HIGH SPEED DIVERTER CROSS-REFERENCE TO RELATED UNITED STATES APPLICATION
100011This application claims priority from U.S. Provisional Application No. 61/086475, filed on
August 6, 2008, the contents of which are incorporated herein by reference. TECHNICAL FIELD
100021 This invention generally relatméﬁm}é%% ling articles and, in particular, to
diverting articles on a conveying surf JArticle handling systems, such as
those used in airports to handle baggage, typically include diverters for diverting or sorting articles
transported on a conveyor. Diverters may include arms that are pivotably mounted adjacent to the
conveyor. The arms are drlven to move across the surface of the conveyor to divert an article being
transported on HROQSHREFERES FORERLATED (5 INFEESTRA TS AR BLAGIAA cles itis
desirable to drive the

[0001] This application claims priority from U.S. Provisional Application No.

61/086475, filed on August 6, 2008, the contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] This invention generally relates to a technology for handling articles and, in

particular, to diverting articles on a conveying surface.

BACKGROUND

[0003] Article handling systems, such as those used in airports to handle baggage,
typically include diverters for diverting or sorting articles transported on a conveyor. Diverters
may include arms that are pivotably mounted adjacent to the conveyor. The arms are driven to
move across the surface of the conveyor to divert an article being transported on the conveying

surface.

[0004] In order to increase the throughput of the articles, it is desirable to drive the
diverters at high speed. However, the faster the diverters are operated, the greater the equipment
vibrates and the impact caused on the articles. This can result in damage to the articles that are

being diverted as well as being very noisy during operation.

[0005] In addition, conventional diverter systems tend to be mechanically complex with
many components subject to wear and tear. For example, belt systems are typically incorporated

to drive the swinging of the diverter arms. Such belt systems require tension adjustment and



diverters at high speed. However, the faster the diverters are operated, the greater the equipment
vibrates and the impact caused on the articles. This can result in damage to the articles that are being
diverted as well as being very noisy during operation. [0005]In addition, conventional diverter systems
tend to be mechanically complex with many components subject to wear and tear. For example, belt
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tension adjustment and replacement over time. In order to adjust and replace elts, the diverter

system hagQbsriigassemalet rasinonnilRRIgrwAtimgsder maintenance. [0006]Therefore, there
is a need for a diverter that can be operated at high speeds while generating less vibrations and

impact on diverted articles. In addition, there is a need for a simpler diverter drive system with fewer
compondfAt6elhich is [Hsscostlythermaintased SbiMMARE{AB& J4An diventerastentiih fgpcedndlint:
articles transported on a conveying surface is described herein. The diverter assembly includes at
least onezeivsrtargatensandratinotorsbiplagiton driveedrariglenennfoddiipginbetae ivarted domover
the conveying surface. An inverter controller is provided for operating the motor at a plurality of
speeds. ABBKESH wTish JEvRehtsIS BOUMIEE Y trsemrRaBScBhedNEY 1f5P AsHXdPmptABBosition of the
diverter arm. The sensor arrangement sends a slow-down signal to the inverter controller when the
diverter arm reaches a pre-determined position, causing the inverter controller to operate the motor at

a slower speed. SUMMARY

[0007] A diverter assembly for handling articles transported on a conveying surface is
described herein. The diverter assembly includes at least one diverter arm and a motor coupled
to a drive arrangement for swinging the diverter arm over the conveying surface. An inverter
controller is provided for operating the motor at a plurality of speeds. A sensor arrangement is
coupled to the inverter controller for monitoring the position of the diverter arm. The sensor
arrangement sends a slow-down signal to the inverter controller when the diverter arm reaches a

pre-determined position, causing the inverter controller to operate the motor at a slower speed.

[0008] Other objects, features and advantages of the invention will become more
apparent upon study of the following detailed description taken in conjunction with the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The same numbers are used throughout the drawings to reference like elements

and features.

[0010] Figs. 1a-b show an embodiment of a conveyor system with a diverting assembly

in home and divert positions.

[0011] Fig. 2 is another embodiment of a conveyor system.
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[0008]Other objects, features and advantages of the invention will become more apparent upon study
of the following detailed description taken in conjunction with the drawings. BRIEF DESCRIPTION OF
THE DRAWINGS [0009]The same numbers are used throughout the drawings to reference like
elements and features. [0010]Figs. la-b show an embodiment of a conveyor system with a diverting

cssembyjypme endcua e BRI S etoter SUbRARCILOhg sy syeem.

Fig. 3 is an exploded perspective view 0 ary diverter ass
of an exemplary diverter arm unit.

[0013] Fig. 4 is a perspective view of an exemplary diverter arm unit.
[0014] Fig. 5 is an exploded perspective view of the exemplary diverter arm unit.
[0015] Fig. 6 is a perspective view of an exemplary drive chain for a diverting assembly.
[0016] Fig. 7 is an exploded perspective view of the exemplary link unit.
[0017] Fig. 8 is a plan view of exemplary link and drive units.
[0018] Fig. 9 is an exploded perspective view of an exemplary sensor arrangement.
[0019] Fig. 10 illustrates an exemplary controller for a diverter assembly.
[0020] Figs. 11a-e illustrate shot screens for programming an embodiment of an inverter
controller.
[0021] Fig. 12 illustrates a timing diagram of operating the diverter arms.
[0022] Fig. 13 illustrates a speed versus time diagram for the operation of the diverter
arms.

DETAILED DESCRIPTION
[0023] The following description sets forth various embodiments of a diverter assembly.

The diverter assembly may be used in many applications, including but not limited to airport

baggage handling systems for diverting bags, article sorting systems and the like.

[0024] Figs. la-b show a portion of a conveying system 100 in a divert area which
incorporates an embodiment of a diverter assembly 120. Fig. 1a shows the diverter assembly in

the home (non-divert) position while Fig. 1b shows the diverting assembly in the active (divert)



Fig. 5 is an exploded perspective view of the exemplary diverter arm unit. Fig. 6 is a perspective view
of an exemplary drive chain for a diverting assembly. Fig. 7 is an exploded perspective view of the
exemplary link unit. Fig. 8 is a plan view of exemplary link and drive units. Fig. 9 is an exploded
perspective view of an exemplary sensor arrangement. Fig. 10 illustrates an exemplary controller for a

diverter gosably TFOS, MR IISyae FIQLSHBRNS (AL ARG S THRIMEN of andnyeter

100211Fig. 12 illustrates a timing’diagram of operating the diverter arms. 100221Fig. 13 illustrates a

speed vegsystinediagram e RGO ihe diverier 20 6irst and second conveyors may have
different origination and destination points. In one embodiment, the first and second conveying
surfaces comprise belt surfaces. Other types of surfaces, such as driven rollers, other driven

surfaces or non-driven surfaces, may also be used. Rails 138 can be provided on sides of the

conveyors to maintain packages being conveyed within the conveyors.

[0025] The conveying surface of the first or primary conveyor moves in a first direction
(as indicated by arrows 114); the second conveying surface of the second or secondary conveyor
moves in a second direction (as indicated by arrows 119). Preferably, the second direction
continues forward along the first direction after diversion. For example, as shown, the first and
second directions are parallel and in the same direction. Alternatively, the first and second
directions can also be at an angle, such as about 45°, as shown in Fig. 2. Other angles or

configurations of first and second directions are also useful.

[0026] The diverter assembly is disposed in the path of the primary conveyor. In one
embodiment, the diverter assembly is mounted onto a diverter assembly frame (not shown)
disposed below the primary conveyer. The diverter assembly includes first and second diverter
arms 130a-b disposed above the primary conveyor. The diverter arms are positioned on opposite
sides of the primary conveyor, mirroring each other. The diverter arms are rotatable around
diverter arm shaft 132 at about a first end of the arms. The diverter arms are rotated to be in

either the home or divert position.

[0027] When the diverter arms are in the home position, the diverter arms are retracted
beyond the edges of first conveying surface such that their lengths are substantially parallel to
the sides of the primary conveyor. Articles transported on the primary conveyor are allowed to

travel past the divert area and remain on primary conveyor.



DETAILED DESCRIPTION 100231The following description sets forth various embodiments of a
diverter assembly. The diverter assembly may be used in many applications, including but not limited
to airport baggage handling systems for diverting bags, article sorting systems and the like.
100241Figs. la-b show a portion of a conveying system 100 in a divert area which incorporates an

embodimgps g a diverier aasemBhGlads - gnla S ;f)l‘ﬁ’& R Juester. agRemAlY {NINE e fan-divert

position while Fig. Ib shows the diverting assembly in the active (divert) 3 position. The conveying

system, fprexam Pﬁ?otﬁ&?ﬂﬂgﬁ%fﬁﬁle?{ég SER0P CANYRYPTS P&é{@ﬁﬁ)&&@ tﬂ’étﬁyﬂﬁ%ﬁ'&@aﬁgﬁ%glﬁ?ﬁ‘(?ying
surfaces 113 and 118. The first and second conveyors may have different origination and destination

points. Iniye.edondicaeri shsstinstiand cgtand coBvawNgisHAcEse9BIPHSCHdRth SHIFagesb OHer
types of surfaces, such as driven rollers, other driven surfaces or non-driven surfaces, may also be
used. RatsitipBecére évprevideds ancsidesedftthacantteyeis ol raintainapdckadgestheing loodireyed
within the conveyors. 100251The conveying surface of the first or primary conveyor moves in a first
directionqamsindicated mpgerdWy a14nghe sedbnitaastepindg s ifest of e SsconterysseoreEry
conveyor moves in a second direction (as indicated by arrows 119). Preferably, the second direction
continueSTRIRRANY - giviset firglaiteehent dker divansidnr Fobedunsple thisdkeivAngemisbasti@tcond
directions are parallel and in the same direction. Alternatively, the first and second directions can also
be at an Z?lgle,(z{;cﬁ -t P&%frag‘é%\ﬁﬂgﬁﬁ:@?‘fﬁdﬂ{bﬁraﬂﬁfgs% AR LERPBIRS dhiPe

second directions are also useful
secondary conveyor may also be useful.

[0029] In the divert position, the second ends of diverter arms preferably should be
relatively close to each other to reduce or minimize the gap between the arms to avoid articles
from being trapped in the gap. The gap, for example, is about 5 — 10 mm. Additionally, the
height of the diverter arm should be sufficient to divert the articles transported by the conveyor
system. For example, the height of the diverter arm should be at least % the height of the tallest
article being transported. Preferably, the height of the diverter arm should be greater than the
height of the tallest article being transported. For example, the height should be about % the

height of the tallest article being transported.

[0030] A diverter arm may include a diverting surface (150a or 150b). The diverting
surface, in one embodiment, comprises a rotating or driven belt which rotates around the frame
of the diverter arm. The belt, for example, rotates around the frame of the diverter arm in a
direction which facilitates moving a package from the primary to the secondary conveyor. The
diverting surfaces of the arms are driven in a direction to form a continuous diverting surface to
maintain the article moving in the forward direction. For example, in the illustrative
embodiment, the belts of the diverter arms rotate in a clockwise direction. The diverting surface
preferably maintains the forward speed of the package at a constant speed as it is diverted to the

secondary conveyor.



100261The diverter assembly is disposed in the path of the primary conveyor. In one embodiment, the
diverter assembly is mounted onto a diverter assembly frame (not shown) disposed below the primary
conveyer. The diverter assembly includes first and second diverter arms 130a-b disposed above the
primary conveyor. The diverter arms are positioned on opposite sides of the primary conveyor,

mirroring el other. Fe, dverter Ao, afe fRIAIARG AU AN SIS ARRTRR St phgyt st end

of the arms. The diverter arms are rotate in either the home or osition.” 100271When the
diverter PR ali Bhthadaepesiten @&"@fé%ﬁﬁ"’i&seﬁﬁlr%rﬁ%ﬁgc%ﬁ% Qﬁ%&ﬁ&?s@,%ﬂé%é 0
conveying surface such that their lengths are substantially parallel to the sides of the primary
conveyois At as i ARSROIMESE R dhp lRTMane casyexrarialkquaddosavet gpstdhst divadtaigagand
remain on primary conveyor. [0028]In one embodiment, when a package is to be diverted, the diverter
arms aresadftuatesh Bethatind . thenidyehiec@mes aapsed. tidmvitg rotate las atnththepaxids ofiaptdtiobsuch
that they are collinear or substantially collinear over the primary conveyor, as shown in Fig. Ib. For
exampletsaéuitile eethemenarediotenadhe bebvipehé isedond EfdgecWaldslecshtbtron veyendivesedr
arms form an angle (divert angle) with respect to the direction of the primary conveyor. Preferably, the
divert angfdhs BBBEtYSOMARBther embodiment, the divert angle can be about 20 - 60. Providing other
divert angles which can transfer articles from the primary to the secondary conveyor may also be
useful. [ the divert position, the s ends of diverter ayms, preferably.should be relatjvely
close 10 400 biner 0 FRAL T Gt HIENEE (2 G B ARG oS B s ol el s

trapped 1%&&@%99%{&9& Bs 8" FBIIG: 1530 Ry010 ﬁb‘?‘d@ﬂﬂ@é‘ﬁ%ﬂwnt%féﬁi%{ﬂﬂb% divter

arm should be sufticient to divert the articles transported by the conveyor system. For example, the

height of {he giveriel50e2posd, BaAllicas  2iba laight vidhadallest article being transported.

Preferably, the height of the diverter arm should be greater than the height of the tallest article being
transported. For example, the height should be about % the height of the tallest article being
transport@®3f]030]A dRigrtzskomsrmaylinolatdeczedibedings ufaceiibar oy t&b)0T headdvertiragea
surface, in one embodiment, comprises a rotating or driven belt which rotates around the frame of the
diverter avfth Phdibetteforsesabipld 2btategregtaundethid. frabhe ebtheiiverysicarmuieledelirécomatyich
facilitates moving a package from the primary to the secondary conveyor. The diverting surfaces of the
arms are*8AVeYPInld bivdtrisristienhy sydentRtBes bivertfig srordty fRaivREms tHE artiBie 8560 in

the forward direction. For ﬁx m\%?ﬁ in the illustragve eﬁéaﬁ?imeé?t, the belts of the diverter arms rotate
in a clockA& AN HERCT & ivEriG NI FitsFa IdinY IR FYPSEaToPNEHitRage

atacon 1?5'?(?1?&:%%@ alst Rdics &Fg}}%}r%%vgelcl%)‘,d il sce%g\ﬂ?lygorﬁveying surface 118 of the second or

secondary conveyor moves in a second direction (as indicated by arrows 119). As shown, the
secondary conveyor is merged with the primary conveyor (merged conveyors) at an angle of
about 45°. Having merged conveyors at other angles may also be useful. Other types of

conveyor layouts are also useful, depending on the flow requirements of the application.

[0034] The diverter assembly is disposed in the path of the primary conveyor. In one
embodiment, the diverter assembly includes a frame (not shown) disposed below the primary
conveyer. Mounted to the frame and above the primary conveyor are first and second diverter
arms 130a-b with diverting surfaces 150a-b. The diverter arms positioned on opposite sides of
the primary conveyor, mirroring each other. The diverter arms are rotatable around a diverter
arm shaft 132 at about a first end of the arms. The diverter arms are rotated to be in either the

home or divert position, as previously described.



[0031]The speed of the belts depends on the speed of the primary conveyor and divert angle. In one
embodiment, the speed of the belts is equal to about conveyor speed/cose, where 0 is the divert
angle. For example, in the case where 0 is equal to 45, the speed of the diverting surface can be about
1.4 times the conveyor speed. Driving the belts at other speeds may also be useful. In another

embodimgpisihe belt speed isahouthq2e.ie 0¥ 8R0vE HE GRYRYNGIPERRLIANE RUMARY one
d 124p ded. As s

conveyor. [0032]A diverter arm guar may be provided. own, the diverter arm guard is

DfOVidede%béﬁiﬁféBQ%ﬂH%%tHﬁ\w ok CRANEY R0 QS(QQOHH@QQ{&%‘S’ high lﬁlﬁimﬁig%@f he garveyor
may be exposed, guards can be provided for both sides. [0033]Fig. 2 shows an alternative

embodimgiit ekahaamelyosEtethd Avistardivat deheitTRedivRisamassaipRly theQiik areater wetail.
The conveyor system includes a primary conveyor 111 with a first conveying surface 113 and a
secondamatonveyenl e witioa seaondicodrieyidg suctasesth8 diteetcomrey togs sumfacedl s dfvibe first
or primary conveyor moves in a first direction (as indicated by arrows 114); the second conveying
surface Pr8itpmher selcaridarksetotitaymomesiismmoves in a second direction (as indicated by arrows
119). As shown, the secondary conveyor is merged with the primary conveyor (merged conveyors) at

an angle of about 45. Having merged conveyors at other angles may also he useful. Other types of
conveyoJ$25§bts are &Mﬁ%&fﬂ% PSAb; cfﬁvtﬁféeﬂ&ﬁf?&%émmg % H?epagi}heaﬁoﬁ.swbzﬁﬁhe
Z[)h?h rérpIrar){ Cﬁp\e/e r. In,one embod{ment the diverter

elo

diverter %%Isnem\xplﬁl I%ldlgpo§e9nlntthﬁ?epra¥‘] (S)ft ¢ 1t fakes Yor a diverter a (0] ore Ir Nne
assemblyinciudes a frameé (not shownj dispose w the primary Conveyer. Mounted to the frame

and aboﬁ%éﬁ%ﬂ@%@’o‘%ﬁ&y CKOF BEGHIERE ANOPREANNYEHIE! A3 330 WL AE Eng RUKtRCES )

150a-b. The diverter arms positioned on opposite sides of the primary conveyor, mirroring each other.

The diVeﬁ@ﬁ&éﬂ%@EﬁJﬁl@Iﬁmﬁiﬁmgﬁ MY@EE%E@@%%%?%?@%%@Q%&JF alencbddheRImSf he
diverter arms are rotated to be in either the home or divert position, as previously described. [0035]A
drive traim#heis pravisaechtadristesthasdiveres aims. Ehectiedraimobtipeand accurately without

vibrations, which improves reliability of the diverter assembly.

[0037] Fig. 3 shows a perspective view of one embodiment of a diverter assembly 120.
Diverter assembly 120 includes first and second diverting arms 130a-b drivingly coupled by a
link unit 270. In one embodiment, the link unit comprises a sprocket chain unit. For example,
each diverter arm is mounted onto a diverter arm shaft 132 which includes a sprocket 343 to
form a diverter arm unit. The sprockets of the diverter arms are coupled by a chain coupler 372,

interconnecting the diverter arm units. Other types of link units are also useful.

[0038] The diverter arm units are mounted onto a diverter assembly frame 301. In one
embodiment, diverter arm mounts 333 are provided which are mated to frame mounts 334. The
shaft of a diverter arm passes through the mount, enabling it to freely rotate. The mounts can be
mated using, for example, bolts. In one embodiment, at least four bolts are used for each mount
in order to counter extra shock loads during operation. Other techniques for mounting the

diverter arm units to the frame are also useful.

[0039] A drive unit 265 couples the link unit 270 to a drive motor 260 which is
controlled by a controller unit 380. Upon receipt of command signals from the controller unit,
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embodiment, comprises a drive or drive motor 260, a drive unit 265 and link unit 270. The link unit
mechanically couples the diverter arms together. The drive unit couples the link unit to the motor.
When the motor rotates, the drive drain causes the diverter arms to swing into the divert position or
retract back into the home position. [0036]In one embodiment, the diverter assembly is capable of

producing, fagt dIVGHRE AL SIDG tﬂ@&us%“‘\gg g_i@%}&f SISES 1300 YA Lakes dor FaNGHE 1 g more

from one position to the other. For examp Iverter swing times of about 0.3-0.5 seconds or less can

be aChieg%Eﬁﬁ%rﬁnﬁQ}eeQﬁﬁ NG uartale sRriNgd e RbSXPDAIR GRS} 62:8Q antiflas per

minute. Furthermore, this fast swing time is achieved smoothly and accurately without vibrations,
which impiexesmteliabilyat heidverded assembiv. [Q03ARIRigr 2ishQusra PRASPRGtVE pievwdetiongs
embodiment of a diverter assembly 120. Diverter assembly 120 includes first and second diverting
arms 13Gaewdrivirglivotplediygadidkisnt@740ednanereriypododevidethd lthk dimst camypeises aFor
sprocket chain unit. For example, each diverter arm is mounted onto a diverter arm shaft 132 which
includes appproatikes 3d.3viv dorbath didestef drencaniteithienspr dekerpefcthegtivdstermiraereideshipded by
a chain coupler 372, interconnecting the diverter arm units. Other types of link units are also useful.
[0038]Th@£\ﬁé¢€ér arm units are mounted onto a diverter assembly frame 301. In one embodiment,
diverter arm mounts 333 are provided which are mated to frame mounts 334. The shaft of a diverter

arm pas Aﬂgought .mount, enabling it to freely rotate. The mounts can be mated ysing, for
el B ore b o SR 1 pe i TR T, St Shott ey to Aacter

extra shoekoads.AHrng QReralien NG IR HINIqUER IfMauRtingdhe Aivarar Aty N . the dipme
are also useful. [0039]A drive unit 265 couples the link unit 270 to a drive motor 260°which is controlled
by a congrglies-Hait,380 e ssCRIRLRTicomRmANd signals framithe ¢ontreliahtififudrated example,

the diverting surface is a driven belt. Other types of surfaces, such as driven rollers, other types

of driven surfaces or non-driven surfaces, may also be used. In one embodiment, an arm mount

333 is provided on the arm shaft to facilitate mounting onto a frame. The diverter arm unit may

further include a sprocket 343, which forms part of the chain-sprocket link unit. The chain-

sprocket link unit will be more fully described below.

[0041] Fig. 5 shows an exploded perspective view of the exemplary diverter arm unit
430. The diverter arm unit includes a diverter arm frame 531 having first and second ends 521
and 522. In one embodiment, a motorized drum pulley 551 is mounted onto a first end of the
arm frame using drive roller mount plates 553. In one embodiment, a free roller 554 is mounted
to the second end of the diverter arm frame using free roller mount plates 556. The plates, for
example, are bolted to the frame. A belt 150, which serves as the diverting surface, is mounted
onto rollers to form the diverter arm. The tension of the drive belt can be adjusted by varying the
positions of the rollers via the roller mount plates. The motorized drive pulley, when activated,

rotates or drives the belt.

[0042] Top and bottom angular contact bearings 563 and 564 are disposed on top and

bottom surfaces of the frame at about the first end when it is to be mounted onto a diverter arm



the drive motor is actuated to cause the diverter arms 130a-b to move to either the home or divert
position. For example, if the diverter arms are in the home position, drive motor causes them to move
into the divert position and vice-versa. A diverter arm guard 124 may be provided. As shown, the
diverter arm guard is provided on an exposed side of the first conveyor. For applications in which both

sides of Uig£9aYeypS HIRMPRAIAASEHdLRLIaGan hedovAsdiorRar il IPOAMMOs fiay

perspective view of an exemplary diverter arm unit 430. In on iment, diverter arm unit includes

a divertep sl B0 Mi %Q&Yﬁgtm %ﬁ‘é@%l%@%_@ﬁﬂg@@)ﬁﬁéﬁ%;ﬂ%ﬂhiﬁhti?e ad,gnizman
arm shaft 132. In the Illustrated example, the diverting surface Is a driven belt. Other types of surfaces,

such as diiMaeesobethie qtaptetyRRp Ofcrivemplefasas ormenbditvan issrage sl snaychlgesbe dpseckdn one
embodiment, an arm mount 333 is provided on the arm shatft to facilitate mounting onto a frame. The
diverter anouun i 7hdprfunthertime la dpracket e tizdSowhiidh forrasapgrieobtiies.cHainmspeadketitimatnit.
The chain-sprocket link unit will be more fully described below. 100411Fig. 5 shows an exploded
perspectine i wmodinerexempiasy adivelee tarthe uhiva3mitTha divesrterrmentemit it diupiey dahviertée arm
frame 531 having first and second ends 521 and 522. In one embodiment, a motorized drum pulley
551 is mBOTeE Rsdfing hrssBreddfarbigtarrapHad it BevkivsIimount plates 553. In one
embodiment, a free roller 554 is mounted to the second end of the diverter arm frame using free roller
mount pl 56. The plates, for example, ar lted to the frame. A.belt 150. which ser the
Civerting ULe, is maUR L SHto T2 100158 e AR AT e NS e Y M el Shn be

adjusted by, ¥afying dNGRORIIGNS QhIREOfIRES LR J1S QS MG ﬁf&rsblﬁ}%lg]gst%gg%%ggi‘g%&"ey'

when activated, rotates or drives the belt. 100421 Top and bottom angular cont and

564 are gispAsEYQRiAGP A REHRN HHRERS © t@%a?ﬁ%%r%%ﬁ@%hﬁ}% Hres &NHuvBEN ighta Beck

mounted onto a diverter arm shaft 132. To firmly hold the contact bearings in place, top bearing
housing Yésh&lexssechd asehblotiem Taa nohousing 2 drerusednT hebeafitgIUsngs aipect
mounted to the top and bottom surfaces of the frame using, for example, bolts. The bottom housing
also includekecalspnoekeiafiopravbibrig i tnfeunifigng sprogkep348dher€he withylforbexangslellbwltdheln
one embodiment, one of the diverter arms is coupled to the drive unit. A yoke connector 578 is
provideddiyenghotohe Heeginhcordasiraynd theikiarsteoshiitig witlewrse devieonnit, fooalsfthacdidester arm
is mounted to an upper portion of a diverter arm shaft 132. For example, the diverter arm shaft is
inserted fAYSUGhBBBRIBNRALOBNGNE das A piteUppB LaHJaIAdbeaH drams sdcirelpléta 36 top
bearing onto the shaft, a lock nut 581 with a lock washer 583 can be em one% This. in turn holds the
diverter Mé@%@rgwfiﬁ I8CE0NHi PEPRAES ETHRIE (2 Lt RoPBUePRHR Tk HoMRETING G ™
operation.mTVré(Ie1 an(ggrllﬁra Eggr{lir:%stglg%mcfgg diverter arm to freely rotate around the diverter shaft. A
lower pOHIOh oH’ne Shar thefiides 8 divetter arm mount 333 for mounting the diverter arm unit to a
diverter frame. Cover plates 558 may be provided to cover the exposed portions of the top and bottom

of the diygg4jarm to preyeniRRie Rt dAPREE R RIUEIGSembodiment of a drive train 250. The drive

train includes a drive motor 260, a drive unit 265 and a chain sprocket link unit 270. Fig. 7

shows an exploded perspective view of an embodiment of a chain-sprocket link unit 270.

[0045] Referring to Figs. 6-7, the link unit is illustrated using diverter arm shafts 132a-b.
As shown, a diverter arm shaft is assembled with top and bottom bearing housings 573 and 574
(including bearings) and a sleeve 576. A sprocket (343a or 343b) is attached to the bottom
bearing housing. For the diverter arm shaft 132a, which is attached to the drive unit, the bottom

bearing housing includes a yoke connector 578.

[0046] The chain link unit includes a coupler 372 which includes chain portions 677a-b
connected by connecting rod portions 674. The first and second chain portions are mated to the
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[0044]Fig. 6 shows a perspective view of an embodiment of a drive train 250. The drive train includes
a drive motor 260, a drive unit 265 and a chain sprocket link unit 270. Fig. 7 shows an exploded
perspective view of an embodiment of a chain-sprocket link unit 270. [0045]Referring to Figs. 6-7, the
link unit is illustrated using diverter arm shafts 132a-b. As shown, a diverter arm shaft is assembled

with 9P 94 Leliam HEATARONSIER 7 AU 57 InguAingbSATNGSAnA 2 SRRYE 378 A gpracie

(343a or 343b) Is attac om bearing housing. For the diverter arm 132a, which'is

attachedR,thg.driyadini dRabtiambaanng hipusingicludes a yoke connector 578. [0046]The chain
link unit includes a coupler 372 which includes chain portions 677a-b connected by connecting rod

portions 674. The first and second chain portions are mated to the 9 first and second sprockets
343a-b, f@sdattively, oflibeldiventar archsleAn ddjustodBa® mal bevprol/ided Gd5adiistrtherndnrdideor
slack in the coupler. [0047]The drive unit includes a drive rod 666 and a swivel arm 635. A first end of
the drivedidekisodogsleeptedtte the kelkoepiatsteios 78300 fiblee firstt diverter ammsbladifl 332 ntile eusbnd
end of the drive rod is coupled to the swivel arm. Coupling of the drive rod to the swivel arm and yoke

connectdiEaff peecliivaied isifyrlse dxdhspteYebasnd e ShdhsadverFrddgithe siivyss #burn

coupled to the motor. . , . ,
P and yoke connector can be achieved using, for example, rod end bearings and bolts. The swivel

arm is in turn coupled to the motor.

[0048] When the motor is switched on, it causes the swivel arm to rotate so as to actuate
the drive unit, causing the first sprocket of the first diverter shaft 132a to rotate. As first sprocket
rotates, it engages the first chain portion which is interconnected to the second chain, thereby
rotating the second sprocket of the second diverter arm. In this manner, the diverter arm units
may be driven to move generally simultaneously to swing between the home and divert

positions.

[0049] In one embodiment, a sensor plate 662 is provided. The sensor plate is disposed
in the drive unit. Sensors are mounted onto the sensor plate to determine the position of the
diverter arms. For example, the sensors detect the position of the swivel arm to determine the

position of the diverter arms.

[0050] In one embodiment, a sensor plate 662 is provided. The sensor plate is disposed
in the drive unit. Sensors are mounted onto the sensor plate to determine the position of the
diverter arms. For example, the sensors detect the position of the swivel arm to determine the

position of the diverter arms.

[0051] Fig. 8 shows a plan view of a portion of an embodiment of a diverter assembly
120 disposed the path of a primary conveyor 111. In particular, the portion shows link unit 270
and drive unit 265 in operation to actuate diverter arms (not shown) on first and second diverter

arm shafts 132a-b mounted on a frame 301. First and second sprockets 343a-b are provided on
10



[0048]When the motor is switched on, it causes the swivel arm to rotate so as to actuate the drive unit,
causing the first sprocket of the first diverter shaft 132a to rotate. As first sprocket rotates, it engages
the first chain portion which is interconnected to the second chain, thereby rotating the second
sprocket of the second diverter arm. In this manner, the diverter arm units may be driven to move

ge”era'%?E'?‘éﬂ@@&%ﬂﬁ%f@eﬁ‘é’ﬂM%ﬁ%ﬁ&%@g&ﬁﬁ%@nﬁ 9&‘6?'1%93?@%%@%?@ Ingnesmpogliment. a

sensor plate 662 Is provided. The sensor plate is osed in the drive unit."Sensors are mounted onto
the sensgrRiBiR I ARierinG he ROSIRR e HINETRLAURSIFR5RX6TP R hRaSENS AR Feieghihe

position of the swivel arm to determine the position of the diverter arms. [0050]In one embodiment, a

sensor pkate®bspiv Erexidash-Hhe renspcpiaissisdispasachinithe drive unit. Sensors are mounted onto
the sensor plate to determine the position of the diverter arms. For example, the sensors detect the

position of the swivel arm to determine the position of the diverter arms. [0051]Fig. 8 shows a plan
view of alp¥¥8bn of an Brabbtimenttol acaidetk taskembly Uno dispesedntiwdmangf therilnaeyunit
conveyor 111. In particular, the portion shows link unit 270 and drive unit 265 in operation to actuate

diverter &AHPIIIBE SHEWTS) O M and sebshdan&der dniishand p83heIsurrd dsofPimethie S

First and second sprockets 343a-b are provided o , , ,
yoke connepctor on the first dlvertre):r arm s aflg while a second end of the drive rod is coupled to

the swivel arm. Coupling of the drive rod to the swivel arm and yoke connector can be achieved
using, for example, rod end bearings 834 and bolts. The swivel arm is in turn coupled to a

motor. The motor, for example, can be foot mounted to the base of the frame.

[0053] When the motor is switched on, it causes the swivel arm to rotate so as to actuate
the drive unit. In one embodiment, the swivel arm is rotated by the motor in a first direction.
The first direction, for example, can be in a clockwise direction. Rotating the swivel arm in a

counter-clockwise direction may also be useful.

[0054] When swivel arm is driven by drive motor to position ‘A’, the drive linkage
causes the chain-sprocket link to swing diverter arms (not shown) to a first position. The first
position, for example, is the divert position. When swivel arm is driven by the motor to position
‘B’, chain-sprocket link operates to swing first and second diverter arms to a second position, for
example, the home position. Further, when the swing drive motor operates in the same rotational
direction as the previous swing, swivel arm moves from position ‘B’ back to position ‘A’,

thereby bringing the diverter arms back to the first or divert position.

[0055] In one embodiment, a sensor arrangement 831 is provided on a sensor mounting
plate 662. The sensor arrangement is used to monitor the position of the swivel arm as it rotates.
For purposes of illustration, sensor arrangement comprises four position sensors 836a-d. Other
suitable numbers of position sensors and arrangements may also be used. In one embodiment,
first and third position sensors 836a and 836¢ positioned opposite each other are coupled to, in

11



first and second diverter arm shafts, respectively. A coupler 372 having first and second chain portions
677a-b, which are connected by connecting rod portions 674, are mated to the first and second
sprockets 343a-b to form a chain-sprocket link unit. [0052]The drive unit is coupled to the link unit. In
one embodiment, the drive unit comprises a drive rod 666 and swivel arm 635. A first end of the drive

rod is coypled {8 {h6¥Ke, GORNERIQ" QR iL&’JVs%G%?%‘rSJPS@iW IR RPARONG; gr‘]jsnﬁ’ééﬁ‘%f’ﬂ}’ee rod

is coupled to the swivel arm. Coupling of the drive rod to the swivel arm and yoke connector can be
achievedjuzingy fehSX@PPIE R SNAPBBIRH 8T AAd BRI Dhensighatndsilb I N SRupledHe a .
motor. The motor, for example, can be foot mounted to the base of the frame. [0053]When the motor is

switchedfeimth padices toesswigebarmdB36tain SAAsHBREHaIe the iptednt.d propesimapineid, the
swivel arm is rotated by the motor in a first direction. The first direction, for example, can be in a

clockwisedatinedttonr Rbtatingt $heswi\fel duternmiaioguntbcaliciigeldidetianrrmay pdsaibes{Eetahd
[0054]When swivel arm is driven by drive motor to position 'A’, the drive linkage causes the
chain-sperodkRetinkt irexwingydheasens ariisegasiostiwalttovalfibst gessitiord PhadissdgatitielowWor example,
is the divert position. When swivel arm is driven by the motor to position '13', chain-sprocket link
operates\l\f)?q swing first and second diverter arms tq a second, position, for example, the home position.
Further, WM@flthe swildrivis AbESPESSHRSSREEHY SHIRY AR SHAMRIRHIS ML pRsietsSiting,
swivel arm moves from position /13’ back.to osit'{on ‘A ther%gxsggi%n%g%e i@ivtgr%%garﬁse tgg%(&o the

8 . ensqQr arr nt, 10 one embodiment, includes a a .
first or divert posﬁlon. TB%%Igﬁn ohe emBoament. & SEnsor arrangemenl% providéd on a'sensor

mOU”ti“%%‘E&G@JQ%%ﬁ{&%@r_cﬁp{?eﬁgﬁsﬁeﬁ%lﬁ SIPSEHIOIGNEN the H%%!H%ﬁ,‘?flﬁhgn%"‘é%%%ﬁme%g, it

rotates. For purposes of illustration, sensor arrangement comprises four position sensors 836a-d.

Other suiahle By seal PASILGN SRS ENHANGRIEMERLS MAY JSeRe Ysedximphe esbfqsiment,
first and third position sensors 836a and 836¢ positioned opposite each other are coupled to, in one

embodimgakiantyiéakies controller (not shown) for slowing down the swing speed of the diverter arms
(e.g., Extend Slow Down and Retract Slow Down Proximity Sensors). Second and fourth position
sensors 836b and 836d, in one embodiment, are coupled to a programmable logic controller or PLC

(not sholM)Xdk determitiingeasrr dbHeinhingueddnsetdrealianpositibribe Pxteelcran dvRish zouPleskimity

Sensors). These components will be described in more detail below. )
the motor through opening 944 rotates within the slots. The swivel arm includes a curved sensor

activation plate 938. The sensor activation plates activates the sensors as it rotates pass them.
For example, when the diverter arms are in the home position, the swivel arm will be in position
‘B’ (as shown in Fig. 8) with the fourth sensor 836d being activated by the sensor plate.
Similarly, when the diverter arms are in the divert position, the swivel arm will be in position ‘A’

(as shown in Fig. 8), causing the sensor plate to activate the second position sensor 836b.

[0058] Fig. 10 illustrates an embodiment of controller 380 for operating a conveyor
system. In one embodiment, the controller comprises a programmable logic controller (PLC)
1002 interconnected to an inverter controller 1004. The inverter controller may be a
programmable controller that incorporates, for example, Smart Logic Control to enable it to
execute the programmed logic. One example of such a controller that is commercially available
is the Danfoss VLT Automation Drive FC 302 or its equivalent. In one embodiment, a sensor
arrangement 831 is coupled to the PLC and inverter controller. The inverter controller receives

3-phase power supply which is supplied to a drive motor 260 of the diverter assembly.
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100561Fig. 9 is an exploded perspective view of an exemplary sensor arrangement 831. The sensor
arrangement, in one embodiment, includes a sensor mounting plate 662. The sensor mounting plate
includes curved slots 964 on which sensors are mounted. In one embodiment, four sensors 836a-d are
mounted onto the sensor plate. The sensors, for example, comprise proximity sensors. 100571The

sensor p@%&ﬁ mounteg 0P NG frame SHER ?0$M¥%%@S‘H§é%ﬁmﬁlﬁ%t&%ﬁép9§9&£@i§”%r

opening 944 rotates within the slots. The swivel arm inc curved sensor activation plate 938.

T_he Sen%%ﬁﬂé’,al_’fﬂ Qﬂa[Q'@E@&ﬁa@Hé’ %%m&@&%%@ asik r&%ﬁé@%ﬁ&h%ﬂh?ﬁﬁﬁﬁ%%‘%é’@%@r{&e .
diverter arms are in theé home position, the swivel arm will be in position '13'(as shown in Fig. 8) with

the fourtrgensoR3pamang astivaled e wansenplatelsSituantying e the: divepesigsms aikein the
divert position, the swivel arm will be in position ‘A’ (as shown in Fig. 8), causing the sensor plate to
activate thecsecamchpasittorbsehaog&B6bnd)Was8dd-un He ilhpsiratgsadnfembidiswendoicengmient380
for operating a conveyor system. In one embodiment, the controller comprises a programmable logic
controlleH{FheC)ivoer interconpé dtedavcahdnveasiicontiiegctotde Thprapviait coomesiesigry e a
programmable controller that incorporates, for example, Smart Logic Control to enable it to execute
the prograsHRdE 19tid 1nto dhamprater ool donksl |@i=ama%qs%%nm@fdﬁm andirdend is BBt foss

VLT Automation Drive FC 302 or its equivalent. In one embodiment, a sensor arr_an%eme_n_t 831 is

coupled HeHE BLENARRFiAVR RS LSNP THEHTE ARP LR IRSF rBRIGLS ANSHALEh SRS ply

which is supplied i0.0,drive, mofor 260 ofthe diverier assembly. 00801 Hhe PG DRY serve o control
the overa operation O%I} e diverter assem Yy or exampile, | maynae ermine VghIC arlﬁlclgs arel}o be

diverted 95,0435 gy RARIOARNNS ANEIIE e300 e RIIANCONYRYar, IAAIHAN AN Also

determine whether the position of the diverter arms are to be changed or not, based on the input

signals f%ﬁ%ﬁ.sm%_mgﬁﬁlﬁ% bitheidyedan %@G%G&F% tahavedbe-pRsitionsshangad.the
appropriate command signal is issued by the PLC to the inverter controller. For example, PLC may

issue an gostepasGam@and signal to change the position of the diverter arms from the home to the
divert position; the Retract Command signal causes the diverter arms to change from the divert to the
home position. The PLC may issue a Reset Command to reset the positions of the diverter arms in the
home poH68] On thelahexdmpls, Hoasigrlte npetesiieddbaativiethwr diierdearrstemeid asothatiie
their positions changed. 100601For example, if an article approaching the divert area has been
determinid SR 08 (BRI tRenYRHoErhE R veyBENHE B TTENgTcAC RS &S thie HYEE I BRthe
diverter arms based on which sensor is activated. If thegngxtend Sensor signal is active, this indicates

that diveRBArATs WP SRRSQivisrepa%iicth. iH dBeH S BRDSF SIERsTIE idS1Eca BB @lMMahd to

move the,diverter arms into flhe home 5)0 itionlto allow the rtigﬁéo rem&in on thﬁégrim[ %conve&/or. If
diverter arms. are }nt e 1ver&ﬁ) S1 1am. n s%c?} ((:]ase ﬁw woul 1ﬁ§u%a rac a(F mmaﬁ )
the Retract Sensor signal is active, this indicates that diverter arms are In the home position, which is

itgs?u(é%”beﬁ #é%%i{ %He WVHER GARE IR SRNRLAR GRANGS S ARJINAR A0k AV RISLATISHEGHIRRAR
conveyor. If the Retract Sensor signal is active, this indicates that diverter arms are in the home

position, which is the correct position. In such case, no signal to change the position of the

diverter arms need to be issued by the PLC.

[0061] Once inverter controller 1004 receives a command signal (e.g., Extend Command
or Retract Commands) from the main PLC to actuate diverter arms, it may take over control of
the swinging operation with its own built-in logic controller (not shown). In particular, the
inverter controller 1004 may change the speed of rotation of the diverter arms by sending
different preset signals 1006 to drive motor 260, depending on the positions of the diverter arms.
The values of these frequencies may be stored in a memory in the inverter controller 1004. In

one embodiment, each swinging operation is carried out with a two-speed control. When the
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1006110nce inverter controller 1004 receives a command signal (e.g., Extend Command or Retract
Commands) from the main PLC to actuate diverter arms, it may take over control of the swinging
operation with its own built-in logic controller (not shown). In particular, the inverter controller 1004
may change the speed of rotation of the diverter arms by sending different preset signals 1006 to drive

motor 260, deneading. AL R ARSIRNS ALNAINEHFRRERANBNAINERSS RS NGRS TRY be

stored in a memory 1n the inverter controller 1004. In one embodiment, each swinging operation Is

carried oyLWiiM BUVCISRERAEOBHOL WEIER thenCARManth SIERRIS Brsbreeely attd g dhespain fLC

1002, the inverter controller provides a first signal 1006a to operate drive motor. The first signal 1006a

comprisasiadiesi giesetsignal dginfivderd@uick stk o the drivg sndioers dhaswivatarmpeyitbrerter
arms) rotates, a position sensor in the sensor arrangement 831 (e.g., sensor 836a in Fig. 8) senses
that the swaigetl armhglatadrasregeheditSBpd@siionandrsSodsaliEnw densesibmathtosthe dhuerigrate
controller 1004. The slow down signal may comprise the "Retract speed slow down" or Extend speed
slow dowhas sigahédoigppesiingn endvsatiser shendileviesignalstatbpresatatycoeirygleetrdofedldesteanded.
Upon receipt of the slow down signal, inverter controller 1004 then sends a second preset frequency to
drive mofSF268i2eaLiBIAY SRE S TRAtRCH et QpedaranPtdistepdainss 2 oresorimeigaidy .

The time delay may be preset at 0,1 seconds or any other suitable values. After the time delay, the
inverter é&n%wr%wﬁef%%ﬁhmel %&é%@%ﬁ?%%%&ﬂ&c@m%&ﬁ% RS AR ough

a two-spepd coptiol 5 describgd ahove i shoyld b rdetstond that more thell io saeeds may.be
used. By Operating the Swinging action of the swivel arm at muttiple’ speeds, the overall switching

operation gy bgechiRYE At anary Borhiind e Wilamasth g AghHiae pRsHang Rl

e
diverter arms. In ohe embodiment, very short swing times of about 0.3'- 0.5 seconds can be achieved

with Smopfa gk W&Q&S%W%@ig%@& af B1e ViR s Jifis dllpusidRaitandinecaragihe Allhe,

diverter system to be increased without the disadvantages attendant in conventional high spee

diverter systems:tQVa8bHIgTahR-EhomMSpRaR &0l b embiodinast af fimmgsansning logic for
the Smart Logic Control in an inverter controller. Fig. 11a shows a screen shot for logic related to a
command for moving the diverter arms from, for example, the home to the divert position. At 1109,
logic ruld @f2hccessed Ithigndi b sowpeadewurekhodesaribedrebramntingaflibgic voteGiond shaiwvn,
logic rule O is a logical or function of the Extend Command and Reset Command from the PLC. If
either of PAYSetBigNEK a1 edtive obficutng 0 BYadpgfitt @ the eV ipging s Baek tBeriy 1alaaimdic
rule O is tru? ,(Iigic 1), the inverter controller initiates a run seq ,encg for the motor at. 1110. At 1120
the inverBHBHrIENFufl PE TABRY LG A SPOFLER USSR 60 HrbEPrePel & e B stare

of the matog 1 maye e divegar e, 19ORAALALIS lagic i 4 e agsassed. B, Mbanas
times of about 0.3 — 0.5 seconds can be achieved with smooth and precise positioning of the

diverter arms. This allows the handling capacity of the diverter system to be increased without

the disadvantages attendant in conventional high speed diverter systems.

[0063] Figs. 11a-e show screen shots of an embodiment of a programming logic for the
Smart Logic Control in an inverter controller. Fig. 11a shows a screen shot for logic related to a
command for moving the diverter arms from, for example, the home to the divert position. At
1109, logic rule 0 is accessed. Fig. 11b shows a screen shot of the programming of logic rule 0.
As shown, logic rule 0 is a logical or function of the Extend Command and Reset Command
from the PLC. If either of these signals are active, logic rule 0 = a logic 1 or True. Referring

back to Fig. 11a, if logic rule O is true (logic 1), the inverter controller initiates a run sequence
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programming of logic rule 1. As shown, logic rule 1 is a logical or function of the signal from the Extend
Slow Down Proximity Sensor or Reset Command from the PLC. When either of these signals are
active, logic rule 1 = a logic 1 or True. Referring back to Fig. 11a, if logic rule 1 is true (logic 1), the
inverter controller causes the motor to run at a second preset frequency (e.g., preset ref 1) at 1130.

The secqnd RresetifsAUaNey AQWsAoME ﬁﬁ‘@eﬁ%?tQ&BOqF‘e?‘?#ﬁ{é‘EﬁéQSo%Y%‘?Srfﬁ% re&f@@é&én%?”ec'

at 1140. The motor runs at the second preset frequency until timer times out based on logic rule”3 at
1149, asgl V}’)‘i‘e‘é’éﬁ’&“ ol '@%tﬁ'ﬁéﬁ%{rﬂHi%ﬁ&%tﬂ?%@ﬂ@‘&@{h@ﬁ%}u&r Siaps the motor, at which
point, the diverter arms are, for example, in the divert position. 100651Referring to Fig. 11e, a screen
shot for logic related to a command for moving the diverter arms from, for example, the divert to the
home poHiiéd]is showAt At 1IBO4lotkie invertér sontralisedecdives bl RethactsConsorend flarn tifetReC. In
response, the inverter controller, at 1105 initiates a run sequence for the motor. The controller runs the
motor at Brfigsapreiset didgaenoyqd.g. Aprdserref@iardle 15isndingicalopridimstapnoifites wigmal tamove
the diverter arms. Upon receiving a signal from the Retract Slow Down Proximity Sensor at 1124, the
controue%@%@r§8w N FE SRR QB RSP T gonpreas: Fom {the Hd-SecoMBepreiiber of
frequency slows down the motor to decelerate the diverter arms, A timer is started at 1%:3(5?3 The motor
runs at tHASBSHTATD ASSACHEERRIS Hifil TrAd IR d<Ob e 1 RAATARS f% fhridedhids bikEihdiiverter
controller stops ti@omot r t%t which point t}hﬁ diverter Ams %)eé {or example, in the horp%gosition.

100661F}gl.sl Sh lcaﬁ)em%é%Yr%%ﬁtco()fti a m%fn&aﬁféaram‘? 8rr8rﬁearta w%SCt%ne Verter & %%rﬁ%ly.

The timing %ﬁ%’e@@ RIOYS,PI0NgYs ﬁe%c%&?ﬁ%ﬁ%@é@&éﬁ R a0d AVEIRLGRE AN d2e0. frRr an

extend ope n, at Ta, an Extend Comman by the PLC to the inverter controller. As

shown, the,Exieathisommane: sigaatisiakauubO0TRS MotleRgtis atneR Rediy %’J@sreﬁﬂ@d_ﬁréﬂc‘jh gdigme

position, the Extend and Extend Down Proximity Sensors would have inactive signals. The inverter
controlletiraenpisndp e REWEbBUpRIea o 3ha ML SadlRing indigtateltha fliraHetiaiasindediamp
up, for example, is about 50 ms until it reaches 100% of the desired power at Th. Providing other ramp
up timestirainatseusaftblFrostopbtie Tinttheanetocloperatethatiiherdesined poywr ertinpde, At Tlog the
swivel arm has activated the Extend Slow Down Proximity Sensor. Once the Extend Slow Down
ProximitgSerigwssignal has been detected, the inverter controller reduces power to the motor to 75%
of the desired power and continues to run at 75% until Td, when the timer times outs. In one

embodiment, the timer, for example, is about 100 ms. Proyiding other time out periods is also useful.
AL 0, U er conBEIET LBt s KA GBI IO OGS B SERBHEN o RO e

ramp dov(Yn tirrtne, for efxamptle IS aboth ?19 'H‘s-thth%r%ledOW” times may als tlﬁé‘f Lul.. 100671To
initiate a etract SBE?aﬁ%W: aOI?{%)t(raén ommanc sféna‘? IS 19sUe “;(}l"tﬁse %E%Ilfo ée inverter controller.

The retract operation is simyiarip the-extend PRSatign Witk the.exesption thatihe injtialagiRdown

reduces the power to 70%. 100681As illustrated by Fig. 12, the inverter controller ramps up and ramps

down they MBtQh RiFRYOREI DAY etiRe HisFlerms oo fitat(erd. Jhomeltq asacpnrdde 9.,
divert) position. In one embodiment, the ramp up and ramp down phases are about 10-40% of the total

time it takegdenchange, pasitior. Disaundesstog hagihvk ke Bhantbiany tovathasestteathaot the
be same duration. In one embodiment, the ramp down phase comprises a multi-stage ramp down
phase. FopenamplejrasdegorbédninthgBwteads $SamplRiovwm Rooamirie frewiate pbidethevaltodlow
down the diverter arm. The initial ramp down stage may be a time stage. After time expires, the
second drfihdheampadown seerinbipeesitiraqeaive fegaphestlatad. rehcHdg tesimihargesitieaudncsther
embodiments, more then two ramp down stages may be provided. [0069]Fig. 13 shows speed vs. time

graph 13‘639"76@&%%@1%%{%%6#%%@@ divertér arms. A timer is started at 1135. The motor

runs at the second preset frequency until timer times out at 1144. After the timer times out, the
inverter controller stops the motor, at which point, the diverter arms are, for example, in the

home position.

[0066] Fig. 12 shows an embodiment of a timing diagram 1200 for operating the diverter

assembly. The timing diagram shows signals for an extend operation 1210 and a retract
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assembly. The Graph shows two operating cycles (Cycle 1 and Cycle 2) of the diverter assembly,
wherein an operating cycle includes extending the diverter arms from home position to the divert
position and back to the home position after the article has been diverted. As can be seen, the drive
motor operates at more than 1200 RPM to result in a change in position of diverter arms in about 0.5

o tr | sultin | .
Seconds.FHINGHMON, 1) suingshrsd mashieyer eniiiv e SoRRAACLAIEN R fhe

divert and home positions. cribed, the inverter controller incorporates a multi-stage ramp

down Of_ﬂfé/\lﬁ%ﬁéf‘@om%%ﬁp ﬁi@%ﬁlﬁ{zﬁﬁﬂ@ %M@Bﬁ‘ﬁ%@%f@ﬁ%ﬂé‘ b SRPRINGnd RrOfdRRh) bodiment,
the multi-stage ramp down comprises first and second ramp down stages. In other embodiments,

more thahdwieysa@aelavidi stagasoaangosi M vy etk (Bydranaigede W e h ravahimtise inetosibuld
multiple stages, the inertia of the diverter arms is reduced, which results in reducing or preventing
vibrationhahe meopevatiingnails hifhesinigtspeadso 00 7iphenpntherterveanmpp edviththeuliibgia geusamaping
down of power can be employed for other diverter assemblies. For example, diverter assemblies
having aisiiagletalivéreeticriisaugeful hinraitervativer eriveplimeriboué Aive ot hrimcocamid 0t tiod
diverter assembly may be linearly shifted into the home or divert position. [0072]Although the one or
more abd¥e fsdEfHairh plfe e nfaes it b Beimaat s MmN rjtRyecspechiiom Shietlralthe
features and/or methodol(?%iécal steBes, it is to be understood that other implementation mzﬁg?e

are

practiced WitTotRIFLCS S i FE8SFeRVYLtdPE ulSeribbd CREhEY M YFadiae I6hvdie
disclosed, s preferted forms, of one or qiore implementations, [007AINAL s caimed o) GLAIMS 1. A
diverter assem Yy 10r nandaling artcles transportea on a conveying surface; comprlsn‘ﬁg.
detected, the inverter controller reduces power to the motor to 75% of the desired power and
continues to run at 75% until Td, when the timer times outs. In one embodiment, the timer, for
example, is about 100 ms. Providing other time out periods is also useful. At Td, the inverter

controller continues to ramp down to 0% of the power supplied to the motor. The ramp down

time, for example, is about 50 ms. Other ramp down times may also be useful.

[0067] To initiate a retract operation, a Retract Command signal is issued by the PLC to
the inverter controller. The retract operation is similar to the extend operation with the exception

that the initial ramp down reduces the power to 70%.

[0068] As illustrated by Fig. 12, the inverter controller ramps up and ramps down the
motor during operation to move the diverter arms from a first (e.g., home) to a second (e.g.,
divert) position. In one embodiment, the ramp up and ramp down phases are about 10-40% of
the total time it takes to change position. It is understood that the ramp up and ramp down
phases need not the be same duration. In one embodiment, the ramp down phase comprises a
multi-stage ramp down phase. For example, as described, the power is ramp down to an
intermediate power level to slow down the diverter arm. The initial ramp down stage may be a
time stage. After time expires, the second or final ramp down continues until the diverter arms
have reached their final position. In other embodiments, more then two ramp down stages may

be provided.
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at least one diverter arm positioned adjacent to a side of the conveying surface; a motor coupled to
a drive arrangement for moving the diverter arm over the conveying surface; a controller unit
having first and second controllers are coupled to the motor for operating the motor at a plurality of
speeds, wherein the first controller comprises a programmable logic controller and the second

controlley gagprises ag;inv f@t%h%%”?rél?éda%‘?‘ timé& %#H%%Oﬁ 3HRN9EMENkGRYRIGfP Jre.caneglier unit
er arm, wherein t I

for monitoring the position ot the diver e sensor arrangement sends a signal to the

Controlleaég@ﬁlmpen e (ﬁ}{@ﬁ?rsﬁfmsr %@‘%éﬁfﬁgd@ [Qé"l &Qsiti%dv‘@ﬁ‘d'féi mihgcapiratiartapit
operates the motor at a slower speed in response fo the signal from the sensor arrangement. 2. The

diverter assaenmy afhelaim 4 vspergin dhe sernserdvapgentemn eamprises:aphi alikh tipasifentrensors.
3. The diverter assembly of claim 4 wherein at least one position sensor is coupled to the

programioahtediogit paritiallendibdcit tie dst loneepasitiom s¢rsoidacalpled tethelinuecter Asrtrober. 4.
The diverter assembly of claim 4 wherein the sensor arrangement comprises four position sensors. 5.
The divestshassedibie ohetamenewitesr @i tiveed thas ali?8A ge M ntoirreludie snaad elven gsdimmd sitewived] arm.

mounting plate. 7. The diverter assembly of claim 8 wherein the sensor mounting plate includes a slot
on whichdseitsr ssmagdameeut 0.5 seconds. Furthermore, this fast swing speed is achieved smoothly

while stopping accurately at the divert and home positions.

[0070] As described, the inverter controller incorporates a multi-stage ramp down of
power to the motor to decelerate the diverter arms before fully stopping. In one embodiment, the
multi-stage ramp down comprises first and second ramp down stages. In other embodiments,
more than two ramp down stages can be employed. By ramping down of power to the motor in
multiple stages, the inertia of the diverter arms is reduced, which results in reducing or

preventing vibration when operating at high swing speeds.

[0071] The inverter controller with multi-stage ramping down of power can be employed
for other diverter assemblies. For example, diverter assemblies having a single diverter is also
useful. In alternative embodiments, the diverter arm or arms of the diverter assembly may be

linearly shifted into the home or divert position.

[0072] Although the one or more above-described implementations have been described
in language specific to structural features and/or methodological steps, it is to be understood that
other implementations may be practiced without the specific features or steps described. Rather,

the specific features and steps are disclosed as preferred forms of one or more implementations.

[0073] What is claimed is:
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8. The diverter assembly of claim 9 wherein the slot comprises a curved slot. 9. The diverter assembly
of claim 1 wherein the plurality of speeds comprises at least two different speeds. 10. The diverter
assembly of claim 1 wherein the diverter arm is operable to move from the first position to the second
position in about 0.3-0.5 seconds. 11. A method for handling articles transported on a conveying
surface comprising: providing a diverter assembly having at least one diverter arm positioned adjacent
to a side of the conveying surface; determining v&gﬂ\w r @e diverter arm is in a first position; operating
a motor of the diverter assembly at a plurality Of'Sp‘E'E'Mm, oving the diverter arm from the first position
to a second position at a first speed; monitoring the position of the diverter arm, wherein when the
diverter drm reaBhibgeaigrrasetablyifechpoditionriptestiasposter aton apaveyouhslisioeed;onpsiging:
monitoring the position of the diverter arm further includes operating the motor at a third speed when
the diverter armptdeash68etb eIt RaRRsiGNNAtcas 36630 aB2dT I0é tRfeeRBYeY &M activherein the
second speed is slower than the first speed. predetermined position to the second position. 14. The

method of clainf TR ERMRITAYAIFTTILH SHANYNSNEIAR R de- B dgfcn Over the conveying

surface;

a controller unit having first and second controllers are coupled to the motor for
operating the motor at a plurality of speeds, wherein the first controller comprises a
programmable logic controller and the second controller comprises an inverter controller; and

a sensor arrangement coupled to the controller unit for monitoring the position of the
diverter arm, wherein the sensor arrangement sends a signal to the controller unit when the
diverter arm reaches a pre-determined position, wherein the controller unit operates the motor at

a slower speed in response to the signal from the sensor arrangement.

2. The diverter assembly of claim 1 wherein the sensor arrangement comprises a plurality of

position sensors.

3. The diverter assembly of claim 4 wherein at least one position sensor is coupled to the
programmable logic controller and at least one position sensor is coupled to the inverter

controller.

4, The diverter assembly of claim 4 wherein the sensor arrangement comprises four position

Sensors.

5. The diverter assembly of claim 1 wherein the drive arrangement includes a drive rod and

a swivel arm.
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15. The method of claim 17 further comprises:  moving the diverter arm at the third speed from the
second-predetermined position to the second position. 16. The method of claim 13 wherein operating
the motor of the diverter assembly at a plurality of speeds at different positions reduces vibration. 17.
A diverter assembly for handling articles transported on a conveying surface comprising: at least one

diverter gym positioaeAciaESThENiclgiRf therepsiaring sssfagRingerAeMakRI fRURISEhkRA drive
arrangement for moving the diverter arm from an initial position to a second position over the

conveyingaurtficeplated  a controller unit coupled to the motor for operating the motor at a speed
profile, wherein the controller unit is adapted to operate the motor at an initial speed, when the
diverter arm moves from the initial position to a pre-determined position, and operate the motor at
a second speed slower than the initial speed, when the diverter arm moves from the pre-determined
position tb the sEi®AYp&iResEMPY) ThelaiNdHwherste pKeBIX aneHDUNG thdats ingledes aadMe? unit

comprises an inverter
which sensor is mounted.

8. The diverter assembly of claim 9 wherein the slot comprises a curved slot.

9. The diverter assembly of claim 1 wherein the plurality of speeds comprises at least two

different speeds.

10.  The diverter assembly of claim 1 wherein the diverter arm is operable to move from the

first position to the second position in about 0.3-0.5 seconds.

11. A method for handling articles transported on a conveying surface comprising:

providing a diverter assembly having at least one diverter arm positioned adjacent to a
side of the conveying surface;

determining whether the diverter arm is in a first position;

operating a motor of the diverter assembly at a plurality of speeds;

moving the diverter arm from the first position to a second position at a first speed;

monitoring the position of the diverter arm, wherein when the diverter arm reaches a pre-
determined position, operating the motor at a second speed, wherein monitoring the position of
the diverter arm further includes operating the motor at a third speed when the diverter arm

reaches a second predetermined position.

12.  The method of claim 13 wherein the second speed is slower than the first speed.
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controller. controller unit for monitoring the position of the diverter arm. 20. The diverter assembly of
claim 23 wherein the sensor arrangement comprises a plurality of position sensors. 21. The diverter
assembly of claim 24 wherein at least one position sensor is coupled to the controller unit.

13. The method of claim 14 further comprises moving the diverter arm from the

predetermined position to the second position.

14.  The method of claim 13 wherein the third speed is slower than the second speed.

15.  The method of claim 17 further comprises:
moving the diverter arm at the third speed from the second-predetermined position to the

second position.

16. The method of claim 13 wherein operating the motor of the diverter assembly at a

plurality of speeds at different positions reduces vibration.

17.  Adiverter assembly for handling articles transported on a conveying surface comprising:
at least one diverter arm positioned adjacent to a side of the conveying surface;
a motor coupled to a drive arrangement for moving the diverter arm from an initial
position to a second position over the conveying surface; and
a controller unit coupled to the motor for operating the motor at a speed profile, wherein
the controller unit is adapted to
operate the motor at an initial speed, when the diverter arm moves from the initial
position to a pre-determined position, and
operate the motor at a second speed slower than the initial speed, when the

diverter arm moves from the pre-determined position to the second position.

18.  The diverter assembly of claim 21 wherein the controller unit comprises an inverter

controller.
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19. The diverter assembly of claim 21 further includes a sensor arrangement coupled to the

controller unit for monitoring the position of the diverter arm.

20. The diverter assembly of claim 23 wherein the sensor arrangement comprises a plurality

of position sensors.

21. The diverter assembly of claim 24 wherein at least one position sensor is coupled to the

controller unit.
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