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on a substrate such as a semiconductor wafer. A variety of processing machines are

used to form the individual layer, with the wafer typically being delivered to several
different machines before the integrated circuits are completed. In addition to
equipment for depositing films on the wafer, the semiconductor wafer may also be
cleaned, conditioned or measured at various stages by suitable equipment. With
advances in technology, integrated circuits have become increasingly complex and
typically include multiple layers of intricate wiring. The size of the integrated circuits
has decreased, greatly increasing the number of such devices on a single wafer. Asa
result of the increased complexity and decreased size of the integrated circuits, the value
of the semiconductor wafer increases substantially as the wafer progresses through the
various processing stages. The standard diameter of the semiconductor wafers will
increase from 200 mm to 300 mm or larger in the next few years, further increasing the
number of integrated circuits which may be formed on a single wafer and therefore the
value of each wafer. Considerable care must be taken in handling the semiconductor
wafers, particularly during the later processing stages, since a damaged wafer could-
result in considerable monetary losses. The semiconductor wafers must be retained in
a clean room environment, substantially free of particulate contamination, to preserve

the purity of the layers deposited on the wafer. The requirement of a clean room



a clean roomenvironnment, substantially free of particul ate contam nation,
to preserve the purity of the |ayers deposited on the wafer. The

requi rement of a clean room2 9 JAN 2004 2 environment places additi d8alAN 2004
constraints on the handling of the sem conductor wafers. For additional
protection agai nst contam nants, the sem conductor wafers are typically
retained in sealed transport containers, such as pods, as they are noved
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be unl oaded froWatibes padpbyingtesiems have been employed to transport the pods from
bay to bay along the inter-bay loop of a manufacturing facility. Because of the amount
of traffic in the inter-bay loop of the manufacturing facility, inter-bay transport is
typically accomplished via overhead transport systems. The pods are delivered to a
robotic storage house, often referred to as a “stocker”, which receives the pods and
automatically delivers the pods to the intra-bay loop. With some systems, the inter-bay
transport system is coupled to the intra-bay transport system for direct transfer between
the systems. However, direct transfer may be obtained only when a compatible,
overhead transport system is used in the intra-bay loop.
Within the bays, the transport pods must be carried from machine to machine
and delivered to a position where the wafers may be unloaded from the pod by the
machine for processing. The machine entrance is often provided with a load port where
the wafers may be automatically removed from the transport pod in a protected
environment. Transferring the pods to the load port requires greater precision and
control over the pod than moving the pods between the inter-bay conveyor and the bays.

Various methods are employed to move the transport pods between the different



machi ne for processing. The machine entrance is often provided with a | oad
port where the wafers may be automatically renmpved fromthe transport pod
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requires greater precision and control over the pod than nmoving the pods
bet ween the inter-bay conveyor and the bays. Various nethods are enpl oyed
to nove the transport pods between the different 29 JAN 2004 3 processing
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port. Using AGVs reduces the need for a worker in the bay and may increase the speed
at which the pods are moved through the bay. However, the size of the bay limits the
number of AGVs which may operate in a single bay, leaving the machines in a stand-by
mode waiting for the AGV to remove the pod of processed wafers and deposit a pod of
fresh wafers in the transfer bay. An automated system which may be used to rapidly
deliver pods to and remove pods from the processing machines without leaving the
machines in a stand-by mode is desirable.

Overhead monorail systems are also used to transport pods along the intra-bay
loop. Hoists or similar devices are used to lower the pods onto the load port of the
processing machine. In order to successfully transfer the pod from the monorail to the
machine, the pod must be precisely aligned with the load port and lowered onto the port
in a controlled manner such that any swing of the pod is minimized. After processing,
the pod is raised and transported to the next machine. Repeatedly raising and lowering
the pod is challenging. An automated conveyor system which positions the pod for
direct, efficient transfer to the load port is desirable. |

Transport systems for transporting materials are well known. Examples of
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semiconductor wafers carried by the transport pod. A transport system for safely and
protectively transporting semiconductor wafers is desirable.

The aforementioned problems are further compounded when the transport
carrier is redirected, such as around curves and/or through intersections in the conveyor
systems. Space is often at a premium and thus it is ofien desirable for a transport
system to contain turns and the like to better utilize floor space. Itis not practical for
a transport system to comprise only straight line sections. Further, it is desirable for
a transport system to allow for intersections such that the transport carrier can be
directed in a variety of ways to different stations in the manufacturing facility. Further,
shunts, parallel stocking and queuing zones may be used. Such curves and intersections
introduce a discontinuity into the transport system, and thus add all of the attendant
problems associated with careful movement of delicate articles. Accordingly, a
transport system for safely and protectively transporting and redirecting the travel of

semiconductor wafers, such as around corners, curves and through intersections, is

desired.



systemto contain turns and the like to better utilize floor space. It is
not practical for a transport systemto conprise only straight |ingg JAN 2004
sections. Further, it is desirable for a transport systemto allow for

i ntersections such that the transport carrier can be directed in a variety
of ways to different stations in thesmanufacturing facility. Further,
shunts, parallel stocking and queui ng zones maybe used. Such curves and
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herein to make reference to any interruption or change in the path of the conveyor.
Interruptions or changes in the conveyor, and thus a discontinuity, include but are not
limited to: corners, curves, intersections such as 3-way or 4-way intersections, shunt
lines, parallel stocking and queuing zones, the interface between the inter- and intra-
bays, and the interface between the conveyor and workstation or other station. In one
embodiment of the invention, the director is comprised of two, spaced director rails,
where one rail is a director drive rail and the other is a director idler rail. One of said
rails is a movable rail for supporting and rotating said transport carrier. In one
embodiment, the director drive rail is movable and includes a drive system for engaging
the transport carrier. The director idler rail is fixed and is parallel to and spaced from
said director drive rail for supporting the transport carrier. A rotor assembly tums the
movable rail.
In another embodiment of the present invention, the director assembly is
comprised of a pair of spaced director rails positioned below and in between the drive

and support rails of the conveyor. The spaced director rails are configured to be raised

to support the transport carrier. A rotor assembly having a rotor lifts to engage the



i nes, parallel stocking and queuing zones, the interface between the
inter- and intra- bays, and the interface between the conveyor and
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director is conprised of two, spaced director rails, where one rail is a
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Figure 2 1s a schematic view an a portion of an interbay loop illustrating
intersections and corners in the conveyor.

Figure 3ais a pictorial view of a section of the conveyor system with a transport
carrier placed on the conveyor according to one embodiment of the present invention.

Figure 3b is a pictorial view of a section of the conveyor system with a transport
carrier placed on the conveyor is accordance with an alternative embodiment of the
present invention.

Figure 4a is a sectional view taken substantially along the line 4a-4a of Figure
3a.

Figure 4b is a sectional view taken substantially along the line 4b-4b of Figure
3b.

Figure 5 is an pictorial view of a section of a conveyor having a corner or curve
and including an inside director according to one embodiment of the present invention.

Figures 6 - 8 are pictorial views of a section of a conveyor showing a transport
carrier positioned on the inside director, rotated by the director , and rotated in a 90
degree position, respectively.

Figure 9 is an pictorial view of a section of a conveyor showing the transport



Figure 3a is a pictorial view of a section of the conveyor systemwth a
transport carrier placed on the conveyor according to one enbodi mentg AN 7004
the present invention. Figure 3b is a pictorial view of a section of the
conveyor systemwth a transport carrier placed on the conveyor is
accordance with an alternative enbodi nent of the present invention. Figure
4a is a sectional view taken substantiall y along the line 4a-4a of Figure
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Figure 12 -, 14 are pictorial 1vi ews of a section of a conveyor showi ng a
transport GSBTEEEPSIHOR; EFRFTEYE¥N the outside director, rotated by the
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Figure 17 is a partially cut away, top plan view of the outside director showing

the rotor assembly according to one embodiment of the present invention

Figure 18 is an pictorial view of a section of a conveyor having an intersection
and including an intersection director according to yet another embodiment of the
present invention.

Figures 19 and 20 are pictorial views of a section of a conveyor showing a
transport carrier positioned on the intersection director, and rotated by the intersection
director, respectively.

Figure 21 is an enlarged, pictorial view of a section of a conveyor showing the
transport carrier directed through the intersection by the intersection director according
to one embodiment of the present invention.

Figure 22 is a top plan view of the intersection director according to the present
invention.

Figure 23 is a partially cut away, top plan view of the intersection director of
Figure 22.

Figure 24 is a bottom plan view of the outside director showing a portion of the
rail drive assembly of the director of Figure 23.

Figure 25 is a top plan view of the intersection director in the extended position

according to the present invention.

Figure 26 is a top plan view of the intersection director in the extended and
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accompanying figures. Turning now to the drawings, wherein like components are

designated by like reference numerals throughout the various figures, attention is
directed to Fig. 1.

Fig. 1 shows a possible example of a bay 18 with several processing machines
16. In the field of semiconductor processing, the manufacturing facility is typically
organized into a plurality of bays each including several processing machines or work
stations 16. The processing machines may include, but are not limited to, equipment
for depositing films on the wafers, for cleaning and/or conditioning and/or measuring
wafers as various stages, and the like. The bay generally includes a transfer assembly
10 for transferring articles 12 between a conveyor 14 and a work station 16. The
entrance to the work stations 16 often has a load port 22 where the articles may be
automatically removed from the transport carrier. Inone application, described in the
illustrated embodiments of the invention, the transfer assembly 10 is used to move
transport carriers, which may include pods or other containers housing one or more
semiconductor wafers W between the conveyer and the work station. It should be
understood, however, that the transfer assembly 10 is not limited to use in
semiconductor processing. The transfer assembly may be used to transfer other types
of materials, particularly delicate materials requiring substantial care in handling such
as pharmaceuticals, medical systems, flat panel displays, hard disk drives, other types
of computer components and equipment, lithography reticles and the like. It is to be

understood that the transfer assembly and directors of the present invention may be used
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8. This loop, as a short-cut to the other area of the bay 18, or as a path to another bay. Yet

another path configuration includes the use of shunts, parallel stocking and queuing

zones. The configuration of the conveyor 14 is subject to considerable variation

depending upon the design and/or constraints of a particular manufacturing facility. An

intra-bay‘conveyor 20 transports the carriers between the bays, with stockers 24

transferring the carriers between the inter-bay conveyor 29 and the conveyor 14.

A section of an intra-bay loop and an inter-bay loop are shown in Figure 2.

While the terms intra-bay loop and inter-bay loop are used in the industry to describe

the transport loops, it is possible that these two types of transport loops could be merged

into one monolithic system with appropriate control and transfer mechanisms. In either

case, as described in more detail below, the conveyor system 10 is particularly suitable

for simultaneously transporting a plurality of transport pods 12 or other transport

carriers. Eight carriers 8 are shown in Figure 2 for illustrative purposes. However, it

is to be understood that the number of transport carriers 8 carried by the conveyor

system 14 may be increased dramatically. In the example shownin Figure 2, the drive

rail 12 and idler rail 14 are arranged in an intra-bay loop 18 which includes one or more
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type showronfey®-spseildgalpminehides 2 transport carrier for moving the articles. In this

embodinzent, the transport carrier houses the articles. In alternative embodiments, the

transport carrier may carry another device such as a container or pod which houses the

articles, or even empty containers.

The drive rail 32 includes a drive system, generally designated at 36, for
propelling the carrier 12 along the rails 32 and 34. In the illustrated embodiment of the
invention, the drive system 36 includes a plurality of wheels 38 which project from the
upper surface of the drive rail 34. The drive wheels 38 frictionally engage the underside
of the transport carrier to propel the carrier along the drive rail 32. The drive system
16 also includes means for driving the wheels such as motors and belts coupled to the
wheels. Preferably, the motors operate independently to provide a plurality of
independently controlled drive zones such that the drive speed and direction (forward
or reverse) of each zone may be independently controlled. The wheels 38 of adjacent
operational zones are accelerated and decelerated such that at the time of transfer, the

speed imposed on the transport carrier by the wheels In adjacent zones is synchronized

at the time of transfer between the zones. As the carrier is propelled along the



epplicationdSﬁrial No. 091103, 479, the entire disclosure of which is

i ncor porate erein by reference. As shown in the Figures, such as

Figs. 3a and 3b, a section of the conveyor system generally incIudezaa!'wmmI
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36. The dri%
provided the transport carrier, driverail 32 or idler rail 34 include a guiding feature for
guiding the carrier as it moves along the rails 32 and 34.

The idler rail 34 is paralle} to and spaced from the drive rail 32. One or more
connectors 44 are mounted to the drive and idler rails 32, 34 to maintain a
predetermined spacing between the rails and facilitate installation of the conveyor. The
drive rail 32 and connectors 44 may be mounted to a suitable mounting frame or
suspended from the ceiling by an overhead frame (not shown) or supported directly or
indirectly by the process tool workstation. The carrier rides along the upper surface of
the idler rail 34, with the idler rail 34 cooperating with the transport carrier to support
one side of the transport pod. In the exemplary embodiment, a pad or cushion material
46 is provided alone the upper surface of the rail 34 to provide the carrier with a
smoother ride although if desired, the pad 46 may be omitted and the carrier may ride
directly on the upper surface of the rail 34. Alternatively, a pad, cushion or a resilient

material may be incorporated into the outer perimeter of the drive wheels. At least one

shoe 48 carried by the transport carrier (in this instance the transport carrier) rides along



zones bel ow and adj acent the other carriers may be held in a stationary
node (sonetines referred to as an inactive node), allowing a pIura?g[Mquu
carriers to accunulate in an area of the conveyor, such as before one of
the workstations 16. The operation of the drive system 36 is controlled by
a control system In the preferred ,embodi ment, the control systemincludes
one or nore sensors which nonitor the progress of the pod al ong the

conveyor. shown .in Figs., 4a. b, .the driy eel . s wth
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along 2 9 4gN 4%0191%y Yoke many other forms which provide the function of supporting, or
supporting and guiding, the transport carrier. As the carrier is propelled along the
conveyor 14, the shoe 48 rides along the idler rail 34 to support the carrier in a manner
which minimizes bumping, jolting or shimmying of the carrier, and allows the pod to
travel in a smooth, controlled manner.

Although in the preferred embodiment the transfer assembly 101s used with the
conveyor system 14 of co-pending application Serial No. 09/103,479, it is to be
understood that the transfer assembly 10 may also be employed with other types of
CONVeyors.

Figures 5-9 show a section of aconveyor system 10, having a conveyor director
assembly in accordance with one embodiment of the present invention. Of particular
advantage the conveyor system 14 provides a safe, efficient transport mechanism for
directing articles or an article transport carrier housing one or more articles, such as
through and around discontinuities in the conveyor path. Specifically, as illustrated in
Figs. 5-9, the conveyor path includes a redirected path such as a discontinuity. As

stated above, discontinuities are defined broadly herein as any change or interruption



t he upper surface of the idler rail 34. The shoe 48 is preferably provided
by a wheel as shown in Figs. 3a and 4a. In an alternative enbodi ne INO00R
in Figs. 3b and 4b, the shoe 48 is provided by a fixed support 49. I'n this
enbodi nent, the idler rail 34 includes a plurality of rollers 41 for
supporting the fixed support 49. Thg rollers 41 support the fixed support
49 on the underside of the transpor{3carrier to support the carrier as it

travels along the idler rail 34. Preferably, the fixe |1 have
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referred to as the downstream conveyor 39. Of course, these designations will reverse
depending on the direction of travel of the transport carrier.
The director assembly 52 is mounted to a frame, such as the frame of the
conveyor, and generally includes a director drive rail section 54, a director idler rail
section 56 and a rotor assembly 58. In this example, the director idler rail section 56
is fixed, and curves to propel the carrier in the new direction of travel along the main
conveyor. The curve of the director idler rail section 56 is generally configured to the
circumference of the turn. The director drive rail section 54 is movable and swings or
rotates as shown in Fig. 7 to redirect the transport carrier. In this embodiment, the dnve
side of the conveyor is on the inside of the turn, and is thus referred to as an inside
director. The director drive rail section includes a plurality of drive wheels 57 which
project from the upper surface of the director drive rail section. The drive wheels 57
are substantially similar in configuration and function to the wheels 38 on the drive rail
32 of the main conveyor. The wheels 57 frictionally engage the underside of the

transport pod to propel the pod along the rail 56. The drive wheels 57 of the director



stated above, discontinuities are defined broadly herein as any change or
interruption 2 9 JAN 2004 13 in the conveyor path, such as intersecQiQons 2004
curves, corners, and the like. Intersections can include four-way cross
type intersections, or three way "T-type" intersections as shown in Figs.

| and 2. The corner and curve discqptinuities may vary widely in their
angle. In the illustrated enbodi nent, a sharp right angle conmer is shown;

however coners. and curves of ot - WS e St Briassysash uses or
accurul at 9y € FELGHHEPR A8 tﬂvteﬁé?’%él?igéﬁ%gﬁs@m%%ﬁ%& shunt s, S}|rosar al | el

st ocki Ng al [JYELidath @MWesor. and i nterfaces between bays and workstations.

The progression of the transport carrier al on& t he 00ﬁvg¥or at{g aand
through a ri ghfheatitgetordoiwvaedi! Forataessybibit aRpisihs &1 @h O hed THUFES 5-9,
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transport onveyor, referred to as the main

conveyor, d:S{&4PpahpIee smadhohaRebit edrieyistphepatled wlong 3 dovanstrdaresid8efrai | s as
descri bed above. For the transport_carrier to be direct ed%_g{%nq ¢ %he
corner, t hkeomiméaveya asidepiotedin Big- & The GracHr dEve Bkiegh fERAt's pl aced

inth th of th ' . toi . ¢ .
bt the | baans BronperaBigsE AR S el HEp AfeterliRiol kg, TOCTIEARE O 1S

carrier i Sasgﬁﬁihl?%@-inﬁﬁ'&s%aéh SRR TaceEIGbned arpsid epamipberytdfghe base.
di scontinuity of corner in this case is referred to as thebe{ugéi\rvﬁ%

conveyor 3& rotnh62 & mbwentediorthe base 80 o he Eter IBpiudes e AEE R TR

discontinuity  is referred th t or i gr se,
t hese desi'§AREF &M \Xfﬁl?w?reé/‘glaggle %’:dp%ﬁ%ﬁlﬁggr%ﬁe@g%is%{eg? i?{g?l llfi)ﬁfmt(?ﬂréavel of

the transpgptoGalehi, Blree REMEMbaE 6B breassdaralaye &fhallg sproadapedt arourd 2308me, such
as the frane of the conveyor, and_igenerally I n¢cl udes,.a diri’ctor dgive rail
secti on 54degaeediiraumfereniel|homveyer, b difdeent mmbes ags gnentalien,May §éﬁ%q'yﬁ‘58. n
this exanpl e

P O B0 8580 e R b Biogpihgeres 1o

i on travel along the nain conveyor.

The curve Qinstri@edbyeieqhcd il €The ditdctos @it il &6tiosS@mmevwitédtodbnroigjur ed to
the circunference of the turn. The director drive rail section 54 is
nmovabl e anéR shiahgotaies astht EH@SUES- shown in Fig. 7 to redirect the transport

carrer 10t by PRy 8 At gk 951 S syt s e
director dgigtges’ Aivhes Gettr@Rpirociieess ia thd uysaleam)positiod onthe ppBEY e, g% whi ch
director drive rail section 56 is positioned such that one end of the rail 56 abuts the
upstream drive rail 32 of the main conveyor. This allows the director assembly to
receive the transport carrier. After the transport carrier travels onto the director drive
rail section 56, the rail 56 rotates until the other end of the rail 56 abuts the downstream
drive rail 32 of the main conveyor. Thus, the director drive rail section 56 joins only
one side of the main conveyor at a time.
The rotor assembly 58 is driven by a drive system. The drive system (not
shown) is substantially identical to the drive system for the rotor assembly 78 described
below and in general includes the motor 65, timing pulley, a continuous belt, and a
radial bearing. The radial bearing and belt are fixed with respect to the base 60. The

motor is coupled to the rotor by the timing pulley and the continuous belt. The motor

and belt orbit around a fixed centerline.

Although not shown, the rotor assembly 58 and motor 65 are coupled to a
control device which controls activation and operation of the director assembly. The

control device is preferably coupled to the control system of the conveyor 14 to



project fromthe upper surface of the director drive rail section. The
drive wheels 57 are substantially simlar in configuration and functg 94N 9004
the wheels 38 on the drive rail 32 of the nmain conveyor. The wheels 57
frictionally engage the underside of the transport pod to propel the pod
along the rail 56. The drive wheel si$7 of the director 2 9 JAN 2004 14
drive rail section are driven by a drive systemsubstantially simlar to

the drive s%%hg{yi%cgg? @Jetr%]ttb%_ nﬁ{erboﬁear/@a&f%alsm@m@ag 81051 G R dndftheS4

rotates unt e drive rail of the downstream main conveyor 39
as shown i fotéi. gThS cofifoltdevie ioinmdre tholdy desdribetin ompoiding pateniaznpbostion carri er

Is conplete and the transport carrier is propelled alo he downstream
side of tRenaldY¢ _conveyolAYomsy Q‘é‘g?‘&’% ingi-dhe @?t“?ﬂgc P& bvrlmé’ri ve
rail sectiogn 54 | . otor assenbly 58, shown in greater detail
W th referésrf%o%'%ﬁe{dg{.e%ﬁﬂyf erér?lg)%'or assenbly 58 includes abase 60 having
a race 61 formedpiedethbadpedmt phidteydiodctdrhd thapgmesent Anvention i6Rlustsatebimt ed t o

t he base 60. The rotor i ncludes three.arm nenpers 63 which. include, a cam
ol | ower 6Figst LG, ahinrmbamenh ArsBEsY thf FoTRact S PoStiphrEgwar
enbodi ment gﬁztom(rasggc &k m%ﬁ %L@%b@ﬁi?ﬁ‘t@‘qgremdaﬂ’) 8s %ﬂ%téi&e SPRERT PRATt

around a 3 fee circunference, however, a different number and
ori ent at i OprdpRyssia ofaednspdrt cantiaaldy this doneeydriard thoowgh a disconkipuityondipe t ur ns,

the camfollowers rotate, along, apd are . consirained by, the race 61. The
di rector depReypapath.sBrthisgpst ﬂi‘%‘ﬂ?ﬁ’iﬂﬂ’f“é&y I 63{) AeerPor et eahgls TR R APt at es as

the rotor fﬁ’?@b‘"'ﬂl% 3 t&%&ﬁ&?ﬂértr%ﬁ Ao I LBE HaiflbbiRybRiupst@st bop 56 may

rotate a f degrees. e transpo carrier iS in the upstream
posi tion ogiftfier 6QBMBYKOTO ahBés suppored by thdrdrive 32aind idler tails3456 shewposi ti oned
such that one end of the rail ?)g abuts the u stre(ashmg.rige rail 3?7 of the
mai n conveyae. 11THTestusm thsygomereth;tiaagRast porswavaly ontp dhe fleelonAssdY 70ans por t

carrier. At[t}lg[%g}r{%gistﬂrg}%?ﬁgﬁ)ﬁtoctﬁé Hiiréft?ria{sée\ﬁ?dl 708} el MR eWHeBklcOhtaeli e T ai |

section 56, 't Il rotates unti he other” end of the rail 56 abuts
t he downst nieadireclor sréve mill se8Ro 2.t Bee prinercsmmsepdnot shiews) inhke direeer or

drive rail section 56 joins only .one .side of the nmain_gaonve tinme.
The rotor A&8EBHY getsgl ‘;f’}%e”o‘?’ff‘\? ehyis ROYFPRE %%/gieéfﬁe“?ﬁean i ‘i%lyrg{/?{%{e%? (not
shown) i s 3@5%&%@3&&&&@%&9@&1@& tHheirile Wit eBYdeh &b epitidndring ped

assenbly 7 Scri
comes to a stop as shown in Fig. 12.

To turn the transport carrier, the director 70 outwardly swings or rotates the pod
as illustrated in Figs. 13 and 14. That is, there is a pivoting turn around a passive rail.
In the exemplary embodiment the transport carrier is rotated by 90 degrees; however,
the transport carrier may be rotated by any desired angle. Once the transport carrier has
been redirected, the drive wheels on the director drive rail section 72 again engage the
bottom side of the pod and propel the pod along the downstream conveyor as shown in
Fig. 15.

The outside director assembly 70 is mounted to the frame of the conveyor and
generally includes a director drive rail section 72, a director idler rail section 74, and
a rotor assembly 76. The director idler rail section 74 is fixed and is generally
configured in a L-shape with aradiussed section. This enables the shoe on the underside
of the carrier to remain in contact, and be fully supported by, the director idler rail
during the tum. The director drive rail section 72 is movable and swings or Totates as
shownin Fig. 14 toredirect the transport carrier. When the transport carrier moves onto

the director from the upstream conveyor, one side of the director drive rail section 72



bel ow and in general includes the notor 65, timng pulley, a continuous
belt, and a radial bearing. The radial bearing and belt are fixed \2¢|
respect to the base 60. The notor is coupled to the rotor by the tirg#gNmm
pul l ey and the continuous belt. The notor and belt orbit around a fixed
centerline. Al though not shown, the rotor assenbly 58 and notor 65 are
coupled to a control device whi ch l@ontrol s activation and operation of the
director assenbly. The control device is preferably coupled to the control
syst emI OL it pesmwlrﬂdewftolthe doveral of Ahe PRAAINHOBYEYORY "'Eghec‘ﬁéec@ﬁélpéifi on. The
contro evice alsg caontrols t nal - ' f ;adh
control dé&@i SECHan %DF%MF?J?? 3“%35%??@5‘5 tﬁ%} r%ﬁ%éh%l{&ngé%%? grﬁlé gglgf iSIgga-t ?on

Serial NO.pothed A8 tdBe kel e Nl of the dewhitfndigekaaur e ofThediredtor drive
i ncorporated herein by reference. Another enbodinent of the director of the
present i medmedtiom T2sisirptaiedthyan wtpriagsentqlyd8. The grectprdnys @loRdd XMt , t he

drive side of the gconveyor i S t:i . d ' t

and " thus. nEuTFs S BgropL e ot RGBT 16 AP R KalEr ey U
progressi gjg iﬁf:l_u%esl i AR&DPPIsk 80daTiIng R radeB10fothed goon® yoinsiisghetiphary ghitha
discontinuity in the conveyor path. In this instant the_ djiscontinuity is a

90 degr ee lrisgRe. fﬁllmgtmeﬁmxe,d tp & framewn the genpeyps. Mountedmtopithe base a5T9H t
carrier travels along.,th ' ; '
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11. To “”71 ete*;lsrwg%m%ﬁx_bohﬂﬁeﬂtrtﬁé\%ﬂ;@rn&erﬂse@s_bfeaa@l:@d @ptiroat e agileadtian

assenbl y carrier is propelled onto the director assenmbly 70 by the
drive wheelegrosnbavewed any anglheanibe visdorA ermh Jllovear B4siscattpgied 20 cadyf@dor nore

sensors (not. shown) in the director S I Lri.er i
posi ti oned” %he thiree %ﬂ’ﬂ%‘?g?r,s gg'ngs Q‘%‘E}ﬁf‘?‘gﬁ@ﬁé%‘g%&ﬁﬁe&%g‘& %Igﬁ% E%trédg e; c Ir ;5 bed
above si gngl ghkhemdbilyeedABENIhEFSSHRRAbAG iiciRth@ difeetopddve edrediano a st op
as shown in Fig. 12. To turn the transport carrier, the dir,el'ctor 7

1

%t war dl y ’ﬁz/\tmgss torchangaeselt turhe adtis eabodimends the SaCtPRATEyfa! Si%loar?g 14,
at is, there is Ivoting turn around a passive rail. In the exenplar
enmbodi rrentmt'*)‘ném?‘lﬂzfﬂ@‘gc?:btée ‘%P'i er is rotated by 90 degrees; however, rr}[)he Y

transport carri ¢fe fdtYr RRemOlI S Blat@yy dst bpteragloem itnhepardielly catnspor t
carrier has been redirected, the drive wheels on the director ive rail
section 72awgavievenylge 17helhe dnve system meludes a motor 85, timing pu?]ey %[7, a
continuous belt 88, and radial bearing 89. The radial bearing 89 and belt 88 are fixed
with respect to the base 80. The motor is coupled to the rotor by the timing pulley 87
the continuous belt 88. To rotate the rotor, the motor 86 spins the timing pulley 87
which turns the continuous belt 88 about the radial bearing 89. As the rotor turns, the
cam follows at the end of the rotor arms turn around the race 81, allowing the pivot
point to change as the rotor turns. The director drive rail section 72 is fixed to the rotor
and turns with the rotor. Although not shown, the rotor assembly and motor 86 are
coupled to a control device which controls activation and operation of the director
assembly. The control device is preferably coupled to the control system of the
conveyor 14 to synchronize the operation. The control device also controls the angle
of rotation of the rotor and is more fully described in co-pending patent application
Serial No. (Attorney Docket No. ), the entire disclosure of which
is incorporated herein by reference.
Yet another embodiment of the director of the present invention is shown with

reference to Figs. 18 - 29. In this embodiment, the director 1s placed at an intersection

in the conveyor path, and is referred to as an “intersection director.” A four way



bottom side of the pod and propel the pod al ong the downstream conveyor as
showmn in Fig. 15. The outside director assenbly 70 is nounted to t &Eﬁﬁg
of the conveyor and generally includes a director drive rail secti J
director idler rail section 74, and a rotor assenbly 76. The director
idler rail section 74 is fixed and is generally configured in a L-shape
with a radiussed section. This enabllés the shoe on the underside of the
carrier to remain in contact, and be fully supported by, the director idler
rail duri mgetshetidruis showidotiever therinigrseqtéon ean| alspde omprized pha Heseakte and

sSwings or rotates as. _.shqgwn.in Fig. 14 to redirec he.tr : rier.
When t he tﬂ‘&ﬁ”ssﬁi)‘f'ctn'cg\hfsq gFS %Vé%‘:t%ﬂt%fec{ STERof ler@fng’r}i raé%ctg ﬁ‘z&%g{l gg%m
conveyor, Qafnad A&n&h chifeydl DG thY inkescbBbh caifeydrdme I2teARedAb AL 16 is
positioned next to the dri've rail of the upstream conveyor. Wen the

di rector drbiresyor 821 SSmdeilpas dfinedtahves both thermain had spwrrdoareyr ave & | cones
to rest with the other side ositioned.next.to th rive rai.l e
dovvnstream“@ﬁﬁ‘?ﬁé‘}é?‘?“%é‘_“giar%g’frﬁpeﬂpis\f;‘él(?nr gﬁ"fcth_s%r&(?%d ec}énirgf%pg g{’ethpby a
rotor asse%{%n%@]itfﬁﬂ tﬂ{s HEELR Fila¥8 Jfdhd cafded S fi xedly nounted on the

y ’

rotor asse as Illustrated in Figs. 16 and 17. The rotor assenbly
78 includes a fiRedrogessiédofitheitrgsport cardersonthewdneeyon patheandiinieithe

peri phery of the. base 80., The se.is. fixed to a frame on,the.conveyor.
Vount ed at SHEIEiOmehosTain Besrs 53 The [Areod Bt T e s BF S has
three outwardl % R81sGHb4HA B/ 1Rk BEIDSS Sndrter B0 {%ﬂ% R¥&RUFryvisnppdigent the

arm nenbers, are spacg}gd apalﬁ{ at an angl e of 0 degrees, however any
angl e can hge tweer appraabed thk ireveectidy, the catierwhebe divectudcdraggid threghithe t hree

arm nenbers 83. As the rotor turns, the camfol] owers travel along,the race
81. The carf'eHICFERLCS T Wq%toﬁﬁ?/%p‘p%ﬁ W{T‘}’ag?ﬁj?l%?’&%sﬂuﬁé%Y?B{:ﬁB? drive
rai| sectl %sigﬁzﬁ&{g B5hd19R SRANIS RBtolthe hbfnvdydr bt the 8FRABh BEALvel t he

director drive rail ection /72 may rotate a full’ 90 degrees. The rotor
assenbly 7®fitke catrizt @ thy nokin eenwyst)erin thh olwstraiedtemebodamentathieycaguar 1s anay

conti nuous eEEiedse, Tariat AgR Mot 117G o, SPERDFA dre GUEH AgPEenddy et
88 are fixed . Wkl l&3RGEttof Sstbly186 TR irebttR asbRi®ly ik Posinuiitld@dloinohe he
rotor by the tim ng pufaﬁgy 87 thg continuous belt 88. To rotate the rotor,
the notor 8haisponseytdndineiani iy bpekmthegpaced rails 32 and 34 of the main conveyor

line, as described in detail below. The director assembly 100 then rotates the carrier

by 90 degrees as shown in Fig. 20, and then the drive wheels of the director engage the

underside of the carrier and propel the carrier onto the drive wheels of the spur

conveyor as shown in Fig. 21. The direction of the drive wheels may reverse, in which

instance the carrier would travel in the opposite direction (i.e. to the right) along the

spur conveyor. Asshown inFig. 18, the idler rail 34 on the spur conveyor 92 includes

one or more rollers 35a and 35b which abut the drive 32 and idler rail 34 of the main

conveyor 90. The rollers 352 and 35b are used to assist the carrier in traversing a gap

between the main 90 and spur 92 conveyors as the carrier is propelled onto the spur

conveyor 92.

The intersection director assembly 100 is further illustrated in Fig. 22. The

director assembly 100 is positioned below the conveyor between the drive 32 and idler

34 rails so that the transport carrier may pass straight through the intersection without

being redirected if desired. The director assembly 10 includes spaced apart director

drive rail section 102 and director idler rail section 104, a rail drive system 10.6, and a

rotor assembly 108 having a rotor 110. In general the rails 102 and 104 are lifted and



whi ch turns the continuous belt 88 about the radial bearing 89. As the

rotor turns, the camfollows at the end of the rotor arns turn aro

race 81, allowi ng the pivot point to change as the rotor turns. £§ JAh%hl'

director drive rail section 72 is fixed to the rotor and turns W|th t he

rotor. Al though not shown, the rot% assenbly and notor 86 are coupled to
%

:SCOR%[O| ?ﬁvice rhirhdcontrols ac ation and operation of the director

se y e contro evice is preferabl d

the  conveyeedain Bleﬁlrl\éﬁ%ﬁ(sieé“t{‘fﬁ Gerastoranly oh e A AR RLenSy 5o
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co- pendi n Ication Seri al . (Attorney Docket % t he
entire di ged gsidie redirestddcthe rols:rill”&emgmgesanheq)othen@hﬁs bwdlfoéﬁté‘?r@ﬁ@@ oyt
anot her enbodi nent of the director of
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an inters Cé'lrfi?g subs Qz}nhgﬁy ﬁﬁﬂi’ SR IhRaN32 Ah4 §f thehfld @veforaPreforably,

"intersec our way 2 9 JAN 2004 17 intersection is shown;

however, {herailgtiop apetiog @Iecfad’ﬂerﬁlbﬁm thel sep miics ek ifd xarouateéetomdemred
[ ntersect lon. Wth this intersection director,K enbodi ne mat clgnveyor
line i s dedifested pesition; thecoray aspembbdowgrsitherehentp ﬁliee‘?"é%r@tcfigﬁ “c8h\iEYor 1ine

| s termed é@g nd SR gpgoge(@svgasw%a el baoairtetehlinedhatonels donb the

mai n and avée an trea sect1 on and a downstream secti on

\tml Ch| ar fe d?ﬁf:ﬂoﬂ@ﬁvb Fail a_lfr)%taw actbsted hnd adi momgbgathictundarsitet tfethelippé@piion of
ravel o e carrier e progressiqn of th transport carrier along the

conveyor m@wldeﬁlgngwéspmwwthﬁ ney &ﬁ"(ﬁ?ﬁ in Figs. 18 - 21. '?'he

transport carr agg}oréggtghgq (grgg(gl_%d)tf% drﬁée r a§s‘%ﬂ1‘6%VRFO lggggﬁgtpﬁ Figd. Mot he

drive 32 and i escri previ ously the carrier

appr oachesgt egd 2 BiGETEHoNs thé dicecammpdeatblyrbg0 1behed|etrecéttbwbssttmla|9g>l*h thehr ough
the intersection, or may directed to the ri q ft alpr}gthe
spur convalesetardhize a@l‘ébﬂ?jrﬁ@}ﬂﬁ WRand 1 gpangthe 1o rt“ﬁraécreﬁa? 8%p§lﬁetdlfe°c{ he main
conveyor an t f V. Ish nveyor
et 1 o P OF 2t 4B i Rare b A ime Bhay P2 DO R Ry e A e ong
the spur ldiretArvopecididresild M2 antid 04 arerdxemded opmisndyiagail oxe sisted over a
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conveyor system 116. The director driverail 102 and idler rail 104 are mounted to the plate 114.
The plate 114 includes a plurality of threaded holes 117 which are engaged by the lead
screws 115. A motor 120 drives the lead screws 115 though a continuous belt 118 and
timing pulleys 120a, 120b and 120c (Figure 24) to extend and the retract the plate 114
via the threaded holes 117, thereby raising and lowering the drive and idler rails 102
and 104. Idler pulley 121 is employed to keep the belt 118 in tension. In the illustrated
embodiment, three lead screws 115 are shown; however, itisto be understood that any
appropriate number may be used. Also, although one lift mechanism is shown, and it
should be understood by those of ordinary skill in the art that other types of lift
mechanisms may be employed to raise and lower the director rails.
To rotate the pod arotor assembly 108 is employed as illustrated inFigs.25-29.
The rotor assembly 108 includes a housing 109 containing a rotor 110 and a lift and
rotate mechanism. The housing is fixed and mounted to a frame on the conveyor. In
principle, the rotor assembly operates to lift and rotate the transport carrier to a desired
redirected position. The rotor assembly may rotate a full 360 degrees and thus, may

redirect to pod to any desired angle. As shown in Fig. 25 the rotor 110 is extended by



line, as described in detail below The director assenbly 100 then rotates
the carrier by 90 degrees as shown in Fig. 20, and then the drlveéf@ *i
of the director engage the underside of the carrier and propel jﬁ @ﬁ
onto the drive wheels of the spur conveyor as shown in Fig. 21. The
direction of the drive wheels may rgverse, in which instance the carrier
woul d travel in the opposite direction (i.e. to the right) al ong t he spur
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di r ect or Felt{aé‘t'hh pﬂagﬁoﬁ‘%ﬁd Al iRk RF dANE 2RCidldraibyigalyeraised pasitlen.sThie of t he

pod and prop al ong the spur conveyor i.n the new di rectJr%n
nore det ai |d@1féctibli‘amnmgnd)i‘dldrhell&ﬂ(}?eﬂnddro"fégglé‘?ﬁ) re@irseted ERERRA EFFn £ gs. 22

to 29. Figs. 22 and 23 shows Gl Or I nekr@ct ed
posi tion. BEANRPAThEAITIE, HsélFt“cﬁ”gﬁﬁqgsjé’qhﬁg” d\"‘é‘?“ﬁfa. e)ﬁl%gggggvélﬁgéﬁll and t he

rotor 110 g %r&p?etlleac&o% thEN& ey &Ct Aifter the transport carrier has moved onto the
conveyor, the director drive and idler rails 102 and 104 are lowered such they are
positioned below the main conveyor.

Operation of the director assembly is controlled by a control system (not shown}
which is coupled to the rail drive system and the rotor lift and rotate mechanisms. The
control system includes 2 plurality of sensors (not shown) which detect the position of
the transport carrier at various locations. When a transport carrier to be redirected is
positioned above the director assembly the control system sends a signal to actuate the
lift mechanisms to extend the rotor 110 and to engage the transport pod. Once the pod
is fully extended, the control system actuates the rotate mechanism and commands the
rotate mechanism to turn the rotor to a selected position. Once the rotor has turned to
the proper position, the control system actuates the rail drive system to raise the director
drive and idler rails to their extended position. Next, the control system actuates the lift
mechanism again, in this instance to lower the rotor. This lowers the transport carrier
onto the director drive and idler rails, and the transport carrier may now move along the

redirected conveyor path. Once the transport carrier has moved away from the director



rails 102 and 104 are carried by a franme body 112 positioned bel ow the
rails. The director drive and idler rails 102 and 104 are extendquég
unison by a rail drive system The rail drive systemincludes a pl AHﬂE‘
a plurality of lead screws 115, and a notor system 116. The director drive
rail 102 and idler rail 104 are nng ted to the plate 114. The plate 114

I ncludes a plurality of threaded h8fes 117 which are engaged by the | ead

screws 115. A notor 120 drives the | ead scr 115 t ous belt
118 and tdrll’ff‘vﬁ@dE@ﬂfl@iﬁst}lﬁ%ﬁslf%f)‘néﬁtaatﬁ%'g “"esé’s‘ﬂl)%g?et?a‘zp % nd the

retract t 4 % &Qq&@g@@l batig@sedll?, thereby rai SI ng and
| owering t Qﬁa?@?ﬁ@g}i@ 2 F%r rails 102 pand 104. 1dler pull el\é 121 is
1

enpl oyed to kemetrbmrlaeﬁemblﬁBOS 13 shews |1mﬁlnhbndthéwlﬂh| refprenge & I28ndS8ai nent
three | ead screws 115 are. shown; ver o] e o} at any
appr opr i at?8bnarbedariy- YLCEE % ya‘InF]ﬁlgﬁsgﬁ 1(5‘% mg%faﬁﬂgl : %(r%l g)n%t?s shown,
and it shoyh, g 1?1% upger; r]?t{]ﬁl(éghat}b{srﬁ h?%@mﬁﬁse@r ghriailly &Ka Inhotbn13t)ea amahk t hat

ot her types 0 ani sms nmay be enployed to raise and Iov\ﬁi t he
di rector raidnsbly T82 mei adphint beafpldd. The otaok assembhil 32 cooBolsdhedipghbgElc as

illustrated in Figs. 25-29. The r.ot or I ng 109
cont ai ni ngowfrlépéli?ltifﬁte&ﬂ?ﬂ RO t?ﬁtﬁgtléaﬁ%i}ﬁgﬁ‘# gjce %ﬁé ?aofpugﬁlg |gs

fixed and QR rAdkEshGANYE YWiHich {sTboupledne i Plamedting roat or
assenbl y oggr%%@gas:sgmﬁiyf{ﬁ r(gt ate the transportpcarrl er to a desired

r edi r ect ed; 3308ivingesockd forireticliereis s @hbsghnlmbraft bidineluges aipall @Bbe%ﬁhées and

th direct t 5 th
otor T30 anaalthenmibel b ling AN | 3boati, Hrpfipe SRut M dolloltd o e L e
any suitabl g di ﬁﬁa‘{lﬁﬂ}e@é‘l rfdrkoath% GG HRE BRY lovarBRdions L0, tmandstot 080,i s

m

lifted approxi I nc Fig. 26 shows the rotor 110 |n a_rotat ed
posi tion Ipirefe&ilﬂy Iaetepper momr,po@tetsnm]cnarﬂ( shiadt arpwnd 3 perjertis a¥is e of Bor 110

i ncl udes I nenbers ,120. r shown;
however dlmPg’r’ 8 q{éﬁ%ﬁ?f‘gefgl]?osg}% ﬁ%%@?’é“%@y%geqﬁés% ﬁ%ﬁé&% egf each
arm menberyigy dnd SR pxid ARd (BB pesiesshoan Higy 2%, 0l ¢riuek thof sur f ace
of the arm rrenber retainers 122, also referred to as kinematic

pi ns, engagepogz!tmpmaa;bm t1$d mrbnﬁ s _under side of the transport carrier
Cranaport carr &b tm the rpeBpRErair-aft o spanb VGl fa o risnaRa ® | 02
is lifted apd diot Ab&hnton H20dEe 8 ish Bl WS dplige (prefeeably the same spline shaft
113 as used in the lift mechanism) and a motor assembly. The motor assembly
generally includes a motor 142 include a timing pulley 142 and a continuous belt 143.
The belt 143 is coupled to another pulley 144 which is attached to the rotor of a bearing
146. The motor rotates the rotor of the bearing 146 to any desired position. The bearing
imparts the rotation to the rotor 110 via the spline shaft 113 and a mating linear bearing
(not shown). Further, a radial bearing (not shown) is integrated into the top of the
spline shaft 113 to allow the spline to rotate. A number of commercially available
spline shafts are suitable, such as an NB Rotary Ball Spline. As described, the rotor
assembly 108 imparts both lift and rotation to the rotor 110.
The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended
to be exhaustive or to limit the invention to the precise forms disclosed, and obviously
many modifications and variations are possible in light of the above teaching. The
embodiments were chosen and described in order to best explain the principles of the

invention and its practical application, to thereby enable others skilled in the art to best



director drive and idler rails 102 and 104 are raised and the rotor 110 is
then retracted and |owers the transport carrier onto the director%gUqum4
and idler rails 102 and 104. This position of the director assenbly 100 Is
illustrated in Fig. 27, which shows the rotor in the retracted position
and the director drive and idler rah}s in the raised position. The

director drive and idler rails 102 and 104 support the redirected transport

carrier. The transport carrier is.then engage Ar | ¥$§@3§30n t he
di rect or did?ﬁv@el“’a‘ieingﬁ’@?n YAIOUF §mbf’%18'51nf}’e‘ﬁlﬂg‘6%n°%ts ﬁ'}esdiﬁ(;c%\t} glg/goéré%r Atter the
transport I Lo PN EHL @tk o1t Ni8tengedaMhE scobbef e invetion lbrdefisedand

i dler railgﬂ¥%?%%w§%§%4 a?gplomered such they are positioned bel ow the

mai N conveygthe Chfimatpmended hedow atidrtber equivdedpbl y is controlled by a
control system (not shown) which is coupled to the rail drive system and
the rotor Iift and rotate nechanisns. The control systemincludes a
plurality of sensors (not shown) which detect the position of the
transport carrier at various |ocations. Wien a transport carrier to be
redirected is positioned above the director assenbly the control system
sends a signal to actuate the |I|ift nmechanisns to extend the rotor 110 and
to engage the transport pod. Once the pod is fully extended, the control
system actuates the rotate nechani sm and commands the rotate nechanismto
turn the rotor to a selected position. Once the rotor has turned to the
proper position, the control systemactuates the rail drive systemto raise
the director drive and idler rails to their extended position. Next, the
control systemactuates the lift nechanismagain, in this instance to

| ower the rotor. This |lowers the transport carrier onto the director drive
and idler rails, and the transport carrier may now nove al ong the
redirected conveyor path. Once the transport carrier has noved away from
the director 2 9 JAN 2004 20 drive and idler rails, the control system
actuates the rail drive systemto retract the drive and idler rails 102
and 104 into the |lowered positioned. The rotor assenbly 108 is shown in
further detail with reference to Figs. 28a- 28b, and 29a-29b. The rotor
assenbly includes a lift nechanismand a rotate nechanism The lift

mechani smis conprised generally of a nmotor 1.30, a crank assenbly 132 and
a spline shaft 113. The crank assenbly 132 controls the height of the

rotor 110 in its extended position. The rotor 110 is attached to the spline
shaft 113.



The crank assenbly 132 has a crank shaft 134 which is coupled to a
connecting rod 135 having a socket fornmed therein. The spline shaf% 5%&
includes a ball fornmed on the end of the end of the spline shaft 1 3, 3@“
thus, the spline shaft 134 is coupled to the crank shaft via the ball and
socket. To raise and | ower the rotor 110, the notor 130, preferably a
stepper notor, rotates the crank shaft around a centerline axis 136 of the
nmotor 130. In the |owered position, & shown in Fig. 29a, the crank shaft
is positioned belowthe centerline axis; and the raised position as shown
in Fig. 29b, the crank shaft is posié%gggﬁbabove the centerline axis. To
turn the transport carrier, the rotor |y enpl oys a rotate nmechani sm
The rotor n@g@ i i .a shaft with a spline (preferably the sane
spline shaft '%nggziﬁgggﬁﬁﬁ'the lift mechanisn) and a notor assenbly. The
mot or assenbly gener @& frynsportlsyslen far trisportihg 2rticied eootepresing:nmi ng pul | ey 142
and a continuous belt 143.  The belt 143 is coupled to another. pulley 144
which is attached ‘teasponecarpeidpr eaTvinHldrsshgne adisle behuespvarkstalionfes t he

rotor of the bearing 146 ny,..desj: ey : i ks s the
rotation to the ?SFgYeyfisg\}flgat ggz%{ﬁgéggidﬁl%’g gafg?%ﬁ%%g%r#arﬁ?rﬁéhl%‘;aer
bearing (ngt igb1oWhk a diveldyslem Rr pageBingherl titgpém odrishalony the cinvieggr; at ed
into the top of the spliné shaft 113 to allow the spline to rotate. A
number of cormer aisapport satbparalidigo appisparedrerm tssidadrivestailtfapseppatios s@d an NB
Rotary Ball Spline. As described, the rotor assenbly 108 inparts both [ift
and rot at | JRHBOH 58T or 110. The foregoi ng descriptions of specific
embodi nent s of t hQesk B8€MHoeicBYRAbY QHid thavmrbeeHei£6 sitetitid Peorfigupabes of
illustration and description. They are not intended to be exhaustive or to
limt the imdeen sad stpparheilfeempedly srrROTENEG G FarFPOl faTHH AR SHPPRENY

nodi fi cati 0@_ an&i variations are possible in light of the above teaching.
The enbodiTEntY were chosen and described in order to best expl ain the
princi pl es of thgdifesteeadseblyafoe diréSingrtae trimspbrtappidr abinigahe couveyoer eby
enable others skilled in the art to best 2 9 JAN 2004 21 use the invention
and various enbodi nents with various nodifications as are suited to the

particul ar use gontenplated. It s i thdkeid R dHeeRe affenitig fitttwent i on
be defined by the d a#ﬁ%%‘ﬂfﬁ%ﬁég%"‘]ﬂgfgi%ﬁglnd their equival ents. 2 9 JAN

2004 comprises:
a movable director drive rail for supporting and rotating said transport carrier,

said director drive rail including a drive system for engaging the transport carrier; and

a fixed director idler rail parallel to and spaced from said director drive rail for

supporting the transport carrier.



22 CLAIMS WHAT IS CLAIMED IS: 1. Atransport systemfor transporting
articles conprising: a transport carrier for carrying at |east one &g jAN %04
bet ween workstations; a conveyor having a drive rail for supporting said
transport carrier, said drive rail including a drive systemfor propelling
said transport carrier along the conveyor; a support rail parallel to and
spaced fromsaid drive rail for supporting said transport carrier; at

| east one shoe carried by said transport carrier, said shoe being
configured to ride on said support Rail for novably supporting said
transport carrier on said support rail; and a director assenbly for_.
directing the tgansport,.¢ansidefsysleand Glhien éemeesypihe nmvabl'fdjrsffﬁcit Sivesgh
transport systemof Claiml ‘wherein the di re:_:rhjg; assenblléuiéar {ohﬁftat@ tpvabl e
director drivgohadel tharrosarpgssaThblygsafdoiopRae being GoPSREIT1° SarTi er,
said director drive rail including a drive systemfor engaging the
transport cdiredter¢riemmdila fi xed director idler rail parallel to and spaced
fromsaid director drive rail for supporting the transport carrier. 2 9
JAN 2004 23 3 The transport systemof Caim2 wherein the nova le dj.rect or
drive rail is mountedHedraspat oystemsenBlaym 35&(?1@3?%{%‘0&%%%‘7”5 }bgﬂl@r
configured to rotate the director drive rail. 4. The transport system of

C ai m 3 wher@infingdde rotor assenbly further conprises: a fixed base having
a race around an aiﬂﬁgrb%éh%' pbek\arQfndtdhEnkeass peripkery of die bewej ng a
plurality of armrenbers nounted to said base; a plurality of cam

fol l owers, one ofs ;o&ir haciamafpifatityeofarpovemberseowied WsS28hB@s§f  each of said

arm nenbers; and a plurality of cam followers, one of said cam followers positioned on the end of

each of said arm members; and
a motor coupled to said rotor, wherein the motor turns the rotors around the race

thereby rotating the director drive rail.

5. The transport system of Claim 1 wherein the director assembly further

comprises:
a pair a spaced director rails positioned below and in between the drive and

support rails of the conveyor, said spaced director rails being configured to be raised

to support the transfer device; and

a rotor assembly having a rotor which lifts to engage the transport carrier and

rotates to turn the transport carrier to a selected position.



a notor coupled to said rotor, wherein the notor turns the rotors around
the race thereby rotating the director drive rail. 5. The transpor? SMﬁtZW
of Claiml wherein the director assenbly further conprises: a pair g
spaced director rails positioned below and in between the drive and

support rails of the. conveyor, said spaced director rails being configured
to be raised to support the transfer device; and a rotor assenbly having a
rotor which lifts to engage the tragpgport carrier and rotates to turn the
transport carrier to a selected position. 2 9 JAN 2004 24 6. The transport
systemof Claim,5 wherein the rotor assenbly further conprises: a rotor
having a plurality of armnenbers; a plurality of retainers, one of said
retainers positioned on the end of each of said armnenbers; a lift
mechanismfor |ifting the rotor; and a rotate nechanismfor turning the
rotor to a sel et ed %@ittﬁnéﬁﬂﬂ yysterm & (GlaiRs gomthersy thepmodar %FEPH{YSFL‘F%FE her
conprising: a director rail drive systemfor raising and | owering the
director rePE™Mich includes a plate attached to the director rails, said
plate having a plioahidig @fplirBigadedn thehisasf ormed therein; a plurality of

| ead screws, one |ead scirew positioned within each of the holes i %he
plate; and a noe@lurahiy ofgetinarsyiong o sAIH EGapes RAMUGTELICBREARS FaC bl ¢
coupl ed to_each of 1;the_ | ead screws for actuating the | ead screws to raise
and | ower i%@am‘é‘?eé’} YHereby noving the director rails. 2 9 JAN 2004 25 8.
A et hod of transFombiigisat fordifesg thenprorsindg t he steps of: providing a

transport carrier for holding at |east one artic¢le and.having a base
a rotate mechanism for turming the rotor to a selected position.

7. The transport system of Claim 5 further comprising:

a director rail drive system for raising and lowering the director rails which
includes a plate attached to the director rails, said plate having a plurality of threaded
holes formed therein;

a plurality of lead screws, one lead screw positioned within each of the holes in
the plate; and

a motor having a timing pulley system and a continuous beit coupled to each of

the lead screws for actuating the lead screws to raise and lower the plate, thereby

moving the director rails.



T

and at | east one shoe carried by the base; positioning the transport device
with the base of the transport carrier supported on a drive rail &n3lJAhai04

shoe carried by the transport carrier supported on a support rail of a
conveyor system actuating a drive systemcarried by the drive rail to
propel the transport carrier along the drive rail and support rail; and

redirecting the transport carrier as§t travels along the conveyor system
9. The nethod of Claim8 wherein the transport carrier is redirected al ong
any one of the follow ng: a corner, curve, intersection, shunt parallel
stocki ng zone, queuing zone, or any conbination thereof. 10. The transport
systemof Claim1l wherein the director assenbly directs the transport

carrier along any one of the follow ng: corner,. curyve,. | rsection,
shunt; parall . stocl rﬁgmﬂérﬁ’é}mﬁipé’ﬁﬁ”?ﬁga@{iﬁé,CmBPhilFf? G gr:él ion thereof.

providing a transport carrier for holding at least one article and having a base

and at least one shoe carried by the base;
positioning the transport device with the base of the transport carrier supported

on a drive rail and the shoe carried by the transport carrier supported on a support rail

of a conveyor system;

actuating a drive system carried by the drive rail to propel the transport carrier

along the drive rail and support rail; and

redirecting the transport carrier as it travels along the conveyor system.

9. The method of Claim 8 wherein the transport carrier isredirected along
any one of the following: a comer, curve, intersection, shunt parallel stocking zone,

queuing zone, or any combination thereof.

10 The transport system of Claim 1 wherein the director assembly directs
the transport carrier along any one of the following: a comer, curve, intersection, shunt;

parallel stocking zone, queuing zone, or any combination thereof.




