HI GH SPEED DI VERTER CROSS- REFERENCE TO RELATED UNI TED STATES APPLI CATI ON
[0001] This application clainms priority fromU.S. Provisional Application
No. 61/ 08802610/016806d on August 6, 2008, the contents of pamisGhomreo27s

i ncorporated herein by reference. TECHNI CAL FI ELD [0002] This invention
generally relates to a technHIGH SBEEDMMVEREER cles and, in particular,
to diverting articles on a conveying surface. BACKGROUND [ 0003] Article
handl i ng systens, such as those used in airports to handl e baggage,
typically include diverters for diverting or sorting articles transported
on a conve Ler: z ncLugde, arne A Le VO, PHOARC

adj acent tg?—;mm, S \ ----..- R -.-!"l ’j LLIPASA VL B O et ol o A CALIG ot f ace of
t he conveyor to divert an article being transported on the conveying
surface. [0004] In order to increase the throughput of the articles, it is
desi r abl080t]o dri vEhis heppdicetéont eclainest priogity sfremd.U.BowmeisiongzheApplicationt INg.
diverters are operated, the greater the equi pnent vibrates and the inpact
caused @r08G4@5 Arled oh dsiguskiei, 230Q8a ther camteints dfrwhielnag éndoopdrated hereinchyesfarhade. ar e
being diverted as well as being very noisy during operation. [0005] In

addi tion, conventional diverter systens tend to be nechanically conpl ex

w th many conponents subject to megr and tear. For exanple, belt systens
are typically incorporated to d= wiHgieng of the diverter arnms. Such
belt systens require tension adjustnment andrepl acenent over tine. In order
to adjust and replace the belts, the diverter systemhas to be

di sasseghogd. resplif iiM&ntidn | RAGaIP Weratds BSa §QhndBLN BN RAL@Ing HHRRE and, in
Therefore, there is a need for a diverter that can be operated at high

speeds M@ﬁ&ﬁuggqgagg&%%gEQ g?gggﬁaghﬁpﬁug@g i npact on diverted articles. In

addition, there is a

BACKGROUND

[0603] Article handling systems, such as those used in airports to handle baggage,
typically include diverters fdr 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 surfeicev 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



sinmpler diverter drive systemw th fewer conponents, which is |ess costly
to mai ntain. SUVMARY [0007] A diverter assenbly for handling articles

t ranspor two 201m/@espenveyi ng surface is described herein. pCisGdios@nies
assenbly includes at |east one diverter armand a notor coupled to a drive
arrangenment for swinging the diverter armover the conyeying surface. An

i nver t eaplassmeniopyesiting  br oxdedéiadjgst andeienlers thet brdtsieglivérter gy gemyhasitepeof
speeds. A sensor arrangenent is coupled to the inverter controller for

moni t odisaggemhiedpesilting m lohg dpendimesformaiatarancehe sensor arrangement sends a
sl ow-down signal to the inverter controller when the diverter armreaches a
pre-determ ned position, causing the inverter controller to operate the

not or $0008] s| owelThergbred. théreGo8pecd focp divsrise that carebg W@%teéﬁﬁhlﬁg\m‘?ﬁdég’@gleof
the invention will becone nore apparent upon study of the follow n

det ai | geneaiatingr lept vibmattomk @nd iimpedirgrudiveiteh atticlds. t eadilithon, ribere iBR) 1ed for a
DESCRI PTI ON OF THE DRAW NGS [ 0009] The sane nunbers are used throughout the
dr awi ngsnpiler diedrer drieesy sidoe with deeert®nppoderitg athicles.lefs@0tD] tomnastaina- b show an
enbodi nent of a conveyor systemw th a diverting assenbly in home and

di vert positions. [0011] Fig. 2 is another enbodi mrent of a conveyor

system [0012] Fig. 3 is an expl oded. perspective view of an exenplary

di verter assenbly. [0013] Fig. 4 i§Q§1¥%ﬁ§§ective vi ew of an exenpl ary
diverter armunit. [0014] Fig. 5 is an expl oded perspective view of the
exenplary diverter armunit. [0015] Fig. 6 is a perspective view of an
exenpl Z(g)‘)gg“ ve GNnal B Ofssnbll Uef Bhﬁkﬂin?sa?ﬁﬂpé ¥randpBRdPbn Bl &nvéying saiface is

expl od rspective view of the exenplary link unit. [0017] Fig. 8 is a

plan vigewiBkq GEEIP! Plevdiléds a@é%ganj}'; intRiddB LT Rast 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 posiFion 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. la-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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[0018] Fig. 9 is an expl oded perspective view of an exenplary sensor
arrangenent. [0019] Fig. 10 illustrates an exenplary controller for a

di vert er woezemlysos[ 0020] Figs. lla-e illustrate shot seceEsSe2000®n0275
programm ng an enbodi nent of an inverter controller. [0021] Fig. 12
illustrates a timng diagramof operating the diverter arms. [0022] Fig. 13
i |1 ust {8k a spBieds jesnsemladedwerspegiivameoe! anrexempiary diveHesstRRY di ver t er
arnms. DETAI LED DESCRI PTI ON [ 0023] The followi ng description sets forth
various enbodi ments of a diverter assenbly. The diverter assenbly may be
used i 0MBhy appFigc4ts dperspactivs vighry aperemplary diNeREQrMANg; r port baggage
handl i ng systens for diverting bags, article sorting systens and the |ike.
[0024] Figs la-b show a portion of a conveying system 100 in a djvert area
whi ch Nﬂdg} por at Big. s amdadnded perspectiye diayepk e exurplam diversey amriugit: 153 shows
the diverter assenbly in the honme (non-divert) position while Fig. Ib shows
the diverting assenbly in the active (divert)position. The,conveyingb

syst eml0KI8} exanpige6 is ap¢repRst Ve Viestof ah¢xemplahodrivsrhayolos a divertngAssersdlyi  n
first and second conveying surfaces 113 and 118. The first and second
conveyors may have different origination and destination points. In one
embodi 6] the Figr s amexpieded parseemiive yiagokitie exerlagoipy ik belt surfaces.
Q her types of surfaces, such as driven rollers, other driven surfaces or
non-driven surfaces, may also be used. Rajls 138 can be provi ded on sides
of thel®Aleyor sFigo8 it Plenivievpalckagwiary ink gnd ¢yt wi t hi n t he conveyors.
[ 0025] The conveying surface of the first or primary conveyor noves in a
first direction %as i ndi cated by arrows_ 114); the second conveyi ng surface
of thel®d8bnd or Figed dneibexpledsd PETSBECVE Vi PANLXEEWHAY SEHSPRAT SRRl

i ndicated by arrows 119). Preferably, the second direction continues

forward along the first direction after diversion. For exanple, as shown,
the fif@M19hnd  Fig. 10 illustrates an exemplary controller for a diverter assembly.

[0020] Figs. 11a-e illustrate shot screens for programming an embodiment of an inverter
coniroller.
[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)
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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 wo 2biogpiefds Ot her angl es or configurations of fipcstiscand/os@sond
directions are also useful: [0026] The diverter assenbly is disposed in the
path of the primary conveyor. |In one enbodi nent, the diverter as %gﬁly IS
mount eBoBiey Bhaitarveyiae sugemnfor pxamplgeinchides Srebapd S%Pg%sgfév&y%féﬁdiv 16
primary conveyer. The diverter assenbly includes first and second diverter
arms  130th-fiystdind pocnad caberyéng vefapes HarapdddRy dye dirstpaeé sefiopd comyey aispayhaye

posi tioned on opposite sides of the primary conveyor, mrroring each other.
The di diferent osigmetion end deséinatiinepcinteu il oo embediment; ihesfitst andigpond ceipyshinga
first end of the arns. The diverter arns are rotated to be in either the
horme osurfliceerbomposi bélopurfdce® 2 Ythathizpest besuifages, tsoeh as Weiven eoliass, tatkerhdrifen
position, the diverter arns are retracted beyond the edges of first
conveyburfacsubf acedsuahsirfaes, i alsé bagséts Rads $3®samhe padvidedpen sidesedf the t he
sides of the primary conveyor. Articles transported on the prinmary conveyor
ar e al tawegors oo tmaintagh ppelsped dnglconseyedawtlsin alndcaneegirns on pri mary
conveyor.[0028] In one enbodi nent, when a package is to be diverted, the
diverter arns are actuated. Actuating the diverter arns causes themto

r ot at e [(028lnd t h&haxbmvegingrsntfatd ofithe diest dripaimary eynayer mobes ineafirspdirection
substantially collinear over the primary conveyor, as shown in Fig. Ib. For
exanpl es ihdicateld Be bairews al 415 thersecomelt @heel ih® surface of fie sseaming seadslatyosmvdgoreach
other. The diverter arns forman angle (divert angle) wth respect to the
di r ect hRedin bhRchid GREN0AQRY SyditatedPbe o3l ¥19)1 hereftiratdy t thangtend dirediont

45. I n anot her enbodi nent, the divert angle can be about 20 - 60. Providing
ot her doMBiubs BRGhRBalvRY R fHaitdamns hftér dVdrkioheFof eampliieasphbway the tfiastt dnel
secondary conveyor may al so be useful. [0029] In the divert position, the

seconds&Rds dechlinisrt YardleMBnd i€y athy debBaind BeerRtiadlyyeleyfigt ase stendach
other to reduce or mnimze the gap between the arnms to avoid articles
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.



frombeing trapped in the gap. The gap, for exanple, is about 5 - 10 nm
Additionally, the height of the diverter armshould be sufficient to divert
t he arti cweotwEsdported by the conveyor system For exageplse2omweoiei ght of
the diverter armshould be at |east V the height of the tallest article
being transported. Preferably, the height of the diverter arm should be

gr eat ef028hn t helthengismbeflindns, when aspackpgd & © beidivpricdathspdiverder. ammsy are
exanpl e, the height should be about 3A the height of the tallest article
bei ng tetaatspoAcrdiing Ge30Verikr dimeeduses them toagtaierpsdundethe agiswé retaien sushfthate
(150a or 150b). The diverting surface, in one enbodi ment, conprises a

rot at i Hygyare collivean obedtistantialishcolbhear eseraho prithatsheorfveyore abshommeindiig.ekty dforar m
The belt, for exanple, rotates around the frane of the diverter armin a

di r ect examplhj thé divarted drinataeessrotaded togmavepthe kaged endmtownhslsmatimathyr. t Bhet diwerter
secondary conveyor. The diverting surfaces of the arns are driven in a

di r ect homs fanf annangle (divem umgke) divitierrespegt sutieadeedtmnmaf theaipnimalye cantedyotf.e
noving in the forward direction. For exanple, in the illustrative

enbodi ResférablyhthelilVdrsargie ishubodi ¥¥r tieranathesembdditnent, theadietro akgle £en He mbaiti on.
The diverting surface preferably maintains the forward speed of the package
at a coost a0t Pasedin@otter diverdhivdled atlidhocdnhgarség anrtidey fioaneyprimp§OdliheThe
speed of the belts depends on the speed of the primary conveyor and divert

angl e. sddan@4i¢ cemR9ei MByhiso bbassheed of the belts is equal to about conveyor
speed/ cosq, where q is the divert angle. For exanple, in the case where q

is equal to 45, the speed of the diverting surface can be about 1.4 tines

the copomypr spegdheDhiveitNebsition, Be t&oad catiHer drerdirmB\praesblyoshaiseivel .
I n anot her enbodi nent, the belt speed is about 10%to 100% above the

conveyidgiveRe8dsOfo daiR obtfel T8 E3HuE® BY ¥ Mimizd HO3Ap tirwkeriahé afmatoa@id@adicki4
may be provided. As shown, the diverter armguard is provided on an exposed

si de O?rohhﬁeiﬁ% EappRCRBY Qhp. ABE APPlor GRAMPRSis dbohs Chibaih. AdEsorRily! e
conveyor may be exposed, guards can be provided for both sides.
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.



[0033] Fig. 2 shows an alternative enbodi nrent of a conveyor system 100 in a
divert area with a diverter assenbly 120 in greater detail. The conveyor
system i reDrdeg1680pr i mary conveyor 111 with a first coneeyiSego®wnizase 113
and a secondary conveyor 116 with a second conveying surface 118. The
conveyuga surface 113 of the first or primary conveyor noves in a first

di rect i#31} as i ndhe apesd afytheibeltsvdepends)on theespaet ohthe gwimasy iCARVYQF ARE dIVeHs of
t he second or secondary conveyor noves in a second direction (as indicated
by ar r avge.1lro)ne ensboslimoont, the lspeed e dhreolealty iveqmabiporbonscanyey@s$pogd/ spsPnehgse Onar y
conveyor (nmerged conveyors) at an angle of about 45. Having nmerged
conveyortbe divettangte. angyl exsmply iraths cagrewhereffuis eq@iterd 5t,ythe spastl of ding/eiyerting

| ayouts are al so useful, depending on the flow requirenments of the

appl i catrfasa cafl BO3MJut THetirdesvtbe tenvegsisspetd. yDiisingitbpbatscht iothet breegamiay elsotbiee
primary conveyor. In one enbodi ment, the diverter assenbly includes a frame
(not shewfu) Irdarsyniees echbodineant,tthebglt spead ys atny &¢%rto 100UNtbede the ¢oneefingmpeednd
above the primary conveyor are first and second diverter arnms 130a-b with
di ver t bfpe ptinfaacesnvep@la- b. The diverter arns positioned on opposite sides
of the primary conveyor, mrroring each other. The diverter arns are
rotatable around a diverter armshaft 132 at about a first end of the arns.
The di j(@32fr ar nB div@tdr @batgadrd 24b@ay be prdvided. tAeshHoone ther didérteerarmppeid ison,
as previously described.[0035] A drive train 250 is provided to drive the
di vert provitleti®on athéxpdsddvsidé bAtHe, firktcodney @Miadiapplidationo ipwhidashoeh sides ef the
drive notor 260, a drive unit 265 and link unit 270. The link unit
mechanggikor LB &5 obHE plirdetdrete foUBed QgeoliesidesThe drive unit couples the
link unit to the notor. Wen the notor rotates, the drive drain causes the
diverter arns to swing into the divert position or retract back into the
hone pp@3Bj on. [ BR36lshéws anglteningdieidotimdndef 8 cyevely6r syaeae il i d diveapreal e

of producing fast diverter armswing time. Swing tine refers to the tine it

takes {ah @ dNHRF taBSen®ly 120 D ERalck UBANE THRStdiveFort Systdie iatlhéds. aFsrimary
exanpl e, diverter swng tinmes of about 0.3-0.5 seconds or |ess can be

conveyor 111 with a first conveying surface 113 and a secondary conveyor 116 with a second
conveying surface 118. The conveying surface 113 of the first or primary conveyor moves in a
first direction (as indicated by arrows 114); the second convéying 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.



achieved to enable handling high article sorting rates, for exanple,
greater than 60-80 articles per mnute. Furthernore, this fast swng tine

i s achi ews0 2006895y and accurately wi thout vibrations, PamisSGhoaGorepe20syes
reliability of the diverter assenbly. [0037] Fig. 3 shows a perspective

vi ew of one enbodi ment of a diverter assenbly 120. Diverter_ assenbly 120

i ncl udé3p] r st aAddréecria 230 ve pravidsdde Weive ssadiyerien armsg ) hechitks) tEan g oRe| i nk
unit 270. In one enbodinment, the link unit conprises a sprocket chain unit.
For exambpdimentnehmarisasia dsivermrive maiemiads a gihtve uait oy apd dipk anih2dAaflhe fimk

whi ch includes a sprocket 343 to forma diverter armunit. The sprockets of
t he di veit mechanicaly oaples thel divertsy anms hngiether dlihs| dsive3mix couples theokiplernif fythehe
diverter armunits. Qher types of link units are also useful. [0038] The
di ver t ewtar iVber the naoter rotaies, 8 drivealraindiavses ther disertarmainy td swime 310 the diyegne
enbodi ment, diverter armnounts 333 are provided which are mated to franme
nount s p88don ditvetradi dhitk mfo the omerpositiomr m passes t hrough the nount, enabling
it to freely rotate. The nounts can be mated using, for exanple, bolts. In
one enbodi ment, at |east four bolts are used for each nmount in order to
count ef0036} r a shbrknd embedichent, ribe dpertert assembl@t is eapatde hiprpdusingofastndivertarng
the diverter armunits to the frame are al so useful. [0039] A drive unit
265 couph ewitghmbi riwingitime ¥é¥erts do ahel timeeit nakes rfo2 6 @i vdniec larm o coorerfodthemieby a
controller unit 380. Upon receipt of command signals fromthe controller
uni t, t pesidsr toetheother. For @ciipdd, eliverer swingeindserfdibuer@.840. asaebnds3deds dap beove
to either the hone or divert position. For exanple, if the diverter arns

ar e i na¢hievedasengdishdndling highiavcl@Bdrting Eadss &8 ckivtplel greamly thah 160@0tdntclel pegr t
position and vice-versa. A diverter armguard 124 may be provided. As
shown, nfif@e di Fefic@ony, Mhusdstl swin@rthivd dedchidvad sewpose tndi seusitely heithoutst
conveyor. For applications in which both sides of the conveyor may be

exposedibraibat, dshiSR iR v reNAHES Jfdlie Bodrter ab@pbly. [ 0040] Fig. 4 is a
perspective view of an exenplary diverter armunit 430. In one
[0037] Fig. 3 shows a perspective view of one eml_aodiment 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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enbodi nent, diverter armunit includes a diverter arm 130 with a diverting
surface 150 supported by a franme 433 which is nounted onto an arm shaft
132. I n twe 20idiusdosat ed exanpl e, the diverting surface ipeT@cdedowen7bel t .

O her types of surfaces, such as driven rollers, other types of driven
surfaces or non-driven surfaces, nmay also be used. In one enbodi nent, an

ar m nothstdryganater isagiipigd do eanse Hie daysries pams 1308-F oaneye tarciherdhinhpmg opAtvs ta
frame. The diverter armunit may further include a sprocket 343, which

f or s pesitionf Ferrpxamnkel i-thp diverer armis ke wrfhe homp eosian.piedaiet cayspkthgm to
will be nore fully described below. [0041] Fig. 5 shows an expl oded

per spediove éntojthevdbkrttriosition ang vigeyvetsay eptdiverter grm rguarda BB gy dedirgededr Agr m
unit includes a diverter armframe 531 having first and second ends 521 and
522. | shaye theblbdireemrm guandtis provédedd puranperfoesd 58ie ¢fstheplinst ednypd &'dri r st
end of the armframe using drive roller nmount plates 553. In one

enbodi agmicatiensf ineehiclo bbér sid&4ofi the mpoveyer niay hehex poslp igdardn dan be tpnevidéd, éart er
armframe using free roller nmount plates 556. The plates, for exanple, are
bol t edbéth sidee. frame. A belt 150, which serves as the diverting surface, is
mounted onto rollers to formthe diverter arm The tension of the drive
belt can be adjusted by varying the positions of the rollers via the roller
mount [I040Ees. ThEigret or a pecspeltiveevipul dfeyn ewtraplapc tivegteredrm nmita4 85 dn agiei ves
the belt. [0042] Top and bottom angul ar contact bearings 563 and 564 are

di sposesibedinican dinetddoariro i uihtdes aolliveher tmansSlatvithbaudivértiag fiurfate did
when it is to be nounted onto a diverter arnshaft 132. To firmy hold the
cont actuppeaed BYS frandH# 3% @hichdp nivedtddnghtd ol 2 Gha¥ 332.s e ehedllbsttatahekagid,om
beari ng housing 574 are used. The bearing housings are nounted to the top
and botHeetihd agefe ¥ a HAGed BMIEOWSE iPes dOSurRxes Bl ashivives rolldrs duiedritgpas
housi ng al so includes a sprocket nount 575 for nounting a sprocket 343

t her et gf dyi¥eh, sut fREesef HOR dRiveR Qhrfsces, riayOilSo BENQM MBdhe cAibBdidkent,n@ dinviablar

arms is coupled to the drive unit. A 'yoke connector 578 is provided in the

bot t oMy PLArdrHGINPYS tHRGrinCGshhRGS KdctiRh® rEQitBhf BEtoM frBmb hehel diveetetiint 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



[0043] The diverter armis nmounted to an upper portion of a diverter arm
shaft 132. For exanple, the diverter armshaft is inserted through bottom
angul ar bEaerorgie®seeve and upper angul ar bearing. To secusekgoonwod2dst he top
bearing onto the shaft, a |lock nut 581 with a | ock washer 583 can be
enployed. This in turn holds the diverter armsecurely in place with

r espec8hafhl el qfipalythold digpoptaciheayiagt infhade; toprhsasing pRYsHp %l}li slggYeop&radi on.
The angul ar bearings allow the diverter armto freely rotate around the

di ver t &ptterh earingshqusingr S Tdcare uend- oFhet bearing howsingsdre mosmigddp Ve toarangd beftemunt
333 for nounting the diverter armunit to a diverter frame. Cover plates
558 mayutiiacep ob thedame aisivgy ér axhmplex hoked The beitemshapsing Hdsot wgludeda sprockeh of
the diverter armto prevent potential damage to articles. [0044] Fig. 6
shows aquet §pebfirimeunyingva spfrocket 34 dutirete mithg fforaexaniple boktai An 28O entbr@inghnt.v e
train includes a drive notor 260, a drive unit 265 and a chai n sprocket

| i nk uni¢ oR#E.diFrger afms roemipiad tox ddedupier #ppake coanedtend B issprowidbddi thent

of a chain-sprocket link unit 270. [0045] Referring to Figs. 6-7, the link
uni t i boitdrh bedrirgt ledsing itm (acditate coeplingrwitlsthafitise 182a- b. As shown, a diverter
arm shaft is assenbled with top and bottom bearing housings 573 and 574

(i ncluding bearings) and a sleeve 576. A sprocket (343a or 343b) is

att ach¢@48p t he bhe Horrtbeani isgndotisi togun Upper pdréon oy e divertenamm shivdf t321 3=,
which is attached to the drive unit, the bottom bearing housing includes a
yoke ceoxamit.othe 5liGertef QBAGhafthe indeaed throngh bottdm ianglilad ®saringg clepye and n@parhi ch
i ncl udes chain portions 677a-b connected by connecting rod portions 674.
The fi asgulémnisbasiegornd sdeaiely poldt thensp dewingadrd thicoshafiefai loskt nands s edthna lock
sprockets 343a-b, respectively, of the diverter arnms. An adjuster 678 may
be prowiadiegd 588 catlpéisinpldyedt A% i@Au@hoddsabk divertthanC Sadptedy in plOEAW]th Tépeelr i ve
unit includes a drive rod 666 and a swivel arm635. A first end of the
drive DfheidivepRH Madd ptechitgs ¥ Foth GRMGRRLAE opdatioh. The ahdulstbediidgy dRFw tlem

shaft 132a while a second end of the drive rod is coupled to the swivel
arm  Caugktb&@npPio B8y dbtadearb@el he di@ted hate! A2oWer portion of the shaft includes a
diverter 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 diverter arm to

prevent potential damage to articles.

[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 usingvdiverter 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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and yoke connector can be achieved using, for exanple, rod end bearings and
bolts. The swivel armis in turn coupled to the notor. [0048] Wen the
not or i s woi2bmmaesesn, it causes the swivel armto rotatecyscaaotoozast uat e
the drive unit, causing the first sprocket of the first diverter shaft 132a
torotate. As first sprocket rotates, it_engages the first chai ortion
whi ch 11&5tjaRd SpeWA TEckets 333 -Re respectinely c AL ,‘ﬁ’t"ﬁ?-ﬁré‘BWS'r SRR IRIeR %@" By did
sprocket of the second diverter. arm In this nmanner, the diverter armunits
nmay be PEvidedrio adjupighetegaine paslpgk withefQupldousl y t o swi ng bet ween the hone -
and divert positions. [0049] In one enbodi ment, a sensor plate 662 is
provi ded. The sensor plate is disposed in the drive unit, Sensors are
mount eVl o t he Thedeve upit inckudes agisive rad ARO arba susvel pBR 689 Pnarshpydet B¢
arnms. For exanple, the sensors detect the position of the swivel armto
det er nflfiee tadds peniled ©rihoyokerpongeajerr Y78rof dhaqvirst digerer|armrshalid 3anpbie asegondy
sensor plate 662 is provided. The sensor plate is disposed in the drive
unit. Sethebths daive radimeamplednipdhe beivekbarsor Conpling efothe drize mochiw thaswiediarmon
of the diverter arns. For exanple, the sensors detect'the(Position of the
swi vel agt yokecogatatomiandetashieperbusing doéxatiple, dod end beariagsrend Pdos 1fhemivgvelg
shows a plan view of a portion of an enbodi nent of a diverter assenbly 120
di sposeun ishe tyatchupled to theimmiory conveyor 111. In particular, the portion
shows link unit 270 and drive unit 265 in operation to actuate diverter
arnms (not shown) on first and second diverter armshafts 132a-b nounted on
a framt0038]L. Fi r hearibe sotwnsswitthed loat # c3usBa s swivelprmud detdtecafasite actantd
second diverter armshafts, respectively. A coupler 372 having first and
secondthehBiva upoy ¢ausing 7Tt dproakki afithafiest dorrtecthatt 132a comteet Apdirst gprocket
portions 674, are mated to the first and second sprockets 343a-b to forma
chai n- spateg keengdaigedk thenfitst cliaDd paftiomhehidh iiss mterodrnetted aoulpd satohd chiie, thierdby
unit. In one enbodi ment, the drive unit

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



conprises a drive rod 666 and swivel arm635. A first end of the drive rod
is coupled to the yoke connector on the first diverter armshaft while a
second emsioabioitiesodri ve rod is coupled to the sw vel armCTSoomloonge7df t he
drive rod to the swivel arm and yoke connector can be achi eved using, for
exanple, rod end bearings 834 and bolts. The swivel armis in turn coupled
to a mbrdend verendsiiverter agn skafisnaspectivaly. ph cowrier Hubvare first apd s¢read cBRing he
frame. [0053] Wen the notor is switched on, it causes the swivel armto

r ot at epedions 67 t-acvhieh aretasanented/ey corinectingnrod mertians Sdinerstmatedho Sigifiyeiandr m
is rotated by the notor in a first direction. The first direction, for
exanpl escondpproekeityB4Badt odkun ¢ ehainrsprackgdinkReitat i ng the swivel armin a
counter-cl ockwi se direction my al so be useful. [0054] When swivel armis
driven by drive notor to position 'A', the drive Iinkage causes the |
chai n- 988k ket | Thk drive smitnig coipled ttetheatink uhitot Inseranvpnbedimgnt jthes drige siiti on.
The first position, for exanple, is the divert position. Wen swivel armis
dri vencappridee andriverrotl ©6p caidtsvavel' aBn, 635hal rfirsiperslcddethe| drive rogas aoupded » i ng
first and second diverter arns to a second position, for exanple, the hone
posi t i poke damnedier on thiedirst digersasiang sheft waileot scombpendotheidnivered sagmipled to
rotational direction as the previous swng, swvel armnoves from position
' B bathke stivgbasnt Conplind of thédriebsodhnitiegswigeltdnm ahidweke eonrectos clrabkathievietle
first or divert position. [0055] In one enbodi nent, a sensor arrangenent 83
1 is pusing,died eramplessyisard beudings 1894 phdt®[t6.6 TheTdvavelearanis ar tuamgeuEed to 8
used to nonitor the position of the swvel armas it rotates. For purposes
of il | utdratlihe motee s @kadpleatt@Esrebbt aoued eahe bavglof flesirirh@n sensors 836a- d.
O her suitable nunbers of position sensors and arrangenents nay al so be
used. I n one enbodinent, first and third position sensors 836a and 836¢
posi ti [0988] opposiMteneleihotir ieswiadhed oapiplcaubes the switslarmrtb octhteesotas tanctuate
inverter controller (not shown) for slow ng down the swi ng speed of the

di vert ghe div@sun(te. 8. oncBrhiiiimShtoMe Rovivel aingl iRebtrdtbySthewhddomin Prfiesti ditetyon.
Sensors). Second and fourth position sensors 836b and 836d, in one

enbodi TR First AirRctEs Phreskahiplé chh O iRATREUkVidcOdidetion. 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
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controller or PLC (not shown) for determ ning and confirm ng the diverter
arm positions (Extend and Retract Proximty Sensors). These conponents wl |
be descriwoeaoiomisswse detail below [0056] Fig. 9 is an explsedexd/ope7spective
view of an exenpl ary sensor arrangenent 83 1. The sensor arrangenent, in
one enbodi nent, includes a sensor nountin | at e 662. The sensor npunti ng
pl ate PR Fﬁl@eéln@m,\ﬁ@dnymﬁrscog@all%r(n%ﬁwrg ggg dpwing dow thn eying|spegrhet the
enbodi nent, four sensors 836a-d are mounted onto the sensor plate. The
sensor divefter arasdeg|, Extend ibew Dovprand; Ratragt Slewsldewn Praxamity Stawrgefsepndangt e
is mounted onto the frame such the swi vel arm which coupled to the notor

t hr ougfowsPenvisiigngaasorod Hbamnd\§36i in onpembpdiment, rrecapieddpd agrogramaabliclogis
curved sensor activation plate 938. The sensor activation plates activates
t he senswrdleagr Pi.C(nitahewnpfas detetneimingrend cenfampihg thewdieerter lagm ghositipne(Exdands
are in the hone position, the swvel armw |l be in position "B (as shown
i n Fi gan@Rewadt Rraxumity Sangolns)s dhssercodfoderse wmild badescuibednt hyretdemildehsor pl at e.
Simlarly, when the diverter arns are in the divert position, the swvel
armwi ll be in position'A (as shown in Fig. 8), causing the sensor plate
to act [0036F t he Eaxdndapesplbdahpasmstve 886bof I0OSR]pldFy gensdO aithngemenaBalt an
enbodi nent of controller 380 for operating a conveyor system In one

enbodi fhakensbharagament, irroncanprdismest, nchrdeg h aemsab heuhtigg plakodti2r olheesen§d®@L C)
1002 interconnected to an inverter controller 1004. The inverter controller
may be nsuptigg paraimblude< oved kloar 964hat whivhosepsurabgsmotumted.eXiaopé embSdimrent,
Logic Control to enable it to execute the progranmed | ogic. One exanpl e of
such afapnknsrd 886d-balre noudedNd@iteitiad kahsav plateabThe issndobg fHBLA8E e VEomprise

Aut omation Drive FC 302 or its equivalent. In one enbodi nent, a sensor

ar r anggfeithitPsenbordss coupled to the PLC and inverter controller. The
inverter controller receives 3-phase power supply which is supplied to a
drive nmotor 260 of the diverter assenbly.[0059] The PLC nay serve to

cont r o[00s5iIp over Thé s@Rer fhleGfnline@ntd e fitadie sask rltwivel Rah vaxaPdupled fo may
determne which articles are to be diverted or not as they approach the
divert gfe 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 programméble 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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area on the primary conveyor. In addition, it may al so determ ne whet her
the position of the diverter arns are to be changed or not, based on the

i nput si gwal2e10fresest he sensor arrangenent. |f the diver Per/Serom/oness t o
have their positions changed, the appropriate command signal is issued by
the PLC to the inverter controller. For exanple, PLC nmay . issue an E}t nd
Commant0059hnal t &he RhRgeay seavg@sionfrehthsoversll ogeratipn af thgidigerter assemiy - h%‘?e to
the divert position; the Retract Command signal causes the diverter arnms to
changeetanante.tihmagideterminegvhiple attistas apotol by dimerterher it @s gy appeqgeh shepdiverter
Command to reset the positions of the diverter arns in the hone position.
On t heatst var tha nigharn sorveynal &1 addition,dt bwy| alspudaiennting mehetioy e positzamel theed
not have their positions changed. [0060] For exanple, if an article

appr oadhverter arhns anié taeba clnged brasothbasad dettke mpnesigrdlafron the sensor paargemesh t he
primary conveyor, the PLC then determ nes the position of the diverter arns
based ththehlivdrtes anapmeéds taabsvevehechositions lbarfgetd.ethd Pproypoiates¢gmabnd sigaalt isve,
this indicates that diverter arns are in the divert position. In such case,
t he PLGsualibydthie PiiittoathKatvetet cdbawiian df drexample, Ph€ mlay/ssuecan Bxtasd Cnmmante
honme position to allow the article to remain on the prinmary conveyor. |If

t he Retigaglt toSeHange tisd posidion sf det divertert &rns frowdli thatheaet tvatheddivert tpesitian;nthear e
in the hone position, which is the correct position. In such case, no

si gnal Re@ad tngRaddeeiaPsadstDihe dlvettBLardlise chage dFoms theakiebri © thehomes pesitiny. t he
PLC. [0061] Once inverter controller 1004 receives a comuand signal (e.g.

Ext endTROPIENGhaQlissRetar ekt Conmmndtd réded Met 3itivnk f thCdivertaciruatia tie hemeer
arnms, it may take over control of the swi nging operation with its own

bui I t - F&iﬂi&gi On GRNGth&! Hafll, d@EnalR)te bk TssBET ffitcidifértertaf@s headeidt @ave their
controller 1004 may change the speed of rotation of the diverter arns by

sendi ngogiidds@h&idedpr eset signals 1006 to drive notor 260, depending on the
positions of the diverter arnms. The val ues of these frequencies nay be
stored in a nenory in the inverter controller 1004. In

[0060] For example, if an article approaching the divert area has been determined that it
is to remain on the primary conveyor, the PLC then determines the position of the diverter arms
based on which sensor is activated. If the Extend Sensor signal is active, this indicates that
diverter arms are in the divert position. In such case, the PLC would issue a Retract Command
to move the diverter arhis into the home position to allow the article to remain on the primary
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, fhe
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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one enbodi nent, each swi nging operation is carried out wwth a two-speed
control. When thecommand signal is first received fromthe main PLC 1002,

t he i nverwerowmanssos! | er provides a first signal 1006a t @Coseran®oa’sve
notor. The first signal 1006a conprises a first preset signal to initiate a
quick start of the drive notor. As the swivel arm (or diverter arps)

r ot at e§ompapdsignalds fisss meesiver frophthe samn BECal00anihe Avertepgontioflegprovides a dirstg 364
in Fig. 8) senses that the swivel armplate has reached its position and
sends 8igaalol00Gavm opergteadriveomptes. | Theeinsesigaalnt006p cemprisrsa finsh PresebHgadvia
signal may conprise the "Retract speed slow down" or Extend speed sl ow
down" #iitgaiek quakpseartiphithe snivaimeatprer As the soiived armr(omdivsrierr asms) edalng, layposiiong
retracted or extended. Upon receipt of the sl ow down signal, i nverter

cont r okdnger in0iAsenbeTarmogesem 83 & (opdsqpsersidita fin Bigu8htepseschairthey swivek sm pla@,
causing the notor to run at a slower speed and to stop within a preset tine
del ay. hddreattiedutsgekigipn mmy sérelsprdowetdoan signal wetbomuertor cantsollot he(4. sThea dowe

val ues. After the tinme delay, the inverter controller ranmps down the power
t 0o t hedowh eignalninty comprisecthe $Rietract fspeeall slpo siowind or HxGME8 Zpeadl slbwudpiwnd signal,

t wo- speed control is described above, it should be understood that nore

t han t depeapimgds wingthdraheidedrterByme per presandy themgseiragedigr @dtrided. @fponhecespti vel
armat multiple speeds, the overall switching operation nay be achi eved at
a veryosthersiovs dowg sidnak iterier someiller a00k hes yemlsea yposnd presdtrfeeqaéndyhe drive
diverter arms. In one enbodinent, very short swing tinmes of about 0.3 - 0.5
secondsot@doe cashtigethe ndbt to AiDAtdslanet §Peed afid tp obtwidtiih agprofet ttinge dilwer t er
arnms. This allows the handling capacity of the diverter system-to be

i ncr eagRé tiet ROt mby Be gfe%é‘{dé{@nlt SE6RdsArtA0 didr sbitalORMYIRBd. | ARat theithie s¢egd
di verter systens. [0063] Figs. 1l a-e show screen shots of an enbodi nent of

a progiRMN@r tafidtet AimpsRBwWANRE bow@ab heGRBIOF Bhit itheed AYRALIPosiEOAL r Ol | er.
Fig. 1la shows a screen shot for logic related to a cormand for noving the

diverter arnms from for exanple, the home to the divert position. At 1109,

logic [goeg] O is @%@@%ﬁg-thisgee;le:&tl%h‘%Nﬁ@s%riSSd 8BoveS othoRld boanpEvGbAHANg
of logic rule 0. As shown, logic rule O is a logical or function of the

Ext end 1{eamBAdwansheBesS flay BoMIRAD By operating the swinging action of the swivel arm at
multiple speeds, the overall switching operation may be achieved at a very short swing time with
smooth and accurate positioning of the diverter arms. In one embodiment, very short swing
times of about 0.3 — 0.A5V 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 rulé 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 0 is true (logic 1), the inverter controller initiates a run sequence
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fromthe PLC. If either of these signals are active, logic rule O = a logic
1 or True. Referring back to Fig. 1l1la, if logic rule O is true (logic 1),

t he i nverwenomassosl [ er initiates a run sequencefor thePodtScro@oo®y10. At
1120 the inverter controller runs the notor at a first preset frequency
(e.g., preset ref. 0) to give a quick start of the notor to nove the

di ver t & thg motor[a0dbk). At lgz_.olgl,e invRyies confraller ryns the pwiarad a fEpigoreset fregueiiyns a
screen shot of the programmng of logic rule 1. As shown, logic rule 1 is a
| ogi cale.@r presateefi Qrfogivetahquich giarlof theanetohte mExvedthel dSEHBOF ABN Proxi mity
Sensor or Reset Conmand fromthe PLC. Wen either of these signals are
active, logic rule 1 = alogic 1 or True. Referring back to Fig. 1la, if
logic t96d] 1 is Atuld 19l degie rule 1t seateesssdt eFigohth shpws & soser e dfother to
run at a second preset frequency (e.g., preset ref. 1) at 1130. The second
pr eset pfogegureingyofdbginsulddwnAs Bowmtlegic rde ddis el legiaaleortfhnctiinadrthe sigaalnsomA
timer is started at 1140. The notor runs at the second preset frequency
until thenfextend Slsv DotvnbBroruhnion Sémgr or Rebet Goramadd fom the RibowriWVhen Eitlagr of| d.
After the timer tinmes out, the inverter controller stops the notor, at

whi ch fiesesigndlaredictrer, legic arlend =aa bgid bor ExanRederring badletodiigel Ia, fdegitireln.

[ 0065] Referring to Fig. 1lle, a screen shot for logic related to a conmand
for noviingut liegiti Ve theehvatdraohtrolier daoges ekampla, totrhe atlh \secdndt reseh drehuemey
position is shown. At 1104, the inverter controller receives a Retract
Commanct. 4./ pravdt hef. PLAL.11B0O TRS peosé prebétefrdquumsyt siowcdown tlelrestor @tdetdletate the
initiates a run sequence for the notor. The controller runs the notor at a
first presetarfiisequenty i Qatked atpri@setThHeahotoP jurdtat tHelsecbnd giese feequenckumsilar t
of the nmotor to nove the diverter arns. Upon receiving a signal fromthe

Ret r actimel GiePOWNbABE®Sh Mdiy ndensar 139, aslddwntilFigandr ol fi@rthé Wntr tikes at,or
at a second preset frequency (e.g., preset ref. 1). The second preset

frequedRin®drRR oMM Eﬂ%?s Rt Abtol, Qut YBGE] SUiAL thel difertlr WRhS Bfe, BIrBRamplel i@ i S
started at 1135. The nmotor runs at the second preset frequency until tiner

tines gukridbsikidfd. After the timer times out, the inverter controller stops
the notor, "at which point, the diverter arns are, for exanple, in the

[0065] Referring 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 position is shown. At 1104, the inverter
controller receives a Retract Command from the PLC. In response, the inverter controller, at
1105 initiates a run sequence for the motor. The controller runs the motor at a first preset
frequency (e.g., preset ref. 0) at 1115 to give a quick start of the motor to move the diverter arms.
Upon receiving a signal from the Retract Slow Down Proximity Sensor at 1124, the controller
runs the motor at a second preset frequency (e.g., preset ref. 1). The second preset frequency
slows down the motor to decelerate the diverter 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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hone position. [0066] Fig. 12 shows an enbodi nent of a tim ng diagram 1200
for operating the diverter assenbly. The tim ng diagram shows signals for
an ext endwopercatssen 1210 and a retractoperati on 1220. FeCT&G2@0t080205
operation, at Ta, an Extend Command is issued by the PLC to the inverter
controller. As shown, the Extend Command signal is about 100 ns jn_| ength.
Si nce Ph&aden 230 EgF gniestend opprationy b Tgoan Extsad Gamemand isrissusd @y the BRE Bown
Proximty Sensors woul d have inactive signals. The inverter controller
ranps s investepsartrollenppisishevn.ghe Fstend Commeandssigng! istabput 9rms i lepgthdiSinget er
arms. The ranp up, for exanple, is about 50 ms until it reaches 100% of the
desi r ethepbvesterarmThin the boindipasition.ttbe Exteng ang Extend Davary Pedxsmity Setsers wenldm Th
to Tc, the notor operates at the desired power until Tc. At Tc, the sw vel
ar m habaacinastpieaigriatse ThetiendteSlcontrdlenwranirsoxi tie tppwse sgplied Gnthe ndier @usimgd

Sl ow Down Proximty Sensor signal has been detected, the inverter

cont r olitlterotaedhe dvepavemst Tht hamprop,aior &xanBesiehbeuteOdesintddt paches 186% of
continues to run at 75%until Td, when the tinmer tines outs. In one

enbodi ttendesirédhpowemarTh. f Brovehagrpiher rangp ap divdes Y aiso uRifolvi BiongTbitddic, thene
out periods is also useful. At Td, the inverter controller continues to
ranp dewtort spefiitesodt thédegitedegovee uptil €l t/a Td)ehdrowiel arhinbas activacdwhe tHxmd f or
exanpl e, is about 50 ns. Other ranp down tines nay al so be useful. [0067]

To i ni Sicat BoanrBbkiasity S@R6At Ok the HigdndaSIbwIDEWR Poximit Benbd sigtiligs bent he
PLC to the inverter controller. The retract operation is simlar to the

ext enddaB@edt the inwirieh chitolRX e€RictPPowdtato theendtdi td A5%r cnRe deviredr geutgemdt he
power to 70% [0068] As illustrated by Fig. 12, the inverter controller

ranps gehtaes forRiRSt IOV urth & dTRhes (HRUhaAiResas. BohdeTBYEmERE tHd thfér, &
arnms froma first (e.g., hone) to a second (e.g., divert) position. In one

embodi BRRMiple LB abs@MYOURs. 2 PEHVIRRP ofRMINRNAS %éri&{seis aReUise - 4Q%d0the MQertét al
time it takes to change position. It is understood that the ranp up and

ranp deyrPRASERiMEEDH RRp dd8en RE0GATRhEYLAE! Qipplitd (PR RHBLITHE Mmp WB&nr 2MP
down phase conprises a

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.



mul ti-stage ranp down phase. For exanple, as described, the power is ranp
down to an internedi ate power level to slow down the diverter arm The
initial rwoprotmassost age may be a tine stage. After tinepexrpcresjoshse second
or final ranp down continues until the diverter arnms have reached their
final position. I n other enbodinents, nore then two ranp down sfages may be
provi dé¥P6Pbo69] Figy. 131 shawrovreedpee diing . graphd 390 dpmh an Jaebadimenin o dhdiyFHENt

of a diverter assenbly. The G aph shows two operating cycles (Cﬁgle 1 and
Cycl e Tysembly helhgi Grapheshoasseymloperating catlas dkyedpel aipg»r@wde/é\)eofi | diyerder
extending the diverter arns fromhone position to the divert position and
back t essemélyhavhsrgdogn operating cegle inpdudes ekichdinadhe diverterdarmsrired home RosHiope
seen, the drive notor operates at nore than 1200 RPMto result in a change
i n posia theriveit misitiontasd back® thaherbe positorbaftes dhmatticle has bersy diveréed. /A eanfbgst
swi ng speed is achieved snoothly while stopping accurately at the divert
and hoseenpdsi tiiensotdrofeddtesist desc thanet200t RBM tov esstilérin copliangk |ierposition of
incorporates a multi-stage ranp down of power to the notor to decelerate

t he di dertter amisnin definde feabhds. SFahmirngre, khis dave seirizoshesdns achibreednarheathlst age
ranp down conprises first and second ranp down stages. In other

enbodi mifit Stoppidpacturanlytamthe dingat sailomd pggitbonsan be enpl oyed. By ranpi ng
down of power to the notor in nultiple stages, the inertia of the diverter
arms i s reduced, which results in reducing or preventing vibration when
oper at {00J0pt hi gAssduseribedp @edinveft@Oddrtrollee incoseidtes acaaltirghdeeranvg tibwn of

mul ti-stage ranpi ng down of power can be enpl oyed for other diverter
assenbpo@sr. to iy mewanpPieecletity et diverts agndbdfe iRy stogpiag s imgheedbadiment; thes

al so useful. In alternative enbodi nents, the diverter armor arnms of the

di vert gful@S@gdBdnyp @BYn ROnipris@afitsy afdisédoad rmﬂﬁmoWnestm@e Iarothdrwaiiiodpasits,i on.
[ 0072] Al though the one or nore above-described inplenentations have been

descri hffe than @0 9aag 8o wABEIcEd arl Bt ShpIEFEATBY rdngsihsl 66 TGoGEr B @sebog cal
steps, it is to be understood that

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:



ot her inplenmentations may be practiced wi thout the specific features or
steps described. Rather, the specific features and steps are disclosed as
pr ef err edwbapnrmmiefosone or nore inplenentations. [0073] WiasSGzeombei7sred
is:CLAIMS 1. A diverter assenbly for handling articles transported on a
conveying surface, conprising: at |east one diverter arm positioned

adj acent to a side of the conveying surface; a notor coupled to a drive
arrangenent for swi nging the divert€LAMSBover the conveying surface; an
inverter controller coupled to the notor for operating the notor at a
plurality of speeds; and a sensor arrangepent coupled to the inverte
controlli er for divsrien Gesemply rp%}dﬁf‘%na‘%\c efshga‘l‘ﬁpﬁ?é?‘fe‘?n &rﬁonWé??eisﬂff{ﬂﬁ%
sensor arrangenent sends a slow down signal to the inverter controller when
t he di Y8PP@Y&r m reaches a pre-determ ned position, wherein the inverter
controller operates the notor at a slower speed in response t? t he

sl ow down siajheest gneghiyarise age pawtionsd adingairdaa sidg of eeconv g 3irfagssenbl v of
claim1 further conprises a driven diverting surface defined on the

di verter arr nRtorTiseuplpd dpt @ rdriys sapasggment Erapwingingothsr diverigr @B eysietheer
arnms on opposite sides of the conveying surface. 4. The diverter assenbly
of cl arenvBywBerdiee;t he diverter arnms are drivingly coupled by a

chai n-sprocket |ink nmechanism 5. The diverter assenbly of claim1l wherein
t he sensor anr awgeererintroteproupdsl foothe mowr oo pperetied the mptorfatdi phwalgy of
assenbly conprising:at |east one diverter armwhich can swtch froma first
posi ti speetdn @adsecond position

a sensor arrangement coupled to the inverter controller for monitoring the position of the
diverter arm, wherein the sensor arrangement sends a slow-down signal to the inverter controller
when the diverter arm reaches a pre-determined position, wherein the inverter controller operates

the motor at a slower speed in response to the slow-down signal from the sensor arrangement.

2. The diverter assembly of claim 1 further comprises a driven diverting surface defined on

the diverter arm.

-

3. The diverter assembly of claim 1 comprising two diverter arms on opposite sides of the

conveying surface.

4. The diverter assembly of claim 3 wherein the diverter arms are drivingly coupled by a

chain-sprocket link mechanism.

3. The diverter assembly of claim 1 wherein the sensor arrangement comprises four

position sensors.

6. A diverter assembly comprising:



based on whether an article is to be diverted or not; a notor coupled to
the diverter arm and a controller for operating the notor to switch the
di vert er woreofooansoshe first position to the second posi PCOISG20u®n@&7h t he
controller conprises a nulti-stage ranp down phase of power to the notor.

at least one diverter arm which can switch from a first position to a second position
based on whether an article is to be diverted or not;

a motor coupled to the diverter arm; and

a controller for operating the motor to switch the diverter arm from the first position to
the second position, wherein the controller comprises a multi-stage ramp down phase of power to

the motor.
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