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Brief Desciption of the I'n\./ent i on This invention relates in
general to a feed apparatus fIMPROYEDSTARWHEH: S8¥SdEM . and ot her

articles through a machine and, nore particularly, to an inproved star
wheel . Brief Deseription of thie riventien | nventi on

In many | abeling maghines, .a container feed,syuch as rotary star wheel -
transport the cont ai MW%‘@EF%%@!W%@Q’ F%“Qé‘é\?ﬁﬁpﬂmhi ch
carries | abebgd bhRPaftidiePMrod @ mathife QRE! MbicOparfibulhile tﬁta?lrin'\yg e dﬁtag e

vacuum drum are synchroni zed so that a | abel 1's accurately a

exterjor of eawheeontai ner during rotation ofthe star wheel and the
vacuum drum An exanpl e of such | abeling machine is disclosed in U S
Patent Nos. 4,181, 555. The containers are typically supplied in

a substantially continuous st rea%mwmnﬁm

In many labeling machines, a container feed such as a rotary star whee!
transport the cqntainers in a curved path past a rotating vacuum drum which carries
labels from a label feed. The operation of the star wheel and vacuum drum are
synchronized so that a label is accurately applied to the exterior of each container
during rotation of the star wheel and the vacuum-drum. An example of such labeling
machine is disclosed in U.S. Patent Nos. 4,181,555. ‘

The containers are typically supplied in a substantially continuous stream with
guide rails arranging the containers in'a fine. Prior to reaching the star wheel, the
continuous stream is interrupted to introduce a predetérmined spacing between each
container. Examples of such mechanisms include gates, feed screws, and in-feed star
wheels with narrow pointed arms which are forced between theadjacent containers.
Although feed screws introduce the desired spacing between successive containers,
an in-feed star wheel often must also be used to adjust the delivery path of the
containers. Although such devices generally provide the star wheel with the desired
container distribution, the infeed stars limit the maximum speed which may be attained

~ with the machine to about 400 to 500 containers per minute and the feed screws are
mechanically complex gnd difficult to manufacture. The devices increase the
complexity and cost of manufacturing and operating the machine, and must be
adjusted to conform to the timing of the other components of the machine. A labeling
machine which eliminateé the need for gates, feed screws, in-feed star wheels and
other such components is desirable. | '




guide rails arranq%hng the containers in a line. Prior to reaching the star
whieel , -t he WO uous streamis interrupted to introduce aFGTERETRHY ned
spaci ng bet ween each cont ai ner. Exanpl es of such nechani sns i ncl ude gates,

spac e . . de
eed screws, an L%{!ﬁg%&mes avm%ﬂé%t%{ﬁ%@gggt@da@l\gﬁﬁb%% are

forced between the a cent cont ai ners. scr nt r oduce
the desired eqntainers bfdifferent sizes e However,othisninvolves majomadjnstinests tot the wheel

At hough sucmsgking.c J3piehe 5 triaines 1Ee ottt sir Pegl. Bled oy aniEvieBugty o
cont ai ner diaﬁrﬁpﬁg&;%@dm@%ﬂ\mdﬁm&ﬁg&mx RMISr&PRANe Wewvch may

be attained hine to about 400 to 500 containers per mnute
and t he feedcentaipes size.cThe lnestiomofithelopntainep feed must alliof e moved sapthat the

TN act ur | nGASHRY obfhecamag: VoA R abeZd i seied Bone3E el PHY bront or m
whi o el nineconbgifr YeBf o BRG] Alystient 358 cilloralon OF the BldchinfZC ] 1
ot her such cThpsconverting theemachiig to accomnivlate diffed@ size containers is a time
P U 004 g s ot Al o R Scirs i) oo B iy
be mounted at the same location relative to the other components for containers of
 different sizes is desirable.

It is an object of the present invention to provide an improved machine and
. method for applying labels or other material segments to containers or other articles.

" . It is another object of the present invention to provide a star wheel which
eliminates the need for gates, in-feed stars, feed screws and the like.

* Tt is yet another object of the present invention to provide a machine with a
feed apparatus which separates the first article or container from a line of articles and
moves the first article from an infeed station to an exit station. '

Tt is a further object of the present invention to provide a labeling machine in
which the container feed is mounted at the same location for containers of different

A more general object of the present invention is to provide a machine which
may efficiently manufactured, assembled, operated arnid maintained, and which may be
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cont ai ners ofwdi9fBsmsent sizes. However, this involves nmgjor adPCIrus»064950
the nmachine. *Typically, the container feed, infeed star wheel, feed screw
and vacuum drum nust be replaced with .conponents which are specifically
tailored to thepeated athighspeeds. si ze. The I ocation of the container feed
must al so be noved so that the exterior ofthe container will contact the
| abel as it is carried along the curved path by the container feed,

requi re additional slswmmary)theinstentivni groviles a meédchinecandeméthod for @pplying a

converting the machine to accommodate di fferent si,ze coptgjners is a,tine
conumi ng and |menm?mw§%mmmme@wm ad. 8 Jeetl pRRATRIS 0%, c

may - be nounte }&g Eadl &;,;egﬁl rﬁhg%dxm iofi O " tRikhne’ OF
cont ai ners of qaﬁ#foer ?‘am zegﬁl S egi rabl e. 4 d Bcold atiofi TR ¢
bj ects and Sugenrerallydficlvdes alconveyor,avotary disc, and 4 segmennapglicatidn dévideh The
present invention to prqvide an iyproved chj ne and met hqd fQr app| yi ng
| abel s or ot hemmwm%%bmﬁMP !"HG'IF%t‘b? %atﬁt@ﬂoawl&a &f.‘ 3R’°le
It is another s . : | ' ' i ch
el i m nat 65 ¢ ne PRtiifhed dirdel iR RORE S ard W ohia wih f SeBhd Sric el lfiEin"
article positioned directly in front of and in contact with a third article. The rotary
disc individually moves the articles from the first station to a second station
downstream of the first station with the rotary disc successively separating the first
 article from the second article and moving the first article to the second station.

The method includes the steps of moving a plurality of articles to the first
station in a substantially continuous stream, rotating a wheel having a plurality of
contoured arms relative to the first station to individually move the articles from a first .-
station to a second station downstream of the first station. Each of the contoured
arms has leading surface which defines a pocket shaped to partially receive one of the

. articles and a cam surface. The cam surface of one of the contoured arms guides the
*first article into the pocket defined by the leading surface of an adjacent arm and the
leading surface of the adjacent arm moves the first article toward the second station.
The method also includes the step of applyixig a segment of material to the exterior
surface of each of the articles. |

The feed apparatus of this invention, which is for indexing a plurality of
articles between an infeed station and an exit station where the articles are delivered
to the infeed station in a substantially continuous stream with a first article positioned
directly in front of and in contact with a second article. The feed apparatus includes
at least one rotary wheel having a plurality of contoured arms. Each arm has a leading
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It is yet another object of the pr'esent i nvention to provi de_a machine with
a® feed apNAII8IW which separates the first article or cont SCRESPEPR a -

Ii_ne of articles and nmoves the first article froman infeed station to an
exit station.

. It is,a turther opj,ect af the present jpwyention
to provide ﬁ%ﬁh‘@m_ﬂé’q"h‘* Mﬁ? W@*‘@m."ﬁé’f‘%@&g‘ g’s‘“ﬂ%ﬁ %ed at
the same | ocghis fthe It siMtich Of thé iekit 8/afibh. Easl éfhe contoured arms alsd NOr e
general object ofthe present invention is to provide a machjine which may

ef2f icently haveacam satfaconiichis shaped ta sepanatethersicand piticle fremdhefirst artielsy be
PCT/ US9 7)’8;3\%3\8&2%:& article is moved into the pocket of one arm and, upon further rotation
of the wheel, to guide the second article into the pocket defined by the leading

surface of an adjacent contoured arm.

Additional objects and features of the invention will be more readily apparent
from the following detailed description and appended claims when taken in
conjunction with the drawings. '

Brief Descrintion of the Drawi

The foregoing and other objects of the invention will be more readily apparent.
from the following detailed description and appended claims when taken ‘in
conjunction with the drawings of whicli:

" Figure 1isa schematic, plan view of a machine having a feed apparatus in
accordance with this invention.

Figure 2 is a schematic, plan viev} of a feed apparatus.

Figures 3A-3C are diagrammatic views showing the position of the feed
apparatus and articles during one rotation interval of the feed apparatus.

Figure 4 is a diagrammatic view showing the feed apparatus for each of three

Figure 5 is a schematic, plan view of a feed apparatus in accordance with
another embodiment of this invention.
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operat ed at hwahomasesds. In sunmary, the invention pceidoRsds
machi ne ahd nethod for applying . a segnent of material to an exterior

surface of an article, and a feed apparatus for transportlng the article
between a first station and a Retaibe i ; generally

| ud t d sc. ) Th
Comveyor cunoll exOr Referbare Wil 5 b q"w %rﬂf;fé&ea&EFwﬁ bement g
with a first aFﬁoeﬁhs '1§ nmees&ea“umé gﬁieaanium LRGWABIthE t h

a second article and the second artlcle p03|t|one directly 1n front of
and in cont act dvawings wheneiﬁ like icompondits: are)tdaﬂpatedhlycllkmde&rmamwmnises

the articles fromthe fjrst_station to a second tai:j downst ream of the
first station MM the,yagiops geures,atteption | 48 F&!"Fﬂg the first

article fromthe second article and noving the first article to the second
st ation. The met hod includes the steps of noving a plurality of

articles to the fi rdﬁgnnétmhumﬂmllydlmhhdhlgahtgmmm farapplying labelsé to
rotating a wheg] having | yral contou ntns relative to t
first station ?’ﬂﬁﬁ"?)' LFQ&‘F“’FFD#/@X'E s‘[‘? apparajus; or starwheel

a second stati g ﬂ?]hdcr i{ghﬁ“ %cﬁée& emﬁqa
arns has | eadi ng sur ace V\)m C gﬁléﬁéegég .S%C et s%lape to rtra F‘y receive

one of the  ampplidation@fithbelstam container st istocbecundersioddithmt dﬁs inventidn ishmot

contoured arms li:gnli“ esth%s a%pheaﬂon On the contrary, the feed apparatus 12 may be employed
in any application where containers are individually separated from a stream of
containers. For example, the feed apparatus 12 may be used to transfer containers to
a filling machine or capping machine. Similarly, the feed apparatus 12 is not limited
to indexing containers but may be used with other articles. For example, the feed
apparatus 12 may be used to transfer articles to a machine which applies segments of
decorative material to the exterior of the articles, or in any manufacturing or
processing line where it is necessary to separate the containers and individually
transfer the containers from:a first location to a second location. The articles may be
cylindrical, convex or another shape and may have circular, oval, rectangular or other
cross sectional shapes.

The feed apparatus or star wheel 12 separates the containers 8 and individually
transports the containers in a curved pathbetweenmh&édstaﬁon 14 and an exit
station 16. Although not shown, the labeling machine 10 preferably includes two
vertically spaced star wheels as is known in the art. The two star wheels 12, which

 are identical, engage the container proximate the upper and lower ends, distributing
the forces applied to the container and leaving the central portion exposed so that the
label may be applied without interference from the star wheel. However, it is to be
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fi rst artlc‘lvs the pocket def| ned by the |eading surface of an 4<'it)gl4ace nt
arm and the surface ofthe adjacent arm noves the | e
toward the second statlon . The nmet hod al so includes the step of appl yi ng

a segnent of tﬂehﬁnﬁi%tr . fent

The feed appgm us ofth%ﬁl S | nvenf‘l{floggtEr \NR?%%L@E@%‘} 'ifn ?&Qr%a &?‘mpuraﬁ ty of
articles bet mﬁmanwithheuhdseupetofohsmvénﬁm eThé cortsines's maewram@ﬂw cles
are delivered tothiglnfee ion i,n a substantially contlnuous stream

with a first "!fP‘Eq sator, 44 i1 a5y ﬂ‘"’ byicontipyops stream biy; a gpnveyar 1B darthisct with
d wheel
a second art tﬁﬁcaaa of St indEt amwar > con ve%r +§g§vﬁxﬁgr§ﬁpﬁ&rxﬂﬁé ee

having a plurality o contoure
-3 - VO eontaifiérs 8 although other means as for example rollers or one or more belts which

PCT/ US97/ 06495 urface which defjnes a pocket shaped to partiall
recei ve one gpgqgg tivets{gie éqﬁg conta{ners may ge used to moee the coanners to th)é

infeed station 14. The conveyor 18 may also be a static trackway with the forward
motion being created as additional containers are moved onto the conveyor. Guide
rails 20 direct the containers 8 in a single-file line to the infeed station. Preferably, the
path defined by the guide rails 20 is curved so that direction of container movement
at the infeed station 14 is tangential to the feed apparatus at the point of contact.

The star wheel 12 moves the containers past a label application assembly 22.

In this embodiment, the label application assembly 22 includes a vacuum drum feed
24 rotating with a shaft 26 and having projecting pads or lands (not shown). The
labels 6 are adhered to the pads of the drum 24 by a vacuum. An example of vacuum
drum feeds of this type, which are well known, is shown in U.S. Patent No.
3,834,963. Various delivery systems are used in the art to deliver the labels 6 to the
vacuum drum feed 24, any of which may be employed with the label application
assembly 22. One or more rollers (not shown) may be used to smooth and more
securely and evenly seal the label to the container after it has been applied by the
vacuum drum feed 24.

In accordance with this invention, star wheel 12 separates the first container
8a located at the infeed station 14 from the second container 8b and moves the
container 8a in a curved path toward the exit station 16. Components such as an in-
feed star wheel, feed screw and gates are not required with this machine. As is shown
particularly in Figures 1 and 2, in the illustrated embodiment the star wheel 12
includes a plurality of circumferentially spaced contoured arms 36. Each arm includes

-6-




article fromWRo738930ed station to the exit station. Each of thecrosipessed
arns also’ haVve a cam surface which is shaped to separate the second
article fromthe first article when the first article is noved into the

pocket of one a&leadingisurfape 3B which definesatpocket39 shaped treregtive the contajusrdeandhe

) acent cont ouPRy i Bfnie Bbm 15 il ition (b e Bl BRcon 1 aFam AERSEH0. 1o

i nvention will Asthestg whel t2 is soned fulitive ththeinfeed station0n, %M&hﬂfﬁ@m
description and appended cl ai s when taken in conj unction with

dr awi ngs. y separates the first contamer Safron thxemn@pommmnsbfmd Pthemdcsngs

di, |
oo ot " "5, S8 RO et sb 4 8 B ke MO Sk 3,

when taken in witlisul sighificantly Wéﬁnﬁﬂﬁﬂéﬂ&aﬂ%o?@dwbﬁ&memm contamerdé'&“re
1 is a schematic, plan view of machi ne having a féed apparatus I n

accordance wit W@QWWQHMOﬂh@thﬂd container 8c.

Any disruption of the flow of containers, beginning with the movement
imposed on the third container 8¢, will have a magnified effect on the containers
upstream of the containers 8a-c potentially causing such problems as creﬁting a
container jam or even damaging the equipment upstream of the star wheel 12. Thus,
the profile of the cam surface 40 is shaped to control the movement of the third
container 8c and all subsequent containers 8d to 8n which are in juxtaposition with
container 8¢, with the second container 8b acting as both a cam follower in relation
to the cam wrﬁoemahdacuni_nrelationtotheﬂﬁrd container 8c. In accordance
with this invention, the cam surface 40 is provided with a specific profile, depending
in part upon the size and cross-sectional shape of the container, which has minimal
effect on the average acceleration and velocity of the stream of containers 8. The
profile of the cam surface 40 is calculated through a series of equations to move the
third container 8¢ along the guide rails 20 at the desired velocity until it engages the
contoured surface 40 of the next adjacent guide wheel.

The profile of the cam surface 40 is determined through mathematical analysis

- of the motion of the containers along the guide rails 20. As is discussed in more detail
below, the actual profile of the cam surface is subject to wide variation depending
upon such design choice factors as the desired motion of the containers upstream of
the infeed station 14, the shape and size of the containers, the path defined by the
guide rails, the number of actuator arms 36 of the star wheel 12, and the like. The
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Figure 2 is_a schematic, plan view of a feed apparat us.

Firgures 3A- WO WP agrammatic views showing the position of RRHUPEESS
apparatus and articles during one rotation interval of the feed apparatus.

Figure 4 is ﬁﬂ[@ﬁfﬁﬁ&bﬁc&ﬂﬂlﬁﬁé@ﬂhﬁ?b&bﬁtﬂﬁ%ﬁ@ﬁmmﬁsof

three différent size containers. . Fi :c’;ure 5is a schematic,
pl an vi ew of usigthe prefeaedembodimentasa medal cFigures 3A-3Csebamatically,illystrate nt

8;; gi833i0nvent tihg?)bsition of the star wheel 12 and the containers 8a, 8b and 8c at diﬁ‘erénf’stages. Vo
PCT/ US97/ 06494 the container rotates between the positions of Figures 3A and 3C, the cam surface
40 of the contoured arm 36a allows the first container 8a to move forward alo:ig a
curved path defined by the function F,(x,y), and the second container 8b is moved
* along a curved path defined by the function Fx(x,y). The movement of the second
container 8b along the path defined by Fy(x,y) is dependent on the movement of the
first container 8a along the path F(x y), the geometric relitionship between containers
8a and 8b, as well as other factors such as the relative orientation of the containers
and the position of the second container 8b along the path F,(x,y) relative to the first
container. This relative position of the second container 8b is represented as
GIF,(x,y)}. Thus, the position of the second container 8b relative to the first containei
8a is determined by the equation: ' '

Fy(3)=GIF,e))1+F,(x)

The functions F(xy) and Fxy) are defined by the path of the guide rails 20 near the
infeed station 20. For the purposes of this discussion, the focus is on the relative
position of the center or axis of each container, not the contacting surfaces.

In the illustrated modification, the containers have a circular cross section.
Initially, before container 8a enters the curved stretch of the guide rails 20, the axes -
of the containers 8a and 8b are separated by a distance 2R, where R, equals the
radius of the container. As the first container 8a is moved along the curved path, the
position of the second container 8b may be determined from the equation:

Ax,=G[F,(xy)]+Ax,




Det ai | ed DesowoOpt/38%30 of t he | nvention , Ref erence w | n®OTAISOYWAGA9S | n
detail to the ‘preferred enbodi nent of the invention, which is illustrated
in the acconpanying figures. Turning nowto the draw ngs, wherein |like
conponents are designated by |like reference nunerals throughout the

various figures, attention is digectgd : 3 Figure 1
schematically shows a | abeling ré‘gﬁ#ﬁe Jf-g]if)oraﬁpp?%ef‘hg | abels 6 to t he
exterior of containers 8 which incorporates the feed apparatus or star

wheel 12 - of.%is.i nvention. Although the feed apparatus 12 is described
in relation to application of labels to a container, it is to be

understood that thi gyl 8veheiditancs nitRed by thefirsEbritdinérHaSalonpPink SdxiPduridg) t he

contrary, the feed apparatus 12 nay be enpl oyed I n any application ere
cont ai ners are indivi dualalgjvead ,ed froma stream of cont ai ners For
exanple, the feed apparatus 12 may be used to transfer containers to a
filling machine or capping machine. Simlarly, the feed apparatus 12 is not

limted to indexi ﬁgbaomidmm&mytﬁ@ﬁa@s&n%mm&fgtm@tmeainagcor

exanpl e, the feed paratus 12 nmay be“used to transfer articles to
machi ne whi ch applies segheegiveniptervaldecorative material to the exterior of
the articles, or in any manufacturing or processing line where it is
necessary to separate the containers and individually transfer the

containers froma first "ﬂfeaiduﬁfb P&t%fS@WAWG&t iHeNdistAh&@ ﬁbﬁé%@%—aﬁ@’ be
separating the axes of the containers 8a and 8b; and

2R, is the initial horizontal distance separating the axes of the
containers 8a and 8b. |

Thus, it is apparent that G[F,(x,y)] is a function of the cross sectional shape
of the container, with containers having circular, elliptical, etc. cross sectional shapes
each having a different effect on the movement of the second container 8b over a
given interval. For containers of noncylindrical shape; e.g. convex containers, the
analysis focuses on the region of maximum diameter where the contact between

adjacent containers occurs. -
To illustrate an example of a different shape container, in a container having

the cross sectional shape of an ellipse of the form:

x? y2

— 2]

bz az
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cylindri cak,‘,0 or not her shape and may have circul ar, Oé,a|
rect angul ar” of "ot her cross sectional shapes. Th cffé'é??'”o“”
apparatus or star wheel 12 separates the containers 8 and individually

t ts t £ 3] s Lglis ; e ' 14 and
b ot ot el 34 Bt iptifhufh GRUEPARE“S", RS VifinG SilinGEE thé Gistaie 14 21
preferably i sparating thewenters\orraxesof the comtainers depesidsuiponitise value of theoadius n t he

art. The two_star. wheel s_ 12, which are ideptical, epgage the container
pr oxi mat e th&@&ﬁb‘?%ﬁ&°ﬁ8&%‘i‘°‘eﬂ@%‘?“%&ﬁﬁ ¢ figst coptancr §a teavels AngR ¢ o

t he contai ne a%fh&h%iﬁ : | anﬂq abel
may be appl ié‘ﬁ%ﬁu I nt eé?%f%%% romhtel?ggg ar egﬁﬁ %ﬁﬁ‘é{/@?ﬁn} iIs to
be diameter (“a”) perpendicular to the direction of travel, the distifizeal o thsk-axis

PCT/ US97/ 06495 under st oad that the nunber of star eels enployed is
subj ect to csApsratingthe axes of thetwocontfiners maybetfeteml?ned om the eqmtior){:

402 2_ b 2 :
D=2J( il Y e
' a

At the initial position, where Ay, =0, the distance D separating the containers equals
2b. After the containers begin to move, the distance separating the axes of the
container along the x-axes decreases. This equation is derived by determining the
distance L from the maximum diameter axis of the container to the point of contact
as follows: ' '

= |42 ;--ézzl-J lz; ....Ayz.
L-\]A (c 2)’— B2(c —5—)2

where A and B are the distances from the focus points of the ellipse to the point of
contact and ¢ is distance between the focus point and the center of the ellipse. The
equation D may be obtained by substituting B*=(2a-A)? into the above equation and
multiplying by a factor of 2.

Thus, for an ellipse: -

. - 24 1/ 2_52
G[F,(xy)]=2b-D=2b—2J (4a 28pya™-b )L(W-e%l)z

4a
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vari ati on wi WO9/3883 scope of this invention. The containers SPETRISI7TI06495
delivered to the I nfeed station 14 in a substantially continuous stream
by a conveyor 18. In this modi fi cati,on of the inventjon, conveyor 18 is a

conveyor belt WhefimctiopGiFLcy) may besismilagly obtained for contaigershamiag (€50S8s f or

cont ai ner . rmy SpaQreh grass FREbIN tdes Bnfalners RIE REbe Biaapiha Wise foPlohd?
The conveyor 1 1B 8quition GIF(R]y)Fmiy be koeompex that andycbedssitable 10 uson

bei ng created as additional containers are noved onto the conveyor. Cuide
rails 20 directnumesica @ppreximationgnstead-ofactuglily selving the equatignt he infeed
station. Preferably, the path defined by the guide rails 20 is curved so
t hat direction of container novement at the infeed station 14 is

tangential to the faDwrtmeathephith ofithé Secofdtatitainér 8bopNertime may be determinddie
star wheel 12 noves the containers past a |abel application assenbly 22.

In this enbodi ftam thefollowingequation: i cati on assenbly 22 includes a vacuum
drum f eed 24 rotating with a shaft 26 and havi ng projecting pads or | ands

(not shown). The [abels 6 ad hekgdd e f drum 24 by a

vacuum An exanpl e of vacuum'jiéf@?rﬁbﬁe'@x@[%?xl){:ﬂig&@ » which are well
known, is shown in U S. Patent No. 3,834,963. Various delivery systens
are used in the art to deliver the labels 6 to the vacuum drum f eed 24,

any of which W ' ] application assenbly 22. One

or nore roller 'ﬁ%ﬁﬁg“nﬁ*f e'hggee‘J ¥ smooth and rore securely and

evenly seal the |abel to th‘? cont ai neJ after it has been applied by the
"&'[F ’(x"‘y")]=7d-t-[G[F z(x,.-ny,,-])]"'F |(x -ny"-l)] '

Thus, the motion of each container is dependent upon the motion of the container
directly in front of the container. Because of this dependent motion, any acceleration
or deceleration applied by the star wheel 12 to the first container 8a will produce
directly proportional acceleration on the containers upstream of the first container.
Thus, the velocity of each container relative to the accelerating star wheel 12 remains -
relatively unchanged. -

As the star wheel 12 rotates moving the first container 8a from the leading
edge of the cam surface 40 into the pocket 39 of the adjacent contoured arm 36, the
containers 8n remote from the star wheel 12 and located in a linear stretch of the
guide rails 20 will move forward the distance Cy; that is, the distance separating the
center axes of the adjacent containers. For circular containers C,=2R, and for
elliptical containers positioned with their maximum diameter perpendicular to the
direction of travel C=2b.
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vacuum dr u e’?g@é%' I n accordance with this invention, star
the first cont

wheel 12 se % ai ner 8a |l ocated at the in’f’gﬁlgs%"t’oét‘?%n-

14 fromthe second contai ner 8b and noves the container 8a in a curved

path toward the exd.t. slatli . 1 H e r
wheel feed screw %Bcegg'?ég%f%&no equil rie'?i'svw%"@ﬁ? Q%r#a@'ﬁi"r'\%tgﬁA‘g%eshom
particul arly donptdmhéiihdFont ofthe conthifert B¢ the following arhthenmitahmodeltmay be ar

wheel 12 includes a plurality of circunferentially spaced contoured arns-
36. Each ar mabtainedies . - 6- WO
97/ 38930 ' :
PCT/ US97/ 06495 a | eading surface 38 which defines a pocket 39 shaped to
recei ve the container 8 and carry the container fromthe infeed station
to-the exit station and agcam surface 40. As the star wheel 12 is
rotated relative to the i kbeed. stafiqQn t L e 40 initially
separates the first contaiger!? d"?ﬂd%ﬁ%%‘@@@kgﬂ&ﬁt%k’ar 8b, and then
gui des ) ' ' . '

where:

C, is the distance between the axes of adjacent containers, and depends upon
the cross-sectional shape of the containers at the point of contact;

o is the angle of rotation of the star wheel 12 for one interval. This angle is
a matter of design choice and depends upon the number of pockets 39
of the star wheel;

F,(x,y), the motion of the first container along the curved path, is dependent

' upon the shape of the guide rails 20;

G[F,(x.y)] is dependent upon the motion of the second container relative to
the path F,(x,y) and the relative shape of the containers; o

R(x.y) is the motion of the container 8n upstream of and remote from the star
wheel 12, which motion is dependent on the motion of the containers

~ between the star whee! and the container 8n; and

S(x,y) is the profile of the cam surface 40 of the star wheel 12, which moves
the container 8a into the pocket 39 and simultaneously separates the
second container 8b from the first container 8a.

Except for S(xy), the profile of the cam surface 40, all of the components of .
the above equation are determined by design constraints or the geometric shape of the
container. : '
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the second cwoier3sexe 8b into the pocket 39 of the next adj acenPCrarsowoé49s
arm36 ' without significantly effecting the accel eration or velocity-of

the third cont
8c.
t he novement

ai ner 8c or any contai ner upstream of the third container

Anyindhé embBbdifienOshowadin Figiteof andD] thie 3tir svhesE 12 isnised widht h

i nposed on the third container 8c, wll have a magnified

ef fect on t he containersthaving a cifsular enoss saction.c The star Wheelhag sine packets 39 The

caut pant s EROSR P 2047 e fhafle of 38hR, °8 i Bl KT o

coliipenents of Bivthédel equdtionaredefllows: the third  container 8c

surface 40 is

g

and-all subsequent containers 8d to Sn which are in juxtaposition with

cont ai ner 8c,
relation to
cont ai ner 8c.
provided with

cross-sectional shape of the container, whi%h has m ni nal effect on the

w th the second container 8b acting as both a cam fol | ower
the cam surface 40 and a gagypn relation to the third

| n accordance with this Pﬁve“ntion, the camsurface 40 is

a specific profile, depeng=pf* in part upon the size and

average accel eration and vel oci t ¥,(ep)+Rgiudli+R2Rpbs& ont ai ners 8. The

profile of the cam surface 40

to nove the
velocity until
gui de wheel .

where R, is the radius of the guide rail 20 and “8” is the angle which the container
moves ilong the circumference of the arc defined by R, or the guide rail. The
equation may be solved for S(x,y) directly or through numerical analysis using these
known factors to obtain the profile of cam surface 40 shown in Figure 1.

The profile of the cam surface 40 is dependent in part on the container size,

where R, is the radius of the container. When using the machine for different size

containers having the same general shape, the cam surface 40 of the star wheel used
with each container size may be determined by substituting the vakie of R for each
container into the sbove equation. As is shown schematically in Figure 4, the overall
diameter of the star wheel 12 changes, increasing to accommodate smaller containers
and decreasing to accommodate larger containers. Thus, in accordance with.this
invention, the pitch diameter of the star wheel, i.e. the distance between the axis of
the star whee! 12 and the center axis of the container as the container is carried by the
wheel changes, thereby providing a variable pitch star wheel.

With other labeling machines employed in the field, the star wheel feed has a
fixed ﬁitch diameter. That is, th_e path of the center axis of the container as it is
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The profil f am surface 40 is determ ned through mat he '
Pk y FngiBmgens

anal ysi.s

hé noti on often contai ners along the guide rail

di scussed in nore detail bel ow, the actual profile of the camsurface is

he esi 1 od. TPV By e S HOMeSh S Aed pntlB e i St i oS, WA

t he shape an

hife isthodifidl t6 abdcimedate differend sizb comhineRJthe tar Wheel foed 6

rails, the nunber of actuator arns 36 of the star wheel 12, and the |

The

well as the infeed star, feed screw, vacuum drum, etc. myst be replaged o Manysfghe

PCT/ US97/ 06495

L ough mat haRelaseeCHORRRRY R, ol et whal. i A EhohtolB i forlBh i 00

Fi gures 3A-3

x
Ghe forkd Bich Bifetér hrd tHE bhitive Snaching Imid0 b idcalibrafed ahié rétimed. Whe

and the containers 8a, 8b and 8c at different stages. As the contai
rotates bet wdsknavweinghesart, thisiproogss isiquite labointensive awl timp sonsuming, geaerally 40. of

cur ved pat_ JERITRSIOR A S orke o thp 5 R Mo g hrinled Wi e VRS

i's nmoved

pitch diameter star 12 of this invention, the location of the components, particularly
the star wheel 12, does not change. This significantly simplifies the adjustments
required to use the machine with different sized containers. The entire machine of this
invention may be converted to a different size feed by worker in a period of Jess than
20 minutes, significantly reducing machine down time.

Itistobe understood the profile of the cam surface 40 for a given application
is subject to considerable variation, from simple to complex, within the scope of this
invention. For example, the cam surface 40 may include two or more sub-profiles

. designed to provide the first and second containers 8a and 8b with different motions.

In the embodiment shown in Figure 5, cam surface 40 includes two sub-profiles S,,

' 'S,‘ The first sub-profile S, is shaped to control the motion of the first container 8a

to accelerate the container 8a into the pocket 39 while the second sub-profile controls
the motion of the second container 8b without inducing the acceleration which is
different from the motion of the first container 8a. '-Preferably, the second container
8b, as well as those containers upstream of the second container, are substantiaily
isolated from the acceleration of the first container 8a. In addition to adding an
acceleration component to the motion of the first container, the sub-profiles may also
be designed to aocommc;date tolerance variations in the dimensions and/or cross-
sectional shapes of the containers without aitering the desired motion of the container
8n upstream of the infeed station. The shape of the sub-profiles of cam surface 40
may be determined by inserting the different parameters, such as the upper and lower
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al ong a curverb gasgosglef i ned by the function Flerr](xy). The nowerawss7/0é49she
second -container- 8b along the path defined by F[err](xy) is dependent on
t he novenent of the first container 8a along the path F(x,y), the
geonetric rel atfoléraices foe theceontainertsizener shape Faristivths Sinto aze aboive eguatiorhand

posi £1on_of 1 hoPERBRREIE TRESn Sy ARORIS 112 SREPTRRIS ey (e yvorel magte b
the first Conﬁ.%gagftggﬁio v?de:%dea&utmeﬁbnpafth@ﬁrs%aﬁ&e&oﬁa%ms&b IS

represented as hus. the position of the second contai ner
8b relative to amlaslfatrcﬁﬁ‘emnnnagesdunng&ae interstal ofirotationl ob thet star vebpehi2.0n:

Flerr](xy) =G F[err](xy)] +F[err](xy) The functions F[err](xy) and
Flerr](xy) are defined by the path of the guide rails 20 near the i nf eed
station 20. For the Hﬁ@ﬁeﬂ{s Tingl HSALs Q&b

rel ative posi ti on“% center or axis g‘*&g%%ﬂd?&%\t al ngdr:a ogg% Sare
contacting sur f acfotlows: In the illustrated nodification, the

contai ners have a circul ar cross section. Initially, before container 8a
enters the curved stretch of the guide r@A-_‘gRZO t he axes of the
containers 8a and 8b are separated by a di stq‘nce 2R[err], where R err]
equal s the radi us of the container. ASOFﬁ?fI rst container 8a is noved
al ong the curved path, the

R(xy)=x

Fy(x))=Rgsind+R5-Recosd

GIF,(c3))=2R, ~J@R Y8y, Pt

In the embodiment shown in Figures 1 and 2, the containers 8 are delivered
at a constant velocity in a generally linear stream to a curved stretch imﬁxediately
proceeding the infeed station 14. However, it is to be understood that in other
applications of the invention the containers may travel through one or more curves
before reachmg the infeed station 14 introducing cyclic or harmonic accelerations to
the stream of containers. -If the cyclic or harmoriic acceleration is of a duration less
than or equal to the dimension C,; this acceleration will not noticeably effect the

_ avaagevelodtyduvmgewedaaﬁm of the container stream. However, this cyclic
 or harmonic accelesation offers the advantages of increasing flexibility in the handling
of the containers, raises tolerance requirements, and allows for the handling of a
greater range of container shapes and sizes. The incorporation of a cyclic or harmonic
acceleration into the motion of the containers upstream of the infeed station 14 may
be expressed as follows: '

R(xy)=R[Vxy)+A(xy)]
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p05|t|on of“];éug[,%s ond container 8b may be determ ned fromthe equation:

[err] X[err] = (XY) +[err]x[err] or, WO 97/ 389BET/US9I7/06495
PCT/ US97/ 06495 [err] wher e: [err] x[err] = The di stance noved
by the first container 8a along the x-axis during a given
i nterval ;
_dR(xy)
x)=—,
dVl(x
Aly)- 2D

where V(x,y) represents the velocity of the container, A(x,y) represents the
acceleration of the container and “t” is the time over which a container 8n travels the
distance C,. A(x,y) and V(x,y) are design constraints, and are therefore known
components of the above equation.

The addition of one or more curves introduces different paths of travel F(x,y)
which must be incorporated into the model equation, with the motion of each
equation being effected by the motion of the previous containers. This may be
represented as: |

Fo(%0)=F (6, ) *GIF (%,.95)]
3(’3:)’3)""- (xpy1)"’G[F z(xzxyz)] +GIF, 3(x::}’3)]

Hx.y,.) -F(x. wl) +)3 G[F(x,.r..)l
Thus, the motion of a container 8n is dependent upon the motion of the first container
along a first path as defined by F,(x,y) and the motions of all containers between the
first container 8a and the container 8n due to the geometric shapes of the container

and the position and/or orientation of each container along the path F,(x,y).

The model equation for the profile of the cam surt‘ace 40, incorporating such
~ cyclic or harmonic wceleratnons, is written as follows:

C M M N
-39=F,(x, J,)’?_E (GIF,(x, )] +§ (J{zj GIF o, D +RIVx.p,) +A(x3)]+S(x)
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[err]y[err] = WD e7/38930 ance noved by the first container 8a al on@CIESIyH6495S

during

the given interval; The square

of (2R [err]([err]y)[err] is the distance al ong the x-axis
separating t hovheses of the containers 8a and 8b; and

the initial

hori zont al

contai ners 8a and 18 tﬂé%&ﬁﬁ&“ﬁ%ﬁ@‘%ﬁt&%& g‘g’b@?ﬁ?ﬁgﬁ%{ﬁ& E‘[%Ty?]o&r ?)] S

a function of the cross gieaiintredl; shape ofthe container, with contai
having circular, elliptical -etc. cross sectional shapes each having a

di fferent effect orlNiisdhersatahaumbesioficentainessymovingnlengthe path &(x.y) pver gi ven
I nterval. For containers -%ﬂmJWri cal shape, e.g. convex contai ners,

t he anal ysi s focuses

between  adj acent Mq§it mmiber Of Gotitdiners in front of the container 8n.

The profile of cam surface 40 required to produce the desired motion R(x,y) may be
determined by solving the above equation directly or by numerical means. As
mentioned above, under certain situations the resulting equation may be of such
complexity that it becomes necessary to approximate the solution of the equation
using suitable means.

It is apparent ﬁ'om the foregoing discussion that the star wheel 12 of the

present invention may be used to separate adjacent containers or other articles and
propel the first article from the infeed station to the exit station. The profile of the
cam surface 40 is dependent upon a variety of factors, and may be calculated through
mathematical analysis of the path traveled by the articles, the motion imparted on the
articles and the size and cross-sectional shape of the articles. In addition, it is to be
understood that means other than mathematical analysis may be used to arrive at the
configuration of the star wheel, such as experimentation and the like. Although
containers having circular and elliptical cross-sectional shapes are described in the
specification, it is to be understood that a star wheel or feed apparatus for articles of
any shapes may be employed within the scope of this invention.

The foregoing descriptions_of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not

r oot

2R is

ners

e regton of maxi mum di aneter where the contact

intended to be exhaustive or to limit the invention to the precise forms disclosed, and

obviously many modifications ar_ld variations are possible in light of the above
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To iI-I ustr alg odRgfRyaPl e of a different shape container, in apep,{}g@,i{@rggrﬁ

havi ng the cross sectional shape of an ellipse of the form
- 9- WD 97/ 38930 _ -

PCT/ US7/ 06403cping, R Embdimieits wite RiSeH Ui Bh@BLFIn 613k ichbes} Bxglllh 15 i mum

di aneter, the ance separating the centers or axes of e ‘contal ners
depends uponpiiriciplesalf the inventidreand:itsi practical @pplicationg to theeebyenable others skilled

whi ch changes gs the fjrst container 8a trgvels alo curyed path
Assuni ng. T nel THecatchy brsh ot 6 Wemfipe 408 Vrions ohatadimsnst YAl yaBPi m

di anet er (" ambdiREiHRRNGY drt bifed 't8 the Partliil i ise ConfRinpld:ad e is inbéhadl thaiife 2l O
scope of the invention be defined by the Claims appended hereto and their equivalents. '
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separating t WORXA®It the two contai

Terr] At the init ”mﬂmlmrﬂ@{mpe [err]y[err] =0
: *€

di stance D separating the containers edual’s t
begin to nove, Wﬁé\"&i&

t he x-axes decryeases j |

di stance L fronlft-he %@ﬁ&nﬁpgﬁ&@er axi's-o 2 container to the point of
as f ol | ows conveyarfol supplying & sthean &f@ phiralify of dticlesits & Sirstrstationhe

equation:’

cont act

r the containers

Hcﬂiﬁe&%lw .by determining the

focus points of the ellipse tq the point of ~ contact and ¢ is distance
between the fod¥ith p&rstions o spid articles positiomed in:frent ofiand in physical contact with a

second one of said articles and said second one of said articles positioned in physical

contact with a third one of said articles, and

a rotary feed apparatus for individually moving said articles from said first
station to a second station downstream of said first station, said feed apparatus having
at least one pocket shaped to at least partially receive oné of said articles for transport
of said one of said articles from said first station to said second station and a guide
section configured to separate said first one of said articles from said second one of
said articles for movement of said first one of said articles into said pocket, to control
movement of said second one of said articles during separation of said first one of said
articles from said second one of said articles, and to move said second one of said
articles into said pocket upbn'ﬁlrther rotation of said feed apparatus.

2. The article handling machine of Claim 1 in which said feed apparatus has a
plurality of circumferentially spaced contoured arms each having a leading edge and
a trailing edge, said leading edge defining said pocket and said trailing edge defining
said guide section with said trailing edge of each of said contoured arms being shaped
to separate said first one of said articles from said second one of said articles for
movement of said first one of said articles into said pocket of one of said contoured
arms, control movement of said second one of said articles during separation of said
first one of said articles from said second one of said articles, and move said second
one of said articles into said pocket of an adjacent one of said contoured arms.

3. The article handling machine of Claim 1 in which said trailing edge of said one

of said contoured arms is shaped to move said third one of said articles into contact

with said trailing edge of said adjacent one of said contoured arms when said second
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equation D Qﬁ tained by substituting Blerr]=(2a-A)[err]_into the

above equati on mul ti plying by a factor of 2. RGTYSIHRGA95, -
el lipse: [err] WO 97/ 38930

PCT/ US97/ 06495 . 1,0fs R . be. simkak bt ai.ned
for cont ainer 206 ﬂ-gmtgﬁl%sg?ﬁltgﬁrgés]g\g k& Exr)llée{ ot lapé@&jacent Shé'bf &rlé Yortonst

_ arms.

4. The article handling machine of Claim 1 in which said guide section is shaped
to impart a predetermined motion on said second one of said articles during
movement of said first one of said articles into said pocket and, upon further rotation

of said feed apparatus, during movement of said second one of said articles into said
pocket. '

5. The article handling machine of Claim 1 in which said feed apparatus is
mounted for rotation about a central feed axis for movement of the center axis of said
articles along a first pitch diameter, and further comprising a second rotary feed
apparatus replacing the first-mentioned feed apparatus for transporting a plurality of
second articles from said first station to said second station, said second articles |
having a different cross-sectional size than the first-mentioned articles, said second
feed apparatus having at least one pocket shaped to receive one of said second articles
for movement of said one of said second articles from said first station to said second
station, said second feed apparatus being mounted for rotation about said central feed
axis for movement of the center axis of said second articles along a second pitch
diameter different from said first pitch diameter.

6.  The article handling machine of Claim 1, and further comprising a segment
application device for applying said segment to said articles.

7. The article handling machine of Claim 1 in which said segment applying device

is positioned to apply said segment to said articles as said articles are individually
moved from said first station to said second station by said feed apparatus.

8. The article handling machine of Claim 1 in which said conveyor supplies a

-20-
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sectional shawesowasgioudi ng square containers. It is to be under pteasotibgabs
for sone ° shapes, the equation d F2(xy)] may be so conplex that it may be
desirable to use a nunerical approximation instead of actually solving
the equation. stream of contaii@reto saidifirst statiop andsaid segmens applyihgalenice iswlabelb
over time may be determ ned rom e, foll pwin euatlon [err]

f
Simlarly, the JRPYinganparatusfiorapplying q'é’ said S. Thus, the notion

of each container is dependent upon the noti on of the cont ai ner directly
in front of the container. Because ofthis dependent notion, any
acceleration 9.or d?behmdahmdlln@mdchinemfcltim bt and furthet cdrfiprising hsedandst

container 8a w | uce dire accel erati,on on th
cont ai ners upst‘?oé‘ﬁﬁ?@a Mﬁ%ﬁ&é’?’w ¢ 1 Hist-Aeionch e apparatus, the
- first-mentioned feed apparatus and said second feed apparatus simultaneously
engaging said one of said articles to move said one of said articles from said first
station to said second station.

10. A feed apparatus for transporting a plurality of articles between an infeed
station and an exit station, said articles being' delivered to said infeed station in a
. stream of articles in physical contact with adjacent articles and a first one of said
articles being positioned in front of a second one of said articles, said feed apparitus
comprising: .
at least one rotary wheel having a plurality of contoured arms, each of said
contoured arms having a leading surface defining a pocket shaped to partially receive
one of said articles for transporting said one of said articles from said infeed station
to said exit station, said contoured arms each having a cam surface, said cam surface
~of one of said contoured arms being shape& to separate said second one of said
articles from said first one of said articles when said first one of said articles is moved
into said pocket of said one of said contoured arms and, upon further rotation of said
wheel, to guide said second one of said articles into said pocket defined by said
leading surface of an adjacent one of said contoured arms.

11.  The feed apparatus of Claim 10 in which said cam surface is shaped to impart
a predetermined motion on said second one of said articles during movement of said
first one of said articles into said pocket of said one of said contoured arms and
movement of said second one of said articles into said pocket of said adjacent one of
said contoured arms.
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Thus, the v ' of each container relative to the accel er g
wheel 12 re‘?gfbﬁéw” rel atively unchanged. As theq;s ar V\/r}?ngF 12

rot?tes 28\” ng the first.container 8a fromthe |leading . edge of the cam
sur face 40 11060 t hiy igckibarifle O CUlifh 190 35 P i
cont ai ners 8r tzl"erm_e ro thesstar v,\,hee*l 12 an Iocg{rgage?ﬁ fls‘i‘?\g‘;?‘dstretch
3}‘ E he guicdatcuréd smi(s shdped to move athind dne ofsaill articles intacontadt vith said ¢ he
i stance separating the. ..center eg of the adjacent.contain r
circul ar gont%%ﬂg"e(ﬂr}éﬁ‘ﬂm pre @}xﬁ&ﬁmptwresm Hﬁ?’b?ﬂ'&ij 'f"gf’ﬁ%&a‘“ﬁ)
positioned w i ' | tFlea [ : i ti f
POSL L1 0T Wbl okl AR R BT ARBeH i oFaideniblred " et on o
gCT/ UC8197{ 06495 ] f- Since the notion of the container 8n is
ependent upon the_notion of ea . . .gontainer in front .of .the
contai ner 8n,13%he TRA E:’Péﬂ‘ilgéﬂwh'ﬁﬁéi"dmsﬂ ace 1s sRaped?ggpmed:

: a predetermined motion on said second one of said articles during movement of said

first one of said articles into said pocket and, upon further rotation of said feed
apparatus, during movement of said second one of said articles into said pocket.

14.  The feed apparatus of Claim 10 in which said feed apparatus is mounted for
rotation about a central feed axis for movement of the center axis of said articles
along a first pitch diameter, .and further comprising a second rotary feed apparatus
replacing the first-mentioned feed apparatus for transporting 2 plurality of second
articles from said first station to said second station, said second articles having a
‘different cross-sectional size than the first-mentioned articles, said second feed
apparatus having at least one pocket shaped to receive one of said second articles for .
. movement of said one of said second articles from said first _station't_o said second

station, said second feed apparatus being mounted for rotation about said central feed
axis for movement of the center axis of said second articles along a second pitch
diameter different from said first pitch diameter.

15.  The feed apparatus of Claim 10, and further comprising a segment application
device for applying said segment to said articles. |

16.  The feed apparatus of Claim 10 in which said feed apparatus is mounted for
rotation about a central feed axis for movement of the center axis of said articles
along a first pitch diameter, and further comprising a second rotary feed apparatus .
replacing the first-mentioned feed apparatus for transporting a plurality of second
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[err] WO 9isg3e: Clerr] is the distancepd®@piiemsssds e
axes of adjacent containers, and depends upon t he
cross-sectional shape of the containers at the point of contact; _
[err] is the arartielesfronpsaid first statioh¢o saidrsevdndastation, said secondi articles having i s
angle is a intgzhregf desi gn choi ce and dep%r&d?eegpon

the nunber of plifieespt coeps-sectional size t rst-mentigped; srgicles, said,secan
Flerr](xy), t measiawmﬁa%ﬂseag%gégﬂggﬂfgsgg iw&&g%{@esﬁ

»
dependent upon t de rai _

d Flerr](xy)] imoveapentcdssidopeofsiid secondanticlés from saizcfinstistation to said secohdt | ve
to

: . . th F d t hy | ati hape of
t he cont ai ners;m°Qde£gdﬁ%Wﬁéqu@W§Fr H&til?\!&?ﬁ%ﬁ feed,
upstream of andgyfie i fotentiht bf thedeifer axis of said second articles along &'&ohd Jtch
s e no T S8 d

whi ch notion i ependent on t on o e containers
bet ween the st adiamterdifferent flom saifirat pitch dismetend

17.  An article feed for transporting articles from an entry point to an exit point,
such articles being supplied to the entry point in the form of a succession of articles
arranged in physical contact with one another, said article feed being mounted to
rotate about a central axis and having a periphery formed with at least one pocket for
receiving one such article and holding said article while said article is transported from
said entry point to said exit point, said periphery also being formed with a guide
section which functions, as the article feed rotates about said central axis, to contact
the immediately adjacent article in said succession of articles, to thereafter guide such
adjacent article into said pocket and to prevent entry of the next adjacent article into
the same pocket. ' -

18.  The article feed of Claim 17 in which said periphery of said article feed is
formed with a plurality of said pockets and a separate guide section associated with
each of said pockets.

19.  “The article feed of Claim 17 in which said article feed moves the center axis
of said articles along a first pitch diameter as the articles are transported from said
- entry point to said exit point, and further comprising a second article feed replacing
the first-mentioned article feed for transporting a plurality of second articles from said
entry point to said exit point, said second articles having a different cross-sectional
size than the first-mentioned articles, said second article feed having at least one
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S(xy) - is t_%,p,résgggol e of the camsurfce 40 of the star wheel }Egg}ggjﬂgaggnves

the contai ner I'nto the pocket 39 and sinmul taneously separa
second container 8b fromthe first container 8a. Except

for S(xy), tﬁé}%%tarsﬁ;aeh%o pceiv Bné o Saitlebctidtartifles fir mdVeniehEoCAMPONEEH shidof

t he above e I'on"are determ ned by design constraints or the geonetric
shape of t hesecond articles franpsdaidiientey point to said exit point, said second article feed being
-12- WO 97/ Sedg

8030 . . . _ _
PCT/ US97/ 06438 forrotation phout 19 S i for EGent Ofhe U bl 1
star i i .aj ; o ) _.
o ne\ i PR BAE s ool ROV R RerBriTferd i G4 st G Bakee O

20. A method of handling a plurality of articles comprising the steps of:
moving a plurality of articles to an infeed station in a substantially continuous
stream with a first article reaching said first station being positioned in front of and
in physical contact with a second article and said second article being positioned in
physical contact with a third article; |
rotating a feed apparatus to separate said first article from said second article
_and transport said first article from said first station to said second station, said feed
apparatus including at least one pocket shaped to receive one of said articles for
transport of said one of said articles from said first station to a second station and a
guide section configured to separate said first article from said second article for
movement of said first article into said pocket, to control movement of said second
article during separation of said first article from said second article, and to move said
second article into said pocket upon further rotatipn of said feed apparatus.

21.  The method of handling a plurality of articles of Claim 20 in which said step
of rotating said feed apparatus includes rotating a feed apparatus having a plurality
of contoured arms having a leading edge defining said pocket and a trailing edge
defining said guide section.

22.  The method of handling a plurality of articles of Claim 21 and, after rotating
said feed apparatus to move said first article into said pocket of one of said contoured
 amms, rotating said feed apparatus to move said second container into said pocket of
an adjacent one of said contoured arms with said trailing edge of said adjacent one of
said contoured arms separating said second article from said ihird article, and
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guide rails 30813890 the shape of an arc of a circle having a sEIU$H/06495
Rlerr]. The *conponents of the nodel equation are as foll ows:

[err] where Rlerr] is the radius of the guide rail 20 and "O'" is the
angl e whi ch t h&onsaling mavementofsaid,third article during sepasption el sad serong asticle

def | ned. by Rl iidm st hid aRhEund dving RS iFel RO e Bhio okl P phe il

S(xy) directly or t sis usin ese nown ractors to
obt ai n t he pr ofadjacenone ofisaidicdmoured @rméopon funthEr optationlof said feed apparatlise
profile of the camsurface 40 is dependent in part on the container size,
where Ris the radius of the container. When using the machine for

different sizea3  Themethod of handiing a plurality of articles of Claim 20 in which said feed
apparatus is mounted for rotation about a central feed axis for movement of the center
axis of said articles along a first pitch diameter and in which said step of moving a
plurality of articles includes moving a plurality of additional articles to said infeed
station, said additional articles having a different cross-sectional size than the first-
mentioned articles, and further comprising the step of replacing the first-mentioned
- feed apparam'.{ with a seéond feed apparatus for separating a first one of said
additional articles from a second one of said additional articles and moving said first
one of said additional articles from said infeed station to said exit station, said second
feed apparatus being mounted for rotation about said central feed axis for movement
of the center axis of said additional articles along a second pitch diameter different
from said first pitch diameter.

24.  The method of handling a plurality of articles of Claim 20 in which said step
of moving a plurality of articles includes moving a plurality of containers to said
infeed station.

25. The method of handling a plurality of articles of Claim 20, and further
comprising the step of applying a segment of material to said exterior surface of each
of said articles.

26.  The method of handling a plurality of articles of Claim 25 in which said step
of moving a plurality of articles includes moving a plurality of containers to said
infeed station, and in which said step of applying a segment of material includes
applying labels to said containers. |

-25-
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cont ai ners havi ng the same—general—shape, the cam surface 40 of the star

wheel used with each c ' I ze may be determ ned by substituting the
value of 'R for each cawmﬂ \l M MﬁLabove equation. As is shown -
schematically in Figure 4,TH Midi aneter of the star wheel 12 '
changes, i | to accommodate smal |l er containers and d | to
accommodat gﬁpg?/géegggcont ainers. Thus, in accordance with-this ng/ﬁs%ﬁ??g%
the pitch dianmeter of the star wheel i.e. the di stancrpw @A i _
t he star Whﬁﬂia d nter axis of the containe the tontainer is
carried by the 'H\s/\/n%g'éﬁflt%gﬁ%és t hereby providing a variable pitch star

wheel . 1. An ay&dlé]hgmﬁg thathirle donpiiiig: nes enployed in the field, the
star wheel feed has a fixed pitch dianeter. That is, the path of .the

center axis of t:eonveyorforsupplyingta steeam of a plurality of articles to a first station
Pg)'/ US97/ \é\g {2 T3 Che of said articles positioned in front of and in physical contact with a
second one of said articles and said second one of said articles pbsitioned in
physical contact with a third one of said articles, and o
a rotary feed apparatus for individually moving said articles from said first
station to a second station downstream of said first station, said feed apparatus
having at least one pocket shaped to at least partially receive one of said articles
for transport of said one of said articles from said first station to said second
station along a tangential path relative to said feed apparatus and a guide section
configured to separate said first one of said articles from said second one of said
articles and move said first one of said articles along a generally tangential ﬁath '
~ and into said pocket, to control movement of said second one of said articles
during separation of said first one of said articles from said second one of said
 articles, and to move said second one of said articles along a generally tangential
path and into said pocket upon further rotation of said feed apparatus.

2. The article handling machine of Claim 1 in which said feed apparatus has a

L plurality of circumferentially spaced contoured arms each having a leading édge

N and a trailing edge, said leading edge defining said pocket and said trailing edge

' defining said guide section with said trailing edge of each of said contoured arms
" being shaped to separate said first one of said articles from said second one of said

articles and move said first one of said articles along a generally tarigential path
and into said pocket of one of said cohtoured arms, control movement of said
second one of said articles during separation of said first one of said articles from
said second one of said articles, and move said second one of said articles along a
generally tangential path and into said pocket of an adjacent one of said contoured

arms.
- 19 -
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moved by the star wheel i ' ' ent of the size of the container.
Wien the machine is m)tlimmmminl’gﬂﬂﬁmdate different size containers,
t he star wheel feed as wel F as tme sl nkeed star, feed screw, vacuum drum
etc. nust be replaced. Many of the . replaced conponents, including the

star wheel ,wglé%sggﬁ repositioned to.conformto the fixed pipepdbAgERiEr
and the entiré nachi ne nust be recalibrated and retined, S nmg i{g
the art, this process is quite |labor intensive and ti meEP m@ R 98
general ly r eqUirtd Bk Rﬂﬁan : ; : : : conpl et e.
Wth the va%'i ablu'gﬁ_é ngllctc H?géremt&g}rméi&gﬁ?g{%fm\t%lépFirl\\&/)(gla%ll n, tetr?g | ocati on

of t he conposaédhone ofsaid contbwred wrms isshapdédto mbreesaid thirdleresofivaid adiislege. Thi s
significant] \{%Si nplifies. the_adjust rrgnt,s .required to use the machine with
di fferent sinieepniastwith.said trailing edge pf said adiaeent ope of paid contopted ArMsn may be

convert ed ! Onéh @é%ﬁoﬁﬂ%ngio?gaiﬁ%l%}’is%’& rinti{)ir’sha@.m&to&sg.{ditﬁécf%{l{ han 20

m nutes, signifticantly reducing machi ne down is to be

under st ood érecofisaidf cotowrkd tifitis.cam surface 40 for a given application S

subj ect to considerable variation, fromsinple to conplex, within the scope
of this I nvention. For exanple, the camsurface 40 may include two or

nore sub-prefile 3SJ Vi . T ILE tai ners 8a
and 8b vvith‘?’gji ffi?%ﬁfh%fﬁ&%ﬁggt'&cﬁnﬁ #ﬁ%ﬂéﬂ&%%@%ﬁ%\féﬁgﬁ%‘*ﬁﬁé re 5, cam
surface: 40slaped wsiRspart'® pfedetephitlel Inftion &Y $ald second®bfié bf said Aftidlds' st _
sub-profile S[lerr] i's shaped to control the notion of the first container
8a during movement of said first one of said articles into said pocket and, upon

further rotation of said feed apparatus, during movement of said second one of

said articles into said pocket.

5.  The article handling machine of Claim 1 in which said feed apparatus is
rh‘ounted for rotation about a central feed axis for movement of the center axis of
said articles along a first pitc'h.' diameter and a point defined by the exterior of said
articles directly oppqsite said feed apparatus i_npying along an outer circle, and

further comprising a second rotary feed apparatus replacing the first-mentioned -
 feed apparatus for transporting a plurality of second articles from said first station

to said second station, said second articles having a different cross-sectional size
than the ﬁrst-menﬁdned articles, said second fwd_' apparatus having at least one

. pocket shaped to receive one of said second articles for movement of said one of |
said second articles from said first station to said second station, said second feed
apparatus bemg mounted fof rotation about said central feed axis for Imovement of
the center axis of said second articles along a second pitch diameter different from |
said first pitch diameter and movement of a point defined by the exterior of said
second articles oppdsite said second rotary feed appératus moving along said outer

circle.
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to accel erate the cont ai ne‘r‘Sa—hﬁ{—e—t—he,_pcu:Jset 39 while the second

sub-profile controls f the second container 8b without
i.nduci ng the accel erati on wﬂ uo Imﬂlent fromthe notion of the
first container 8a. Pref era , ont ai ner 8b, as well as .
t hose cont stream of the second cont ai ner, are substa
| sol at ed f?%’%g?laeddgccel eration of the first container ﬂ?EN@ {gﬁ%‘ﬁﬁsmfm
addi ng an _ accel eration conponent to the nbtion of t t tai ner
Le, Sub- i ! | eSThEritleindiing gl fihe 9P RilP1 AGEORFREAL g 270

ona

variations in the di nensions Oor Cross- S ofthe

cont ai ner s segmentiapplication deyidenfor dpplyingch @mamobfnateﬁel poAidartieles. 8n
upstream of the infeed station. The shape of the sub-profiles of cam

surface 40 may be determ ned by inserting the di fferent paraneters, such

as the uppey an -14-
O 97/ 389 387 Orhediicle handling machine of Claim 6 in which said segment

PCT/ US97/ OtGapplication dévﬁdeﬁ&@ﬁﬁﬁéném dpbl@ sa&m&egmr t&éal&aﬁfcle%%@ﬁdVar i ations,
[ nto t he above equation and
- articles are individually moved from said first station to said second station by

said feed apparatus.

8. The article handling machine of Claim 6 in which said conveyor supplies
a stream of containers to said first station and said segment application device is a
label applying apparatus for applying labels to said containers. -

9. The article. handling machine of Claim 1, and further comprising a second
rotary feed apparatus spaced vertically above the first-mentioned feed apﬁaratus,

the first-mentioned feed apparatus and said second feed apparatus simultaneously
engaging said one of said articles to move said one of said articles from said first.

station to said second station.

10. A feed apparatus for transporting a plurality of articles between an infeed

station and an exit station, said articles being delivered to said infeed station in a
e stream 6f articles in physieal contact with adjacent articles and a first one of said

articles being positioned in front of a second one of said articles, said feed

apparatuscompﬁsing: L

at least one rotary wheel having a plurality of contoured arms, each of said
cortoured arms having a leading surface defining a pocket shaped to partially
- receive one of said articles for transportmg said one of said articles along a
tangential path relative to said rotary wheel from said infeed station to said exit
station, said contoured arms each having a cam surface, said cam surface of one

of said contoured arms being shaped to separate said second one of said articles
-21-
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s‘upefirrposing the different camprofiles into a final profile having two or
nor e sub- profiles designed to pI’OVI dé The desired notion of the first

and second cont ai ners 8a rent stages during one interval
of rotation of the star W! Iﬂl " r The conponents of the final
nodel equat, t he star* wseel gwe 5 are as foll .

[err] WBQWE%?n the embodi nent shown in Figures 1 and 2, P $97/06495
-containers 8 are delivered at a constant velocity i Iﬁ ;“?an
streamto r atlon
S FoweveroiAftadt ol S i BEAS Rl inove s ARERN BPsd T8 .°245?d.‘f0 of the

‘invention tthﬁgéhﬁﬁtﬁatﬁﬂhé inftB aidrpocket dfsaidushie oIngiddontouréd &tlﬂis\/aﬁfd upon bef ore
reaching the i nfeed station 14 introducing cyclic or harnonic accel erati ons
to further rotation of said wheel, to move said second one of said articles along a

tangential path and guide said second one of said articles into said pocket defined
by said leading surface of an adjacent one of said contoured arms such that said
articles are moving at a tangential velocity when said articles are seated in said

. pockets.

11. Canceled.

12.  The feed apparatus of Claim 10 in which said cam surface of said one of
said contoured arms is shaped to move a third one of said articles into contact with

~ said cam surface of said adjacent one of said contoured arms when said second
one of said articles is moved into said pocket of said adjacent one of said

contoured arms.

13.  The feed apparatus of Claim 10 in which said cam surface is shaped to
impart a predetermined motion on said second one of said articles during

. movement of said first one of said articles into said pocket of said one of said
contoured arms and, upon further rotation of said feed apparatus, during

~ movement of said second one of said articles into said pocket of said adjacent one

of_ said contoured arms.

14.  The feed apparatus of Claim 10 in which said feed apparatus is mounted
for rotation about a central feed axis for movement of the center axis of said
articles along a first pitch diameter and a point defined by the exterior of said
articles directly opposite said feed apparatus moving along an outer circle, and
further comprising a second rotary feed apparatus replacing the first-mentioned _
feed apparatus for transporting a plurality of second articles from said first station
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the stream of contai ners.mr‘l‘c—*m—harrmni c acceleration is of a .
duration less - than or ﬁm nsion CJerr]; this acceleration
wi Il not" noticeably effect ”mﬂmﬂmﬂ mci ty or average accel eration of
the container stream HoweVerS tthi® cycl or harnoni c accel erat i on
offers the advant ages of increasing.flexibility in the handl | n

cont ai ner s, VPE13880¢ ol erance requirements and al | ows for t E%g
greater range of contai ner shapes and si zes. The |ncor

har nmoni ¢ era |on |ntp t he Pn of, the,.contai ners ugsat]ream of the
i nf eed st at liocﬁm(ﬁ gaylgg ! erent cross-sectional size

R(xy) =R V(X ;
PCT/ US97/ O G%gﬁféﬂ)sl mentlonéﬁ &rﬂcles, Mﬂ@ﬁ%ﬁ%paratus having at least one

pocket shaped to receive one of said second articles for movement of said one of
said second articles from said first station to said second station, said second feed
apparatus being mounted for rotation aBout said central feed axis for movement of
the center axis of said second articles along a second pitch diameter different from
said first pitch diameter and movement of a point defined by the exterior of said
second articles opposite said second rotary feed apparatus moving along said outer

circle.

T 15.  The feed apparatus of Claim 10, and further comprising a segment
application device for applying a segment of material to said articles.

16. Canceled.

17.  An article feed for transporting articles from an entry point to an exit
point, such articles being supplied to the entry point in the form of a succession of
articles arranged in physical contact with one another, said article feed being
mounted to rotate about a central axis and having a periphery formed with at least
one pocket for receiving one such article and holding said article while said article
is transported from said entry point to said exit point, said periphery also being
formed with a guide section which functions, as the article feed rotates about said
central axis, to'com_act' the immediately adjaéent article in said succession of
articles, to thereafter guide such adjacent article along a path generally tangential
to said periphery and into said pocket and to prevent entry of the next adjacent
article into the same pocket. - |
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[':err]b

represents the accel erat
a. container 8n travels t
constraints, and are the
The addition of one or

F(xy) whi cWOR38939¢ I ncorparated into the nodel equati g']
of each equation being effected by the notion of the m 9
This may be

where V(xy) represents the velocity of the container, A(xy)
Hon ofthe container and "t" is the tinme over which

wﬂ mllm ﬁmﬂﬁm A(xy) and V(xy) are design
onents of the above equati on.
more curves iftrbdduces di fferent paths_of travel

PR 1998

18.r ep’f‘l?e'zs o ﬁa feeg of ClanL'l 17 Jn which said periphery of said article feed is
formed w1th a plurality of said pockets and a separate guide section associated
with each of said pockets.

19.  The article feed of Claim 17 in which said article feed moves the center
axis of said articles along a first pitch diameter as the articles are transported from
said entry point to said exit point and a point defined by the exterior of the articles
directly opposite said article feed moving along an outer circle, and further
comprising a second article feed replacing the first-mentioned article feed for
transporting a plurality of second articles from said entry point to said exit point,
said second articles having a different cross-sectional size than the first-mentioned
articles, said second article feed haw)ing at least one pocket shaped to receive one
of said second articles for movement of said one of said second articles from said
entry point to said exit point, said second article feed being mounted for rotation
about said central axis for movement of the center axis of said second articles
along a second pitch diameter different from said first pitch diameter and
movement of a point defined by the exterior of said second articles opposite said
second article feed moving along said outer circle.

20. A method of handling a plurality of articles comprising the steps of:
movixig a plurality of articles to an infeed station in a substantially

continuous stream with a first article reaching said first station being positioned in

front of and in physical contact with a second article and said second article being
positioned in physical contact with a third article; |

rotating a feed apparatus to se'p'arate' said first article from said second
article and transport said first article from said first station to said second station,
said feed apparatus including at least one pocket shaped to receive one of said
articles for transport of said one of said articles from éaid first station to a second

station and a guide section configured to separate said first article from said

AMENDED SHEET



'I*hué,' the notion of a centatner—8n—is—dependent upon the notion of the

fitrst container aong a fi Lned by Flerr](xy) and the notions
of all containers bet vveenmi‘ mll mﬁ\ I‘ﬂner 8a and the container 8n due
to the geonetric shapes ot} e xand the position and/or

orientation_of each container along the path Flerr](xy). The nodel
equation foVOP#E8BPofile of the camsurface 40, i ncormﬁ%ﬁi’ﬁﬁ%gg
or harnonic accelerations, is witten as foll ows: ' '

-16-

second article and move said first article along a path tangential to said feed
apparatds .and into said pocket, to control movement of said second article during
separation of said first article from said second article, and to move said second

. article along a path tangential to said feed apparatus and into said pocket upon
further rotation of said feed apparatus.

21.  The method of handling a plurality of articles of Claim 20 in Which said
step of rotating said feed apparatus includes rotating a feed apparatus having a
plurality of contoured arms having a leading edge defining said pocket and a -
trailing edge defining said guide section.

o 22. The method of handling a plurality of articles of Claim 21 and, after rotating
said feed apparatus to move said first article into said pocket of one of said
contoured arms, rotating said feed apparatus to move said second container along |
a path tangential to said feed apparatus and into said pocket of an adjacent one of _ |

' said contoured arms with said trailing edge of said adjacent one of said contoured
arms separating said second article from said third article, and controlling
movement of said third article during separation of said second article from said.
third article, and moving said third article along a path tangential to said feed

. apparatus and into said pocket of the next adjacent one of said contoured arms

- upon further rotation of said feed apparatus. |

23. The method of handling a plurality of articles of Claim 20 in which said
' feed apparatus is mounted for rotation about a central feed axis for movement of
the center axis of said articles along a first pitch diameter and a point defined by
the exterior of the articles directly opposite said article feed moving along an outer
~ circle, and in which said step of moving a plurality of articlés_includes moving a
plﬁrality of additional articles to said infeed station, said additional articles having

a different cross-sectional size than the first-mentioned articles, and further

=25-
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RCT/ US97/ 06495 where: B otal nunber of containers noving
along the path F[err] (xy)‘ wmliw ﬁ“! gi ven interval;

Nerr] is the total nunber ving along the path F(xy) over a
gi ven inter ' @%ﬁ Mis the nunber of containers in t he
cont ai ner 8Whébm e pI’OfI e of camsurface 40 requi re ? 2 E’gggé Eg 1998
desired notion R(xy) nay be determ ned by solving the

directly ocoﬁ.é, : Hg 3%9&’

situations t resul ti ng ?J@??lgﬁﬁ e suc ggfvtu?}e.{%&bﬁh

becones necfeai;qmaratns ﬁqmepammg e ﬁtrstemeadf lsaldcuddmfonallmuehmﬁbmm segomadng

sui t abl e neans. ren romthe faqregojng di scussion -
that the st%%?é’é‘ladf?%ﬁlméles ﬁ‘fi/gl’ﬁtl%ﬁ#ré?d@gg’tﬁ@é al articlegpar at e

adj acent c r I icle from
the inf eedqﬁ%rgtslg@nlﬁ%‘%a SE%BQP ?ﬁsltegtt%ﬁmﬁﬂ,ns%d 8‘?‘%?8 f%&f(;@p%'ﬁwb aén surface 40
i s dependenhoutited for rotation tapoutf saidicenaral feed afisToy movemehtoofl thé eehtéidsigh

of said additional articles along a second pitch diameter different from said first

pitch diameter and movement of a point defined by the exterior of said additional

a_rticles opposite said second feed apparatus moving along said outer circie.

24.  The method of handling a pluralify of articles of Claim 20 in which said
£ step of movmg a plurality of articles includes moving a plurality of containers to
‘ said infeed station.

25.  The method of handling a plurality of articles of Claim 20, and further
comprising the step of applying a segment of material to said exterior surface of
each of said articles.

26.  The method of handling a plurality of articles of Claim 25 in which said
step of moving a plurality of articles includes moving a plurality of containers to
said infeed station, and in which said step of applying a segment of material
includes applying labels to said containers. |

27.  The article handling machine of Claim l'i_n which said guide section is
shaped to produce a predetermined movement of said second one of said articles
relative to said first oﬁe of said articles as said first one of said articles is moved
tangentially into said pocket, the predetermined movement of said second one of
said articles moving said third one of said articles and a plurality of said articles
upstream from said third one of said articles at a substantially uniform velocity.

) ,

AMENDED SHEES,



mat hemati cal anal ysis ofthe path traveled by the articles, the nnt%ﬁﬁﬁ% TBOSH39-
i Mparted on the gg(;r cl es andwéis néie@cAd phdvRRS RERikARAN Shape WRERe o2

articles. In add

it is to be unbiemationalcfyresunat neans ot her t ha
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of the feed apparatus (12). The method includes the steps of moving a plurality of articles (8) to the first station (14) in a substantially

oon.tinuous stream and rotating the feed w (12) to separate adjacent articles (8) and individually move the articles ;
station (14) to the exit station (16). s ® . y ° (8) from the infecd




- WO 97/38930
teachi ng. The enbodi nents were chosen and described in order to best
explain the principles ofthe i nvention and its practical appli ca]vt:@,la;ss,.,t,&;4
t hereby enable others skilled in the art to best utilize the invention angd -
various enbodi ments with various nodificati as are suited to the
particul ar use contenplated. It is intended that the scope ofthe invention
be defined by the C ains appended hereto and their equival ents.
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