion of the articles as
desired onto branch conveying lines (e.g., 15 and 15" in FIG. 3) positioned at strategic points
along the sides of the main conveying line 12. The main conveying line 12 may include a

frame 11 which supports the apron 20.

The apron 20 may support a plurality of pusher elements (e.g., divert shoes, belts,
etc.) that are mounted to allow for lateral shifting of articles across the apron 20 (e.g.,
transverse to the primary conveying direction). For example, the pusher elements may
generally travel with the apron 20 in the pnmary conveying direction along either of
opposing sides of the apron 20 when the sortation conveyor 1s operating in a straight-through
mode (i.e., the article is moving forwardly for later downstream handling). Alternatively, as

will be described in more detail below, the pusher elements may be selectively diverted to
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slide across the apron 20 in a diagonal path in the divert mode to engage and direct articles

onto a branch conveying line (e.g., onto a takeaway conveyor).

Guide tracks or surfaces may be mounted to the frame beneath the conveying surface
to engage a guide member extending from each pusher element so as to guide the pusher
elements in either the forward direction when in straight-through mode or, alternatively,
diagonally across the apron 20 when in the divert mode. 1n order to initiate the divert mode,
a divert switch system may be provided at a pre-selected position along the sortation
conveyor 10 (i.e., at a divert station associated with one of the branch lines). The divert
switch system intercepts the pusher elements when actuated and directs them toward the
predetermined diagonal path necessary to direct an article to the selected takeaway conveyor.
A control system is used to determine which pusher elements should be diverted at each

divert station in order to direct each article onto the proper branch line.

FIGS. 1-3 depict the sortation conveyor 10 according to one particular embodiment of
the present invention. The sortation conveyor 10 includes the frame generally designated as
11 which defines the main conveying line 12. Branch outlets 13 and 13' connect with branch
lines 15 and 15, respectively. An apron 20 1s supported for drniven movement on the frame
11 and defines the pnmary conveying surface which moves from right to left in FIG. 3. In
the embodiment shown in FIG. 2, the apron 20 comprnises a pair of roller chains, and multiple
parallel cross tubes 22 carried by the chains in spaced relation with each other lengthwise of
the apron 20 so that the uppermost portions of these tubes 22 define a discontinuous surface
in a horizontal plane on which articles are supported and conveyed. Of course, the apron 20
may be provided by any of a variety of other structures known to those skilled in the art, such

as a plurality of interconnected slats in place of the cross tubes 22 (as described, for example,

10
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in U.S. Patent No. 5,217,105). It also will

be understood that any number of branch outlets and branch lines can be provided, as desired.

The sortation conveyor 10 i1s configured to receive a senes of articles (e.g., cartons)
and to selectively direct the articles to one or more locations. In the sortation conveyor
shown 1n FIGS. 1-3, articles delivered by induction conveyor 15} travel along the main
conveying line 12 (i.e., on apron 20) and are selectively diverted onto one of the branch lines
15 and 15°. Not all of the articles need be diverted, as some may continue on downstream of
the sortation conveyor 10. A takeaway conveyor may aiso be provided on each branch line
(e.g., a moving belt, driven rollers, etc.) in order to transport diverted articles along the

branch hne, away from the main conveying hine.

Articles may be selectively diverted from the main conveying line 12 onto one of the
branch lines (e.g., 15 and 15') using pusher elements (e.g., 25) which are sclectively moved
across the apron 20 at divert stations (17 and 17') Jocated adjacent to each of the branch
outlets (e.g., 13 and 13'). In one embodiment, each pusher element (also sometimes referred
to as a shoe or divert shoe) is mounted for shiding movement on each pair of adjacent cross
tubes 22, as shown in FIG. 2 and as further described in U.S. Patent No. 4,884,677 ("the '677
patent "), In embodiments using slats instead of
Cross tubes, éach pusher element may be mounted for shding movement on one or more of
the slats. Other designs are also possible. For example, the shoes or pusher elements may
comprise belt and/or follower elements of a linear belt sorter, such as of the type described in

U.S. Patent Nos. 6,669,001 and 6,854,584 and Canadian Patent No. 2,448,133,

During operation, the pusher elements are retained along either the right-hand or left-

hand side of the apron '20, as seen in FIG. 2, and travel with the cross tubes or slat(s) on

11
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which each i1s mounted. When an article traveling on the apron 20 approaches a position (1r.e.,
a divert station) which is opposite the branch outlet through which it 1s to be diverted, the
pusher elements traveling on the apron 20 beside that article are diverted such that they move
across the apron 20 in such timed relation that they push the article through the branch outlet
and onto the branch conveyor line. Each diverted pusher element slides along the cross tubes

or slat(s) upon which it 1s mounted.

The pusher elements may be provided in any of a variety of shapes and configurations
which allow the pusher elements and selected articles to be selectively pushed across the
apron 20. In one embodiment, and as further described and depicted 1n the 677 patent, each
of the pusher elements may include a guide pin (33 in FIG. 9 of the '677 patent) which
extends downwardly away from the bottom surface of the pusher element. The guide pin
may be centered with respect to the pusher element, and may carry a bearing (35 1in FIG. 9 of

the '677 patent) positioned immediately below the bottom surface of the pusher element.

As previously noted, each of the pusher elements can be retained along the nght-hand
or left-hand side of the apron 20. This may be accomplished, for example, through use of a
channel shaped guide (60 in FIGS. 2 and 4 of the '677 patent) which is proportioned to
slidably receive the end of each guide pin. A similar pin guide channel (62 in Fig. 2 of the

'677 patent) is provided along the left-hand side of the apron.

At each divert station (17 and 17'), a switch assembly may be pfovided, as well as at
least one guide member (or guide channel) for directing diverted pusher elements laterally
across the conveying surface. For example, an angle member (127 in FIG. 2 of the '677
patent) may be provided beneath the apron 20 and extend at an angle with respect to the
direction of travel of the apron 20. When activated, the switch assembly diverts pusher

elements away from the guide channel in which the guide pin of the pusher element is

12
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traveling. For example, if the pusher elements are moving toward a divert station along the
right-hand side of the apron 20 (e.g., F1G. 1), the switch assembly selectively diverts pusher
elements to the left such that, for example, the bearning on each respective guide pin contacts
the angle member (as further described in the '677 patent). As a diverted pusher element
continues to move forward with the apron 20, the beanng of the diverted pusher element will
continue to travel along the angle member. This results in the diverted pusher element
moving to the left along the slat(s) or rollers on which it sits until the pusher element reaches
the left-hand side of the apron 20. By way of example, the guide pin of the pusher element
may enter a second pin guide channel provided along the left-hand side of the apron (as

described 1n the '677 patent).

As long as the switch mechanism remains activated, successive pusher elements are
diverted in the same manner such that a line of pusher elements extends diagonally across the
apron 20. An article located on the apron 20 adjacent such diverted pusher elements will thus
be diverted into the branch outlet at the divert station. This method of article diversion may

also be performed in a similar manner for nght-hand diverting.

As best seen in FIG. 3, diverted articles might also rotate as they are diverted. This
can occur because, as the diverted pusher elements travel across the apron 20, a downstream
pusher element will typically be located further to the left than the adjacent upstream pusher
element. As the apron 20 rotates underneath and back towards the upstream end of the
sortation conveyor 10, pusher elements that were diverted are returned to the opposite side of
the apron 20 in order that such pusher elements are available to repeat the sortation process.
While the sortation conveyor 10 is herein described in connection with a shoe sorter of the
type shown and described in the '677 patent, the systems and methods descrnibed herein may

be used in conjunction with other types of sortation conveyors.
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The operation of the sortation conveyor 10 1s automated in that destination
information for each article may be read (e.g., by a bar code or RFID scanner) upstream of
the sortation conveyor 10, and a controller (160 in F1G. 3) uses the destination information to
divert each article onto the appropnate branch line. For each article which i1s to be diverted,
the controller 160 assigns pusher elements to that article. The controller 160 then actuates the
switch assembly of the appropriate divert station when the first of the assigned pusher
elements reaches the divert station adjacent the branch line onto which the associated article
is to be diverted. In one embodiment, the controller 160 controls the firing (i.e., activating)
of the diverter switch mechanisms 1in order to direct articles to the appropnate branch

conveyor line.

The controller 160 may be provided in a vanety of forms, and processes signals
provided by one or more devices (such as photosensors, scanners, readers, sensors, €tc.), In
accordance with one or more sets of instructions, and outputs signals which direct the
operation of the conveyor system. By way of example, the controller 160 may comprnise any
device (or combination of devices) which i1s capable of processing data in accordance with
one or more sets of instructions. For example, the controller 160 may include a processor
(e.g., a CPU), as well as memory which, among other things, stores data and instructions (1.e.,
software). Examples include a personal computer, general purpose computer, workstation,
server, mainframe, embedded system, microprocessor, programmable logic controller (PLC),
discrete logic system, and the like (including combinations of two or more of the foregoing).
The controller 160 processes data which it receives (e.g., from a photosensor 161) in order to
generate signals for use in actuating the switch assemblies at the proper time n order to

properly divert articles onto the approprniate branch line.
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In the embodiment shown, a local control module (19 and 19" in FIG. 2) 1s provided at
each divert station. Each local control module 19 and 19' may comprise a controller of the
type described above with respect to the controller (e.g., a processor and memory). In the
embodiment shown, however, the local control modules 19 and 19’ merely ensure that the
divert switch at that station is fired (i.e., actuated) between the guide pins of adjacent pusher
elements, as further described herein. The local control modules 19 and 19' play no other role
in the control system of the sortation conveyor embodiment shown in FIGS. 1-3. The
controller 160 may alternatively be provided in direct communication with the switch
assemblies at each divert station such that local control modules are not needed. In such
embodiments, the controller 160 determines when each switch assembly is actuated and

disabled in order to properly divert pusher elements and articles.

Articles (e.g., cartons) proceed toward the sortation conveyor 10 along the induction
conveyor 151. Some articles can be arranged in a single file line along the induction
conveyor 151 such that a gap may or may not be provided between adjacent articles in the
movement direction, as shown in FIGS. 1-3. However, other articles can be arranged in two
parallel lines extending along the induction conveyor 151 (e.g., as shown with respect to the
sortation conveyor 10 in FIG. 6) such that a gap may or may not be provided between
adjacent articles in the movement direction and/or in the direction transverse to the
movement direction. Gaps between respective articles may be the same or differ.
Embodiments of the present invention allow the gaps in the movement direction to be shorter
than what was previously possible. In fact, the gap between adjacent articles in the
movement direction may be shorter than the width of a single pusher element. As used
herein, the width of a pusher element refers to the center-to-center distance ot adjacent pusher
elements, and therefore includes the small gap present between adjacent pusher elements. In

certain circumstances, the gap may even be negative, as described further below, such as
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when articles are placed side-by-side in a parallel row configuration (e.g., as shown 1n FIG.

6).

The control system 1s configured to assign a sufficient number of pusher elements to
an article to facilitate proper diverting of that article, while also ensunng that the pusher
elements, when diverted across the apron 20 at the proper divert station, will not contact a
trailing article which is not supposed to be diverted at that divert station. In this manner,
throughput may be increased without increasing sorter speed (1.e., the speed of the apron 20).
It should be pointed out, however, that the rotation of articles as they are diverted (see, e.g,,
FI1G. 2) can act as a limit on how small the gap in the movement direction between adjacent

articles can be.

Destination information for articles delivered to the sortation conveyor 10 (e.g., by
induction conveyor 151) may be provided to the controller 160 in any of a vanety of different
manners. For example, destination data (i.e., which branch line, if any, a particular article is
to be diverted onto) may be manually input into the controller 160 or can altematively be
input as a data set (e.g., a prewntten data file). Alternatively, in the embodiment shown, a
destination detecting device 155 (FIG. 3) in communication with the controller 160 may be
provided, such as adjacent the induction conveyor 151. By way of example, the destination
detecting device 155 may comprise an optical scanner (e.g., a bar code reader) which scans a
portion of each article for a tag or label affixed to the article (e.g., including a bar code) as
each article passes by the scanner. Alternatively, the destination detecting device may
comprise a reader which detects identifying information associated with each article. Such a
reader may comprise, for example, an RFID reader which acquires data from an RFID tag
(active or passive) associated with (e.g., within, upon or attached to) each article. The

signal(s) provided by the destination detecting device to the controlier 160 may represent not
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only destination data for each article inducted onto the apron 20 of the sortation conveyor 10,
but also other data conceming an article (e.g., article dimensions and/or weight). The
destination data for an article indicates which branch conveyor line, if any, each article 1s to

be diverted onto.

A sensor, such as a photosensor 161, may also be provided at a predetermined point
upstream of, or along the apron 20 of, the sortation conveyor 10. In one embodiment , the
photosensor 161 can be located adjacent to the induction conveyor 212 and/or by the first
endless belt 214 of the gap optimizer 213. In another embodiment, the photosensor 161 can
be located immediately upstream of the sortation conveyor 10, adjacent the induction
conveyor 151. The photosensor 161 is in communication with the controller 161 and detects
the leading and trailing edges of each article passing by the photosensor 161. As discussed
further herein, additional photosensors 28 and 28' may also be provided at or adjacent to the
switch assembly of each divert station in order to, for example, detect passage of the beanng
on the guide pin of each pusher element which passes by. Of course, other types of sensing
devices may be used to sense the leading and trailing edges of articles and the passage of
pusher elements (or portions thereof, such as the guide pins or guide pin beanings). In certain
embodiments, the destination detecting device 155 and the photosensor 161 can be combined

into a single device which provides signals to the controller 160.°

The controller 160 uses the signals from the destination detecting device 155 and the
article sensor 161 in order to effect actuation of the divert switch mechanisms at the proper
time, in accordance with stored instructions (e.g., software). The control system software
takes into account the gap between adjacent articles and whether or not adjacent articles arc

being diverted to the same branch conveyor line.
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As descnibed 1n more detail below, the controller 160 tracks articles as they move
through the sortation conveyor 10. When an article armves at the divert station associated
with the branch line onto which that article 1s supposed to be diverted, the controller 160 can
send an "enable” signal to the local control module (e.g., 19 and 19') of that divert station. In
response, the local control module actuates the switch mechanism. In one  embodiment,
however, the switch mechanism i1s not necessarily actuated immediately upon receipt of the
enable signal from the controller 160. Rather, the local control module (19 and 19") actuates
the switch mechanism so as to ensure that the switch is actuated between guide pms of
respective pusher elements. For example, photosensors 28 and 28' may be positioned so that
they are able to detect the passing of each guide pin, particularly the bearing on each guide
pin. In one embodiment, photosensors 28 and 28' may be positioned beneath or adjacent the
- apron 20 so that they are able to detect the passing of the guide pin bearing on each pusher
element. Photosensors 28 and 28' may be provided in communication with local control
modules 19 and 19', respectively, as well as the controller 160. Photosensors 28 and 28’ may
simply provide a signal which indicates whether or not the photosensor is blocked by a guide

pin beaning (e.g., an ON signal when blocked and an OFF signal when not blocked, or vice

versa).

The local control module uses the signal trom divert station photosensor 28 to
determine when to actuate the switch mechanism following receipt of an enable signal from
the controller 160 so that the switch 1s only fired between guide pins. The manner 1in which
this 1s done may depend, for example, on the location of the photosensors 28 and 28’ with
respect to the switch mechanism of the associated divert station, as well as the speed of the
conveying surface. For example, once the local control module (19 or 19') has received the

enable signal from the controller 160, the local control module may actuate the switch

mechanism on the next triggering edge of a bearing. The tnggenng edge may simply
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correspond to the moment that the photosensor signal changes state - from OFF to ON, or
from ON to OFF. Thus, depending on the speed of the sortation conveyor and the location of
the photosensor, the local control module, after receiving the enable signal from the
controller 160, may actuate the switch upon receipt of an OFF or an ON signal from the
associated photosensor 28. In this manner, the local control module ensures that the switch 1s

actuated between the guide pins on adjacent pusher elements.

Following switch actuation, the switch remains open for a period of time so that the
appropriate number of pusher elements are diverted for the article being directed onto the
branch line. In one embodiment, at least two pusher elements are diverted for each article.
With or shortly after the enable signal, the controller 160 may send a signal to the local
control module indicating how many pusher elements are to be diverted. The local control
module may then count how many guide pin bearings have passed based upon signals
received from the photosensor 28. Once the appropnate number of guide pin beanings have
been detected, the local control module closes (i.e., disables) the switch mechanism, thereby
preventing subsequent pusher elements from being diverted. In this manner, the article 1s

properly diverted onto the branch line by the movement of the series of pusher elements

across the apron 20.

Altematively, the controller 160 may receive signals from the local photosensors (28
and 28') and count the number of pusher elements following switch actuation. After the
appropriate number of pusher elements (i.e., guide pin bearings) have been detected, the
controller 160 may disable (i.e., close) the switch, either directly or by sending a signal to the
local control module. In fact, in some embodiments, the local control modules may be

eliminated entirely and the controller 160 can control actuation and disablement of the switch

mechanisms.
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The number of pusher elements diverted for any given article shall be suthcient to
complete the operation of pushing the article through the appropriate branch outlet. This may
be accomplished by "assigning" pusher elements to each article to be diverted. Then, when
the first assigned pusher element reaches the divert station for that article, the switch at that
divert station i1s actuated. In one embodiment, the first pusher element which, 1f diverted,
would contact the front edge of the article 1s assigned to that article and 1s identified as the
"lead pusher element” or "lead shoe" - i.e., the first pusher element which is diverted for a
given article. All of the pusher elements following the lead pusher element which, it
diverted, would contact the article, can also be assigned to that article. The pusher elements
assigned for a given article can also include the last pusher element which, 1f diverted, would
contact the article, as well as a predetermined number of trailing pusher elements following
that last pusher element. These trailing pusher elements (e.g., one, two, three, or perhaps
more) can be included in the series of pusher elements which are diverted tor a given article,
even though these trailing pusher elements normally will not actually contact the article as
they move across the apron. One purpose of the traihng pusher elements 1s to ensure that an
article does not spin off of the pusher elements while being diverted. However, as further
discussed herein, a control system in accordance with one embodiment of the present
invention can be configured to cancel one or more of the trailing pusher elements, or even the
last pusher element which will contact an article if diverted, if it 1s determined by the
controller that those trailing pusher elements (or even the last article-contacting pusher

element) will contact the upstream article 1f diverted.

The controller 160 is responsible for-"assigning” pusher elements to each article. The
assigned pusher elements are those which are to be diverted at the appropriate divert station
in order to push the article onto the proper branch conveyor line. However, the controller 160

does not assign any type of identifier (e.g., a number or other identifier) to individual pusher
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elements. Instead, the controller 160 simply assigns pusher elements to an article and then
monitors the travel of the assigned pusher elements as they progress along the length ot the
sortation conveyor. At the moment the controller 160 determines that the lead pusher
element assigned to an article armives (or is about to arrive) at the divert station for that

article, the enable signal 1s sent to the local control module of that divert station.

In one embodiment, pusher elements may be "assigned” to each article in the
following manner. The distance from each divert station, particularly the switch mechanism
thereof, to the induction point (see F1G. 2) 1s measured as a multiple of the width of each
pusher element. For example, the distance from the induction point (i1.e., where the induction
conveyor 151 meets the conveying surface 20 of the sortation conveyor 10) to the switch
mechanism of the first divert station 17 might be the width of four pusher elements, and the
distance to the switch mechanism of the second divert station 17' might be the width of nine
- pusher elements. By measurning distances 1n this manner, pusher elements may be "assigned”

to articles without the need for uniquely identifying each individual pusher element.

In particular, the software associated with the controller 160 can establish a data array
which tracks the location of pusher elements as they move through the sortation conveyor.
This data array may generally compnise two rows of cells. The number of columns will

depend on the length of the sortation conveyor, and particularly the distance from the

induction point to the last divert station.

As shown in FIG. 4, which 1s a simplitied illustration of this data array, one row of the
data array (in the depicted example, the bottom row) simply comprises a sequential series of
integers which correspond to locations along the length of the apron 20. For example, the

first divert station 1s arbitranly identified as 50. Each cell in the lower row of the data array

1s also defined to have a width equal to the width of each pusher element (the center-to-center
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distance between adjacent pusher elements). Thus, in the example wherein the switch
mechanism of the first divert station is located a distance of four pusher elements from the
induction point, the induction point corresponds to the cell containing numeral 46 in the data
array. Similarly, the switch mechanism of the second divert station corresponds to numeral
55 n the bottom row of the data array. The upper row ;)f cells in the data array generally
correspond to pusher elements as they travel the length of the apron 20 of the sortation
conveyor 10. As the sortation conveyor 10 is operating and the pusher elements travel the
length of the apron 20, the position of particular pusher elements move from night to left in
the sample data array of FIG. 4. Since the number of columns in the data array 1s dependent
on the length of the sortation conveyor (which 1s less than the total number of pusher
elements multiplied by the width of a pusher element), typically less than half of all pusher

elements will be represented by a cell in the upper row of the data array at any given ime.

In order to simplify the description of the process of assigning pusher e.lements to
individual articles, the photosensor 161 in one embodiment 1s located at the induction point..
However, the photosensor could be located at any point upstream of the first divert station.
At time T1, the leading edge of article B is detected by the photosensor 161 and the divert
location for article B was previously (or contemporaneously) determined by the destination

detecting device 155 or some other device and is provided to the controller 160.

As shown in FIG. 3, when the leading edge of article B is detected, the cell in the data
array located immediately above numeral 46 (corresponding to the induction point) 1s
identified as being assigned to article B (e.g., by placing some form of article identifier 1n the
cell of the data array). Since the cells in the upper row of the data array generally correspond

to the location of a portion of the pusher elements, the cell above numeral 46 which is

assigned to article B corresponds to the first pusher element which would contact the front (or
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leading) edge of article B if that pusher element is diverted. If the divert location for article B
is not the same as the divert location for the previous (i.e., downstream) article A, the cell
located above numeral 46 in the data array 1s not assignea to article B if that cell has
previously been identified as one that would contact the previous/downstream article A 1f that
pusher element is diverted (as further descnibed below). The first cell assigned to article B is
also identified with a lead edge flag in that cell, indicating that the pusher element
represented by this cell at time T1 will not only contact article B if diverted, but also is the

first pusher element assigned to article B.

Over time, the information in the cells of the upper row of the data array will move
from right to left in the data array. In other words, at time T2, the information which was n
the cell located above numeral 50 in the data array at time T1 will be in the cell located above
numeral S1 in the data array at time T2. Each time interval may correspond to the amount of |
time it takes each pusher element to advance the width of one pusher element. However, 1n
one embodiment, rather than establishing a time interval based on a measured or
predetermined speed of the conveying surface, the controller 160 may use the signal from the
photosensor 28 at the first divert station 17 to control the shifting of data in the upper row of
cells in the data array. In particular, the information stored in the upper row of cells will shift
one cell to the left each time the photosensor 28 detects, for example, the leading edge of a
guide pin bearing. As the photosensor 28 is located at the first divert station and thus pnor to
diversion of any pusher elements, the photosensor 28 is capable of detecting the passage of
every pusher element. In the embodiment shown, downstream photosensors (e.g., 28') will
not detect the passage of guide pin bearnings on pusher elements which were diverted to the

opposite side of the apron 20 at an upstream divert station.
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Following assignment of the lead edge cell for article B at ttime T1, at each subsequent

time interval T2, T3, etc. (as measured by the detection of subsequent pusher elements by the

photosensor 28), the cell located above numeral 46 will be assigned to article B until the
trailing edge of article B is detected by the photosensor 161. When the trailing (or rear) edge
of article B is detected, the cell immediately above numeral 46 in the data array 1s not only
assigned to article B, but also includes a trailing edge flag. This trailing edge flag indicates
that this cell corresponds to the last pusher element which, i1f diverted, will contact article B.
One or more trailing cells may also be assigned to articie B in order to help prevent article B
from spinning off of the pusher elements when diverted. In the example shown in FIG. 4, the
control system automatically assigns two trailing cells to each article (although any number
of trailing cells may be assigned). Thus, at time T5 {four time intervals after T1), 1t 1s seen

that five cells are assigned to article B, one of which includes a lead edge flag, and one of

which includes a trailing edge flag.

If article B is designated to be diverted at the first divert station (i.e., corresponding to
numeral 50 1n the lower row of the data. array), as soon as the data array 1s updated such that
the identifier for article B is in the cell immediately above numeral 50, the controller 160 will
send the enable command to the local control module 19 at the first divert station 17.
Similarly, once the cell immediately above numeral 50 in the data array no longer includes an
identifier for an article to be diverted at the first divert station (time T9 in the example of

FI1G. 4), the controller 160 will disable the switch mechanism at the first divert station 17.

As also shown in FIG. 4, when the next article C armves at the induction point (T)5),
the cell assignment process is repeated. In this instance, when the front edge of article C 1s
identified, the cell located above numeral 46 in the data array at that time 1s already assigned

to article B. If that cell were not only assigned to article B, but also included a trailing edge
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flag, the pusher element corresponding to that cell, 1t diverted, would contact both articlies B
and C. In such instance, the control system will deem this cell to be ““dead” and no article
identifier would be inserted into that cell in the data array (1.e., the 1dentifier for article B

would be removed).

In the example shown, however, the cell above numeral 46 at time TS5 when the
leading edge of article C i1s detected is merely identified as a trailing pusher element for
article B (since a trailing edge flag 1s not present). In this instance, the identifier in the cell
above numeral 46 is changed from article B to article C, and a leading edge flag 1s inserted.

Thus, at time T7, the cell above numeral 48 in the data array is identified to article C, rather

than article B, and includes a lead edge flag.

During time interval T8, the photosensor 161 1s shown to have detected not only the
-trailing edge of article C, but also the leading edge of article D. This situation can occur
because the control system can allow for gaps between articles which are less than the width
of a single pusher element. If articles C and D are to be diverted at the same divert station,
and onto the same branch line, the cell immediately above numeral 46 in the data array 1s
simply reassigned to article D-and is identified with the lead edge flag. On the other hand, if
articles C and D are not supposed to be diverted at the same divert station, the cell located
above numeral 46 in the data array will be designated as “dead,” and will include neither an
identifier for article C nor an identifier for article D. The next upstream cell (i.e., the cell
above numeral 45 1in the data array) is then assigned to article D and includes a lead edge
flag. A flow chart is provided in FIG. 5 descnbing the process of assigning cells to pusher

elements (which are therein referred to as "shoes").

As the take-away conveyors of the branch conveyor lines (15 and 15') may travel at a

slower rate than the conveying surface 20 of the sortation conveyor 10, a branch conveyor
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line (e.g., 15 or 15" in FIG. 3) may sometimes become backed up 1if too many articles are
diverted onto that branch conveyor line. As such, a conveyor system in accordance with one
embodiment of the present invention may be configured to ensure that the branch conveyor
lines do not become overloaded with diverted articles. 1f an overload condition is detected,
the controller 160 can ensure that additional articles are not diverted to that branch conveyor

hine until the overload condition ts resolved.

Many of the foregoing examples describe and depict operation of a conveyor system
in accordance with the teachings of the present invention in which transported articles enter
the sortation conveyor 10 in a single file line. However, as previously indicated, 1t will be
appreciated that a conveyor system in accordance with the teachings of the present invention
can accommodate two parallel rows of articles present in a side-by-side configuration upon
the sortation conveyor 10. In order to facilitate this functionality, and through use of the gap -
optimizer (213 in FIG. 1) and the shift conveyor (220 in FIG. 1), the conveyor system 1is
configured to optimally position articles so that they enter the sortation conveyor 10 1n a

predetermined arrangement.

This predetermined arrangement can be determined by the controller 160 based upon
the dimensions and intended destination of the articles to be sorted by the sortation conveyor
10. The intended destination of the articles to be sorted can be determined by the controller
160 through analysis of data received from the destination detecting device 155 as descnbed
above and which may be located in any of a vanety of locations along the conveyor system.
In one particular embodiment, the destination detecting device 155 can be located adjacent to
the induction conveyor 212 and/or the first endless belt 214 of the gap optimmzer 213.
Dimensions of an article can be determined in any of a vanety of manners. For example,

through receipt of data from sensors (e.g., photosensors, light curtains, or Doppler sensors),
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the controller 160 can determine the dimensions of an article in both the direction of
movement of the article along the conveyor system as well as 1n the direction transverse to
the direction of movement. In one particular embodiment, these sensors can be located
adjacent to the induction conveyor 212 and/or any conveyor downstream thereof. In another
embodiment, one or more dimensions of an article can be determined by the controller 160
from data received from the destination detecting device 155. For example, the controller
160 might obtain data from the destination detecting device 155 corresponding to a bar code
present upon an article, wherein that data can indicate the dimensions of the article. Other
sensors can measure the length ot the article in the movement direction upon the conveyor

system, and the control system 160 can then determine or approximate the other dimensions

of the article.

Once the dimensions and destination for a particular article are determined by the
controller 160, the controller 160 can control the operation of the gap optimizer 213 and the
shift conveyor 220 so that the article 1s positioned 1n a predetermined location relative to
other articles for passage onto the sortation conveyor 10. In certain circumstances, this
predetermined position might result in placement of an article alongside (as opposed to in a
single-file line) another article upon the sortation conveyor 10. The controller 160 can
strategically determine the placement of articles in a side-by-side arrangement so that articles
can be diverted at the required locations without interfering with other articles present upon
the sortation conveyor 10 and which have not already been diverted. This can be achieved by
assigning some pusher elements to an article on one side of the sortation conveyor, and then
assigning the remaining pusher elements to an article on the other side of the sortation
conveyor which is partially adjacent to and overlapping with (but not completely coextensive

with) the first article.
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FIG. 6 provides one embodiment of how articies might be arranged upon a moving
apron 20 of a sortation conveyor 10. The articles are shown to include articles 301, 302, 303,
304, 305, 307, 309, and 310. The articles 301, 302, 304, and 305 are shown to be justified to
the left side of the apron 20 (having been moved by the shift conveyor 220). The articles
303, 307, 309 and 310 are shown to be jpstiﬁed to the nght side of the apron 20. As can be
seen, certain of the articles (e.g., articles 301 and 303) are placed partially side-by side and
overlap in the direction of travel, thereby resulting in a negative gap in the movement
direction between those articles. Other articles (e.g., article 310) are not placed side-by-side
with other articles, perhaps either because the article is itself so wide that another article
cannot effectively be placed beside the article upon the apron 20 (as 1s likely the case with
article 310), or perhaps because the controller 160 determined that effective diversion of
those articles from the apron 20 could not be achieved if a side-by-side arrangement were

provided.

Even when articles are placed side-by-side upon a sortation conveyor, pusher
elements can be assigned to those articles by the controller 160 much 1n the same way as
described above with respect to assignment of pusher elements to articles in a single file line.
For example, in the example of FIG. 6, pusher elements 310 are assigned to divert article 301,
pusher elements 312 are assigned to divert article 303, pusher elements 314 are assigned to
divert article 302, pusher elements 316 are assigned to divert article 307, pusher elements 318
are assigned to divert article 309, pusher elements 320 are assigned to divert article 304,
pusher elements 322 are assigned to divert article 305, and pusher elements 324 are assigned
to divert article 310. In use, and as an example, article 301 can first be diverted onto a first
branch line by the pusher elements 310. Article 302 can then be diverted onto a second
branch line (downstrecam from the first branch line) by the pusher elements 314. With articles

301 and 302 already having been diverted from the apron 20, article 303 can then be diverted
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onto a third branch line (downstream from the first and second branch lines) by the pusher
elements 312. The other articles 304, 305, 307, 309, and 310 can then be diverted to the
appropriate branch' lines (which may or may not comprnse one of the first, second or third
branch lines) by their respectively assigned pusher elements. Accordingly, based upon the
destinations of various articles, the controller can overlap articles when appropriate and can
assign pusher elements to each article (having an aggregate length less than that of the article)
to thereby create negative gap between articles and provide an increase 1n conveyor
throughput. While certain articles in FIG. 6 are shown to partially overlap, 1t will be
appreciated that one or more articles upon a sortation conveyor may be entirely overlapped

by another article (e.g., when the overlapping articles have a common destination).

The controller can include any of a vanety of software algonthms to effectuate the
predetermined placement of articles upon the apron 20 of the sortation conveyor 10. For
example, one software algorithm can be configured such that, if (1) a lead article i1s on the
divert side of the apron of a sortation conveyor (e.g., article 301 1n FIG. 6) and 1s assigned to
an upstream divert position, or (2) a lead article is on the pusher element side of the apron of
a sortation conveyor (e.g., article 306 in FIG. 6) and 1s assigned to a downstream divert
posttion, then there may be a possibility for overlap. If this occurs and the lead article has
more than two pusher elements assigned to it, then, if the combined width of the lead article
and a second article is less than the width of the apron, then the shift conveyor may be used to
place the second article beside the lead article to result in an overlapping or zero gap
arrangement. However, if the lead article has less than two pusher elements assigned to it,

then, the leading edge of the second article can be aligned with a new pusher element.

By allowing articles to overlap in the moving direction (e.g., as with articles 301 and

303), it will be appreciated that a conveyor system in accordance with the teachings of the
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present invention can accommodate a greater volume of articles at a given speed than it could

by maintaining all articles in a single file row as is typical ot conventional designs.

In order to facilitate operation of the conveyor system, the controller 160 can learn of
an article's dimensions and intended destination before, while on, or after the article
encounters the transport conveyor 212. Depending upon the intended destination of the
article relative to that of adjacent articles, the controller 160 can then determine which row
that article will ultimately be placed in upon the sortation conveyor 10. Based upon this
determination, the controller 160 can regulate the speed of the gap optimizer 213 so that the
gaps between the article and adjacent articles in the movement direction will be as desired
once those articles are all present upon the sortation conveyor 10. As the controller 160 can
monitor the speed of the sortation conveyor 10, the transport conveyor 151, the shift
conveyor 220, and the gap optimizer 213, the controller 160 can effectively control the gap
optimizer 213 to provide a gap in the movement direction between adjacent articles which
will ultimately cause those adjacent articles to reside a predetermined distance from one
another upon reaching and resting upon the sortation conveyor 10. The controller 160 can
assign pusher elements of the sortation conveyor 10 to respective articles before those articles
even arrive at the sortation conveyor 10. For example, the controller 160 can assign pusher
elements of the sortation conveyor 10 to respective articles upon entry of those articles to the
shift conveyor 220, or even upon entry to the gap optimizer 213. Likewise, the controller 160
can assign shding shoes (e.g., 222) ot shift conveyor 220 to respective articles before those

articles even arrive at the shift conveyor 220.

As one particular example, the controller can implement an algorithm in which first
and second articles .are received and scanned. If the combined width of the first and second

articles is less than the width of the apron, and if the destination for the second article 1s
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upstream of the destination for the first article, and if the first article is already assigned or
placed on the non-divert side of the sortation conveyor (next to pusher elements), then the
second article can be placed on the divert side of the sortation conveyor (opposite the pusher
elements) and the articles are overlapped (e.g., by at least one pusher element) through use of
the shift conveyor and gap optimizer, and pusher elements common to both articles are
assigned to the first article. Instead, if the combined width of both articles 1s less than the
width of the apron and the destination of the second article i1s downstream from the
destination of the first article and the first article 1s already assigned or placed on the non-
divert side of the sortation conveyor, then the second article can be placed with hittle or no
gap from the first article and the last pusher element corresponding with the first article can
be assigned to the second article. 1f the combined width of the first and second articles 1s less
than the width of the apron, and if the destination for the second article is upstream of the
destination of the first article, and if the first article is already assigned or placed on the divert
side of the sortation conveyor, then both articles can be placed with little or no gap between
them and the last pusher element corresponding with the first article can be assigned to the
first article. If the combined width of both articles is less than the width of the apron and if

the destination of the second article 1s downstream from the destination of the first article,

and 1f the first article 1s already assigned or placed on the divert side of the apron, then the
second article can be placed on the non-divert side of the sortation conveyor, and the articles

can be overlapped by at least one pusher element through use of the shift conveyor and gap
optimizer, and pusher elements common to both articles can be assigned to the second article.

The length of an article can also be taken into account by the controller when determining the

position of the article with respect to other articles present upon the sortation conveyor.

As can be understood the functionahties of the systems, methods, models, and

algorithms described herein can be implemented using software, firmware, and/or associated
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hardware circuitry for carrying out the desired task. For instance, the various functionahties
described can be programmed as a senes of instructions, code, or commands using general
purpose or special purpose programming languéges, and can be executed on one or more
general purpose or special purpose computers, controllers, processors or other control

circuitry.

The foregoing description of embodiments and examples of the invention has been
presented for purposes of illustration and description. 1t is not intended to be exhaustive or to
limit the invention to the forms described. Numerous modifications are possible in light of
the above teachings, and not every feature, principle, and advantage described needs to be
used, as various combinations and subcombinations are possible. Some of those
modifications have been discussed, and others will be understood by those skilled 1n the art.
The embodiments were chosen and described 1n order to best 1llustrate the prinéiples of the
invention and various embodiments as are suited to the particular use contemplated. The
scope of the invention is, of course, not limited to the examples or exemplary embodiments
set forth herein, but can be employed in any number of applications and equivalent devices
by those of ordinary skill in the art. Thus, although many inventive aspects have been
presented, such aspects need not be utilized in combination in a given system, device, or
method, and various combinations and subcombinations of inventive aspects may be used 1n
a given system, method, or device while still falling within the scope of the claims.
Accordingly, the above description is intended to embrace all possible altemnatives,
modifications, combinations. subcombinations, and vanations that have been discussed or
suggested herein, as well as others that fall within the principles, spint, and broad scope of

the various inventions as defined by the claims.

32



10

15

20

25

CA 02656652 2011-12-06

The embodiments of the present invention in which an exclusive property or privilege

1s claimed are defined as follows:

1. A conveyor system for selectively diverting articles from a primary conveying

surface onto one of a plurality of branch lines, comprising

a sortation conveyor comprising a driven primary conveying surface for

supporting and transporting articles thereon;

two or more branch lines extending away from the primary conveying

surface;

a plurality of pusher elements mounted for movement with the primary
conveying surface for selective movement across the primary conveying surface so

as to selectively divert said articles onto the branch lines;

activating elements configured to divert said pusher elements across said

primary conveying surface; and

a control system configured for selectively operating the activating elements,
wherein the control system is configured to assign one or more of the pusher
elements to the article to be diverted, and to selectively operate the activating
elements when the assigned pusher elements are located adjacent a predetermined
branch line for the article to which the pusher elements are assigned, wheremn the
control system is configured to facilitate transporting articles in an at least partially
laterally overlapping side-by-side configuration along the primary conveying

surface and to ensure proper diversion of said articles from the primary

conveying surface to any of a plurality of secondary paths assigned to the articles.

2. The system as recited in claim 1, further compnsing:

a shift conveyor in communication with the control system and configured to
position adjacent articles in the overlapping configuration based upon signals from

the control system.
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3. The system as recited in claim 2, wherein the shift conveyor 1s configured
to place adjacent overlapping articles along a set of pusher elements and wherein the
control system 1s configured to assign some pusher elements in the set to the first
overlapping article and the remainder of the pusher elements in the set to the second

overlapping article.

4. The system as recited 1n claim 1, wherein the control system 1s configured to

completely overlap adjacent articles when the articles have the same destination.

. The system as recited in claim 1, further comprising:

a detector configured to detect the dimension of said articles, wherein the
control system is configured to utilize the dimension to determine whether said

articles can be laterally overlapped.

6. The system as recited in claim 1, further comprising:

a gap optimizer configured to reduce the gap between articles 1n the primary
conveying direction in response to signals from the control system, adjust
article gaps based on a determined destination, and determine article routing

before or at the time of a dynamic gap adjustment.

7. The system as recited in claim 1, further comprising:

a detector configured to detect a signal representing the destination of each

article and transmit the signal representing the destination to the control system.

8. The system as recited in claim 7, wherein the detector comprises at least one

of a bar code reader and an RFID sensor.

9. A method for efficiently conveying articles comprising:
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measuring a width of the article;
determining a destination of the article;

based upon the width and the destination, automatically determining

whether the article should overlap with a preceding article received; and

if it 1s determined that the article can overlap with the preceding article,
automatically placing the article on a sortation conveyor on one side of the
sortation conveyor adjacent a second side of the sortation conveyor containing the
preceding article such that a portion of the article is located along the side of a

portion of the preceding article and overlaps the preceding article.

10. The method as recited in claim 9, further comprising: comparing

the destinations of the article and the preceding article; and

if it is determined that the article 1s to be sent to the same destination as the
preceding article, completely overlapping the article and the preceding article and
assigning pusher elements to the article which are the same pusher elements assigned

to the preceding article.

11. The method as recited in claim 9, further comprising: comparing

the destinations of the article and the preceding article; and

if it is determined that the article has a destination downstream from the

destination of the preceding article, partially laterally overlapping the article and the

preceding article by at least one pusher element.

12.  The method as recited in claim 9, further comprising:

comparing the combined total width of the article and the preceding article

to the width of the conveying surface; and

if the combined total width of the article and the preceding article exceeds

the width of the conveying surface, automatically placing the article and the
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preceding article on the conveyor without any lateral overlap of the article and the

preceding article.

13. A method for assigning shoes to articles on a sorting conveyor,

comprising:

obtaining a length of an article to be conveyed;

obtaining a destination of the article; and

based upon the destination and the length of the article and the destination and
the length of a preceding article, automatically determining whether a) the article
should be assigned pusher elements that will be adjacent the side of the preceding
article, or b) the article should be assigned pusher elements that will be upstream
from the preceding article with no additional pusher elements between the article
and the preceding article, or c¢) the article should be assigned pusher elements that
will be upstream from the preceding article with at least one additional pusher

element located between the article and the preceding article.

14. The method as recited in claim 13, further comprising

placing the article and the preceding article on a sortation conveyor along
opposing sides of the sortation conveyor based upon the determination such that
the articles either laterally overlap, are longitudinally adjacent with minimal gap, or

are longitudinally spaced based upon the determination.
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