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 relatmﬁm%% ling articles and, in particular, to
diverting articles on a conveying surface. 3]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$HROSRIREFERENCF TO RELATED UNITED STATES APPLICATION

[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



100041In 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, ples W any ARSI SLbiRCLIDNEa o Far KRR hellveiqs are

typically incorporated to drive the swinging of the diverter arms. Such belt systems require tension

adjustment Al IRl camER %%ﬁ%"tﬁw&rﬂ-ﬁ?ﬁ@i foradisstang ceplace the belts, the diverter system
has to be disassemblied, resu ting in'long down-times for 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 gi6iétds. In addinonfdhehdscaneeadetbf@a sidiptetedithartesrdbyesyatedanitizliicypesdsowiplznents,
which is less costly to maintain. SUMMARY

generating less vibrations and impact on diverted articles. In addition, there is a need for a

simpler diverter drive system with fewer components, which is less costly to maintain.

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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[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 monitgyirgthe posit ' r r - n signal to
the invergﬂ%]ntroller v%ﬁg;r? Eﬁgﬁd%ﬁ%ﬁg%&}ggc eﬁéﬁﬂﬁg?ﬁ%@?&%%&%gﬁ}%%e inverter
controller to operate the motor at a slower speed. [0008]Other objects, features and advantages of the
invention@gliyjecome wigre apppeaidedion stvdy afitkedolioningidaetalechdeseription 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
embodind@fl4f a convEiSsiysterxplitded tiveptsigvasdembhths pranwlanddiesiepusitions. [0011]Fig. 2
is another embodiment of a conveyor system.

[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. 3 is an exploded perspective view of an exemplary diverter assembly. Fig. 4 is a perspective view
of an exemplary diverter arm unit. 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. Fi 1&?0%” 'Qgﬁ%g&% GGHYe Yé‘?‘é’x‘%(«?é‘ ARG AUANPENS Qéofsiq 110 lpsirates

an exem ary contro er for erter assemb igs. 1 la-c illustrate shot screens for programming an

embodimgs @@ HAVEIIEAd conveying surfaces 113 and 118. The first 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.



100211Fig. 12 illustrates a timing diagram of operating the diverter arms. 100221Fig. 13 illustrates a
speed versus time diagram for the operation of the diverter arms. DETAILED DESCRIPTION
100231 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 f@éiﬁ¥erti”9 bﬁgﬁn@rgﬁlﬁoﬁ%ﬁ\}% SYRGIMS DB‘Q&EEE 'fé‘ecolﬁ’(ggcﬁéﬁgé; A SRR ROF aﬁl}é’f a

conveying system 100 In a divert area which incorporates an embodiment of a diverter assembly 120.

Fig. la shpyysdhe dHyatiemasaemiiie: hishemrdnar s tiResiamyiilelkie-JPrabawa ferdiNgrting

assembly in the active (divert)
they are collinear or substantially collinear over the primary conveyor, as shown in Fig. 1b. For

example, the diverter arms are rotated to move the second ends towards each other. The diverter
arms form an angle (divert angle) with respect to the direction of the primary conveyor.
Preferably, the divert angle is about 45°. In another 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.

[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.



3 position. The conveying system, for example, includes first and second conveyors 111 and 116 with
first and second conveying surfaces 113 and 118. The first 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-drivggyifaces, %%f&@%#%%ﬁh&@iﬁeﬁéﬁdg%% *?ﬁepsfg)g‘éz'%%% rﬁig ?Hﬁi% E'B‘B\%%Y%%%r iRt

maintain packages being conveyed within the conveyors. 1 onveying surface of the first or

primary GAYEYHH HRRVERHBIR TS W@%@a (ﬁﬁﬁ@cﬂé‘ﬁéqg ; QiWQ_W@oH%n%&%%@%@/EQ@{ qyiRggurface
of the second or secondary conveyor moves in a second direction (as indicated by arrows 119).

Preferably, iteedsesontireciprcanpryes fecwase wlang thie tighllieasonaftgsdtyersinn dhefting
example, as shown, the first and second directions are parallel and in the same direction. Alternatively,
the first andsecandbdinbotionstcancalge berateanrapgte, dddkiag tiecutl 85t ashsheperdr thiyy. ds@ther
angles or configurations of first and second directions are also useful. 100261 The diverter assembly is
disposedtittfie Ipathotiiehembivdang o thehelt. Ipcodésabpisdiftent, 10€°dinberes diosemibbyisempessted
onto a diverter assembly frame (not shown) disposed below the primary conveyer. The diverter
assembl{ iHRFRIEBASEAMEE¥Rond 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 re rotatablg around diverter.arm shaft 132 a aé)o t afirste (g.the arms. The diverter
it 1)) st bl Ml S et WS A e

home position i, e der ALpSiare iefadied PSX%&%N‘%SP'Qﬁﬁlf&fafﬂﬁfscﬁr‘%ﬁ}’élﬁ%ﬁ{ Tggessyef hat

their lengths are substantially parallel to the sides of‘the primary conveyor. Articles transported on the
primary coRveysF A alwpskia travehPast e, fiveit arsaryad figmain on primary conveyor.

[0033] Fig. 2 shows an alternative embodiment of a conveyor system 100 in a divert area
with a diverter assembly 120 in greater detail. The conveyor system includes a primary
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 conveying 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.



[0028]In one embodiment, when a package is to be diverted, the diverter arms are actuated. Actuating
the diverter arms causes them to rotate around the axis of rotation such that they are collinear or
substantially collinear over the primary conveyor, as shown in Fig. Ib. For example, the diverter arms
are rotated to move the second ends towards each other. The diverter arms form an angle (divert

angle) wifgyragpect to the;direclion 954he HBEE(!EU\?@G%B%W@M’ (RS HYEThANGIE I AROYRES- In

another embodiment, the divert angle ca out 20 - 60. Providing other divert angles which can

tran.s.fer ielRAdram &%Bfiﬁ@é}%’&ﬂ&@%ﬁ@ﬁ@@%%?@@?& %&i@@ﬂrﬂ%?%ﬂ!ﬁﬁfﬂ@dﬁ@%%n iR divert
position, the second ends of diverter arms preferably should be relatively close to each other to reduce

or minimizgtthe gapibeyvesnphe aens ereyithRrtisies fiomhbeingdrampeupl thergamkI heigaphtor
example, is about 5 - 10 mm Additionally, the height of the diverter arm should be sufficient to divert
the articlemtoanspariethbyntbe canveyothsydtem dfaon exaepthe thedneigntnof thewivgrieoahn diould be
at least IA the height of the tallest article being transported. Preferably, the height of the diverter arm
should beagreareertheirpehbaskigho dheHomnatlessisinitle being transported. For example, the height
should be about % the height of the tallest article being transported. [0030]A diverter arm may include
a divertinﬁ surface (150a or 150p). The diverting surface, in one embodiment, comprises a rotating or

driven bdR%Rlch rotatdd aPSUHRORETERh St HEHITRASCIRY FheaBR rof &aisine Bishdlvarsing

the frame of the.divgrter m.in at.directifon v¥hi h f,[’:\cilitatets mo¥ingda pac#a e fram theepgmar to the
arm Swin lmﬁ';l Wlnﬁ. 1Me r¢rers to fﬁfﬁ me 1t ake or d & erge}rmqto 1%101‘ rom %ne
secondary conve&or. e diverling surfaces of the arms are driven in a direction to form a continuous

diverting susiace dpqnalpiain g @&Eﬁgl@%{%&? {gHptHard iraclion, SorsLxample omioe diysjative

embodiment, the belts of the diverter arms rotate in a clockwise direction. The diverting surface

preferably. majptaipshsfanvrichsneed Afithe Saskagaat prersiant spesd Ahiisslveredia the

secondary conveyor. [0031]The speed of the belts depends on the speed of the primary conveyor and
divert angigwite.ongambaginenthithespesdf thebelts isiaaual tonahhicondeyonsardd/cagewhere
0 is the divert angle. For example, in the case where 0 is equal to 45, the speed of the diverting
surface cabrbigoabowhitllitipes theadtobiuéyarfspedd.ditkivasgethblpelts at other speeds may also be
useful. In another embodiment, the belt speed is about 10% to 100% above the conveying speed of
the prima(% :()’:_(7)]nveyor. LOOSZ]A diverter arm guard 124 may be provided. As shown, the diverter arm

guard is [ ig. 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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provided on an exposed side of the first conveyor. For applications in which both sides of the conveyor
may be exposed, guards can be provided for both sides. [0033]Fig. 2 shows an alternative
embodiment of a conveyor system 100 in a divert area with a diverter assembly 120 in greater detail.
The conveyor system includes a primary conveyor 111 with a first conveying surface 113 and a

secondagy coRVEYRL IR %Eﬂa?e§?8%§9s8%é’ ARA YRS 308 1D %1899Y§>é %%FH{E"’}?&%% QfJgg first

or primary conveyor moves In a first direction (as indicated by arrows 114); the second conveying

surface %iﬁf)ﬁ? W%ﬁ%ﬂ%?%@%%&&%@ﬁ@ﬁi{% i%%%ﬂ%ﬁ!r%%%@%ﬂ@%@&%é?ﬁ{ rows
119). As shown, the secondary conveyor is merged with the primary conveyor (merged conveyors) at

an anglembabaitb4he daApRIAIGLAEORIQYOESAL OtheRanglegayalsohetiseivd. SPehaldypessof
conveyor layouts are also useful, depending on the flow requirements of the application. [0034]The

diverter ahsembhhis digpasearin thenphik pfdhelpdimargrcenpeyat. dnlond ehebiditentytiyerdivEcter
assembly includes a frame (not shown) disposed below the primary conveyer. Mounted to the frame
and abovenrheapinsahy shisleportaselfisselaiid seouebdivandreasnIB0unitraivestig wdeddes
150a-b. The diverter arms positioned on opposite sides of the primary conveyor, mirroring each other.
The divePih&#ss-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. [0035]A

drive trai is provided to drive the diverter arms..The drive frain..in one embodi , cgmprises a
ciive o QR hnotor 2605 rivet P TS SRR cobe 37 PR Ak N S0 iy 2 s e

diverter aymz ioAeHe il Bk rygUalicouplag e 'Ei‘f%é{‘?& 19 4he HeteridVhe; g motar falates; ghe

drive drain causes the diverter arms to swing into the divert position or retract back into the home

position. {QQRGHA epe.ambrdinenintbe divesteatassambly israpakie of pradueing fastdivadal,m
swing time. Swing time refers to the time it takes for a diverter arm to more from one position to the

other. Fohexavepiagdivares swiagtinesiof ainet 9305 segands ficless davcheqanic watkiaygrable
handling high article sorting rates, for example, greater than 60-80 articles per minute. Furthermore,
this fast sWwihgvtimaiisaach@vethsineothiyrdne acoayatsly beitisedt Vibkatoaspadiichntprcwresmelisibility
of the diverter assembly.
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



[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

sprocketsafie AeIRL AR ATILQUAIE A ghain oomblen 312, eieanier 9 tiedverer g

units. Other types of link units are also useful. [0038]The diverter arm-units are mounted onto a

diverter %%?%b&affﬁi?%&@% 5 onG 8RR MREHLAMRHELAMIN M AR AE6 HOYiedhwhigtbare

mated to frame mounts 334. The shaft of a diverter arm passes through the mount, enabling it to freely

rotate. Thermeudnts aantaaivaiaadlFoidefomprarmpis. bulis. dotne rsubedinestirlaastiopfodRis are
used for each mount in order to counter extra shock loads during operation. Other techniques for

mountingrtbrend iYeFtéorammumtit to thepéilama4adrehats® usefulfd0 039 #p kiribe lunit [A6neaupbedithentink
unit 270 to a drive motor 260 which is controlled by a controller unit 380. Upon receipt of command
signals framn ehdhsoditretter anits Tstheugtide tmtitodidvactnate dity deusentiestdivertersapnoyidgdantihe
move to either the home or divert position. For example, if the diverter arms are in the home position,
drive mobsitieayBear e Aokt jeth e evRingodtivihaft Heditersa. 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 appligatians in which both sides of.the conveyor may be expose ards can b ided for both
0@ '?ne 81V€I§te{i arm.1S mo HQGS ¥0 an }lgg/eaﬁ)/% rtlé)n (g‘ ag Hl\l?f%lbarlll}]l %Qe{;gi:]%o %{or

sides. 1 ig. 4 is a perspective view of an exemp rarm uni iment,

diverter agm Wit iRElUGRS .AiyeHes M LAAWIR %%ﬁgﬁiﬁg@fﬁfaa%gﬁép SRR R %H@%}ggé&

which is mounted onto an arm shaft 132. In the illustratéd example, the diverting surface is a driven

belt. Othgh dvRgRhSHEFACES sSHER BSHIY fR" @IS BeRThe RO HEINeR Rbtages W1NRMAHVIBRK
surfaces, may also be used. In one embodiment, an arm mount 333 is provided on the arm shatft to

facilitate wigHetingzonie Befeampiythe tiverenadholdd thayiutheninelidanisaropket 3ddh vdpdeforms
part of the chain-sprocket link unit. The chain-sprocket link unit will be more fully described below.
to the diverter shaft, preventing it from lifting during operation. The angular bearings allow the
diverter arm to freely rotate around the diverter shaft. A lower 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 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

9



100411Fig. 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 yym ame iR fReollersmount alales 86 FNGPIIRCLSIaMRIP B ARlIA e Tame

A belt 150, which serves as the diverting su onto rollers to for e diverter arm. The
tension g thgMdevs Aglican-henddineiedRy ¥aing thepositions of the rollers via the roller mount
plates. The motorized drive pulley, when activated, rotates or drives the belt. 100421 Top and bottom
angular contact bearings 563 and 564 are disposed on top and bottom surfaces of the frame at about
the first d084Then it is Thddnmoumiedhohidea dihevterardbshaid 232viva irmlyItoldiHesenthof bearings
in place, top bearing housing 573, sleeve 576 and bottom bearing housing 574 are used. The bearing
housingsiaine modunteahpdethts iy mokklsonoestetfases diethestrdivrstesig sbaiéxadamiehiboitsedqing
bottom housing also includes a sprocket mount 575 for mounting a sprocket 343 thereto with, for
examplehdItd. the Sk erBdairsented i BethuiyRl sy a?ﬂ@i'é%%@ﬁ f5Ra it hAiEAFHREN
connector 578 js provided in the bottom bearing g%using to facilitate coupling with the drive unit.
(0043 T iVEHE P O RS RE B SV ORI T S DTRLC Rt A CPETER P My chsraBtEetne
diverter arm ssh%f% isl,ningﬁrtl%g {Qrt g?ﬁol%)ttom angular bearing, sleeve and upper angular bearing. To
securelyaf%}d the Pop %eePrlng onto the s’haft, a lock nut 581 with a lock washer 583 can be employed.
This in turn holds the diverter arm securely in place with respect to the diverter shaft, preventing it from
liting duriggsgperationyine anolsiopeasivgsratiow the-givestal-amma aghorrjate asound thagiverter
shaft. A lower portion of the shaft includes a diverter arm mount 333 for mounting the diverter arm unit
to a divetirr dramanit@asiplatas HHB paylae provdadito cavear dhategrasedqaarions atdhetogkand
bottom of the diverter arm to prevent potential damage to articles. [0044]Fig. 6 shows a perspective
view of anembadiengagef thelrirst tcamm2pOrtibhevdrivie tsaiménadudesal dnvharsotondahamdtharanyit 265
and a chain sprocket link unit 270. Fig. 7 shows an exploded perspective view of an embodiment of a
chain-sprotkungitic aitoprAGIoCk s REMEerisRg 0 d-iscBey athe |k thisitigingstidiediveiiy aiverertsarm

shafts 132a-b. ) ) ) )
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



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 ghain,pay %1%?@{9%999 Secg,fg%@&ﬂ%?ﬂ”%%&_% 11898 Bl [}ﬁ{ﬂ%ﬁg”i@gcﬁﬁ&%%ﬁham

portions are mated to the 9 first an prockets 343a-b, respectively, of verter arms. An

adjustor G48igaY% PP OWIRRH RAUHRELRS BPSIHM A HIBGEdHHIE HRUPIE! HRAALINE WY iMPind

includes a drive rod 666 and a swivel arm 635. A first end of the drive rod is coupled to the yoke

connectaiebditiGhtoekiiesBdbeses dsrmshafhib3taovkdigialsasnnd 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 and bolts. The swivel arm is in turn coupled to the motor. [0048]When the
motor is ¥¥2hed on, iTbaukesthaibwivesiupad ttorthatdibo wito detoatecthbadiiveninihcdosiagiife first
sprocket of the first diverter shaft 132a to rotate. As first sprocket rotates, it engages the first chain
portion vASBIRIS Gt rdaNnaetefod Hd SWERI RERLAS thérdbytrepating thiesbore dpreridedende

second divErter arm. In this me?nne , the diverter arm units may be d(rf'ven to move g(?nerally
O

simultan&8ES IS SHRMPLBRT IR T HihaEhPal i No&issrd 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



[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, SCRIAETITIRLAUQ NG SRISQLPAIER ARIEING IARASHRN S he dieytsr fms

For example, the sensors detect the position of the swiv m to determine the posltio the diverter

arms. [0QRJJFIG- Brsh QS ERIBAIENOD AP RHANRREAE: RIRC BTGNP R At esiEls 885 b rkPkhd

disposed the path of a primary conveyor 111. In particular, the portion shows link unit 270 and drive

unit 265 fo@pepatnbIOsabRle I eiiarsaBasi inalcshiapii e il siaocupeapiadivesiamaiab safik
132a-b mounted on a frame 301. First and second sprockets 343a-b are provided on first and second
diverter axmtsiikftsreEpgcivahowing dupderediizningy ingl tstfandmeedentheh@inaparfiosis @& id&:emhich
are connected by connecting rod portions 674, are mated to the first and second sprockets 343a-b to
form a chaihRgracktdinkiinibe[oos] Thecsgivenupinintsouplde teshebigkiynorindstesl delbvdiment, the
drive unit

[0056] Fig. 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.

[0057] The sensor plate is mounted onto the frame such the swivel arm which coupled to
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.

12



comprises a drive rod 666 and swivel arm 635. A first end of the drive rod is coupled to the yoke
connector on the first diverter arm shaft 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, gy pe foot mauied (g NENAsE, AR [0S ERAPSAYRRGIRP &éﬁér"%%%lﬁﬂl?.” For

causes the swivel arm to rotate so as to actuate the drive unit. In one embodiment, the swivel arm is

rotated by ihgROIPHE, ABISLARE GHAR TREJIES LAl & eryi {RLEAVN R SRR fH R LACHYISR difgetion.

Rotating the swivel arm in a counter-clockwise direction may also be useful. [0054]When swivel arm is
driven byagbivenmiéosrienpasitian shorthediyeitiokagentauses thaghair-saiecketilislpiisving iverter
arms (not shown) to a first position. The first position, for example, is the divert position. When swivel
arm is drireertey th@smotaotbepdsitiged b3 nehdimssprocket infoopgrale frianswhia gelirstr amchsgaoat.
diverter arms to a second position, for example, the home position. Further, when the swing drive
motor opérétedlinatier sume netstisnahuérébtiorpasitivespeboiged.shingpswivédiaraemoeed fignibosition

'13' back to position 'A’, thereby bringing the diverter arms back to the first or divert position. [0055]In
one embiS&sERY, BsBhSotahadbesHent a31oleh i sdBmPie sBRSofolintngplatiesb S onHBagdnsor

arrangement is used to monitor the position of the swivel arm as it yotates. For purposes of illustration,
Pp& ei;

sensor aP &MY el AP RE M BHsBeYHOM polsiiS N LUHLYr S 836 oM e Pt TI0 L A RS ROS ISt dhe

Sensors an arr&n emer(]ts.ma also be used. In one em odimefnt, firﬁt nd t '{rd olslition sSensors
g %ct ommand signal causes the diverter arms to,c P&e rom the divert to the home position.
836a an C positioned opposite each other are couple >IN one embodiment, an inverter

controller{uopphoya) (9L HOYMAA AN G HHDR0LREL ALUE AV SHGHATSAE Gy Siowy Down

and Retract Slow Down Proximity Sensors). Second and fourth position sensors 836b and 836d, in

one emboAMEAL BFFROBEAHME RPHRMNARIE 19D COMHIRhOUR b etNPhRNRMMhIRHEetaHEININg

and confirming the diverter arm positions (Extend and Retract Proximity Sensors). These components
will be degsithad thanged.detail below. 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
embodind@fé0our sendionscs3Bld, afamutinte dits ching dhs drvskitercT hesseersodsdoniaedriplelt

comprise proximity sensors. . . .
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 arms 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, 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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100571The sensor plate is mounted onto the frame such the swivel arm which coupled to 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 '13' (as shown in Fig. 8) with

the fourt a6 A AR REIAAPRIAES B oRRRTRIISoBIME i PR AINERES RIS e the

divert position, the swivel arm will be in position ‘A’ (as shown in Fig. 8), causing sensor plate to
activate Q?@ﬁ?%@@ao%s%é}a%@'lﬁﬁfe%@%rlo‘?ﬁ@ R -s&HIU%@@%&ﬁ&mogim@%@sep Eféﬁﬂ? k380
for operating a conveyor system. In one embodiment, the controller comprises a programmable logic
controllefdfake)al@fekiRtercontircien énanonveraheenirallerls . dinatnvais) eontellerpyayde a
programmable controller that incorporates, for example, Smart Logic Control to enable it to execute
the progransmed thgiserSmeaaxapepieniRSudle.g. camiyot83 thah Eigotnsrasciatha atleilablecisathe {kaafoss
VLT Automation Drive FC 302 or its equivalent. In one embodiment, a sensor arrangement 831 is
coupled twshearhdd andpdsverterrsbsrndier sithve davartsgedrivdliennsedives ushiasd Yrwelsupply
which is supplied to a drive motor 260 of the diverter assembly. 100591 The PLC may serve to control
the overdlPOpergtishBrYfOMEchEsReHIBR. epbriawevit mayfadtarhspredviiRy daitessigiato be

diverted qr not as they approach the diverter area on the primary conveyor. In addition, it may also
determinSRAEHIS PR PE %ﬁ%&ﬁ%&%‘?ﬂ%ﬁr S (TR ] 8%5?{&@86@;0656%5@ PP IRSERY

signals from the sensor arrangement, If the divert s need to have their positions changed, the
ppropridie B SLHET A iy EOECTRIRRS asmeand st SRS T Yy

ssue an fSNddGommand slonalia hangs e RRsan e Aelss AR MHNG e s he

divert position; the Retract Command signal causes the diverter arms to change from the divertto the

home position e Ry GiBabkisste eaReselCammanthiodsset thamesitives ohthe divastat aums,in the

home position. On the other hand, no signals need to be issued if the diverter arms need not have
their positiensveh@ngestrdikaaatpedexanipig diventartieemanpronchingrthesdiwatharpashasm 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 divelf63ims are ihltheugiverttpositieed Iepstioh sadesaitecplaboneuit] 1beuls dRetrdesohthand to
move the diverter arms into the home position to allow the article to remain on the primary conveyor. If
the RetrdBPSehas &igninseds s, beidiadicdiosapriptne s singiagk Jrtie AbHE pUEIEbRIWHEN is

the correct position. In sych case, no.signal to change the position aof the diverter arms need to he
issued bﬂﬁaﬁ@ei%é?i@m@ﬁv“@rfﬁ&%mﬁamw RECRTES SN gl (e et

COmmans%moth and accurate positioning of the diverter arms. In one embodiment, very short swing

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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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.n AIEMAY M i KRN CATAIEHA004 ARG ATRRIMENL. LRt Sinaing opeiAton i

carried out with a two-speed control. When the command signal is first receive LC

1002, Fh?é%\!,%ff%e@(?é‘ﬁr@b'_% Py Egﬁéiﬁ(fﬁ%hsé@‘@ﬁé ﬁQQ@ﬁ&%QR%@@(HWﬁM&QE; The first signal. 1006a
comprises a first preset signal to initiate a quick start of the drive motor. As the swivel arm (or diverter

arms) rotates, a position sensor in the sensor arrangement 831 (e.g., sensor 836a in Fig. 8) senses
that the 4006d] arm plate hildl fealolzed itsl@okitionestdssdndskags|dwbd showsignad@dhesinveér the
controller 1004. The slow down signal may comprise the "Retract speed slow down" or Extend speed
slow doviatogigmatitepehdingrole Whethehtvendipgreerude nhdsead qaieskatlyusehan refrdste o dxeended.
Upon receipt of the slow down signal, inverter controller 1004 then sends a second preset frequency to
drive motBf Feteh iy B Ssrisn Sanacsi oW despiceamamand &%@Mﬂwﬂ&pré&mm@%%@.

The time delay. may be preset %% sgc?nds or any other suitahle values, After the time delay, the

inverter dBRiFoIIBPHS A48V o BTt (St rR&lSEEg RS AP JaEiibH: 10t Blhough
a two-speed control is described above, it should be understood that more than two speeds may be
o B B e R R T SO R SR RES R

operation %P&&%QMEQt%tla(ye%éigg&ﬁw gsgm‘fﬁﬂﬁh@%?&% and AaRH AP RS HIQUIRG. ff dhe

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

with smogiABCRRECISR BRARIHQOING-RUtAE diYerienarmstot Hmallpws-the HanGing CABGECPf kel
diverter system to be increased without the disadvantages attendant in conventional high speed

diverter systermmcQf Fhkigsod st shanssareenmshotshofaniemipodinaens at athsagramaing tagjc for
the Smart Logic Control in an inverter controller. Fig. 11a shows a screen shot for logic related to a
commanthéoimmeotengotiteot] arestepsatin srfotom, Fomdxanyplmt thiee hbveet¢o dhesdive rfqasitoplAtid 109,
logic rule O is accessed. Fig. 11b shows a screen shot of the programming of logic rule 0. As shown,
logic ruleddvistapsefieal 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 trye (logic 1), the inverter controller initiates a run sequence for the motor gt 1110, At 1120
the inverldh Edhrolier MBIl LEASCETEb D HORT Y (It rbe SRR B R 8 star

of the m lv%%%{r%%‘{l% SIS SRS AIRAHN i H DG ST 1§ BESERSSR: M8 ldR s

screen shot of the
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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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 second BIRSET FRAVGRGY A QR APYILINE M AfPFT0 %%ﬁ%ﬁlﬁrﬂé‘ﬁﬁrﬁﬁr@s{@g -g% %gqfﬂ%sc‘@rmd

at 1140. The motor runs at the second preset frequency until timer times out base ic rule 3 at
1149, asghonyRHaign dderAlQr §H§&Hpﬁfethﬁ%§18l@o%&ﬂ&%ﬁ@{a@%%ﬂtﬁrﬁ@ﬂ%tﬂﬂéﬁ R, Ghwhich

point, the diverter arms are, for example, in the divert position. 100651Referring to Fig. 11e, a screen
shot for lagidralatediim asGartipaoehiopsniavnAibEdivedien @FREHOMoial BxaiTinle; Seawdivekideldhe
home position is shown. At 1104, the inverter controller receives a Retract Command from the PLC. In
responseatieimeeaste sgmatsol[Eheah tds kutiatdearunpsagudegs fotrthepleidto The montralasinns 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 diverietcaretaic Upodivedeivingsa dibpadfipmpiHeRataol S lowtDoh! Prexintityt Seavbes 409404l the
controller runs the motor at a second preset frequency (e.g., preset ref 1). The second preset
frequenciieIB5sE ebRMMefeanblor Fsddive ife Hamn BPéinahisan Haterisiutarfaamt i 4% Tenitnotor
runs at the second preset freqs\l;i%gc until timer times out at 1144. After the timer times out, the inverter

controlleP B LRFEF D @r it PSR vk teMdrhts Hie YO el ambResiaGhEfshieJogitd.

100661Fjg. 12 shows an.embqdiment of a timi iagram 1200 for operating,the diverter assembly.
T B B g B S S et SOBER ™.

extend ogergtion. it T ALEHANA RPTIRANY 8 RS0 Rt B RLG BhedYRLALIRITRlIL A

shown, the Extend Command signal is about 100 ms in length. Since the diverter arm is in the home

position, thgaxtend ﬁﬁﬁa@?@}ﬂ%ﬁ%ﬁm Rr@ximity %@?%ﬁé’y%@.hﬁY%ﬂ@%@HN&dﬂﬂ&ﬁﬁh@%@Y%ﬁer
controller ramps up the power supphed’ to the motor causing it to rotate the diverter arms. The ramp

up, for exaampiee,issaidout 300MmasuNbtd feaches d00%e Puthseesy adapamaratlTh Prayigin gnedies ramp
up times may also useful. From Tb to Tc, the motor operates at the desired power until Tc. At Tc, the
swivel areothiad lactivated¢h ecdatan dl Skow® 0%sroP thxiputyes emgdie Otocththa dExte ithS loimp desn
Proximity Sensor signal has been detected, the inverter controller reduces power to the motor to 75%
of the detined fpowampie, coabiorieX tasu R Eey 59ap vt inbemakiaiimes tsaéd.outs. In one
embodiment, the timer, for example, is about 100 ms. Providing other time out periods is also useful.
At Td, the inyerter confroller continues to ramp, down to 0% of the power supplied to the motor, The
ramp doiPfithe, for exXdhipIEaiE %B%Eﬁ%@f?ﬁ?t@?hérl?ﬁmta%%&?f?ﬁﬂﬂ§ L4 Baethit. b9 1o
initiate a liletr.a% lgggrecrg}liggna Rﬁaf]rgct CO{nmag Osni nsailrrilsllis uet\gebe&%he PLC to the 'ﬁ’ﬁ/ﬁ]rter controller.

The retract Operation IS similar to the 8% SRd Operation with the exception ?ﬁaa%%g |n|t|a|3r%1xr%%)88{/lvn

reduces {g RAWELIQ ]29% &Q&@%gé&l@ér&%% ki@, 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 tak@@®o8] changeAzoRitiofatidsbynEigrstopehthattbecrasopttiplanchras uplowd phasesaeadirot the
be same duration. In one embodiment, the ramp down phase comprises a multi-stage ramp down
phase. Foéxadupieg apctasorbediihe pbevdnisrtampnaofrnioafiisttéerpe diatecp ower des@ida siow
down the diverter arm. The initial ramp down stage may be a time stage. After time expires, the
second ctifigral pasipadown eoatimesdunenththelisererpand e deachpbpfseinfmlposilol)indther

embodiments, more then two ramﬁ down stages may be provided.
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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[0069]Fig. 13 shows speed vs. time graph 1300 for an embodiment of a diverter 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 RP)gggofesult in g hq g%&ﬁ@}%ﬁ Qfdiygier ?e[ Si@éﬁ?%‘% O SRENY C?EP%P%FH?&%?'S

fast swing speed is ach| smo e stoppln curately at the divert and home positions

[0070]A3a§'&?ﬁ‘6®9d the 'GY fesrontallgy | Qfg'alt@&@egnt@ya@qe gﬁm@%wrgpf&owgr&g,gp@{notor
to decelerate the diverter arms before fully stopping. In one embodiment, the multi-stage ramp down

comprisegdsisbandsresinthrabppraencside ehc lieihatelabedineeliisriosentd aro e ¢ P P SoNoh

stages can be employed. By ramping down of power to the motor in multiple stages, the inertia of the
diverter aonisidireduoedtiovhiad basklts theradueipgsiti prefentingavibriation bdeanioperating atdndi
swing speeds. [0071]The inverter controller with multi-stage ramping down of power can be employed
for other sivmribe absesmiviieer Pperesesnaplercdivéiter 426 RENdsthavindt asiagibadrenepiestion wdeful.
In alternative embodiments, the diverter arm or arms of the diverter assembly may be linearly shifted
into the KBHSEST ARAEHB8RISH-fossemdthobyHieasHe dimbrs anie mesdripagisprniaieiibns
have been described in language ngﬁ éflc to structural features and/or methodological steps, it is to be

understoBd AT BB RTPIERIEN S LS B HIRRROs Witout the specific features or steps

described. Rather, the specific features and steps are disclosed as preferred forms of one or more
'mp'ememﬁtfﬁl"s- [007§J¥V£@Efﬁog@l%%difﬁf.erter 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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CLAIMS 1. A diverter 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 swinging the diverter arm over the conveying surface; an inverter controller
coupled to the motor for operating the motor at a plurality of speeds; and 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 inyart iﬁg\troller when the diverter arm reaches a
pre-determined position, wherein the inverter co%eroperates 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 cdmprised a diviveer dassrting sufteicdaefined ertithes diversppded. od. Bhediveytiegasseintsly of
claim 1 comprising two diverter arms on opposite sides of the conveying surface. 4. The diverter
assembly@neI&imE3 wherein the diverter arms are drivingly coupled by a chain-sprocket link

mechanism. 5. The diverter assembly of claim 1 wherein the sensor arrangement comprises four
position sensorsat least one diverter arm positioned adjacent to a side of the conveying surface;

a motor coupled to a drive arrangement for swinging the diverter arm over the
conveying surface;

an inverter controller coupled to the motor for operating the motor at a plurality of
speeds; and

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.

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

position sensors.
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