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ROLLERS BACKGROUND Conveyor belts sonetinmes include fixed, stacked rollers
t hat ar e weeditrdIqasopel objects rearward al ong t he convegorusbaliizes it
advances. The roller at the bottomof the stack 5 rolls on a bearing

surface under| yig@NViEg OROBNEY WITHEBWVEARSTONER ANTVEYACKBBIROBUMESICes al ong a
conveyor. The forward rotation of the rolling bottomroller contacting the

top roller in the stack causes the top roller to rotate in the opposite
direction to propel objects convePddktRpPUNI® rollers to be pushed rearward
on the conveyor belt. As the top and _bottomrollers wear, contact between
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enbodi nent of a portion of a conveyor. FIG 2 is top view of an enbodi nent

of a comeyeeydrelte fopdadeotasied of thetrbingdwitesnomllgbointdetiay the tbp ®lled in thea si de
vi ew of thg conveyor belt nodule of FIG 2. | FIG 4 is schematic end
vi ew of Star& c@ise 8lrder ellaeterotate in the ppposits digeciry &t piorg! drecknconppctatop
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illustrating diverting of an object using the conveyor of FIG 1. FIG 7 is
a top perspective view of a second enbodi nent of a portion of a conveyor.
FIG108 is a top view of SRIENDEITREAONOREIbRPRAINGRI t nmodul e used in the

25conveyor of FIG 7. FIG 9 is side view of the conveyor belt nodul e of
FIG 8. y The disclosed conveyor beﬁts and conveyors can be understoo)é with reference to the

following drawings. The components in the drawings are not necessarily to scale.
FIG. 1 is a top perspective view of a first embodiment of a portion of a conveyor.
FIG. 2 is top view of an embodiment of a conveyor belt module used in the conveyor
15  of FIG 1.
FIG. 3 is a side view of the conveyor belt module of FIG. 2.
FIG. 4 is schematic end view of the conveyor of FIG. 1, illustrating diverting of an
object conveyed by the conveyor.
FIG. 5 is a top perspective view of the conveyor of FIG. 1, further illustrating
20  diverting of the object by the conveyor.
FIGS. 6A—6D are schematic views sequentially illustrating diverting of an object
using the conveyor of FIG. 1.
FIG. 7 is a top perspective view of a second embodiment of a portion of a conveyor.
FIG. 8 is a top view of an embodiment of a conveyor belt module used in the
25  conveyor of FIG. 7.
FIG. 9 is side view of the conveyor belt module of FIG. 8.
FIG. 10 is a side view of the conveyor of FIG. 7, illustrating displacing of an object
conveyed by the conveyor.
FIG. 11 is a top perspective view of the conveyor of FIG. 7, further illustrating

30 displacing of the object by the conveyor.



FIG 10 is a side view of the conveyor of FIG 7, illustrating displacing
of an obj ect conveyed by the conveyor. FIG 11 is a top

per spect iwe 20i1es9e2f t he conveyor of FIG 7, further il| ReTrzsong37203
30di spl aci ng of the object by the conveyor. WO
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of an enbodi nent of a conveyor belt having a floating bottomroller. FIG
13 i s a ftaapngbattomirellerof the conveyor belt of FIG 12. FIG 14
is an explodgﬁgviemlof a portion of another enhodi ment of a conveyor belt
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t he scope of this disclosure. eferring to the figures, in which

| i ke nurtepadlirs cvahitpatsed todisplepooigeaginparirsverdye and) ooy atdndiresbve padh thatews,
FIG 1 illustrates an enbadi nent of a conveyor 10 that can be used to

di vePt  otsjestsean badlivierfgd cvtherglatively high diveting anglrgelfgasesdn by the edlless
Conveyorrog?elz th alc%rection parallel to the longitudinal direction of the belt, objects can be displaced
on the belt in a direction opposite the direction of belt travel.

In the following, various embodiments of conveyor belts are disclosed. Although
specific embodiments are presented, those embodiments are mere example implementations
20  of the disclosed belts and it is noted that other embodiments are possible. All such

embodiments are intended to fall within the scope of this disclosure.
Referring to the figures, in which like numerals indicate corresponding parts
throughout the several views, FIG. 1 illustrates an embodiment of a conveyor 10 that can be
used to divert objects. As indicated in FIG. 1, the conveyor 10 comprises a conveyor belt 12
25 and a drive mechanism 14 with which the belt can interact. In the embodiment of FIG. 1, the
conveyor belt 12 comprises a plurality of conveyor belt modules 16 that are linked together
to form the belt. The modules 16 are aligned in transverse rows 18 that extend across a width
of the belt 12, and in longitudinal columns 20 that extend along a longitudinal direction of
the belt, which coincides with the direction of belt travel indicated by arrow 22. By way of

30 example, the modules 16 are pivotally connected to adjacent modules along the longitudinal

direction of the belt 12 with transverse shafts 24. The modules 16 include roller sets that



25 and a drive nmechanism 14 wth which the belt can interact. In the
enbodi nent of FIG 1, the conveyor belt 12 conprises a plurality of
conveyor Wwel2niwmmseartses 16 that are |inked together to foPgTiuseoibaB1203 The
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exanpl e of such a friction plate is 15illustrated in FIG 7. FIGS. 2

and 3 i Iplasthatieusd texantplthe bothod iroiend 26. dm dxhmpboshseyloa fideioh plazdid e 16. As
indicated in those figures, the nodule 16 conprises a body 40 having a
fronf erbugmiedin®d@r7.end 44, and opposed | ateral sides 46. Furthernore, the

body 40 i ncl top..surface 48 and ot t surface 50. Al tho
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orientation showmn in FIG 1. Therefore, the spatial terns are not absol ute
and shouwnd 44pindoepporéclapireltsbdbsas. Rurttermore, the body 40 includes a top surface 48 and

a bottom surface 50. Although particular spatial terminology such as “front” and “rear”

20  have been used, those terms are used herein to describe the module 16 in its orientation
shown in FIG. 1. Therefore, the spatial terms are not absolute and should not be interpreted
as such.

In some embodiments, the module body 40 is unitarily constructed from a single
piece of material, such as a polymeric material. In other embodiments, the body 40

25 comprises separate pieces, for example separate halves, that are connected together to form
an integrated body. In such embodiments, the body 40 can be formed from a polymeric
and/or metal material.

As shown most clearly in FIG. 2, the conveyor belt module 16 further includes
connection portions that extend from body 40. In the embodiment of FIGS. 2 and 3, the

30  module 16 comprises a single connection portion 52 that extends from the front end 42 of the
body 40 and two connection portions 54 that extend from the rear end 44 of the body
separated by a gap 56. With such a configuration, the modules 16 are adapted for linking to

3



In sone enbodi nents, the nodule body 40 is unitarily constructed froma
single piece of material, such as a polyneric material. In other

enbodi mrerwe,20t1ihiso426dy 40 25conpri ses separate pi eces, f@®CcTasanploa728epar at e
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nodul e, the connection portion 52 of that adjacent nodule 16 can be
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as shaft 24 shown in FI 1. When the dianetér of the transverse shaft is
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to the shaft and vice versa. The nodul e body 40 further defines the inner
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30 defi ”edtlaHX/ Confaine u'tﬁmbtﬁg }IHH%IO spa%g 36 Hgflme%tbydche module body 40. As indicated in

FIG. 3, outer surfaces 66 of the rollers 26, 28 contact each other such that rotation of one
roller in a first direction causes opposite rotation of the other roller. A portion of the bottom
roller 26 extends below the bottom surface 50 of the body 40 and a portion of the top

20  roller 28 extends above the top surface 48 of the body. With such a configuration, the drive
mechanism described in relation to FIG. 1 can contact the bottom roller 26 to cause it to
rotate, and objects supported by the conveyor belt in which the module 16 is used can be
displaced by the top roller 28.

Each roller can comprise a roller body 70 constructed of a polymeric or metal

25  material that provides structure to the roller, and an outer layer 72 that is provided about an
outer surface of the roller body and that forms the outer surface 66. In some embodiments,
the outer layer 72 of each roller 26, 28 is composed of a high-friction material that reduces
slip with mechanisms and/or objects it contacts. In other embodiments, only the outer
layer 72 of the bottom roller 26 is a high-friction material so as to enable desired slipping

30  between the top roller 28 and the objects it supports. As illustrated in both FIGS. 2 and 3,
each roller 26, 28 is mounted within the inner space 30 on a roller shaft 74 that is supported

by the module body 40. In some embodiments, the shafts 74 are supported by openings (not
4



FIG 3, outer surfaces 66 of the rollers 26, 28 contact each other such
that rotation of one roller in a first direction causes opposite rotation
of the otwenoriwolshes. A portion of the bottomroller 26 exrarsdsioai2osw t he
bottom surface 50 of the body 40 and a portion of the top 20roller 28
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openi ngs (not WO 2011/ 159425PCT/ US2011/ 0372 shown) forned in the body

40. 10n otxiserf timmpodiled it to,abbhieB9S Haftsclvdhsatte shafy rordaelg poyallet moket s ( not
shown) provided within the inner space 30. Regard|ess, the shafts 74 are
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top roller). FIGs. 4 anﬁﬂﬁﬂs"ﬂ'r&t@%l’ive‘rﬂnh%@ﬂ sted hﬁné:{@ongey%ﬁlqo As ﬁ’lafaea@ti@lflt s 74,

and therefore their associated rollers 26, 28, are supported at an angle O,
rel at i veFIGo5,ahd amgieyardiettdlR taxkls abingtthelomgdudieallielland2 il theabreegyoof bel t in
which it is used. In sone_enbodi nents, the aogle 0 can be any angle from

abouf 1cﬁrrq%2mscﬁd1@at§é in & dhemfacyetivenm ghgrhojit ﬁb@éﬂéﬁd%@miéhe logsiydinal
| ongi t udi Qaxi s % bout e the shaft
o near I187arrars 18 ek ARG Saitit 8RR FRu kO e cr e i n
greater Grhdlte. RedRMiord, %t%&@a@c hhak tl'lésloﬁgllt@(ﬁhﬁckﬁérfs 8siSrdihtespeed with
whi ch objects are di verted fromthe conveyor belt. FIGS. 4 and 5 illustrate
di vert i nguatrd@jkedie diraetibm@vhdrevieony &yar a alawnﬁseajrmﬁoﬁtﬂﬁm)ds indidaltéd by, t he
conveyor belt 12 travels along the longitudinal rollers 32 in the direction
of arrows 78. Rotation of the bottom rollers 26 causes the top rollers 28 to rotate in an opposite,
20  upstream direction, indicated by arrows 80. As shown most clearly in FIG. 5, the rotation of
the top rollers 28 displaces the object O in a transverse and rearward direction indicated by
arrow 82. As used in the previous sentence, the term “rearward direction” is a relative term
that indicates that the object O is displaced in a rearward direction relative to the conveyor
belt 12. Since the belt 12 is travelling in the direction of arrow 22, however, the object O may
25  not actually travel rearwardly in an absolute sense. Instead, assuming no slip between the
bottom rollers 26 and the longitudinal rollers 32 and further assuming no slip between the
top rollers 28 and the object O, the longitudinal position of the object will substantially not
change because of the cancellation of its downstream movement by its upstream movement.
In such a case, the object O is only transversely displaced by the conveyor 10.
30 The transverse diverting described above in relation to FIGS. 4 and 5 is illustrated in
FIGS. 6A—6D. In those figures, the conveyor belt 12 travels from top to bottom as indicated

by arrow 22. Positioned to one side of the conveyor belt 12 is an outfeed conveyor 84. In

5



15arrow 22. As indicated in FIG 4, contact between the bottomrollers 26
and the longitudinal rollers 32 causes the bottomrollers to rotate in a
downst r eawODa@nrieisP426n i ndi cated by arrows 76. | n additi oRCTiUS2011.08T2DRC
causes the longitudinal rollers 32 to rotate in a countercl ockw se
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12 travels. I'n other enbodinents, the outfeed conveyor 84 conprises a
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free-spi nni ng wheel s al ong which the 5o0bject can travel, for instance under
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an obj ect' hedConveyor rec i ndrcat ed

by arrOWage@ @@%bﬁ@ﬂtb%@ﬁ%ﬁ sRntHuRAY h{&ge%%rggr reh B RdNE ah AbEd1Ge sBRe. ONCE
the object O enters the diverting area 88, the object is acted upon by the

t op rol |&serdifigly) a3 iddisatre ire Ao dCnibiatobject Dés praparilyl digrlsced8n retractérgat ed in
the diverting area 88 by a drive nechani sm (not shown) that contacts the
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rearward directionindicated by arrow 9
rollers that are not provided in a stacked Conflguratlon. Continuing on to FIG. 6D, the

object O is shown completely diverted from the conveyor belt 12, at which point the object
may be carried away by the conveyor 84 in the direction indicated by arrow 92.

25 The substantially 90° diverting action described above occurs for any angle 0,
selected from 1° to 89° (see FIG. 2). Therefore, objects will be diverted from the conveyor
belt 12 at an angle of approximately 90° regardless of the angle of the top rollers 28 that is
selected, assuming no slip and no gearing effect (described below). The selected angle,
however, affects the speed with which the objects will be diverted. Specifically, the larger

30 theangle 0, the faster the object will be diverted. Notably, when the top rollers 28 are

positioned at a 45° angle relative to the longitudinal direction of the belt, the objects will be



15descri bed above, the rearward travel of the object O relative to the belt
12 may be substantially equivalent to forward travel of the object due to
novenent wo 20he1shekt. I n such cases, the object 0 does mot/use@nioizeant |y
nove forward or rearward in an absolute sense. Accordingly, as indicated in
FI' G 6C ditdreedophche Beli & appedtsppryxidiasdl) aged td thetsheed sARRULRIVEE agdinect i on
toward the conveyor 84. In other words, the object 0 is diverted fromthe
conveyorasaﬁme%tHOEBpandaﬁocgevemgeftfﬂ}tangl e of approxi mately 90. Notably, such
a diverting ai:g S substan 3 Er ger than that achievable with other
conveyor bel t'85t hHISKBprT SBPS FareF¥er 1 that can h%tlse&rtamréﬁt f a

stacked GORLHAN AL Ay FRBLD UA&%ds)aatehgn FlG7, BReohDS RbEElm Ak shoun

conpl et e conveyor be e obj ect

may Be C;@h{’zéﬁﬁi bmmawéaﬁv@ﬁ@mm&ﬂmhmﬁcmwgm t&fhntéishtqattﬂéi by arrow
92. 25The substantially 90 diverting action described above occurs for any

angl e 0,engwidgoeechf G, ﬂhemonSQIO(r@e]e 162 ®m12r)'ses Imbrrelﬁtymé Comtwjyenbfét will be
diverted fromthe conveyor belt 12 at an angle of approxi mately 90
regar di €8e7yes {drdhatge Blerd toagherdp foian fherbsltoBhe madules I¥ereetignrd issuni ng no

ship a”dc{%%v&%ﬂ 0%“&%‘%%&&&9%%%@%% ? fﬂ%’%)t?eltbl%’? da%%l' iR 588 dg‘%'m@pece’ however,

af fects e spee vmthvx/nc verte ifically,

the | ar ggrundy h@ RSk RnA aldri3e 1Bﬂ<?ahfdmmﬁreemﬂe@ﬁth%élt waclboiRsid&dvitNgteabl y,

when the top rollers 28 are positioned at a 45 angle relative to the

| ondliot uddireationpfr lexdit trapmel oididateel Hyedrtqw flHk Bghyayodfsxample, the matidles 106 are

2011/ 159425PCT/ US2011/ 037203 diverted fromthe belt at a eed )

appr oxi rRIYEPYY edinsried & pdjaccsprrdulse alseptthe loagiydinalglirgstien QEWP RE1tAE? Withp and
no gearing effegt 70 lLustrate nbod copyv.eyor
1007 hat e se T rbad bt M db BB EERid, B RSk e Mt c L ke

i ndi cat edisitRatlcb@prie a Fidg o@QGN&M%H&Q% GRATELRE ST %piogw@ymt apeez!ufrarﬂgga and a
drive nechani sm 104 with which the belt can interact. |In the enbodinent of

FI G 7, ihheettmilgyockdietonfig@tioonpthis es iramepkpicall 20 yf tbé neololksyor bel t
nodul es 106 that are |inked together to formthe belt. The nodul es 106 are

ali dfed in trwsiiredeedhansmii0s iv wrae t@séfiéﬁaleé@ﬁ@gsa%i ippdeliereol 16 AB ofdhe 102,
and in |longitu gRs 11Q. t hat n n di nal direction
of “the sanreirERocgRsd M ik i Ftod PedeREhSpagan oY Fifdimmitat oo
by arr owildeh plBY% WaMs Qf;ed%%%'t@the%Bﬁorﬁ‘}gﬂérﬁlé%aﬁé%t 9&&95&%&%@% ed to
adj acent m)du]IDes al ong the longitudinal direction of the belt 102 with

t r ansverfsieti@hplhteshat high-friceioh bhep st et iGhsbolip hewedrnGhe platé hed thedul es 106
include roller sets that conprise a first or bottomroller 116 and second
or top risttioay rolles tﬁat are arranged in a vertically-stacked configuration

D20 SPREE, R0 R 8% ST, SR SRFRAPLEMAT 5 oo
The module 106 is similar in many ways to the module 16 illustrated in FIGS. 2 and 3.
Therefore, as indicated in FIGS. 8 and 9, the module 106 comprises a body 122 having a front
end 124, a rear end 126, and opposed lateral sides 128. Furthermore, the body 122 includes a
top surface 130 and a bottom surface 132. Again, the spatial terminology is used to reflect the

25  orientation of the module 106 indicated in FIG. 7 and is not intended to be absolute.

As shown most clearly in FIG. 8, the conveyor belt module 106 further includes
connection portions that extend from body 122. In the embodiment of FIGS. 8 and 9, the
module 106 comprises a single connection portion 134 that extends from the front end 124 of
the body 122 and two connection portions 136 that extend from the rear end 126 of the body

30 separated by a gap 135. As shown most clearly in FIG. 3, each of the connection
portions 134, 136 includes a rounded outer surface 138 and a transverse opening 140 that is
adapted to receive a transverse shaft, such as shaft 114 shown in FIG. 7. When the diameter

7



conveyor belt nodules 106. As indicated in FIG 7, the drive nechani sm 104
can conprise a friction plate that is used to rotate the bottomrollers
116. I n awol2ensts9Lsnme enbodi ments, the friction plate hastasheigiosfos cti on
top surface that reduces slip between the plate and the bottomrollers 116.

20FI GS. & tiandar®vidsk Wsdft @lsmabér @ IR @eaifize dioy et mbatilet I® @ampreyaly Redit
nodul e 106. The nodule 106 is simlar in many ways to the nodule 16
i || ustratkdve v the @Sift andavide 8ers@heref ore, as indicated in FIGS. 8 and 9, the

nodul e 106 ¢ ri ses 0 122 having a front end 124, a rear end 126, and
opposed | at erdle 8¢ %ga(%efﬁ/zﬁm%ﬁre%%*ﬁ%theﬂﬂ%erﬁaw 1@%%%%%}&]@ iyrelgipndqr f ace
130 and bot 2 i i 1 nol.ogy is. used to
ot oot ‘Ho” ghamiRHeEEPIC S MR B9 BRPH Smad GHEMRANCdpREC, O

i nt endedsehralf résRulHreroshSe &AMIhEMSleweH ek theitﬂlagf battdn, ddfigegBpveyor bel t
nmodul e 106 further 1ncludes connection portions that extend from body 122.

I n t he empodidedt wells FI2@Bd ®paswl éd whlks IHdddd Rirth@6inclammprd inddGas, shamdle
connection portion 134 that extends fromthe front end 124 of the body 122

and two ‘Edtiride of Bis prstleoits atsenerdly Rexdlshty the dierhddesela bty motler the
body 30s¢para) g&'d Qﬂer%%gé%i%%e%eﬁa@ d%?ﬁ%to@l%% le'%%&%%' a&is'd}t@ Hodite, €ach of the

connecti on”’por I dgns es a roun outer surtace f38 and a

transverse opedisRgpd4ht ArHAFIGS. S etk BRoheSRT M6 ralldk s Ves 5@ ashadt , such
as shaft 114 shown in FIG 7. Wien the dianmeter WO

201101534268 THousR04W BN irvkr sivee 1 2tdined by thdhafotiuledosird RR.eks infmatetihe
openi ngs 140, the nodules 106 can pivotally rotate relative to the shaft

and vi cdnVlpSaoutphaunigrgel 4 ¢ dasrollon Il byl R spnigerepreathengichihedroggige ef 120

first i dere]:tri)lflérenq aifigstrdeﬁle%ngibng%utsgs '?)!%D%Etsi(tzgfoteﬁ‘lsoni or}%qg&i’lee:rdroh%. Izil I;%rtigh of ’che | nner

space 120 can, I h sone e i ment's, conprise a bgeneral 'y Tectangul ar

Cr 0SS- SaLkiofol LI} MiWE Helbvaft bhgoh@Rrike BOLE ABIbASINERY Py orRPQF KL Si de
wal I s 142 and opposed end walls 144. As further indicated in FIG 8, the

si de waltbp rd#2 10§ extbredsmbdud ge tdPburdace 18@nthabbyy . peithbha@l a tamfighentioat e al
sides 128 of the nodul e body 122 and, therefore, are generally parallel to
a | dAgi tdrivermaschaniss dspcriivd ifpelatien toAdG; & caipjoatashthetiormprotiey 118 tamise it ¢ he
bot t om a8 QOtt&lPeP and (l)lgjgcrtss su]p]p%i‘teg[ %%37 e Ceon%tey(l)r%aeﬁtin which the module 116 is used can be
displaced by the top roller 118.
Each roller 116, 118 can comprise a roller body 148 constructed of a polymeric or
metal material that provides structure to the roller, and an outer layer 150 that is provided
20  about an outer surface of the roller body and that forms the outer surface 146. In some
embodiments, the outer layer 150 of each roller 116, 118 is composed of a high-friction
material that reduces slip with mechanisms and/or objects it contacts.
As illustrated in both FIGS. 8 and 9, each roller 116, 118 is mounted within the inner
space 120 on a roller shaft 152 that is supported by the module body 122. In some
25  embodiments, the shafts 152 are supported by openings (not shown) formed in the body 122.
In other embodiments, the shafts 152 are supported by brackets (not shown) provided
within the inner space 120. Regardless, the shafts 152 are supported such that their
associated rollers 116, 118 are placed in firm contact with each other to ensure that rotation
of one roller (e.g., the bottom roller) will cause opposite rotation of the other roller (e.g., the
30  top roller). As further illustrated in both FIGS. 8 and 9, the shafts 152 are oriented so as to be
substantially perpendicular to the longitudinal axis of the module 106 and the conveyor belt

in which it is used.



10 partially contained within the inner space 120 defined by the nodul e
body 122. As indicated in FIG 9, outer surfaces 146 of the rollers 116,
118 cont aw0 2eact39aasher such that rotation of one roll er PCH/U$2611/031203

di rection causes opposite rotation of the other roller. A portion of the
bot t om r ol | erriE&3610exdendsudieloiisplagriait balbptrd a6 eheldbavefortine. Aoidicid and
a portion of the top roller 118 extends above the top surface 130 of the
body. WihIGQuldhcanvepmftiefupatiauels alohg theldridringehansohliiis theddsastiphetl i n

relation to FIG 7 ct the bottomr 116 to cause it to rotate,
and obj €€t {lghHsin aat%@mt %&%ﬁ%% ehgeen § ﬁLQ\H‘i‘?IBHOQ‘H% THt e diige i s used

can be %éc%'aﬁll%ﬁudm@éa gilif t{ogl }‘o?lers gota eina dovﬁ‘gﬁ‘garﬁ%llnlegtlioé‘&\?lcagegisoiyf:ln

conprise aro constructe meric or mat e

t hat spr ca\ﬁdiesﬂ&satwgtﬁw 6f the bbilem IrOllldre 116 @ugesaﬂe QJ#I@HeﬂsQY@fo rbedle frhat 1S

provi ded 20 about an outer surface of the roller body and that forns the
out er sunpfpael& llpﬁrealrmdsmmnelmtﬂadtedémasrowsr@mm éTowramotliBIGSoﬂO aat hl, roller
116, 118 is conpos ? riction material that reduces slip with
mechani $hg rApdeTbet tB%fOé’crtogeliStl %éﬁf’%?%}‘e object O inpgsreprwaygiipcen rehathsttn FI GS.

8 and 9, ,

o ar "SSP EON RGP AT Bt LR R BOSTn RPRECASR s
enbodi MaR¢ drivé R cishiadh 3141571 Rl @e S ARRMNIHLRL Q)f’p IRRRBENGS 1o RSNt AW fgr Med i n
the body 122. In other enbodi nents, the shafts 152 are supported by

br aclket bfaro®, dheawdlutermoyitide cf Vhetdbnaat wilbsubaetialspactehd@gy. beRagarodlress, t he
shafts 152 are supported such that their associated rollers 116, 118 are

pl aced igngsl] ﬁﬁ%aﬁf%&wwtwméaevﬁwﬁéy ite §IPEieAR B RAENT Bt schorrags thsne

roller ( on1ro||er cau RPGS} R ol ti.on of t ot her
rol Il er (O%J%t?vﬂ%e%ﬁs* o6 B’QMI (5 st RARRHA bl by raﬁm%oés 8
and 9, tdecghablidled ok tl%l?eltofdz%ﬁﬁ B8 sSQ 1R8] ts%;q@d%g%gggihg &l arivrer pendi cul ar
to the longitudinal axis of the nodule 106 and e conveyor belt in which
it is useethaWEnm20i 1vif50w PoRGT 0B26116 60BF208lt F GBcathkbh anchidilthelobjest is & e
dlsplacenent an object 0 on the conveyor 100. As indicated in FIG 11,
con@éyoreﬂéhﬁ 102 travels along the drive nechanlsn1104 in the dlrectlon of

arrow 112. A%Iﬁgd#qcahel%dfﬁ flt: V\% ro]i/\(z)s (Efﬁagﬂt ac(%ulesel%o g mo ulat%%tS%\(I) r{l]o; 8' t%ﬂs 116

and the drive ani's causes Dot I'Ters

downst r g HREL de@tohi}HisGRt LR pRY1IE DD QNG 2 battomRBIALIYNN W hil@re l?b%%tgﬁ’im
rollers 116 causes the top roIPers 118 to rotate in an opposite, upstream
dlreCtlQiﬂaﬂhﬁMQabﬁdvby2mTwnh&tﬁéﬁﬂtA&e&hﬂmﬂktﬁmbohhuﬁkﬁﬁorﬂﬁmﬁﬂdnﬂ&1 t he
rotation of the top rollers 118 displaces the object 0 in a rearward
directi o%*fler?é)ﬁéffh% eRgs arh életfﬂyﬁumteidrm|staaﬁl@@n®%1(}arnsmdmrom§§enﬂﬁg 2kd slip
bet ween e, bottom.r ers 116 and the anlsn1 14 an

el gl 2 ST R s S S R e R S

absol ut §,RQASdikd BBn B trE\Iﬂi@ 20DLERE el oSS tl“ﬁ@fab@(!rl’l)folﬁ% 2(54@9@ gl%rﬁ‘%q}@éf%e of

t he cancellation of its downstream frovenent by its upstream novenent. In
such a aapeolldrhendikieletin thewlalitieb0dhlddrotdte ph ac8 of Rotatiorapaoll¢ltetisenseof Wt h
such functionalit the transport of objects provided on the belt 102 can
be sel edpiajienyl4 @étbpé@ \leesn Glagybaitpne h(éle@ﬁ Pr@éru#ébhmndsthf: bgwmwsm Apefthst t om
rollers 116 ofb ggﬁelt t a Iocatlon whi ch the o is to 15be

hal t ed. <onveyor bell dEhh sonfartety oy ey & e las PovE > BRTIISHIAE RETES i n a
mod %ar s%%é’ee}’é}rex%%}e a@%u@&ﬁsﬁgh&?ulg bf $EAGuSRFRGIS! ﬂ@ o a @Ry QY g%‘i 002
and a bottom'roller , he bottom roller floats |na ¢ vity 206
Wi t hi n therbelgs, mﬁhﬁtetjalparc@xhx}e@br 20@e] the botsth edlldroFide ot Attt Dehgheax| e 208
whose ends are fixedly supported in stanchions 210 upstanding froma top

si de 21dearigg rfaches drpayaior belt pdvonses Howm the C@Weyoeb@trﬁﬂvencqsmt@x | es

def f t 1 bl t he d t th
conveyort Befion oAy el 3 MR SHHR 2L bt ol AR LG OIS and
resi de i) % BRHihY S CRAANE! A BoADn KRS Sha il B O PRERLL Bl 119 the

axes of rotation 14 of top rollers Bottom r ers protru eyond

t he 3ot trames itslet2d 3n B ophite eEreay Qlireb@dr 223\ peegitidagli @do Y agisdF i ve
mechani sm such as an underlyi ng bearing
rotation 214, but with a rearward component of motion relative to the direction of belt



25surface, for exanple, the outer periphery 218 of an actuating roller 220
or a carryway pan or wear strips, nounted in a conveyor frane, the bottom
rol l ers rwoeoimispgsati on al ong the bearing surface as tireTasavaper20bel t
advances. \Wen the conveyor belt advances in the direction of belt travel
216, t hardet 21@MwhahlRikBes20AvéRUaIRCisBuppitéBén tHeltep tdIRRs RdRAvarapaidheul ar
toits axis of rotation. Contact between the bottomrollers and the top
rol | ers tepoisleg1? hietht gpn\3gprobdlers to rotate in an opposite second direction

223 al so perpendicuylar to_its axis of rotation 214, but with a rearward
conponent  of Ah%)'?‘%sb#‘or”@} G |I§ef3rz gadhraviy Fle iihinh cxfenga thirougiprhe thickness of the

2011/ 159 r 6, j vey .ects
e b T R A s L ot SR
conveyorcyRflitical wall 224 hASinR @ Hex SO rbdd sEdtfon. TRe b&AGR rEIRY OYis 2 intinGh
extends through the thickness of the conveyor belt 200 between its top and

bot t om diedagonal FammeRAgondl ad arishtypeemsrcie therwdnl bydaof5by bothemircldr andl | 224
havi ng a hexagonal cross section. _The bottomroller 204 is nmpunted in a
hexagonat'PPPniezads okihe pollss’saxle; Rie ewsirle dipensiqns ot thedhexasodial BRgaredestt he
bottom rgl| . . I S s caxl T . si,de

di mens] die Ui RaFHRRRIA R ISRE R Chubt8 AR il i TuSiei ARy RH T

di nensi aAsitPfo BhdICAWIHY afBgtiiatavitlGuideddyftht Svall9RSEIY 280QUEAH fidh fHRaogavi ty
to be able to slide al ong tﬁe cavity guidéd by the walls toward and away

f r om0t heolleR02utetitteut 2Ouch siopwhathiouting carmetdte slityn theatvitthend ¢hagge e
rotate within the cavity and change the direction of rotation of the bottom
rol | er. dfffgdon 9%@%@9@&6g‘?ﬁabot@ﬁaﬁ%lebfThvﬁéh%b@@gogﬂ eharetdhe pwer syrfge obe

forms keyin cture .on the ring.and th exagonal, constr.uction of, the
el 15 prov et Kbk BRg e B0 2Nl HERCORRRY SORRTNR LR Ble e

di recti giro@ides @leat AR C%pl&%h@ﬁﬁlk@ﬁh?@{rh&ﬁré’m& RadhdifMhRidettidrPofftbR@bnal ong
the cavity toward and away fronmithe top 15roller. Cearly, other polygonal

or non- aif tleub@tons hdlee s/hie alldwalgs btopficav hldeg threcak gy invgarsitand abwaydrare desispry t o
prevent rotation of the ring, ~ The height of the cavity wall 224
excedéds PR kisiaght other Rz aihey recitcylas shanegav quhd alsp ﬁ&“’aﬁ’ﬁjth?%éylﬁét t om
roller 204 g.Lange oftverti aItE.rane,[lh al ong the cavity. Wen the bottom

rol I ers “are 1t dingon Underl yr g bear tng®sur f aces 218, the bearing

surfaces, in ﬁ@q{e%k@ Bt iR AOEANEI Ao LRERAhE RELROLIRE Bnf 924 BUALEJL Bhd he

first direction 2 push thHem upward against the top rollers 202, causing
t hem t o rirgf atdethe bottbre rojp@Oit b @arsead Rdrtdhl tedtel along B2 cabivy. VelBert the boapmand
bottomrollers wear, the floating bottomroller is inherently pushed upward
by the Bebes At dding apendatlping beainonaiaceoBaibe bagiisutfacere in aspslivien toer

oreoher L8 058t COPIRITOR O AP B AL 1R B RS e
cont act iygg r§ies 3PP A RIHeherh AR IMAEH NS oS SLsn Pl BRN23 Whesant s,
and bottom rollers wear, the floating bottom roller is inherently pushed upward by the
bearing surface into frictional contact against the top roller greater distances to compensate
for the diminishing roller diameters. When the rollers are new, the bottom roller sits lower
25  in the cavity when contacting the top roller than when the rollers are worn. Where the
bearing surfaces do not engage the bottom rollers along the conveyor carryway, worn
bottom rollers drop under the influence of gravity out of contact with the top rollers to a
bottommost position in the cavity.
The exploded view of another embodiment of a roller set is shown in FIG. 14. In this
30  example, a circular cavity 228 is bounded by a generally circular cylindrical wall 230. A
mating circular ring 232 supports and encircles the bottom roller 204. Opposite ends of an
axle 234 are held by the ring. The axle extends through a bore in the roller. The height H of
10



beari ng surfaces do not engage the bottomrollers along the conveyor
carryway, worn bottomrollers drop under the influence of gravity out of
contact wWOlo0tls9426p rollers to a bottonmost position | RCTS2@a®81293 The
expl oded vi ew of anot her enbodiment of a roller set is shown in FIG 14. In
thi s 30exanpllgs gidatet fHaulthe h&ight K yf tRE8ink $o pRIVIIGH: Binga rgRfAesAlekticati I Cul ar
cylindrical % 230. A mating circular ring 232 supports and encircles the
bot t om rrobti@r 23Z@ﬂongcﬂapofsmtyeTe ndyeof thanlra)dhleruzgﬂfomrretdmgdn Liye qahéy pinghg. The
axl e extends through a bore in the rol he hei ht H. of

2011/ 159?2%%&7&93?@17%7%@3@ R ller Pgﬂapéﬂt@m AN AL Sﬁréicﬂﬁ? inhthst ¢ he
ring to ity.

To pr evan ey R R s et P T Ty i AR s IR BB
or i eBt atdfGht % ﬁaﬂ%fb@iﬁc@mﬂfsoiélb @frnFedt e erlu{d}kat War a%ﬁme&wnjﬂ @ppdditict ur e
in the formof grooves 238 in ring's outer surface 239 cooperate with

keyi ng ansumarféhp ﬁ42 figh¢ boterd ehd whthengvipareastrats the ppérag of thesadig0oritor med on
the cyli ndrl cal \ at dianmetrjcally opposite positions. Alip 242 at the
bot t om éhgbgtorn ﬁ@e@émetsfvnw@sqrrbﬂt@g pHECOPERIAHYNG PrEFHRredg PN FnbHIES tBhe

bot t om Sf thcmg o &MY mlPa‘?t]hlé‘qumﬁﬁﬁ"c’%} b3Rof ee%%'({?'eé‘& éa%;tg?ﬁ%ﬁ e to

prevent erin rom e cavl at the

bot t om eqdvgfor 8aebf Ei@sl waﬂdnet rBe ﬁéﬁOZ02b§anuﬁﬂced%n§§ axle24aRghck3endhe top
roller 202 i's nounted on an axle 244 whose ends 10 are held in ears 245

upstlandianghéld omears Béds epdtlity &bomi sbave Rdiethadis votltiel wi gbeatiscaattaebed @ thle t op
side of the belt. The base forns a cover that retains the ring at the top

end of ttABsiawf e behdThelase fuatarcqregpierebss tha riggghthaiPe AN OSHFicRHEY

portion t he hatt r Ier n into roI|n act with. the.top

ol | er R RS R OGS LB B WIS L5 b DR RLAR ol a4 87,
float inolig SAMLE With hedoP?Sildr] RNINNEE BSIRAEY Ji PIGDTPERS &S, %hé Ahg kPFICET 4 Wear
wi t hout | osing 15proper orientation. Wil e particul ar errbodl ment s

have beenndiosicihasechvity tdetpasition netehenry or @gopengatd ésopliptwen vattdudiairgngs f or
pur poses of exanple, it wll be understood by those skilled in the art that
var i1at i gHsPerdie Ofi cations thereof can be made wi t hout departing fromthe

scope of the(# cI o g C

2011/ 159425PC PUBOTAY B I0E Bl et BT i of et on dsfessingy
description and drawings for purposes of example, it will be understood by those skilled in
the art that variations and modifications thereof can be made without departing from the
scope of the disclosure.

20 What is claimed is:
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a top side and an opposite bottomside; nmultiple roller sets, each roller
set including a top roller protruding outward of the top 5 side and a
bott om r oWbDep11bsbar t he top roller, the bottomroller becmgSaunvabi2esinto
contact with the top roller such that driving of one of the rollers in a
first direction causes rotation of the other roller in an opposite second
direction. 2. A conveyor belt as in cLaiMsl wherein the bottomroller is
arranged to nove out of contact with the top roller by gravity. 103. A
conveyorl. bé@na%yqrhektkammlimgher ein the bottomroller is arranged to nove
into contact w ﬁ o | er by, contact with a drive nmechani smdriving
t he bot t onf F91 fige 2 8“?@1 'of the conveyor belt. 4. A conveyor

bel t as inqfhhey leQQ&Pre'aﬁH F@le%tﬁﬁc@&ﬁn%ﬁ‘(% bR Rﬁfﬂ Q&Mr%ggtrhg?ﬁp and

bott om si des, ‘each cavity housing one o bot om ro ers t he
bot t @ r ol | ersiddankEnmyaih eolrk pagwtthe taganiiby theioeanrdlibebding nandblbaitbom

si des. 5. A conveyor belt as in claiml further conprising: nmultiple
cavi ti es operongconith thdieptrolieranch tot dyningiodese afidie balandiad: byt diregtibh
extending thr ou%ﬁh t he cog\ﬁﬁyor be&t bet ween  t he tﬁréi and bottom si des, each
cavity housi fgu&néoBHoR AEthE SEes Ay’ I“I‘%‘ngp%é)tﬁs?clog "SEPbrting each one of

the bott r t ?Qgr he frane
is slidak Ié‘%kbﬁé) ERB?E??& %%ﬁgkﬁaggﬁyg%%wgﬁ g£ﬁ§%1 rom I%Ieftop
roller. BontAct GATHVEY @6p ReFlef bagravitycl ai m 5 further conpri sing keylng
structure on the frame cooperatlng W th keying structure on the wall to
mai idai B. tHeCOGV‘f}@(rfOﬁ](bﬁS of claiot BiwhereirothetbegoRShbet io mragdder mdte iktogontagl or
belt as in claim erein the keying structure on the framne ses
gr ooves onWtﬂllféL? Fopne! WW&W@ HEESYE n@fr}%fe‘flﬂgéhedwt@ﬁbrﬁéﬁ{ ptt %%rrpri ses

ribs receiﬁ&gnthEQ§ﬂgL98¥§&mbeh8 A conveyor belt as in claim®6 wherein
the frame has a non-circul outer surface formng 30the keying structure

and whergi A doRekR¥ERds & MG VEnSfisibDBudie cdvstidUpdRmhgintd e ty@hhd s bei ng
non-circul ar and shaped to match the shape of the outer surface of the
frame. bottom sides, each cavity housing one of the bottom rollers, wherein the bottom roller is

15 movable along the cavity between the top and bottom sides.

5. A conveyor belt as in claim 1 further comprising;:
multiple cavities opening onto the top and bottom sides and bounded by a wall

extending through the conveyor belt between the top and bottom sides, each cavity
housing one of the bottom rollers;

20 a frame supporting each one of the bottom rollers rotatably within one of the cavities,
wherein the frame is slidable along the wall of the cavity toward and away from the
top roller.

6. A conveyor belt as in claim 5 further comprising keying structure on the frame
cooperating with keying structure on the wall to maintain the direction of rotation of the

25 bottom roller.

7. A conveyor belt as in claim 6 wherein the keying structure on the frame comprises
grooves on the frame and wherein the keying structure on the wall comprises ribs
received in the grooves.

8. A conveyor belt as in claim 6 wherein the frame has a non-circular outer surface forming

30 the keying structure and wherein the keying structure of the wall is formed by the wall’s

being non-circular and shaped to match the shape of the outer surface of the frame.
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WO 2011/ 159425PCT/ US2011/ 037203 9. A conveyor belt as in claim5 further
conprising a retention structure in each cavity retaining the franme and the
bott om r oWDep11/13942he cavity. 10. A conveyor belt as in ecCaiuse@undeoi n t he
retention structure conprises a lip along the wall of the cavity at the

bott om si. da @hvéhe beRay BYQiinBhdrtheb ddmpAsif® A Y&y @iorb@hictas i sachlcaviey S
wherein the cavities are cylindrical and the frane is a ring encircling the
bot t om r ol reainangdhé fraimegnd dhebotdinmenikr ontheshyight |y | ess t han t he i nner

di mensi ons ,of the avitieﬁn 12. A conveyor belt as in claim1l wherein the
cavi ti es'VafeoBY PXPal 2aa iR Yhesin GrdeRsighdrufuerempring Hikalens 81 ar .

1013. A CoQuaYOindel by asil Bofib Ikt MDLELILANR cavities are pol ygonal and

t he outer di nensions e ring are polygohal. 14. A conveyor conprising:

a conveyar Ad@htejodGbrds Hklaith 3 ABeiti@ecaRdtiadaPRPOSIAAQ] AR theMasicdea ribda
plurality of cavities extending through the conveyor belt fromthe top side

t o the bot ewimcEnglée otiohuradler and fvingpuiter digeinsione dlightlydédséharside inmee| udi ng a
top roller protruding outward of the top side and a bottomroller novably
recei ved i AIEEIaef ig;cavitiey grjve nmechani sm underlying the conveyor belt

e cont Akl 8, A5 00 AL LA OB Gt B ARLer <
of the ring are circular.
10 13. A conveyor belt as in claim 11 wherein the cavities are polygonal and the outer
dimensions of the ring are polygonal.
14. A conveyor comprising;:
a conveyor belt including;:
a top side and an opposite bottom side;
15 a plurality of cavities extending through the conveyor belt from the top side to the
bottom side;
a plurality of roller sets, each roller set including a top roller protruding outward of
the top side and a bottom roller movably received in the cavity;
a drive mechanism underlying the conveyor belt and contacting the bottom roller from
20 below to cause the bottom roller to rotate in a first direction and to push the bottom
roller against the top roller and rotate the top roller in an opposite second direction.

15. A conveyor as in claim 14 wherein the conveyor belt includes a roller frame rotatably
supporting each of the bottom rollers, the roller frame and the bottom roller being
slidable along the cavity toward and away from the top roller.

25  16. A conveyor as in claim 15 wherein the roller frame is a ring encircling the bottom roller
and the cavity is bounded by a wall guiding the ring moving along the cavity.

17. A conveyor as in claim 14 wherein the drive mechanism includes a bearing surface at the
bottom side of the conveyor belt on which the bottom rollers roll as the conveyor belt
advances.

30  18. A conveyor belt module comprising;:

one or more cavities extending through the thickness of the module;
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roller against the top roller and rotate the top roller in an opposite
second direction. 15. A conveyor as in claim 14 wherein the conveyor belt

i ncl udes wonoilwp426r ame rot atably supporting each of thechatstamosnbs ers,

the roller frame and the bottomroller being slidable along the cavity
toward anda@walityrodBeth BEfifsORnd QlcbRd rolkBs] BachAir6iaBNEYRFei A&l inlbnE lofitHe 15
wherein the roller frame is a ring encircling the bottomroller and the
cavity i s bouadiids byd hawiag h figaiiagis od rathtgorr anghearh v¢qogd ablbandpeingeafideeditoyhe 17. A
conveyor as in claim14 wherein the drive mechani smincludes a bearing
surface at tHSUtERR AP IR AV R BRI GEHE! Xinef 'RRHER Pta'f?ile}otBtﬂf‘%ﬁ"stol lers
roll as the cgnv .pelt advances. 3018. A conveyor belt nodul e

conpri si ng: oa%% O%%%?%?@ cavities extending through the thickness of the
modulse;  VWRKRILLFR4ZBRGTS H&%@MIQ@ @‘@%a@it)pin% ahd bt Rlomatisvief tHeise&ndand
second rollers, each first roller received in one of the cavities and

havi ng a fi r sbllensoghatf when tei fost ewitseeachrodesandinr@htaet, r@tefiogofahe fixed to t he
belt nodul e over the cavity and having a second axis of rotation parall el
to the first q¥¢rondhe figtt axisdma fissidiedion qaneesithe sacongrells tq wiaip A e al ong

the cavity |nsteQOd%naq?ﬁolHtan%i)ng{‘étsaeg(gn%/\éﬁ%ﬁ%ge second roller so that, when the
first and second rollers eIn contact, rotation of the first roller on

the firsfy axdosvéydrdek nfodtuldddifClaiAn 8 ¢AWSE TohlpRis 1AMt fotdthily shPpdrahat e on
the second axis in an opposite second direction. 19. ‘A conveyor belt nodul e
as 19 cl ai amd&ndingtitgyeachad mher first rdles andrageytiotieitad blayl lwuppimgteantgofliBanavities
encircling each of the first rollers and a cylindrical wall bounding each
of the cavifd BEVHHAS predidedPhiedingulidingdeng the cayiRgiovardppgauwpogm ke cavity
t owar d andsea(l:waé{r(gﬂe(r)mthe second roller. 20. A conveyor belt nodule as in
claim 19 forther conprising retention structure at the end of the cavity

opposi t &t R&oBeERABek AdRile 1OnCRHI19uAE Diplising rbfRHSAMEMure at the end

of the cavity opposite the second roller to confine the ring to the cavity.
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