CONVEYOR BELT APPARATUS AND METHOD | NCLUDI NG MAGNETI CALLY ACTUATED ROLLERS
BACKGROUNDOF THE I NVENTION 1. Field of the Invention The present invention
rel at es twocomwvwysms belts, nore particularly to conveyorcClhaiSe&ooarsong
rollers that provide material handling functions such as product diversion,
sorting, singulation, separation, orientation, and accel eration. Mre

particul aréﬁN\hﬁ%l@'B%ETO&PIWK&TUS%ND%@T%EQN@UIWN ¥eAGRgRYeneLyoel t
apparatus that enploys nagnetlqg%#ﬁAﬁ&ﬁgﬁb@gEkslIers that rotate to perform
n. 2. n

a selected material handling functiro eral Background of the

I nventi on Conveyor belts are used to nove articles, packages, food itens,
machi ne parts, and the like fromone locale to another, such as within a
factory, plant, manufacturing facility or the like. In sone cases, it is
necessary to transfer a pagA@REROUNDCOETHRINVERETONt em from one conveyor
belt to a discharge point or fromone conveyor belt to another conveyor
belt. There dreFwbhyf tbeablventoeri al - handl i ng functions associated with
conveyor belts. Patents have issued that are directed to conveyor belts
havi ng speci aineriEesRt AIventigidieiatey tp GprRYaYShReltssaree pritieedy 9 ey ydiebv use
magnet s ;t 0. hol d a vevar down.in turns or for .tracking (i.e. . keeping it
rom s e ofef (SR BAGAAE pRfh b Rlons QTSN cierdion sPRERA NI s

of such patentfond@PdrRIhSorieHIgidn, Shd AQelefation. M@f@el_sairﬁahagy,dﬁé rétdter wi se, the
order of l1sting has no significance. The follow ng U S. Patent

Publ i catinergioarrelaient@aponatoeed barvey or iyt appheatenibet dABloks WSgRATRNT NO. Tl TLE
| SSUE DATE BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a
conveyorachmiadigllgrsdbavelpsy togrerformjarsglegteg matetial pndking Iciges . A magneti c
field passinqﬁtbgoq%p3£ﬂe C%H%Eﬁ%ﬁn@&ht interacts with the rollers to

o0

rotate the roll ersSfn Another aspect 6t he invention, a method for

conveyi ng ar td&lvegoaMBhISRId th flove HRRRS! padh! fobd @S maLARHIRY pBlSand @
conveyor belt; (b) subjecting the rollers to a nagnetic
the like from one locale to another, such as within a factory, plant, manufacturing facility or
the like. In some cases, it is necessary to transfer a package, article, or other item from one
conveyor belt to a discharge point or from one conveyor belt to another conveyor belt. There
are many such material-handling functions associated with conveyor belts.
Patents have issued that are directed to conveyor belts having special material
handling functions. Some patents listed below use magnets to hold a conveyor down in
turns or for tracking (i.e., keeping it from sliding to one side or the other). The TABLE is a
listing of examples of such patent documents. The listing is in numerical order. Otherwise,

the order of listing has no significance. The following U.S. Patent Publications are

incorporated herein by reference:
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BRIEF SUMMARY OF THE INVENTION

The present invention provides a conveyor having a conveyor belt with a plurality of

rollers. A magnetic field passing through the conveyor belt interacts with the rollers to rotate

the rollers.



reluctance notor. A permanent nmagnet or electromagnet will attract a soft
magnet material such as iron or steel by virtue of the lines of nmagnetic
fl ux achiwoizog/to®epat h of | east resistance. (Resistancecraseagoetsic fl ux
is called reluctance.) This is the fundamental principle by which many

el ectric not ahSnePer ApRet of NIRSEVARIEN § ittt Rk L&t ey Mgl /RS dodlpieskange not ors
(VRM s) or switched reluctance notors (SRMs) and consist of a rotor and

st at or. shpportmgariéclelesop rdleds iny doheeywu trbier(bpfubgiceibgthepolles tamdhagottdr pol es.
The stators have el ectromagnets arranged in a circular pattern, and the
rotor i dieide reftias feiebgisive a sireeiqraef TeigdAn ydthy e magaety fiddianddd) st eel .
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air. The el eqhhRMBHALSspett bhde SRINALN tUloRvAR raBfhpeitds AloheENAel hasidigtahat
one of the rotdor poles is always being attracted ipo the stator, causing

r ot at i omluShityt cfhreters lagh tralfer dasrdrapsamt & axihefr etttion. Sthivpd posdinchedftd i ci ent .

Any rotary electric notor can have its stator and rotor unw apped and
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el ect r omagnet or controlled operation, e.g., computer control or a
per mnenhotoagnet (for conti nuous operation). This is the basis for the
magnetical ly actuated roller. The rotor could be encapsulated in plastic or
simlar wear -lnespdenrtrsivns ibe mgdudmdelwl Hieduesent Bvephrenoridse predes dlelix e
or bearin o t.hat it uld . be free.to rotate. Th tator woul d be fixed
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the rotor is proportional to the squére of the magnetic flux density in the
ai r gap tehdrdvhe Hingdf detersts e @bvidbe apoke ffracesl. of Tiebddyr Eéndengdandradaepon t he
rotor by the stator is a function of the distance between the stator pole
face andlicroridedelopglasetansieendrHithe biidst dhe bingelemests Héwmbghaadglesiare ui t

air gap. fungltl on i s, very,non-linear, S'%%dg Q&h];orcd%lf all.s. off very
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conveying surface and a second surface, which is typically driven with a sprocket or other
rotating member.

At least one cavity is formed in the body section. That cavity communicates with the
conveying surface. A roller is rotatably disposed in the cavity to rotate about an axis. A
portion of each roller protrudes above the conveying surface so that it can engage articles
that are being conveyed on the conveying surface.

In yet another version, at least some of the rollers have a rotor that is ferrous or
magnetic. The roller can have an internal ferrous rotor covered or clad with a shell made of,
e.g., plastic. Magnetism is used to rotate the rotor as the rotor passes or is located next to a
selected locale. This rotation of the one or more rollers enables a package-handling function
to be achieved. For example, the rollers can be rotated in order to divert a package from a
first conveyor belt to a discharge locale or to a second conveyor belt.

In yet another version, the roller is rotated using a variable reluctance or switched
reluctance motor. A permanent magnet or electromagnet will attract a soft magnet material
such as iron or steel by virtue of the lines of magnetic flux achieving the path of least

resistance. (Resistance to magnetic flux is called reluctance.) This is the fundamental
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The rotor can have rectangul ar grooves w apped around a cylinder in a
hel i cal fashion or follow ng another curve. The belt that the rotors are
nount ed iwocow/@7dwe conposed of an injection nol dabl e f @CTiUS201892700
exanple. The ferrite belt reduces the reluctance of the magnetic circuit.

Rot or s st cehlpbpwhadhemameelb@tit mutdd oF@ﬂaaac Thae® rE@Bisiadé cfedaRyialblovelaétahi@t Or S.
The direction of rotation of the rollers would be determ ned by the

" handedmests (VRAMskwi ssdtcbed cdugitrme nodtosKBREEs) andl sensisyof & haoheid gator.r ot or
grooves. The flux would initiallyconcentrate in the front of the rotor, and
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belt velocity and the transverse velocity generated by the rotor. The rotor

coul d behapeofohe asionissagh dfat, peitdnmst ihalteroatrs bewiead ragichsalf dyngeonenled and
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different geonetries. The rotor could be’in the formof a steel strip

t wi st ed raothakdn haverits she angltrotor comirdpiixel drml fldtenédpuh. dhe secbodsmbydiowink ed
steel spring nounted on a plastic rod with four turns. The rotor could be
in the fOE RSt HEnEPN eeklys dilingatHeee TdweldRia rewitched redygiancedaqiptisng in

three pqles,.The rotor coul.d be.in the formof t teel rods tw sted
toget her 5l 1y PR R Gaul ML) Rlod SR BEFert Ol AR
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could be in the formof a ha urn steel rod roller with four poles. This

rot or arapengeneag. prepent ondrollad)ge asperfhacentanamet @or qavntihu@lseopetaton). magnet s
to operate on, resulting in snpoth and efficient operation. In one
enbodi neldts isthgbasisdaethednagngtiepliyaciugtedyslltior m of a plurality of magnets,
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mounted in a conveyor belt on an axle or bearing so that it would be free to rotate. The stator
would be fixed with respect to the conveyor frame and would consist of an array of either
permanent magnets or electromagnets. The force exerted by the stator upon the rotor is
proportional to the square of the magnetic flux density in the air gap and the surface area of
the pole faces.

The force imparted upon the rotor by the stator is a function of the distance between
the stator pole face and the rotor pole face. This distance defines the magnetic circuit air gap.
This function is very non-linear, so the force falls off very quickly with increasing air gap
length.

The rotor can have rectangular grooves wrapped around a cylinder in a helical
fashion or following another curve. The belt that the rotors are mounted in could be
composed of an injection moldable ferrite as an example. The ferrite belt reduces the
reluctance of the magnetic circuit. Rotors would populate the belt with selective control of
any row of rotors.

The direction of rotation of the rollers would be determined by the “handedness”
(clockwise or counter-clockwise twist) of the helical rotor grooves. The flux would initially
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roller can be a conbination of a ferrous or magnetic roller and an outer
covering, casing, encapsulation, or cladding of plastic or other

non- naghewoeormetoesosal . The present invention provi des aPogtusoaofdoors00
conveying articles that enploys a conveyor belt driven in a first

di rect i adnceht@tCiONMENHOHt dI&hd rdtHIC hidl @R RItSRSHInORolNaeddt iditNelotatngh dfol | ers.

The diverting rollers are noved with the conveyor belt to traverse a

magnet i ondiimiuech {lex depsitpteaviiag fromahe fronboftthacttedthrengh trdlgmledcki Theenbesl | er s

t hensel ves are nade of or conprijse magnets-in iich case the magnetic field
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nanel y e directron conveyor t tra e magnetic coul d

accel er afegcitfaae ey @iRveRE vBlbakegdideatéOby BleSrojorThe method is conpl eted by
di verting one or nore objects fromthe conveyor belt using the diverting

rol | ers. Rot athengtarheuldibeent iohgn pohy et mtan thew npr besiedivad wetliynmpveaehadd vert i ng

roller about _an axis that forns an angle with the first directjon, the
di r ect i sRNBPlgsEIsthey BRRsIOVeHRE EFcpEdenf prraangt sptorHheseyrting worldds dehTHE

DRAW N Fo. h | f L nat | d t
I e I T e A et e

descri ptdbls 0.0B36 ah ab&N 007Gtk P Mhdvink Bndikgicl PIn@idp gaﬂs@%ﬂmpmmﬂt&u l'i ke
reference nunerals denote |li ke el enments and wherein: Fl 1lis’a

per specttbvevaiigywobfoadn enbodi ment of the apparatus of the present
invention; FIG 2 is a perspective view of another enbodi nent of the
appar at us of RHerssrabeftade §oBaE voide varigy of helicahshares vsing gidlessd gepairighew of

an enmbodyent,, %%Lﬂh%ee ix?ﬁ%%f‘r% U3 2 Qe sgg%ev(nt%%%n&h%a;l]ﬂ\(uelg Qotof !:o%ld {%ﬁ Ptk
partial perspective view of an enbodiment of the apparatus of the present

i nvent i GBim Gk SlooBell SoffedPd] kBlinPRLERRAIINEPINItRWo @ i o8 TREAL. TBRLo1Bf t he
apparatus of the present invention illustrating a single angle roller belt;
could be in the form of a rod of steel with three one-quarter turn cuts resulting in three

poles. The rotor could be in the form of two steel rods twisted together a half turn with two
poles. The variation of reluctance with rotation angle is very high and this results in high
torque. The rotor could be in the form of a half turn steel rod roller with four poles. This
rotor arrangement presents a large surface area for multiple stator magnets to operate on,
resulting in smooth and efficient operation.

In one embodiment, the magnetic field is in the form of a plurality of magnets, each
magnet having a width that is preferably about equal to the width of the pole face. Each
roller can be a combination of a ferrous or magnetic roller and an outer covering, casing,
encapsulation, or cladding of plastic or other non-magnetic material.

The present invention provides a method for conveying articles that employs a
conveyor belt driven in a first direction. The conveyor belt includes a section having
diverting rollers. The diverting rollers are moved with the conveyor belt to traverse a
magnetic field (or a material that is attracted to a magnet if the rollers themselves are made
of or comprise magnets—in which case the magnetic field travels with the rollers). The
magnetic field rotates the rollers in a selected direction, such as generally transverse to the
first direction, namely the direction of conveyor belt travel. (The magnetic field could
accelerate, decelerate, or brake the rollers.) The method is completed by diverting one or
more objects from the conveyor belt using the diverting rollers. Rotating the diverting rollers
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FIG 6 is a partial perspective view of an enbodi nent of the apparatus of

the present invention illustrating a dual angle roller belt; FIG 7 is a
partial pEOogpwctrsse vi ew of an enbodi ment of the appar ara3/uskomioe7spe esent
invention illustrating a rotor; FIG 8 is a partial perspective view of an

enbodi Neiah cOmptiberodpal @ath divettidtd@ilpr @8enhn hbay it F@mhsianldagleraith i@ fast ot or ;
FIG 9 is a partial perspective view of an enbodi nent of the apparatus of

t he pr esbrectiomilendiremionlof belt fratdlng a rotor; FIG 10 is a parti al
perspective view of an enbodi nent of the apparatus of the present invention
illustrating a rotor; FIG 11 is a partial perspective view of an

enbodi ment of tharARRALKEAN CFGIPEEPERAL NIRRIGPIHE DREIIRINY a rotor;
0} 0} 0}

FIG 12 is a perspective Vview a portion an enbodi nment t he

apparat us of mna rerRsaidetMRIMd SMhEhSturd 3bjests dhdexRandeds Herspreditve Vi ew
of the enbodinent of FIG 12; G 14 is a fragnentary view of an

enbodi menverdiont fe¢erappahatlddediadtth grefoBseimg demmiledtdeemiptiohGead 5 ¢@junction
perspective view of an enmbodi nent of the apparatus of the present

i nvent i oith hedollagingdrawinggeaigpin Iedptetrnsnndmerahedeiofeiislenaip et ment  of

t he app%ﬁérig%, of the present invention. FIG 17 is a schematic plan view of
the al ternate enbodi nrent of the apparatus of the present invention; FIG 18

is a partial merspecdyRciiieVeRfof thenmdblipidabereRnpeaiams tef plebarappar at us
of the present invention; FIG 19 is an expl oded perspective view of the

al t er natievenoodi nent of the apparatus of the present invention; FIG 20 is
a schematic end view of the preferred enbodi nent of the apparatus of the
G. 2 is a perspective view of another embodiment of the apparatus of the present

invention;

FIG. 3 is a partial perspective view of an embodiment of the apparatus of the present
invention;

FIG. 4 is a partial perspective view of an embodiment of the apparatus of the present
invention;

FIG. 5 is a partial perspective view of an embodiment of the apparatus of the present
invention illustrating a single angle roller belt;

FIG. 6 is a partial perspective view of an embodiment of the apparatus of the present
invention illustrating a dual angle roller belt;

FIG. 7 is a partial perspective view of an embodiment of the apparatus of the present
invention illustrating a rotor;

FIG. 8 is a partial perspective view of an embodiment of the apparatus of the present
invention illustrating a rotor;

FIG. 9 is a partial perspective view of an embodiment of the apparatus of the present
invention illustrating a rotor;

FIG. 10 is a partial perspective view of an embodiment of the apparatus of the
present invention illustrating a rotor;

FIG. 11 is a partial perspective view of an embodiment of the apparatus of the
present invention illustrating a rotor;

FIG. 12 is a perspective view of a portion of an embodiment of the apparatus of the

present invention;



present invention; FIG 21 is a schematic end view of the preferred
enbodi nent of the apparatus of the present invention; FIG 22 is a
schemat i cwendiwioggesof the preferred enbodi ment of the appanstus/oofsot he
present invention; FIG 23 is a schematic diagramof the alternate

enbodi ment of FIGhE3 8RRk PdHESd Perdpb@iRINESLBE tHeRWMAHI R tHROWE.NY; @ magnetic
analysis; FIG 24 is a schematic diagram of the alternate enbodi nent of the

appar at us of HRlGel4is esmgmentare nievoof, anFdnthodbentsof dhecappruattis df thg paasenf t he

al ternate enbodi nent of the apparatus of the present invention; FIG 26 is
a schemdbfY&@t@Pagram of the alternate embodi ment of the apparatus of the
present | nventEof 0 (RS LAMIQL of SLALSEnIRAY fie ShESLLANK 2. BLogK di agram
FI GS. 27A an 78 afd pé’rfl al perspeclpl ve Vi'ews of TRh 8rbodiient. of the
appar at ygvafiiohhe present invention including a bidirectional rotor; and
FIG 28 is an expl oded view of an enbodi nent of the apparatus of the
present i nventlGoly is acthwhaty tlaraniswert siee dtevigate embodioddné psthDRppda &l of the
DESCRI PTI ON OF THE I NVENTION FIGS. 1 and 3 show an enbodi ment of the

appar at UdesPt tWeniesent i nvention, designated generally by the nuneral 10.

Conveyor bel t ,apparatus 10.is used t forma, separation or acceleration
funct ) on on FGREREde i dioal B8Y Pt Sy RoSERBETS A5 aPbo 6 Bids' 10
enpl oys deRet inveReyor 12 constructed of a series of rows of one or nore
belt modul es, such as the nmodule 18 in FIG 15. Each of the nodul es 18
provi des a plHiGald iy pattial pkispecive Viewl hethe altbrens: éddbaalimentrof thagppaedttis of
rollers, meaning that they are arranged to accelerate articles parallel to,
or in |ithePise, INYedioli recti on of belt travel 46. In-line rollers rotate on

13 i gl t he di Al f |t t . In Fl 15, h
ol Tor 21 excantl FABRYBHET PRy Fs I pheb B gt intce 22 of the
modul e 18, Blls §fRe pRsddtRfvdebh; rol ler could reside entirely above the

upper
FIG. 20 is a schematic end view of the preferred embodiment of the apparatus of the

present invention;

FIG. 21 is a schematic end view of the preferred embodiment of the apparatus of the
present invention;

FIG. 22 is a schematic end view of the preferred embodiment of the apparatus of the
present invention;

FIG. 23 is a schematic diagram of the alternate embodiment of the apparatus of the
present invention showing a magnetic analysis;

FIG. 24 is a schematic diagram of the alternate embodiment of the apparatus of the
present invention;

FIG. 25 is a circuit diagram of the alternate embodiment of the apparatus of the
present invention;

FIG. 26 is a schematic diagram of the alternate embodiment of the apparatus of the
present invention in the form of a stator module electronics block diagram;

FIGS. 27A and 27B are partial perspective views of an embodiment of the apparatus
of the present invention including a bidirectional rotor; and

FIG. 28 is an exploded view of an embodiment of the apparatus of the present

invention including transverse diverting rollers.



belt surface or could extend past an opposite bottom belt surface 14. Each
nodul e 18 has links 29, 30 provided with eyes 27, 28 for connecting to

anot her rwoubw/10786 nodul es 18 can be identically confi goaras2@en27500
connectable end to end in one colum or side to side and end to end in a
series of rows of nmodupgsanrEDEsaRiyTION @FHHERAYNPRIGer n. Several rows
of nodul es such as the nodules 18 are connected end to end to forma
conveyor beIﬂHGSTlmniﬁduhvan@abeﬁnmhemhhahppmﬁumméﬂﬁqmﬁ@mtnnduﬁ®s connect
to the I|nks of the next row of ules. Pins 15 can be used to connect the
li nks of eélr&@aﬁeéﬁewaﬂxﬁéy rhermgﬂ%;ﬁl %Gpﬁ‘éeryor Bolt apRRratye AY ifg'seh & REERIM:?
conveyor, hel e links 29 are jojned t 30 al on
opp05|teegmag% © mxgerhon|ﬁF%OPPHf|Emk%ﬁﬁ”t&“%ngléqggfg a¥wﬁ%ﬁq1es or rows
of nodul g% aﬂd@ué’\ldé?ndﬁlb PEX bePEHVEFort10 HRGHIBLCOANVEWES o8It ol dne HAhofRIPI €,
the links 29 of nodule 18 coul d be hingedly interlinked with the |inks 30
at the oppdsed, eudnd tbé maduleddnhiFg@l15npdul e so that openings 27 and 28 are
aligned. A hlnge Eﬁ@ 15 could then be placed through t he al i gned eyes or

openi ngs 27, Hn?(Hll‘Fﬁ I¥errpeides ¢ BMT@‘FW?FQ ls&1 Hd ke ép ké%%irar?eﬂ i
exanpl e een in FlG with th ut er of. the
rol | er rbé’jtnﬁ\(}lé%fs'f orh IP% {‘Pé’t {i veearﬁad‘rgs%éo a“elﬁg"é%ar ISfB PasY %8&“ ifhy

magnet i ghf hgbdicampalk 'tﬂagelfé%olﬁllﬁle%ﬂé@%tﬁﬁé &fax@wﬁérﬁenMImOQE@ dﬁn@cnon
per manent magnets or el ectromagnets, or fromthe stator of a variable

rel uct andeelbtaoel. brFl6. siebdhetler Bl axodraln G@nnobelt cavity té-hhal p3st aa uplper al i ty of
magnets 40 is shown in spaced apart positions. The rotor 20 of FIG 3 is a

f our - polssrfipes Frof ﬂé%l@‘h)dblﬂ 18 I%Whgnub%q leshiaroler Wld rraidggprely abpre thyeppgsol e 41

hasa pol.e, fac en arly along the axial

di recti dt ﬁh&PﬂgﬁE“FBP' eéﬁqga gmb %ﬁEW%“ngﬁ% W?léace 42 can be of a

wi dth 43 thatgicf ndlRI 1850 @inKt S, t3b rW@éJ‘w‘ﬁﬁ g‘f-;s & FRARCInAtin Q) drRfinegl Of
FIG 15 has a rotor 20 and an encapsul ation, ¢ladding, covering, or coating
of a nomodilal THeanedhiles 18adan $uddentisalpt @sifigaredl ahdapanaidbdnend foeendanvayor bel t
nodul e 18 and ot her nodul es are advanced in the direction of belt travel

46. The qqhgﬁ@pgsid@t%ﬁiée pukend *@n?@é i p deriestoh sows ahiapilpgs, mf@rahiydulaé@icmy

ign: ra;\r)lﬁagt sﬁ\léerllall rlo‘r/]v% OE Pnlold% es suc as tLQ meo C?ep ﬁgla?é[ (%(Ijmg:(gec? end to end to formngl)dUI €

conveyor belt 12. In such a case, the links of one row of modules connect to the links of the
next row of modules. Pins 15 can be used to connect the links of one row to the links of
another row.

In forming the modular conveyor belt 12, the links 29 are joined to the links 30 along
the opposite end by hingedly interlinking end to end a pair of modules or rows of modules
18 with other modules to form a conveyor belt 12. For example, the links 29 of module 18
could be hingedly interlinked with the links 30 at the opposite end of an identical module so
that openings 27 and 28 are aligned. A hinge pin 15 could then be placed through the
aligned eyes or openings 27, 28.

Each in-line belt roller 21 includes a rotor 20. An example of a rotor 20 is seen in FIG.
3 with the outer periphery of the roller removed for illustrative purposes. Each rotor 20 is
rotated by a magnetic field emanating from a plurality of magnets, which can be permanent
magnets or electromagnets, or from the stator of a variable reluctance motor or a switched
reluctance motor.

In FIG. 3, a plurality of magnets 40 is shown in spaced apart positions. The rotor 20
of FIG. 3 is a four-pole rotor, each pole being designated by the numeral 41. Each pole 41 has
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magnetic field (illustrated by up and down arrows 45, 45 in FIG 3 for two
of the magnets), the rotor 20 of each roller 21 falls under the influence
of the newyoeviociofsoel d 45, 45 and rotates. The nagnets 20TArseosatsoonary,
positi oned under the nodules 18. The rollers 21 nove with the belt nodul es

18 in thepdd rREU2.dhe Phralel pledkbterkBlindatly ARGREh Sxihll Bledtiddofthi got5r. Wh bhe t he
rollers 21, the pole face 42 of each po?/e 41 of rotor 20 aligns with a
magnet cmbyalimentsthe@old facd42Gande of ews ddf 43rtharie tlsowegualds thynatdell 44sf @ ows

47-54. As shown by the osite directions of arrows 4 nd 45", the
pol ar i t yn&Fnet hd ‘ﬁ?ﬁ@h@t %fOFi‘iet Brhaspdstor 28 and anergrrdgaion. ﬁ%da@;gf PVefiRg §tot or 20
has reacéaggnaéotpaol%{s%g&%&nmggﬂughE%})ﬁstéllcl has aligned with a row of magnets

desi gnat e row e magnets Inrow 51 are attracting a pole 41 of

the rotor 20 [s8Q@pbhdbntthe cs0ke9br R Boddie A aBASHM HbIUNE aFBINRhSe D tRE T OW
51. Continued forward novenent of the conveyor belt brings the rotor 20 and

its rol |drec@dn piobedt tppsi 46. Ghe nivghetp KB erspdshimned uodempbk eraddlirgtbepiosodulen 55 in
FIG 3 to align with the magnets in jtinuedforvvard novenent
i

) g 40 row 52. Con
of the d&foBpEHNpHIInYine sejiers 2] withengpsulaed totory 84 iAsi pRodelei AtV aseyifent

with t hem%%ag%i?]tcﬁﬁ]igtr]a{ea\lﬂé%%i&}n%ﬁ&]nozglﬁlg]?ﬁ%]ls %i%fz;rkhi% LR éoﬁlt%ﬁg%k %herngz%l 154 (Zall di n

t he conve (0] uence O e nmagne

producedhdyotbN®) sredaetctle ORI Mh& thd thiREAME Qhe RBEReticTRIBAS 45Thntihe
direction of belt travel 46 to propel articles 11 atop the rollers forward

al ong t hetaesl The b GS:ts 20 andtadiopliywp eaiiddrtedrunglrbideimehtlesofS. Therdlppdylat us of
the present invention, desiggn.at ed generally by the nunmeral 16. The conveyor
bel t appBpat tikh ife hedt mediges B indhe direstion@f 98PYi4%g function on a package or

article 11. | tﬁe%a 2ét'tE'englggﬁgt}lsgv(qﬂﬁgietmﬁ&gaﬁ,a&g %aljé aceerérlelo?ggchapa(.)frl(lt ﬁls(%fegel t

conveyor 9 and a second conveyo I'S arrang to recelrve I C

from t hgofdri Taligﬁis'Wﬁb( Q rma%-netT cﬁlemiig'x{e% 40CRIMEY 9 roRs &P %’ghét@ %r@d&ig%t%liia'fsy of
nodul es such as the nodul'e 17 shown in FIG 14. Each of the npodul es 17

provi desoarspgl+idals slyoverd byathe appesisaigbipatibnngf arodvwetssantiots’, Thepdhiligre ti9 ar e
diverting rollers, nmeaning that they are arranged to rotate in a direction
obl i que B85 Plertitesr AR 1o tarel rladi$ oh thsfrops| 2P hes gpghedsppositien igi Whigh png

0Lt RS 5 SRRl RS gy 2y nunberof metera

The magnets 40 in row 51 are attracting a pole 41 of the rotor 20 so that the rotor pole
41 aligns with the magnets 40 of row 51. Continued forward movement of the conveyor belt
brings the rotor 20 and its roller 21 to a position that places the rotor pole 41 at position 55 in
FIG. 3 to align with the magnets 40 in row 52. Continued forward movement of the
conveyor belt brings a rotor pole 41 at position 56 into alignment with the magnets 40 of row
53. Consequently, the in-line belt rollers 21 in the conveyor belt 12 of FIG. 1, under the
influence of the magnetic field produced by the magnets underlying the conveyor belt,
rotate in the direction of belt travel 46 to propel articles 11 atop the rollers forward along the
belt.

FIGS. 2 and 4 show another embodiment of the apparatus of the present invention,
designated generally by the numeral 16. The conveyor belt apparatus 16 is used to perform a
diverting function on a package or article 11. In FIG. 2, the conveyor belt apparatus 16
employs a first belt conveyor 9 and a second conveyor 8 that is arranged to receive articles
from the first conveyor 9.

The first conveyor 9 comprises a plurality of modules such as the module 17 shown
in FIG. 14. Each of the modules 17 provides a plurality of article-supporting rollers 19. The
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di version, sortation, singulation, alignment, and orientation. In this
exanple, the diverting rollers 19 are terned transverse rollers because

t hey rot ave 20ro/m78bbr ecti on transverse (perpendi cul ar) t ecrhus2diooersve on of
belt travel on axes parallel to the direction of belt travel 46. Each

t ransverigRerdily aret diﬂ@'tiﬁ? lrbi®srs, ha@XiceRAISthb P alartadigOdl @hroddle HoPEirediBAVEYI N
surface 22 of the nodule 17. In FIG 14, the diverting roller 19 is shown
ext endi niplighevepdrhendipger tosudifeatien 2Pbeadf traveb4erddha ldevettingrvdlepsagve thelbettt om
surface 14. Articles supported atop the rotating transverse rollers are
pushed |t§% ernabilify et TR RUIPRY et Ponding BaFtEsBiE Pdurhe

ransveQﬁgagb¥g£ﬁkg??g§kﬁﬁﬁm$dﬂ%%ﬂm@%égﬁéﬁﬁ&%oﬁﬁﬁthﬁ@?mgﬁ%h§£¥$$%% e an

coul d resi entir ove the pe ace. I'n formng dul ar

conveyorrol@k 9 Are thim&btrdvarse rplQiriBctati® thbykiatdbn alasgidnhearkp@esi te end by
hi ngedly interlinking end to end a pair of nodules or rows of the nodul es
17 and vpetpeodiaelar)ripdhd disection Hobett trineel oo avesymralleéia the diredgrorecdetilteyvel he
links 25 of the nodule 17 could be hingedly interlinked with the |inks 26
at the dPpbRhtEneyRisofivarinsdaiies 10 rterae in & tBEPUshan URs! epRRYRgSUdacerid 24

are ali . JAhinge. pi co : I [ h, t i d eyes
or “opent o BTSN, 1 PRSI 3o B SRR Rt E o LR 8 e
rotors 3hirfadB223#Ghe haWAIA 79RU AL /b dtoe QeHLE 1heAiierk kyppracedoptndr al i ty of
rotor poles 57-60. The magnets 61 in FIG 4 are placedpat an angle relative

to the rrotating3thpswhsrsellensiase Birshied labiafpedrowd drid dththediett@atad i ooffedsbbedlt 8.

travel. The magnets 61 of FIG 4 are angled relative to direction of belt

travel 4@ trasyeiee divegingdeligreydreed nprexing past dg\pafedssuirice fid enuldeasidsn of

bel t tr%%%kﬂ46? th magnetic field traversing the conveyor causes the
rof Ters tof

el surrace. . .
transverse ers otate and push conveyed articles toward the side of

the first conkey@hingfck Akf meBtAr LR e| GHRAVRYINROTVEY Nindt to Thks PRERAE $heoul d
be positioned under the conveyor belt by a nmechani cal actuator, providing

means f arppeeiteatd wehiygatiabdtenigkingl dnerto eod atpaorf nfedGles28 rehowsthenedules
construction of a roller 123 in a conveyor belt nodule 121 having siX
par al | ell7c@adwitlegthgpmodylish imiosd thecqmyey e hedick Foreammbethe inkgZaof ds. A

2t “oach i) o Bsbieedl mEDNRe BT I 2 SRR PPN Yl S b ey

at each ef ave pp ends ot er

%LGS 12804056 thadtife JRAREL ¥3 hEE 84 ¥RAlibRe AN BhgbBRES bald then bEBIAat ors 31.

through the aligned eyes or openings 23, 24 to link the modules together.

In FIGS. 4, 7, and 28, the rotors 31, 36 each have a spirally placed or helically placed
plurality of rotor poles 57-60. The magnets 61 in FIG. 4 are placed at an angle relative to the
rotor 31, whose axis 67 is aligned with the direction of belt travel. The magnets 61 of FIG. 4
are angled relative to direction of belt travel 46. As the first conveyor 9 in FIG. 2 advances in
the direction of belt travel 46, the magnetic field traversing the conveyor causes the
transverse rollers to rotate and push conveyed articles toward the side of the first conveyor
and off onto the takeaway conveyor 8. The magnets could be positioned under the conveyor
belt by a mechanical actuator, providing means for selectively enabling roller rotation. FIG.
28 shows one construction of a roller 123 in a conveyor belt module 121 having six parallel
cavities 122 elongated in the direction of belt travel 46. A transverse diverting roller 123 is
received in each cavity. End walls 124 at each end of the cavities have holes 125 to support
the ends of roller axles 126, which are loosely received in axial bores 127 in the rotors 31. The
rotors are received snugly in bores 128 in cylindrical peripheral shells 129 of the rollers 123.
The peripheries of the shells are preferably plastic and coated with a rubber or elastomeric
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rotors are received snugly in bores 128 in cylindrical peripheral shells

129 of the rollers 123. The peripheries of the shells are preferably

pl astic amo o0wamesdbewi th a rubber or el astonericl ayer if phirgiseetofoeised i onal
contact with conveyed articles is needed. Voids between the rotor and the

shel | mayyder Kiphdrgd cttdrial céht @@ intithN@nCepgaGkiAE ek nbédddet oitls bBtvased thagsort 0 seal
at least the ends of the roller in sanitary applications. FIG 5 shows an
obl i que adidvtbe shabignayobd eiledawith g conmmedrpr fitled motH ard @pe bt el 8leasbt at es
about an axis 67 that is oblique to the direction of belt travel 46 to push
articl esﬂ‘%ﬁrt‘%S qfélf‘%\&?]&“é‘nsémt%rﬁ’tapé’}m%qo&ﬁt across the conveyor belt. As the

conveyor _advanees el e LKA A NDORLANRLOLLURIPR ALud LA Y of

magnets 37 that each forman acute angle wt e axis e magnets 37

ar e al sQogidsamgacaroblid SBat © obligudtotREHir@dtioalof Bl fratdlay @ pudhbrfitic b&h a

dual angle roller belt arrangenent provides an upper roller 38 resting upon
a | ower fpordrdrang9eft hianigimagctdse theaioovey®t belfhes thpperveyot ddrangds, theestonot have a
rotor; it rotates responsive to frictional engagenent with the |ower roller
19' . Theotpssermdepthedpilyiica pba plugality of Bi3gps ¢ &@? pRBLPEM 2B AR ANgIBNEE ol | er

19' and . | icl i c n i i h
Gireat R RRRERRL rUb LR GBI aR GRIRBGN e TRLLAR IBEORALS RHIEDE
have t 0 £xi£BAg1PaSier bER al8hdenSert PRAGIEH F3pet BART 38 rdsAAG upSn h lowdol@nt act
the upper roller. In FIGS. 7-11 and 27, other configurations for a rotor

t hat i s 19ahaviod thenoton3l.iThe W@heorolldr §&dodsmyt hatd erotddit avtetes eppansivata he
rotor 36 of FIG 7, the sgi ral poles can be wound cl ockwi se instead of
count er drigdusl ersagement vk ghe Igwer reilies 19 Thariipnes relleg selates it e opgedite 36 to

rotate i, 2y bf &L AR hational Aineshlon. Lrom Lhe rotakepakioflpsehion of
t he rotor eﬁ_uL OYTA ancil 2 shdw B Bi di recti onal FTrotor 95 tharPis a

conbi natih @R GkectiBR oEbALKNI I 86 IR bxRAAIEShE DIl dRE ndf hdtle@ elterld t he
countercl ockwi se spiral poles in the rotor 31 of FIG 4. The result is a

pl ur al i tpasiothe telrooa-eyhrapadfapohdohgees cdil drand thealfetr astiend- shaped pol e

faces 114 separated ily intersecting clockw se and countercl ockwi se grooves
115, 116. ForlndXapp-&l ansb}% othge eanfigruations fam rojardhat ig pacof ghin-lineA 4rn FI G

27A form.a singl ment ed count er ch ockwi-s ole like one of th

cont i nuglcBbER By 3 SR 60 FOrRLShrSEEIe Bou pptRs 00 ebe 115p
113B, 11RRkwadnddDf Bufdefelok(Bsd RNk &oSsNTHE a%ﬁaﬂ%@rﬂ%ﬁdcaﬁéé%%é/‘fo%@r Fabe
| i ke one of the continuous clockw se poles in the rotor of FIG 7.

rotate in a different rotational direction from the rotational direction of the rotor 31.

FIGS. 27A and 27B show a bidirectional rotor 95 that is a combination of the
clockwise spiral poles in the rotor 36 of FIG. 7 and the counterclockwise spiral poles in the
rotor 31 of FIG. 4. The result is a plurality of diamond-shaped pole faces 113 and half-
diamond-shaped pole faces 114 separated by intersecting clockwise and counterclockwise
grooves 115, 116. For example, pole faces 114A, 113A, 113B, 113C, and 114B in FIG. 27A form
a single segmented counterclockwise pole like one of the continuous counterclockwise poles
of FIG. 4. And pole faces 114C, 113D, 113B, 113E, and 114D in FIG. 27B form a single
segmented clockwise pole like one of the continuous clockwise poles in the rotor of FIG. 7.
With underlying magnets 117 oriented as in FIG. 27A, the rotor rotates clockwise 118 by the
interaction of the segmented counterclockwise poles with the magnetic field produced by
the angled magnets as the conveyor belt advances in the direction of arrow 46. With
underlying magnets 119 oriented as in FIG. 27B, the rotor rotates counterclockwise 120 by
the interaction of the segmented clockwise poles with the magnetic field produced by the
angled magnets as the conveyor belt advances in the direction of arrow 46. The direction of
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Wth underlying magnets 117 oriented as in FIG 27A, the rotor rotates

cl ockwi se 118 by the interaction of the segnented countercl ockwi se pol es
wi t h t he wagnmyioesobi el d produced by the angl ed nagnets &€Tiuseolooenseyor bel t
advances in the direction of arrow 46. Wth underlying magnets 119 oriented

as in FliGor2dBtioh bn 4168 18 refOsed BSeaeh BRLRN 5] QRAUEISE tHe2Qnbyy dribelt imter act i on
of the segnented cl ockw se poles with the magnetic field produced by the

angl ed rrhmqemsola]sosutheo awow dgorhuse¢danvagwdrlie withrrotlére hdving dhdse hidifecagmradw 46.
The direction ofrot rotatlo?ri can_al so be reversed in each figure by
advanci AT hecsiieE 5 deTarTes et 71 otPRIPPIAAT PEAPEE AT G 6.  Thus,

C0”Veyorux%%h&%g}’}%ﬁs&ekoﬁﬁxfélé‘ %g%ﬂ&?&ﬁ@hﬂ&&%ﬁﬁ%ﬁﬁghmé Al rb% f%%%l‘ pe used

to divert ar to el y appropri at ngeme

under | yidgldmgnedtsniciilg oad k& RoddpRsn dnabliff mbhes dmdﬂt&dﬂwf'@lﬁb iRgnet s my be
fixed or could be nmechanically oriented, providing an enabling neans of

control d)fectlbleamcbtl’atabryghdpamgq: bhdlaemuionkpén@bynt he package 11 direction of
notion. In FIG_8, the rotor has a pajr of heli callé%wound nmenbers 62,

63. In FIG 9nHu fhytgfords hﬁgasawfhﬁtféﬂy BRURdVRHPess fre OP-daIHY: % Stered
of St 1ol A ohaEER i Shéfeodrorhpb8 @Bl BahABnERLRSpRALPR, 1SS °3

hel i cal |tz napadiRbapReHbsteld FShe I2rdRBwhIn SROW. ROFI. PN $hfotd 35 is in the
diverting-rol ler arrangement like FIG 5, except with el ectromagnets 39,
39" nourfoed obmhelidally ehfdiplatpbace of permanent magnets. Each el ectronagnet
i ncludes an iron core 97 around which a coil 96 is wound. Pole faces 99 of

the electr onﬁdﬁét@ aged 3shevinosiins af |aréévetrﬂ@g Bollea aprapgenett like £ &r wrecAint
magnet s I1nh (%‘o 5%%1%%0%9 %t}]e moun?%i;(%é l dslatcebg} C{an%{s’lgst ;?%wg Oﬁgghs 36 of

the belt" ers va ces e romagnets

The mag rb@éc'tr%nfa%ﬁétdﬁdﬁa&ddﬂﬁ% Qe 91‘1§roﬁﬁg Q\%@n AR BB SRIuBAt PUIE kate SRS fGhZ €d
and de-energi zed as required. FIGS. 16-26 show an alternate enbodi nent of

t he appaflatiosmaghets hee prséient likatentdlofacesdd shgpatredegenagretd iv Bg. 3toe nuner al

70 in FIGS. 16-17. A plurality of base(%ates 80 support and form part of
stators Hfﬁé@qelrwgﬂjﬁa lélélﬁ\‘iléf\}é?‘uﬂﬁéﬂte romre; ofjtge hplrallerssthawatsastpe bely st at or

| ayouts. adfvgncea pa jfﬁé elgcti %J{eF%?%h% Iy eglc%leﬁ at Odltl(% %I ttbons Ial‘é[:tso aerfaengs 150

lai d out resy 58hgIM"&Yor” for a
gener al | ¥egfivedy Qtlﬂstrgﬁb&j 8nd Qe-8hd@ized as required.

FIGS. 16-26 show an alternate embodiment of the apparatus of the present invention,
designated generally by the numeral 70 in FIGS. 16-17. A plurality of base plates 80 support
and form part of stators underlying a conveyor belt. FIGS. 16 and 17 show exemplary stator
layouts. In FIG. 16, a layout 73 provides stator positions at openings 130 laid out for a
package 11 with a high resultant trajectory angle or for a generally straight side-to-side
motion as indicated schematically by the arrow 72 in FIG. 16 when used with a transverse
roller belt as in FIG. 2. In FIG. 17, a staggered stator layout 74 is shown that could be used
for lower trajectory angles. In FIG. 17, the arrow 75 schematically illustrates the direction of
package 11 motion. In FIGS. 16 and 17, the arrow 71 schematically illustrates the direction of
conveyor motion.

The conveyor of FIGS. 16 and 17 provides a conveyor frame 90 having edge portions
76, 77. Each stator base plate 80 can be provided with the stators of switched reluctance
motors. In FIGS. 18 and 19, two rotors of two transverse diverting rollers and two stators are
shown as an example of a switched reluctance motor formed by the stators and rotors. The
plate 80 could be populated with stators to control multiple rollers such as, for example, up
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notion as indicated schematically by the arrow 72 in FIG 16 when used with
a transverse roller belt as in FIG 2. In FIG 17, a staggered stator

| ayout 74wO=08bomect hat coul d be used for | ower traject @cy/tsagossisoo n Fl G
17, the arrow 75 schematically illustrates the direction of package 11

ot i on. tbRixbEs. Tie taBE plhie SotdtR cladsteworkkyschaiabi aad bioviddsusdchatied t he
direction of conveyor notion. The conveyor of FIGS. 16 and 17 provides a

conv ey orsuppargordathasdresyBe 8y 85 pohich tarmivle in7dpw Edcfhcing avlerfadzade2, pi&164.80
can be provided with the stators of swi tched reluctance notors. In FIGS. 18
and 19, p?hﬁ&ﬁ%?%tfé%ﬁﬂ?%@lﬁ#&ﬁ?@éﬁéﬁém&ﬁvér@?%etﬁceﬁx %)?%(?%{WSE Meteehtors are

shown aﬁ}f??id-?m‘%}“g@ﬁiggf§1‘éjf+a§m§gcflgxl-”(:t ance notor forned by the stators

and rot he p cou e populated with stators to control

nul tiple rol lAMSGSUshnasgy, thede X B8EPkEe lauith&ed ktdreblegIstatelinRIBASLHP! at e 80
attaches to conveyor franme 90 and provi des nechani cal support for stator

cor es 83oll@4Th8gatonhircshruceomindd be mydupwap thdt aoy ngmpet & rbleesodldde 103,
104. The base plate 80 can be constructed_of |am pated, magnetically soft

(f er r ousrtrierieaPNY deghieavinedh af thecoryrypath Trerofithetwagreier eorrt v n FI Gs.
18 and ]1%? ethgggs[% g%@ 86?%? LAL§e RIS "ﬁ#(fquhe%tc%%eﬁge;agv%g%%% %}1%%%1 ;hg;g!rlrsg&ey}tﬁggh

roller. construction cou e no at an

rol I ers eupsle BReAGhHRE6LeANAlIN BRYopARIE @, li LNl @ld bRBv&ANNEY@er diftor TWO
of the three stator cores nmount into the base plate 80 as seen in FIG 18.

The ot hgroles@3e348Eith Wit jpdle fasesdrotamed beldlv Gnd DB setiit bhef dinl dpettéorf debsrdttiat ar e
received in the openings 130, is sandw ched between the outer stator poles
83, 84 vilt ¥ (Rils Posad hearesntent BYlen bebigwidhaberrrthaitreseivep e ee-dihedi rect i on

of the rot.ors 81,, 8 Coiql.s .86 can b d o n bobbi.n with a bore
Chat o DHEE Ratny 38 paldiad sf3nd 208y 40N AR Bolltd BUBIPRLRL MR 2 DOLE

84, 85 GafteR®s POLETILAGLAR RSBt ORI BIbRNEHR pfEperMdParifaiand
retainers 105 that are used to obtain the proper nechanical registration.

Depi ct edegintritids. 20 is a front view of the conveyor belt 70 with the rotors

81, 82 at a rotation agl e of -30 relative to vertical. In FIG 20 each
ri ght hand stldtrdeteh) BGE 8eis arfomntivievapf ihasenvgyenbelt fovh tiyerogfrs 8hSR af ot or

o1 5% TR I B AR eSS 1k
aligned with a pole 106 of each rotor 81, 82. The right hand pole face pull would be
deactivated by stator control circuitry. The center stator pole face 104 would be energized
and would attract the rotor pole 106 to a 0° position relative to vertical as shown in FIG. 21.
The left hand stator pole face 102 would then be energized and the result would be a +30°
rotor angle as shown in FIG. 22. The above sequence would be repeated, resulting in a
continuous clockwise roller 81, 82 rotation with twelve energization pulses per revolution
for the four-pole rotor. And the rollers can be rotated regardless of whether the conveyor
belt is moving or stationary. The order of the sequence could be reversed to achieve
counterclockwise rotation of a roller 81, 82. The magnetic circuit for this arrangement is such
that the field lines act axially along the rotor 81, 82 through one rotor pole and two stator
pole faces. There are always two stator pole faces of each phase below the rotor regardless of
belt location.

FIG. 23 shows a magnetic analysis of the magnetic circuit of the switched reluctance
roller arrangement of the present invention. The path for most switched reluctance motors
acts in a radial direction through two rotor poles. The path for the switched reluctance roller
arrangement of the present invention acts in a longitudinal direction through one rotor pole.
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and would attract the rotor pole 106 to a O position relative to vertical
as shown in FIG 21. The left hand stator pole face 102 woul d then be
ener gi zedweandiwtegsosesul t woul d be a +30 rotor angl e as PODWS2010/0E15@) 22.
The above sequence woul d be repeated, resulting in a continuous clockw se

rol I er 8ihe Mgeat atik @mCLﬂ&ttef\frbﬂﬁdﬂé%t&ﬁdiep’(Qé Ziadou@h thiilos®So Re hdjaM@ktatdron for
the four-pole rotor. And the rollers can be rotated regardl ess of whether

t he convayoand&hen regirmeihiregghothe ba@tpﬂ@tﬁ@OyAn Thé (bmcu@erlemﬁnitmlyg@mp]@neéthcouI d
be reversed to achi eve counﬁercl kwi se rotation of a The

magnet i cm%WEa circyiiis shejya T %Caﬁa mer Paatdie i ¢fdhe P]I‘félsft{“%ﬁ?rioﬁ E"H%% igned
aXI al l y 2911 }Qelee%Elglrl oﬁgelt tgzgveli E'(g %g Pes???the%a%wegpélﬁcuﬁﬂ[grrﬁ ?JB% hep0| e

faces. are a st at or aces eac ase rot or

regardl aﬁlslcmhewotvem&mg@ Bf thEIUGre ﬁemoas&aga@hgﬁ @aal(msm haﬁd bhe
magnetic circuit of the swtched reI uctance roller arrangenent of the

present denteerstatoncordehie qualtthe bage orﬁﬂ&tUswrts@hEcthe bhaeqtlan e Tettoopaasbs in a
radi al direction through two rotor poles. path for the swtched

r el uct arfPSnretanglese ﬁwg%éa&%%oﬂa%tq%@* WPB% At enea%léﬁi foRrodetesoRRpsie poles at

| ongi t udj [ on through one rotor pole. The magnetic flux circul ates
from ongeagl?giﬂgf&%%é' through the rotor to an adjacent stator pole, and

then returns AQ&QH&BCuﬁ%rak}a%etmlsaht%h&@relma&&\om&Iamahgerﬁé&r&me Pagdnysi s)
pl ot of the magnetic circuit is shown in FIG 23. The bar 87 at the top of

t he pl otinventiohés steivor inddGe24aln djviddalailabieyeniergizdiebyddni eotli¢aronat shel s t r avel
46. The rest of the ma netic circuit fornms a U shape, in which the two
verti caldapidrd BFeng. e eyjlsSeonteatingatos raeddr o e3 ?rleéﬁ‘ﬂueﬁlgﬁ]&’ PR¥aiedfi® hand

or centey) at.or _cor and. t a footehe Ll epresent s+t he base.pl ate
0. " The b e B BRI S R S RS Bl RS 3t or

ener gi Ze&'—(@—CB MIORBUGE 9IS {RnRPLIBSvALe RARILAPOl e face 103. A schematic
di agram of the switched reluctance roller arrangenent of the present

i nvention i s Bloewiol wilkdr&e c24uit 10foAHIGUZH cacabhpriae eveirelegerrdeat byitdres Y@
el ectronics such as depicted in FIG 25. The coils 86 on each stator core

84, 85, @ Bhasesidipheidd arifdpingrt Gled2 andAVB) ko wra e Rige windiag frOfIma ¢ ot or
pol es 88, 89,

Bo- o2- orat purdfeily B el Bl PP SRS E R B ch e
108 of RhMa VBOMRRR SQURA iSSuItMOoH REREPE&N ot M@Vf\/p(pulse—
width-modulated) signals (PWM_A, PWM_B, PWM_C). The diodes (D1-D6) catch the
flyback voltage from the phase winding when a stator coil 86 (L1, L2, L3) is de-energized.
The drive electronics would detect rotor 81, 82 position based on generated flux, which is
proportional to the drive current. This could all operate under a microprocessor control,
such as that shown in FIG. 26. One processor 110 might control a single roller 81, 82 position,
a row of rollers, or an entire array of rollers, depending on the motion requirements.

FIG. 26 is a block diagram illustrating the operation of the switched reluctance motor
roller. This arrangement of the present invention is flexible. One or more stator coils are
selectively energized and de-energized through the coil drive circuit 108 by a signal 109,
such as a PWM signal. The control CPU 110, which may be a microprocessor, communicates
with individual stator control modules 111, for example, one per stator base plate, over a
serial bus 112 linking all the stator control modules. The serial bus includes a transmit line
(Tx Data) and a receive line (Rx Data). The control CPU transmits command, control, and
data request signals over the serial bus addressed to each stator control module 111. The
stator modules respond with status, diagnostic, and other data, such as instantaneous coil
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each phase. H gh side switching 93 (M, M2 and M3) powers the phase w nding
froma dc power supply 107 supplying a dc voltage (DC Supply), while the

| ow si de wai200hiorgy694 (M4, Mo, Ms) to ground is pul sed Pom/usetion2zspeed
control with PWM (pul sewi dt h- nodul ated) signals (PWMA PW B PWC. The
di odes (datreBB3s Madstbed higitd doylbtle Wobit age I fragwhehd baf el @PIianG ovkeRata
stator coil 86 (LI, L2, L3) is de-energized. The drive electronics would
det ect raonbpl @the 8lspositaiedne bdswllesrns genaregt bdlivifluxd coikh$cdanibs cpnigpldect | onal
to the drive current. This could all operate under a m croprocessor
cont r ol , " &qEHePaed pRGHITSHIGROY Yrep eortatipn. ey sleguslP PId AN et rol a
singler r.ow_of e W f
roller s,a%1 é%%ﬁ%aﬁaﬁﬁaﬁa?eﬁgkﬁg? ?%t%d’rl'eedlﬁ%rpe}{ﬁlgiﬁ%ISCTOEEIC%B&%EG?%%&D eﬁlr@g{gg%?cggr am
|11 ustr aebiigg bigacOPRY Ak OV eQbr friife et £1006 cartbdihnBRG R IR kO WAR dndlcouibhi S
arrangenment of the present invention is flexible. e or nore stator coils
are sel detmeztlyyindeendentad balh dpatd- Ang bgli nedithtdnconigdl letpth coi ¢asdy bve circuit
108 by a signal 109, such as a PWM signal. The control CPU 110, which may
be a mi CPBPBYEEsTHstatebRts Ret BedwRt FONsHYFNS YD the gnet copgrittions mada gPes
111, for_eg I ne r_.st ri | i nki ng
a1 the sTRTRofs A6 R Al o) BRE: B ThE o RYET o BREN B iifuddfsq dle (T
Data) and tig theGRiathdel 1R CR¥eyldRbal 70 JWE VeI Fldller kefohdid FNBEULSredQPIRASH
control, and data request signals over the serial bus addressed t0 each

st at or cortmadyedpdides Widildd ofpérates tra¢roonmodonsds:tw egpiba dhosivddr sttterts wsquld

di agnostic, and other data, such as instantaneous coilcurrent as neasured
by its d8iie @rmyeniegtiogngl Prows tq theskiter digse citchis axshtortbe neptaéein coor di nat e
control of the coils.to rotate th elt . .rollers as required. 1ndividual
ol s 86" can BEVEb L AP Rh Set R B P B e A o

sort at i q@ilerks @ lthOmagRdtREW-akil ol RAGoLIBRSTBErs el Al DEAGRSRN € t hat

t hese non-contact, i.e., no physical contact between the belt rollers and
beari ng curégdestidles. Foreexaopke ylor mhgatieallyopgeyat iotlas coakl heausedind dgue ettler n
software and could be nostly independent of belt speed. Any belt w dth or
cont r ol PBergoRele RN ESHEIHY alsENYRYIeF Bg}ﬁ@éavenﬂm cgipvysF betbitgedf. Dad shaodarsar
construction with the inner conpections de.gn.a.circuit. board that is a
part of FRABhss BrAD B0 e P U ST ot feRoat Bhbodiib eds o
tile theoales MAGess 4 REARINAYRA Behde with ﬁh‘é?ﬁet!‘fﬁi @R ENyBF iRk 3L EQANdBE the
desired trajectory of conveyed articles woul'd operate. I'nterconnections

bet ween g sfodubgtetis halt@ia toumidrekct with metallic elements strategically located in the

frame, such as in the positions of the magnets used with non-magnetic rotors.

All measurements disclosed herein are at standard temperature and pressure, at sea
level on Earth, unless indicated otherwise.

The foregoing embodiments are presented by way of example only; the scope of the
present invention is to be limited only by the following claims.

What is claimed is:
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route communi cati on and power to the stator drive circuits and to the next
stator. In nost of the exanples described in detail, the rollers were

arti cl e- swpporwionggér ol | ers. But the nagneti cal | y-dri venpPcolusesis/oesoé d be
rollers that do not even contact conveyed articles. For exanple, the
magnetical ly-driven rollers could be usgthihvs drive other rollers or

el ements within a conveyor belt, or even the conveyor belt itself. And the
rol | ers lneddonetyomecmpsiaingl y ext end past either outer surface of the belt.
As mentioned the rotors could be made of a netallic nmaterial for use with
magnet s i nacprveyonhadiltaving apkudity obuildrde made of a magnetic material to
interact with netallic el enments strategic | ocated. in th

N |1 ) frame, such as
i the. post frasRebareld raSi s B Ibs oy i PG et s g troie rofip to

measur enent s _Qi.sGhos&diesEHL 1 AEs. at standard tenperature and pressure, at
sea | evel onzkgrth, ug?es;qrngﬁgéied ot herw se. The foregoi ng enbodi nents

are preseniednbyyoray irPdlaigxampkriPHeYolldr e RERRStRE withert RagSQRtpdidvention is
to be limted only by the following clains. What is claimed is: CLAIMS 1. A

conveyor3. campnigion@s iraclgion¥ eyereibetpohaairagelmapl ural ity of rollers; a
magnetic field passing through the conveyor belt and interacting with the
rol | ers 4 oAdPpEetor ahi ¢l whgreyt themolas@irg Bpegr 2. A conveyor as in claim 1

wherein the rollers ingl.ud otors with at |east.two es. 3. conveyor
T crhi mSRnar & i T S el e Ml e SR AR OBL SPoxd o Sl e >

wher ei n th@mﬁ@&%ﬁm?&%ebhﬂ@@ﬁyoéw5@h9@ﬁﬁ&% eﬁ&ﬁh&m&kéﬁ%&?p%@ﬁk%& Lhed
rotors have clockw se parallel grooves and countercl ockwi se parall el

grooves i npbleebetween tiphgoowes. i ntersecting to provi de segmented pol es
bet ween the grooves. 6. A conveyor as in claim2 further conprising stators
under | yithgAtdevesigejorlaipet furfies gereprigng Retaragnéeheng thelcanesyer Pel m ng
SiLLCred, S UELBRSE. TRLACS 4T Rt i SEONGUDly F R B30 ©
7. A conveyor as in claim 6 wherein the stators include coils and wherein the conveyor
further comprises a coil drive circuit selectively energizing the coils to change the
magnetic field.
8. A conveyor as in claim 1 comprising magnets spaced apart along the conveyor and
underlying the rollers in the conveyor belt.
9. A conveyor as in claim 8 wherein the magnets are electromagnets.
10. A conveyor as in claim 8 wherein the magnets are permanent magnets.
11. A conveyor as in claim 1 wherein the rollers are article-supporting rollers.
12. A conveyor as in claim 1 wherein the rollers are in-line rollers.
13. A conveyor as in claim 1 wherein the rollers are transverse rollers.
14. A conveyor as in claim 1 wherein the rollers are oblique rollers.
15. A conveyor as in claim 1 wherein the rollers rotate to push conveyed articles atop the
rollers along the conveyor belt.
16. A conveyor belt as in claim 1 wherein the conveyor belt advances in a direction of belt
travel through the magnetic field to cause the rollers to rotate.
17. A conveyor belt comprising a plurality of rollers having rotors with poles adapted to
interact with a magnetic field to affect the rotation of the rollers.

18. A conveyor belt as in claim 17 wherein the poles are helical.

19. A conveyor belt as in claim 17 wherein the poles are linear.
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further conprises a coil drive circuit selectively energizing the coils to
change the magnetic field. 8. A conveyor as in claim1l conprising nmagnets
spaced apaotoslomyet he conveyor and underlying the rol | @C3/useomwioe7sconveyor
belt. 9. A conveyor as in claim8 wherein the magnets are el ectromagnets.

10. A conyay@hvasoribbltal #l dRith Wheh&k thh €otoRIICE SlodkwisP phrBBibovRaRat s.  11.
A conveyor as in claiml wherein the rollers are article-supporting

rol | ers. 1l12ounterclonkeisepamdlel grooteiimbkingreipbieried ihterseotihgtsprareleisaghemed
rollers. 13. A conveyor as in claiml wherein the rollers are transverse
rol I ers. 1BOlepbeiyigeRIRSISI88VESn claim 1 wherein the rollers are oblique

rollers.,,15. A conyeyor. as .i laim 1. wherein the.rollers rotate to push
conveyed'an By EETERYSE PR kTP R e s B rRited IR A Sohveyor

bel t as Jonacdolb ol bR GE B daik'E WRAVENAE rfIRkd arRGY.-BRE RSN @ direction of
belt travel through the magnetic field to cause the rollers to rotate. 17.

A conveyBr Abehveyoiplt asimndaien 11 whakirt the ofllerodre dragstrasd nofersot ors wi t h pol es
adapted to interact with a magnetic field to affect the rotation of the
rol | ers.2418 copvessriveljar inpdaim Fswherewy the wellers stk obbaye toHerspol es are helical .

19. A copveyor bel s in.claj wherein the poles are linear.20. A
conveyo%bg‘l Ctomé%yolr%G@F%%nrﬁl?fl?aiv@%%?rnc "' or s have cl ockwi se paral | el

grooves and  Gounk gl hﬁgﬁlgg S%éggt%/gxhle‘ﬁ:inl&rd%%ﬁﬁt%—em t%] REhT 2 ARSI ES ch

intersecting to provi pol es between the grooves. 21. " A conveyor

belt as in clhbdald lompasial a bolig sétibhek®naing fasnt b Clr@e8HRPOEIONG eh@lid Bles. 22.
A conveyor belt as in claim 17 wherein the rollers are in-line rollers. 23.
A conveyor balitechgn pibedl tadviel; 17 wherein the rollers are transverse rollers.

24. A conveyor belt as in claim17 wherein the rollers are oblique rollers.
25, A convBlEreibRIebods sioBIoRARETS SPHF CRRI® BB IBFlHges HcuWrY g sBfagsel t

%gﬂ: - Cgi ngegl, dAoRl Ll Rice gy?@s@ﬁetﬂq- ceo%ge;%]iﬂg ;s&rfgée?at‘i&{'é\’ SHca ok op&it
nmprising a body section extending®froma first end to a second end
in the formed in the body section and a roller rotatably disposed in the cavity to rotate.
26. A conveyor belt as in claim 17 wherein the rotors are made of a magnetic material.
27. A conveyor belt as in claim 17 wherein the rotors are made of a metallic material.
28. A method for conveying articles, the method comprising;:
a) supporting articles atop rollers in a conveyor belt;
b) subjecting the rollers to a magnetic field;
c) rotating the rollers in a direction of rotation with the magnetic field; and
d) propelling one or more articles along the conveyor belt with the rotating rollers.
29. The method of claim 28 wherein, in step (c), the rollers are rotated with magnets.
30. The method of claim 28 wherein, in step (c), the rollers are rotated by stators of a
switched reluctance motor.
31. The method of claim 28 wherein the magnetic field is selectively energized.
32. The method of claim 28 wherein linear travel of the conveyor belt produces rotary
motion in the rotors.
33. A conveyor comprising:
a conveyor belt having a plurality of rollers, each having a rotor and an axis of rotation;
a plurality of stators positioned to couple magnetic fields to the rotors of the plurality of

rollers and form switched reluctance motors with the rotors;
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direction of belt travel; wherein the body section of at |east sone of the
nodul es i ncludes a conveying surface and a bottom surface opposite the
conveyi ngveunfoawegoeat | east one cavity or opening forne@Crastee/obmdy
section and a roller rotatably disposed in the cavity to rotate. 26. A
conveyor b@lhereds tHetoRérBafl bAtroN&d By thetshBiched AllGctAi@ mdtdR t8fodtemBoneihkR
material. 27. A conveyor belt as in claim1l7 wherein the rotors are nade of
a netallic netxes ofabtatid8.as Aearetltwo dnf@mtadhy ewgngicdiddspredycadis thret hod
conprising: a) supporting articles atop rollers in a conveyor belt; b)

subj ecting tH@“FBPFéﬂ@*W&eé“ﬁ&@netic field; c) rotating the rollers in a

directi f rotation with the magnetjc field; apd {Q ropel li ng one, or

Tor o ar (1 RESMETBH S MHO® B0 BDBE THDF ST e He b S AGE B oPEsyo36eit The
met hod of claim 28 wherein, in step (c), the rollers are rotated with
magnets. 30. The method of claim?28 wherein, in step (c), the rollers are
rotated by stators of a switched reluctance notor. 31. The nethod of claim
28 wherein the magnetic field is selectively energized. 32. The net hod of
claim 28 wherein linear travel of the conveyor belt produces rotary notion
in the rotors. 33. A conveyor conprising: a conveyor belt having a
plurality of rollers, each having a rotor and an axis of rotation; a
plurality of stators positioned to couple nagnetic fields to the rotors of
the plurality of rollers and formsw tched reluctance notors with the
rotors;wherein the rollers are controlled by the switched reluctance notors
to rotate about their axes of rotation as the rollers encounter the
magnetic fields produced by the switched reluctance notors. 34. A conveyor
as in claim33 wherein the stators are | ocated underneath the conveyor

bel t.
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