CONVEYOR BELT APPARATUS AND METHOD INCLUDING MAGNETICALLY ACTUATED
ROLLERS BACKGROUND OF THE TNVENTION 1. Field of the Invention The present invention
relates to coMOSPAP/BEIBES more particularly to conveyor belts having rollers B$3E/BraVISE A Erial
handling functions such as product diversion, sorting, singulation, separation, orientation, and

acceleration. More patrticularly, the present invention relates to art improved conveyor belt apparatus

that employs @YY QR IHckTaetl Yol rEUigah Poth M d e I QLS AIA¥&d YhateN&THEAIIY function.
2. General Background of the Invention AQJaaVd? BéMsldB®used to move articles, packages, food
items, machine parts, and 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-hangdligrianetiongassociatad; witkrernneyor belts. Patents have
issued that are directed to conveyor belts having special material handling functions. Some patents

listed below use thadh@ btheldecesaveyor down in turns or for tracking (i.e., keeping it from sliding

to one side or theﬂglth rrg.s The TABLE isa Iisttingoof exgn?j%h?s of su hIQauelnt d(‘t)cuments. ré sIisting is
e

t
. ) ent invention relates, 1o, veyor $, more particularly 10 conveygr
in numerical order. O herwise, the order oﬁlstlngnha no significance. The Hlowmg 'S, Patent

Publicatiomhs are; indtnpatateot hrerkimayeréfeienden MO 2D1E/40FBE6R CAUU SROAEIR2 00N EABLE US
PATENT Nsicljlgﬂﬂa_’lc_i(l)ztk,sssegalzra%ég%rientation, and acceleration. More particularly, the present
invention relates to an improved conveyor belt apparatus that employs magnetically
actuated rollers that rotate to perform a selected material handling function.
2. General Background of the Invention
Conveyor belts are used to move articles, packages, food items, machine parts, and
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:



3,179,240 Belt Conveyor and Magnetic Training Means 04-20-1965 4,892,186 Clock Conveyor
Provided with a Plurality of Entrainment Members 01-09-1990 5,394,991 Conductive Material Sorting
Device 03-07Q 908/600%%,896 Chain Conveyor Track of High-Grade and LRX-GFadel (33
07-11-2000

TABLE
US PATENT NO. TITLE ISSUE DATE
3,179,240 Belt Conveyor and Magnetic Training 04-20-1965
Means
4,892,186 Clock Conveyor Provided with a Plurality | 01-09-1990

of Entrainment Members

5,394,991 Conductive Material Sorting Device 03-07-1995

6,085,896 Chain Conveyor Track of High-Grade and | 07-11-2000
Low-Grade Plastic

6,129,201 Curved Element for Magnetic Chain 10-10-2000
Conveyor and a Conveyor Comprising
Said Element

6,155,406 Magnetic Guide 12-05-2000

6,494,312 Modular Roller-Top Conveyor Belt with 12-17-2002
Obliquely-Arranged Rollers

6,510,941 Device for Sealing Lateral Edge Areas of 01-28-2003
an Endless Conveyor Belt

6,968,941 Apparatus and Methods for Conveying 11-29-2005
Objects

2007/0221472 Systems and Methods for Diverting 09-27-2007
Objects

7,360,641 Conveyor Belt Having Rollers That 04-22-2008
Displace Objects

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.



6,129,201 Curved Element for Magnetic Chain Conveyor and a Conveyor Comprising Said Element
10-10-2000 6,155,406 Magnetic Guide 12-05-2000 6,494,312 Modular Roller-Top Conveyor Belt with
Obliguely-ANWAhYEH/ ROHrs 12-17-2002 6,510,941 Device for Sealing LaterBCEAFRIAYE3Z58H an
Endless Conveyor Belt 01-28-2003

In another aspect of the invention, a method for conveying articles comprises: (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.

In yet another aspect of the invention, a conveyor comprises a conveyor belt having a
plurality of rollers. Each roller has a rotor and an axis of rotation. Stators positioned to
couple magnetic fields to the rotors of the rollers form switched reluctance motors with the
rotors. The rollers are controlled by the switched reluctance motors to rotate about their axes
of rotation as the rollers encounter the magnetic fields produced by the switched reluctance
motors.

In another version, the modular belt of the present invention provides a series of belt
modules hingedly interlinked end-to-end to form a conveyor belt. At least one of the
modules provides a body section extending from a first end to a second end in a direction of
belt travel. Hinge elements are provided along a first end of the body. Hinge elements are
also provided along a second end of the body. The hinge elements of two belt modules are
interleaved and connected typically with hinge pins. Each of the modules includes a first
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

3



6,968,941 Apparatus and Methods for Conveying Objects 11-29-2005 2007/0221472 Systems and
Methods for Diverting Objects 09-27-2007 7,360,641 Conveyor Belt Having Rollers That Displace
Objects 04-FO20081BREF SUMMARY OF THE INVENTION The prestAt/BYNGA7PYBvides a
conveyor having a conveyor belt with a plurality of rollers. A magnetic field Fassin‘g through the
conveyor BEinAR 20t Rith RavoREL 6 TRREs PrReFalferEhese motors are called variable reluctance

motors (VRM’s) or switched reluctance motors (SRM’s) and consist of a rotor and stator.
Motors are described by the number of stator poles and rotor poles.

The stators have electromagnets arranged in a circular pattern, and the rotor is made
of a permeable material such as ferrite or silicon steel. There are no wires in the rotor. The
shape of the rotor is such that, as it turns, it alternates between regions of dense metal
(poles) and regions of air. The electromagnets in the stator turn on and off alternately so that
one of the rotor poles is always being attracted to the stator, causing rotation.

Switched reluctance motors are inherently simple and efficient. Any rotary electric
motor can have its stator and rotor unwrapped and flattened out. The second embodiment
of the present invention employs a linear motor. The stator of a switched reluctance motor is
basically unwrapped and laid out linearly to propel a rotor with the proper geometry near a
stator. The rotor can be activated by the stator with either an electromagnet (for controlled
operation, e.g., computer controlled) or a permanent magnet (for continuous operation).
This is the basis for the magnetically actuated roller.

The rotor could be encapsulated in plastic or similar wear-resistant material and
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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In another aspect of the invention, a method for conveying articles comprises: (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 MU/ WitBlthe magnetic field; and (d) propelling one or more ZGEES2816/43 74 conveyor
belt with the rotating rollers. In yet another aspect of the invention, a conveyor comprises a

conveyor IseRavitg & Skt of FoferSoEaeH FoflérHaB airatuioatar i B romtion. Stators
POS'UO”e%%ﬁ%{ﬂk?fm%ﬁgﬁ?g'ﬁlg%ﬂ hefqter %rQH*&?tﬁ%'%%P%H}bﬁggt?Qﬁ% ieluetafIce mgters with

the rotors. The rollers are controlled by the switched reluctance motors to rotate about their axes of
rotation asotteeatoliersleoounted theamdgneticdigid dgregued dvbylthdesavitdne dhretuetamoenmotors.

In another version, the modular belt of the present invention ides a series of belt modules hingedly
intorinkec RO G b LGRSy LRICRL St Dh B BB AL ANl section
extending q‘,@g&i@,fgﬁa g@t{@l@@g@ag&q@, igeaqur@gtigntgg bglttravel. Hinge elements are provided
along a first end of the body. Hinge elements are also provided along a second end of the body. The

hinge elements oThﬁ@b@ﬁmdé@@graar@fiﬁmréa)o@éraw%wﬁéé@@ﬁmbdﬂymmg@%md Each of
the mOd”'%éﬂ%%'l‘l‘é’c?ﬁs%ﬂgﬁg%%’%é{%Qﬂe%f%%ﬁeee?&?rQrégﬁcr?&%ﬁ%ﬁﬁe ‘é’éﬂeﬁ'ﬂﬂ% WBlﬁ%"é!eq{%ﬁn with &
ember. is fo b

sprocket or other rotating At least one cavity is formed in t odly section. THat cavity

communicptesidithithe tenygybetpsunfiate bAltalier ss ratatabdyrdisposdd imthig €gviby teaotate about an

axis. A portjon of each ré)ﬁl‘:é?r grotrudes above the conyeyin?i; surface so that it can engage articles that
é

are being 88RVEYEAIR RUEYING d0kA 88 magipt it A SRtV S0P o YeA B sy i iietollers

have a rotgsthatigeierspusa@s. 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 Belettednbearadrrisirstativilof s iyrd belimdrehrolteresermpidsranpgeratperisandling

function tofs aohieved. farSxampls, (e rollars sar feqtated . ardgndo dvert apackaggrom a
first conveyor pelt to a disc arge locale or to a second conveyor belt. In'yet another version, the
roller is rotated efsingoaclaiaiite seldtipricg aicwitehed sgluctancel motorfoArpernsafiratonagnet or

electromagnet will attract a soft m%anet material such as iron or steel by virtue of the lines of magnetic

flux achievifg'th JRfRofEaR R Ltk el ctRdtidine 15 Mg eSS fakdneidditte.) This is
the fundamgniatrNUQ,20 L/ LATRAGRGTIHS201Q/92¢0R principleLy ydaich Mmamy: glaGlig metors

operate. These motors are called variable reluctance motors (VRM's) or switched reluctance motors
(SRM's) airdlepnidistvetiatiotop ant stanor. Widtopsadice dastriiset byigd andhibes whuttadr bigles and rotor

poles. %?%%F?fﬁésro*@%o‘i{?&ﬂgmﬁ??&%&‘[{ ”H%Eﬁ {08 S }%51_981[{%%%”%&@%;; éé’.ﬁ;ﬁiénade of a
permeable material such as ferrite or silicon steel. There are no wires in the rotor. The shape of the
rotor is suebtthat;rasgturmnispit eltetnategdeaiweenregionsof delkseametiabpeles) apdreegions of air.

The electroma%net‘s in the stator turn on and off alternately so that one of the rotor poles is always

being attrdER B R SSRLIh ¥adishfigiFBtaRsEation-Switched reluctance motors are inherently simple

and efficient. ADMﬁQiﬁ@éﬁl@S&ﬂﬁlEﬁ%Fﬁ{e%ag?ﬁWﬁ ﬁ%lét%tﬁ{ aRdJatpsun @99%%@%@%@{&1@}9“'[- The
second embodiment of the present invention employs a linear motor. The stator of a switched
reluctancemagtmt izaving 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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basically unwrapped and laid out linearly to propel a rotor with the proper geometry near a stator. The
rotor can be activated by the stator with either an electromagnet (for controlled operation, e.g.,
computer cORQEEHIGBY permanent magnet (for continuous operation). ThRCIEW20BYE Y} the
magnetically actuated roller. The rotor could be encapsulated in plastic or similar wear-resistant

material afelrROMREEE iFP B dBA vagd Abektls aplkkrPer badng $ethaewd arele fdeths fiedte. The
stator would, be fixed with respect fo,the conpveyor 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

and the rotor pole L8 FH SO SRRHeL e T ABNL CHOAM A SE0, ThA Tnson s very
i ’ h - o i ) | e h
peocr;alr?ge Lﬁ;rsg;)rctosﬁgr\%v%%ﬁﬁ%%@j%&;d?%dgé%f gﬁﬁgﬁca faihgi%ﬁ or folloe\i/\%%sggglr%{?gsﬁ/e.?ﬁe belt

that the rotBrsaiermsitistdrrcouid isehedripbsde b aininjestitng eteraplione Frfsl 43 amjeratisple. The

fetite bet (A5 15 Flycianss oL Mmmamnate sisut Rls weuld senulats e helywin selecive

control of any row of rotors. direction of rotation of the rollers would be
"handednesgbéf@lackwise or counter-clockwise twist) of the helical rotor grooves. The flux would initially
concentrate in the _front of the rotor, and the pelt motion would result in the I(%%tion of maximum flux

density moving frofT th& Rt AL ForsrY ?}bﬁ%@‘fﬁiﬂ?g&@ﬁﬁaﬁﬁﬁ{%}s BFESHE (mounted in

tandem) apd the helt speed would determine the maximum duration of motor operation. The resultant
velocity would be the vector sum of the belt velocity and the transverse velocity generated by the rotor.
The rotor could bBloné isfadreaesive rotors tharda behedividoaly bewersdeardot dhtrpiksdrds they
pass overlth‘(;elqﬁgg,re electromagnet stator. The coupling would be high, provided that the gap between
the belt and stator oil can be made small (e.g., between about 0.025 in and about 0.075 in). The
magnetic field intefGSity isarpbeidypanpeallycadjustechfocraatietyrobiahd sipparatRotdrbcprebentmade
using a wide variety of helical shapes using different geometries. The rotor could be in the form of a
steel strip ERHERPS half turn. The rotor could be in the form of a loosely coiled steel spring mounted on

a plastic rod with ﬁ@.@%'&%ﬁhﬁl ﬁ%%"p@@ﬁ% bR in shefermd adided &ftﬁ@%ﬁﬂﬁﬁtﬂgr%ﬁ@ﬁfgé@@er turn
cuts resulting in three poles. The rotor could be in the form of two steel rods twisted together a half

turn with twyention;

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;



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 surf¢e HERIfgBultiple stator magnets to operate on, resulting in SRdGIRZAMITHEeNt
operation. In one embodiment, the magnetic field is in the form of a plurality of magnets, each
magnet having a Wieith3tiaanisppetsted peatnsat sgtimiotibamatroeitsa & ifack? Each roller can be a

combination of a fggroys,of magnelic oISL.ang A auler soveing, casing. ericansuiation, or cladding o

plastic or other non-magnetic materia The present invention ptergxr/)f%les a method for conveying
articles thahempglays 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 materidl fhal14°APAEIRE D & HEXGREL T HE ORI il Tsetpes At THALY Br5Bbmprise
magnets-iRwhigh,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 traVéfz-(thie arshreticifieldtoigd attuielitmalecalbratienartiofdke tneatiiers)) tve
method is corg&lfted Iqyodliverting one or more objects from the conveyor belt using the diverting

rollers. RoPartEing ﬁlévglvértlhg rollers 5 can comprise rotating each diverting roller about an axis that

forms an angle witlGthe firstsdiveetiein e dicectiothehhethtriavehBRiln EnDESRRIFPEIGIN SQF thé E
SEVERAL VIEWS OF THE DRAWINGS For a further understanding of the nature, objects, and
advantageRreFtHe Bredeivinvention, reference should be had to the following detailed description,

read in COUJ'U”CtiQiKJWii@ H‘Q 15911981’ iﬁ&ﬂi@éﬁ%%e%ﬂ%ﬁ{'@ Aﬁk&ﬁ%ﬁ@'@ﬂﬁ@d@%@ﬁr@%}% £riike slements
and wherein: FIG. 1 is a perspective view of an embodiment of the apparatus of the present

invention; the [FiGe1R isepéespective view of another embodiment of the apparatus of the present
invention; - FT e 3 fs 8 partial parspective yiew,of an mbodiment of e appargis,of the present
invention; FTC. 4 iS & partidl perspective view'of an embodiment of the apparatus of the present
invention; apparatus of the present invention;
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.



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 oMA&PpedEBinvention illustrating a dual angle roller belt; FRETUR Gl 83710
perspective view of an embodiment of the apparatus of the present invention illustrating a rotor;

FTC. 8 is a partial perspectivelRfidi:bifahldrtbddimEANIPtherap PardthsldPNe present invention

lllustrating a rotorg g lG,4%i%,3 partial %@%?%P’(% ﬁ%%vé’g’ﬁa%a“t&%??ﬁér%?e%%ﬁi 1he.apparatus of the
present invention illustrating a rotor; IG. 101s a partial perspective view of art embodiment of the
apparatus dfsthajpedseniialientiormd istnatisig @ @ioveyor bdbappaisianpadtialpedspaetiveview of an
embodiment of the apparatus of the present invention illustrating a rotor; FIG. 12 is a perspective

view of a pERBAIEIAN BrEGtHHHLOCH SPraPARe®T tha b et M itibifoRFrorPsls an expanded
perspective yiew:af the-epRIIIMEMN QFitGod 2 condilGredbis 2drRTTIGRIRNLYIGW 6f A rpbediment

of the apparatus of the present invention; FTC. 15 is a perspective view of an embodiment of the
apparatusopthdepregempiihentiodtle 18 in FIG. 15.

Each of the modules 18 provides a plurality of rollers 21. The rollers 21 are in-line
belt rollers, meaning that they are arranged to accelerate articles parallel to, or in line with,
the direction of belt travel 46. In-line rollers rotate on axes 13 perpendicular to the direction
of belt travel. In FIG. 15, each roller 21 extends from a belt cavity to and past an upper
surface 22 of the module 18. But the in-line belt roller could reside entirely above the upper
belt surface or could extend past an opposite bottom belt surface 14.

Each module 18 has links 29, 30 provided with eyes 27, 28 for connecting to another
module. The modules 18 can be identically configured and connectable end to end in one
column or side to side and end to end in a series of rows of modules, preferably in a bricklay
pattern. Several rows of modules such as the modules 18 are connected end to end to form a
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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FIG. 16 is a schematic plan view of the alternate embodiment of the apparatus of the present
invention. FIG. 17 is a schematic plan view of the alternate embodiment of the apparatus of the
present invehfid10/10780G, 18 is a partial perspective view of the alternate &\BASHHERGF e
apparatus of the present invention; FIG. 19 is an exploded perspective view of the alternate

em bodum@?@hf?@%ﬁ%gﬁaﬁ@@ﬁlﬁ%@ﬂw@w}@aﬂ?@}y along il pipldiredianeaticcaniPiidhontthe
preferred empogiment afdhe apparaius obing RreseMt YR bout Bl t%]tlll% @VF&JR%E%PB end view

of the preferred embodiment of the apparatus of the present mventlon 22 is a schematic end
view of therpraierrgd Iewﬂboﬁlméﬁlcmlt‘hhaappaﬁanﬁ) ahmeqmeqmimnentldaddmg: IGv@dnis arschematic
diagram of the alternate embodiment of tus of the present invention showing a magnetic
analysis; CO&‘E%?%%%@S ANRe tPn Sifernate embodiment of the apparatus of the

present inventionin opdrdifon? ehis GGt Q@&@H&E the.allernatenesnbedimentioftheapratatus of the
present invention; FIG. 26 is a schematic diagram of the alternate embodiment of the apparatus of

the pregerﬁiﬁﬁ?@éﬂﬂ@rﬁ bﬁltﬁ@ﬂﬁl@o?hesmé_nﬁmﬂméed?éé%ﬁ%mk *thi%@aawi,ing bfrit@s.d_zrm and 278
are partial f%eééﬁt%% %%%WE-HE@POEQPQFWlﬁ(‘&ﬁia‘ﬁ‘s‘%ﬁ@&?@%% 9hthe RrESENINELPNIncluding a

bidirectional rotor; an
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 magnetic field 45, 45" and
rotates. The magnets 40 are stationary, positioned under the modules 18. The rollers 21
move with the belt modules 18 in the direction of arrow 46.

As the magnetic field 45 aligns with the rollers 21, the pole face 42 of each pole 41 of
rotor 20 aligns with a magnet or magnets 40. In FIG. 3, rows of magnets are designated as
rows 47-54. As shown by the opposite directions of arrows 45 and 45, the polarity of the
magnets alternates from row to row. In FIG. 3, the rotor 20 has reached a position in which a
pole 41 has aligned with a row of magnets designated as row 51.

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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FIG. 28 is an exploded view of an embodiment of the apparatus of the present invention including
transverse diverting rollers. DETAILED DESCRIPTTON OF THE INVENTION FIGS. 1 and 3 show
an embodin¥at28t¢H878Hparatus of the present invention, designated gene R/ B§2He/RIMeral 10.
Conveyor belt apparatus 10 is used to perform a separation or acceleration function on a package or
article 11. 1AleTC 2 Rredineyisedelpgaratise b ertbyscapan sehijdredtandteEfst of a series of

rows of °”&ﬂ§ﬁ%°&9ﬁ%£eﬁ’?&ﬁ‘éﬂi§§tosbﬂ%Q&iﬁh%@‘&&%‘!ﬁa&é I 3 dRertind=ASRATINE MEgUles 18
frollers 21. The rollers 21 are in-line belt rollers, meaning that they are arranged

provides a plurality
to accelerate asticleBtparighielftopongaiigenwithethe oingotidrhehdiditfavetidos, Intihespliedsicotate on
axes 13 pef;ﬁg),endicular to the direction of helt travel. In FIG. 15, ea hﬁ(ﬁller 21 erteggs-from a belt
cavity to afll PRSI UFPER s GEEE B0 b At Mduie' 8T B DPR e NiHE s Titsr Ol FelRfe entirely

above the upRey Beltsuriacel orceudexiandnashan epRoRiaPAtamiReisUHass dde  Each
module 18 has links 29,30 provided with eyes 27,23 for connecting to another module. The modules

18 can be (Bemsesiiganfiotie diandiesrmbetabry ehentaxenddrm brld cHlambicstisitel feeKigiedhd end to
end in a serie rows 0 r [ ickl | r I uch as
the modulc T8 B R R A R G ome
row of modtikes cenrhéetlto bhEllihnkg ahthéinexihkove lbfr® dulbswhinstdibloandbe wsed tgppennect the
links of one row t%%t;\g? links of angther row. In formingathe modﬂcllg%conveyor belt 12, the links 29

are joined "R ATHY the/ oPlsbRE BRAThNGEER tevitikiig Emr i ERieR P of modules
or rows of madules A& with-ethrr-medulesta farm.a.conveyandell 1. Far sxpledhelinks 29 of

module 18 could be hinged ly interlinked with the links 30 at the opposite end of an identical module so
that openidds bansiarogdirersiignedle nAlfinged piatB5 tebditaréhede Braped s ugisl twesligédt eyes or
openings 27ﬁ2§. bob& h in-Iin§ bekt roller 21 includes a rotor 20. An example of a rotor 20 is seen in
FIG. 3 with the auter B%ﬁ?;)%‘é%‘? %fstﬁrear%g]ler removed for illustrative purposes. Each rotor 20 is rotated
by a magnetic field émanafitig fiemnaodlulalityrofegnadnréts, idkisiTar herpdrudinéatmagngtiher
electromagnets, or from the stator of a variable reluctance motar or a switched reluctance motor. In

FIG. 3, a plaRafcor A Ly ans et Y R s s pub Byl AHPpE i ST HRz Yotor 20 dhe reodis s
four-pole rpton, @ashRreIR Deing AesIg %ﬁ@ﬂ}%’&k}%@y@%@t‘ él%%@%xﬂglé 4t hagsapolafdace 42. The

parallel poles extend linearly along the axial direction of the rotor. In one embodiment, the pole face 42

can be of awidtls 43 ealdidabimgeduites! ineedidith4holinkpigridhaopRetitr 21l of Fradativals a
rotor 20 and an encapsulation, cladding, covering, or coating.of a non-metallic, material such as plastic.
I operato T bR L e B e B R S of et
travel 46. Theuwgaghetdigtcareypositiopadnydsy tediavelingbeltukodouteshd8 containing the in-line
rollers 21 with encagsulated rotors 20. As a module 18 traverses the magnetic field (illustrated by up

and down arrows %5148 fn 82l ve B thd magsirby ha sBt Dobred o Psliseb1rarsdinder the

influence 9513?91@3&11%%%%@—%5 @HQ&%@(@% dihe Pl@%%i_% fjpaéef& é‘ttéﬂ%glé( rPQsitiopeg under
the modules 18. The rollers 21 move with the belt modules 18 inthe direction of arrow 46. As the

magnetic fiefdr4H agasewitls thidsoliers@ vithéhsoler¢ésdentX btkacty goléd megreto O 20idligng with a
magnet > At B bt "rgeté8§V§f‘ﬁ%W%%9&tiér QES"ﬁrr‘s"%‘tc?%%x?%{)‘%‘@sn‘ﬁé.“z aAcfv%%‘Bé’g nPy the
opposite directiohs of arrows an , the polarity o e magnets allernates from row to row. Tn
FTC. 3, theheotiore2Oonast reaahed:ppositionimwhichia pale-4ligas aligned with@seowhof magnets
designated as row 51. . . .

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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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 WA2PHiGRthat places the rotor pole 41 at position 55 in FTC. B &#0RASMe magnets
40 in row 52. Continued forward movement of the conveyor belt brings a rotor pole 41 at position 56

into alignnertidithigher fikgivesl 20nsicon b3 oomissignstss, itenidme'ioide festidrecptha ti®tonveyor
belt 12 of B¢yt safeh s iniencs plhe mANSHBJIeld Brofuced B I mROReLsmeeHing the
conveyor belt, rotate In the direction of belt travel 46 to propel articles 11 atop the rollers forward along
the belt. thd~46E. d drddlishowsamocthengmhbadinment of the apparatus of the present invention,
designated generally by the numeral 16. The conveyor belt apparatus 16 is used.to, perform a diverting
functon on 3 packAye SPARTAE KIS St R /) ST DR RBLPAEIE 16 SHIBIey AT el
conveyor 9and/B66ONE £00¥EYRL8:tDaliiR attanged e nerelve-articles o theHimsticraweyer 9.

The first conveyor 9 comprises a plurality of modules such as the module 17 shown in FTC. 14. Each
of the mod@ras1d Braledeer aiphirigsofie e eupgutingsrBikee ey Thedy saflsdhoraier diverting
rollers, meaning that thay. are arranged to rotate in a direction obligue pr perpendicularto a direction of
belt travel %éétl'%% cfsl\eierﬁtl}%g roﬁér%ggglvg hlér%giﬁ%e ce E&I%}o%g#om%fngganigﬁtgr%ggr 0 rtnaterial
handling fuhetioingy st asgrodict divelsionrsgtdtidnigsiagulhtiatiralignmebe]and eriéntdion, In this
example, the diverting rollers iL9 are termed transverse rollers because they rotate in a direction

transverse®(BETPBACHA (3 the HIRESHuT bP BRIt dra V8 WrPSkER SarRIfErth thePaPeL farebf Y& travel
46. Each tiangyerse divestingotiar 1 sxtendls: i abtarquals astimps: aadvaying sidfase 22 of the
module 17.1n FIG. 14, the diverting roller 19 is shown extending above the upper surface 22 of the
module 17&siéPpakershetomisuithdbellovwarticiber Jdpddratacs patr rotatingtiiesuaredirollers are
pushed latgrally across And.off (e it onto.the.ouifeed Rl &, Fne ransyarse Averina gliend need
not extend past the bottom sur¥ace and couTa r85| e entirely above t e%pper surface. ppln orming
the first medthardianaueyiar belt Salinkse2hatasjeiaethte, inkso2eatotigrtte oppasitchend tbyekingedly
interlin king end to end a pair of modules or rows of the modules 17 and with other modules to form

the conveyBrbiie 8 ESLERETPIE SHHEFRRS WBHATHEAbRIE A URPEE Atligedly interlinked with the

links 26 at the opppgjtesend phal id,eaﬁ{@lm%%ﬁeﬁb%ﬂm&%mm srapchg4arpaligned. A hinge
pin 15 could then be placed through the aligned eyes or openings 23, 24 to link the modules together.

In FIGS. 4direaiie28]ltd Yatisrsha 1 sdredet ¢iave eos pivally, pracadrak raticaiy bracedslurality of rotor
poles 57-60. 'li(he. magnets 6& in F@G. re.g)laced atangngle relative 1o th[e rotor t?hl wpo%% glxis 67 is
. .clockwise Instea counterclockwisSe as in rot ajrangeme auses. the rotar O
aligned with the direction of belt travel. The magnets 81°of FIG. 4'ar ang?e relative to direction of belt
travel 46. AsdheifitstifenvayestStional irdcaidvidrcestiie toextuegtidincofibels travebds,the magnetic field
traversing the conv&ggr causes the transverse rollers to rotate and push conveyed articles toward the

side of the first conteyof arabH Britaciie RiREsWiRebirieydr 8ot irhaghlRtisutd e positioned

unde_r the cRRNAYQY Qﬁfhbﬁcﬁe@‘ﬁ%@'}l%k 3BLYARS. pr&lY&jﬂHQ J&%@&f@&l@@i%&?{ﬁ}g{ ?@@Qﬁﬂ@h‘&o”‘?f
rotation. FIG. 28 shows one construction of a roller 123 in a conveyor belt module 121 having six

parallel cavities3122 Elondatéd iestHeielirgdtioniof Yeliaraved 46apettarvdy érees divertiddebier 123 is
received in,each cavity. End Is 1 t each end of the cavities have holes 125 to support the ends
o et B B ST AN DT AR TRRRIL
received spuglycn1beyescl B8rioxaytipidripaldortpheral shiells, 129801 the roflers| 423 Tie prripbeties of
the shells are preferably E)Iastic and coated with a rubber or elastomeric 10 layer if higher frictional

contact withSEsHe s§eR e issdadt i kR e8R thi FRBREMPHRCLRRIPTRSY B #IBAIGith a
potting compagnd ot fiitedwith&nd £ans i sealmt leastiheends ot the salierin sanitay applications.

FIG. 5 shows art oblique diverting roller arrangement wherein the roller's rotor 31 rotates about art axis
67 that is ebiiqweislthedivaetionlefibelvnaveig topushradielksvirsthdorvartarddeftfdilGght across
the conveyor pelt. As the conveyor. advances, the r tes under the, influence. of urality of
magnets 28 B e B e e G e e e Tre S R i M BRI opiicue
to the direatiorofibelbtrayebaindriied Goarttial arglesqllasoeitiaRngesrett provigdesdanedaper roller 38
resting upon a lower roller 19" having the rotor 31. The upper roller 38 does not have a rotor; it rotates

responsivéhd FrglishaP&Rgaga s OmEY et rors? Toths HEFemissr YomerrotRed ihthe opposite
direction of the Iower follel. 19 And £aRRraPe! awickes Wilh 360 mPaRs R AlmeleRPRPYSHS fO the

direction of belt travel 46. In this example, the lower roller 19' does not have to extend past the belt's
conveyingtbarfateenasdond ths iegarecedtacictheisppdesolieh 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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In FIGS. 7-11 and 27, other configurations for a rotor that is part of an in-line 21 or diverting roller 19
are shown. In the rotor 36 of FIG. 7, the spiral poles can be wound clockwise instead of
counterclochVIs¥ W18 tor 31. This arrangement causes the rotor 36 to robAE WX W& rotational
direction from the rotational direction of the rotor 31. FIGS. 27A and 27B show a bidirectional rotor
95 that is AXBHBIAEABITBT e EERRTseSHIRIBJIEs i e I5or B drrtan vErid et dttterclockwise
e Pole G o AL Ei TN (EoHIe QMR LAADANGahanad-Rgla acs A S and
halfdiamond-shaped pole faces 114 separated by intersecting clockwise and counterclockwise
grooves 118014 GarHor exahpléivpdledadestd baheli3ADT 28Br ol BE, amahgidBrindElGe 27A form a

single segmented. counterclockwise pole like one of the contjinyous counterclockwise pales of FIG. 4.
AnG polo HERE HAG PSR 1 T SR GRS TG o AL Sl Elockwios
pole like opsuef thencQntintaus clackwise RRIRSHR Rerakmef Filthslo Mtingeniing:magnets 117

oriented as in FIG. 27A, the rotor rotates clockwise 118 by the interaction of the segmented

counterclogiigerpenesthtrbih Ehmiagsiede Hbrisrsgucddsyithe angled magnets as the conveyor belt
advances in the djfagtiog of af1ou 49+ Wi NG MANNETS LISSTISAAS N G278, the rotor
rotates counterclockwel;ge’lzeg;gyt e intera tglon o%b%ﬁe srggmenteyc%ckwise’ poles wikt% the magnetic

field producedri3y the anglddrtranetssasttie donieyordelb advtanceslinhe cirectioflof. 4fahwe46. The
direction of 11 rotor ro}ation can also be reversed in each giﬁure bﬁdvanci g the conveyor belt in the

direction ofs8site R3S RE TG 2oV P BERRANH RISt h B inG thedEhighE ctiolial ifors can

be used torgliverk arltjglﬁgﬂy s;;{gji,ﬂeasr'gqjggeb%‘appropriate arrangement of the underlying magnets. The
angle and position of the underlying magnets may be fixed or could be mechanically oriented,

providing an enablirg- rheand bf dontroPsfiohe ¢btading diractidlsardatrasabyttiseddekagextdpdirection
of motion. _ . nEIG. 8 the ratar,32 has a,pair of helicall ung members 62, 63. In. FIG. 9, the

th efdct 5919 SARALYDelg 2 &l IR FIG- 9,
rotor 33 is & Sy finder B4 g & Rel Iy Taraet Mgt and 68 theruon. T EIG=16! the rotor 34
has three plelasdmstead wicthédoa shawordOF KBodndmich 4 Tothe ieten3bdsinléfedarae of enbielically
shaped plate 66. FIGS. 12 and 13 show portions of a diverting-roller arrangement like FIG. 5,

except with SIHARARAYRATS BES 98 RbidRcP s Hiesa Yghn Bratu bt temdhithidgnats. Each
e|eth0ma%§&mE|H{£%%&& irANcere: 24 aRuUnd Whisha 6pih98ds wannd: Polafaces O8Lf the

electromagnets are positioned like the pole faces of the permanent magnets in FIG. 5 to produce
magnetic ficldgngratreatideseiheiome st ofthapshaiélépdderotdtsasinébanagavinoes past the
electromag&eg%v'lépee%efl %Hc aﬁgs_gﬁoducg%a%yr éhgipggnets may be selectively energized and
de-energized as required. § 1626 show ah alternate embodiment of the apparatus of the
present inventionk desighateshgenatally: iy thernbiodetalint @ bk |&pPadbel hf Anplpraditytoh bassoplates 80

support and form part of stators underlying a co‘nveé%rr1 belt. FIGS. 16 and 17 show exemplary stator

layouts. InFeRE P haRRdaly B HBviten iad? olfivhd e Gramhya t3e ibrrontase SRte 11 with
a high resyltant Kaigstory angis onien 8 senerallvsisaight sidestaside motien.asdngigatediator

schematically by the arrow 72 in FIG. 16 when used with a transverse roller belt as in FIG. 2. In FIG.
17, a stagdredsthtdifaydut Tay is1sRdwie tidg coaldrhweitedsier ioweingajettbng angles ain FIG. 17, the
arrow 75 schematically. illustrates the direction of package 11 motion. In FIGS. 16.and 17, the arrow 71
chematicB Tt A Ha S on of dorioayor o o1 4 penorh e Al 1 17
provides artotveyeliftaraeQdharingealige paiians w62k IHachsstdion baseplate 8Qwarie provided
with the stators of switched reluctance motors. In FIGS. 18 and 19, two rotors of two transverse

diverting r6ABeS Birlbagi8 StsrordaldGnlin sidssrred s By b dtis iy verbeiren hbtdisrstmed by
the statorsigng kRtorssthe Plate 80 1cotitd he POPHAt L SIAteS KO RNt wHinlg Leligrssruch as,

for example, up to six rollers. The base plate 80 attaches to conveyor frame 90 and provides
mechanicalsipgoitl forosteofrcbles- 98,84, B5 thehicty terhichteniatigplyailtifacig holdifacesm @2, 103,
104. The base eplate 8(j£). can be constructed of laminated, magnetically soft (ferrous) material to provide
a return pé&n?]oyﬁwremn%é%%etic flux. In FIGS. 18 and 19, there can be three laminated stator cores
located below eathdeliareybestalos constiuictioneotd heomadidas-smévatanymuragepofiotiers could
be actuated over any desired Ien&;th of the conveyor 70. Two of the three stator cores mount into the

base plate’80/4st6BistH FIsse BlanEtrr Peove deedhith hepstorsiniriEthedvith R Sole faces
that are reggjved i, 1e;0PRNINAS 4 3% JsSBRJYIRDE A RetwGEN dRe QST HRIOLRQIES B3a 84 With the

pole faces centered below and offset in the axial direction of the rotors 81, 82. Coils 86 can be wound
on a nylonshobinamvittesabrt that redeivas tedore: Totoe fvirmatbetitsptafdrasadtaterSAtand cores
83, 84, 85 ca bolted together using,nylon fasteners 78, nuts 79 and retainers 105 that are used to
otain the EADa) R A L o B P SR B g or pel
70 with the rotors 81, 82 at a rotation angle of -300 relative to vertical. In FIG. 20 each right hand stator
pole face 103 is 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 00 position relative to vertical as shown in FIG. 21. The left hand stator
nole face 102 woiild then he eneraized and the reciilt woiild be a +20 rotor anale ac chown in EICG 22



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 thrdiyH W d07886r poles. The path for the switched reluctance rollePaiyaAYEHEHEH the
present invention acts in a longitudinal direction through one rotor pole. The magnetic flux circulates

from one dtathf ﬁ&lgﬁ%b@ﬁﬁ@%é@ tféta?h@ﬁﬁa@eﬁv%mfofrﬁak?%&ﬁéwiéﬁa_rﬁ@qh@aif@h the base
plate 80. %5@ @é?_'!%%?@&?&t%}%lb,’%@)%%ﬁéﬂﬁim%%eﬁg‘ﬁ%&%g{gm é?ﬁ‘cé:s'%z??oel hg,bar 87

at the top of lot is the rotor pole aligned axially in the direction of belt travel 46. The rest of the

magnetic diteuibferpisadl shepecinsivoighdhé lwairverticahdegstafathesbfrépresentiwedansecutive

right hand (or Ie%t hand or ce%tzqr} g;ator cores 54 and the base of the U represents the base plate 80.
I

The two paif&'of Open e &H & TB8EToH Edils 86, each wound or energized to produce opposite

poles at each polg:faes1fBand 14\ achematis-diagranhohtheiswichesseldetancsdieoleratiangement of
the present invention is shown in FIG. 24. Individual coils are energized by drive electronics such as

depicted inFe. D5 sthioiceniasts diveaehl dtagoreardagao gmigmara skt entialls operiddr in A-B-C
order and h 9 j tati S is. A-C-B and
B5-02-01- B T et Tt s SR I, Comprise
two indepéndethic3witc ka6 eastephaseGHigH bicetbwritchings 98 1M j MBoandiMB pdweridlthe phase
winding from a dc power supply 107 supplying a d¢ voltage (DC_Supply), while the low side switching
94 (M4, ME'WIBY o grouHu i ued st SPEﬁE’é@%&ﬁrbﬁ wﬁﬁww(‘mﬁ%ﬂm%amam)

signals (P A3 RV B HR MWL (e sThe diodas IEML dA8 ) catehihefluback velisae fiam:the-phase
winding when a stator coil 86 (L1, L2, L3) is de-energized. The drive electronics would detect rotor 81,
82 positiorth&3et @it §enardted flurdwhiemidqprbperiionathe theaihvé wepisnt. tifhiweodieeall operate
under a miGranracessor caiol %%fehs?sa}%aéosrg%é? 4 KLG. 29, %Qﬁeﬁr%c%%ﬁé’rr E10.might control a
single roller 81,82 position, a foW of ro lers, or an entire array of rol ers, o%pendilng n-the motion
requiremefisteners&Gn 26 i ahioekatiagrats lhastiating:the operatibi pfdher swdtbhettaeluctance motor
roller. This ar_rang[ement of the present invention is flexible. One or more stator coils are selectively
energized G IR ERergized through the coil drive circuit 108 by a signal 109, such as a PWM signal.

The control CPU @%ﬁc%ﬁiﬁhmﬁéb’%% PRIGHOREQE S QY c@ﬁ%%#ﬂ@ﬁ@@%&ﬁ'? indivduakstatoscontrol
modules 111, for example, one per stator base plate, over a'serial bus 112 linking all the stator control

modules. Thietéarianpleincldidessad transraltiink (TRIGat8 rastrighedwive thatotReID&te) 19his control
CPU transmits command ol, and data req signals.over the serial bus addressed to each
Stator cont I B e e B R D A e e, such as
instantanegeis codtecUstentias coaasliteddyitSTteikdiive aiauipbR8air s wayldhe @antiok@PU can
coordinate control of the coils to rotate the belt rollers as required. Individual coils 86 can be controlled

in both sp@8d Xy WirlERshtRs oL ifcko it PotaeriHog A, VARICH ASSHRY YNE Slfvantages are

that these ﬂ%r&@ﬂ%’si:ﬁo%@%\%@?éfmg ﬁa%ﬁ%%&hgi&edtaﬁ%'% andibering suLfages in the
conveyor frame, operations can be configured in software and could be mostly independent of belt
speed. Anyobaltengdtrosieont ot ldhgi? chineadsily beqoentiguiad dtieeratbrdnssid hesamaodular
construction,wilh the innet,conpeptians made,on 8. gicuithoard fatjs & paf of fe base plae 80. The
stators would then be con igured so as 6 HIEHHE area under the Cgonveyo b7 over which roller
rotation orftheldesitectiajesiary afcorveyre aticies wotld eperatesslioterteniectionshetween the
modular stators would route communication and power to the stator drive circuits and to the next

stator.  GRRHRIIRS EXIHTIBY dLRE B i Htsnatsa o Aerdds i srtrad - Qashiitifg rollers. But
the magneticallv:driven 1Qlgss sonist e Jpliess hatele ROLAVER GANKREL canYaYed Articias:katn

example, the magnetically-driven rollers could be used to drive other rollers or elements within a

conveyor it ibe digdd lihescohvsipdly bédnigsdlf. rakd $heSollersipbednvttnepeksariytexteiatbpast either
outer surface,of the bl As mentioned the otors could be.mads of ametalle material foruise yith
magnets in the conveyor frame or-cou d bé mddeof'a magnetic material to interact with metallic
elements sisategically. located in the frame, such as in the positions of the magnets used with
non-magnetic rotors. All measurements disclosed herein are at standard terrﬁlfgrature and

pressure, at sea l&velorrEarthe giseetingniedrel oinbrmegnetic siHabrb iy SRBdREMESre
presented by way, of £XaPR!6: only, 18 RGARE-RftherRresa At vEDLtoRR io-Redimited-0ly Bysthe

following claims.
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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What is claimed is: CLAIMS 1. A conveyor comprising: a conveyor belt having a plurality of
article-supporting rollers having rotors with at least two poles; magnets producing a magnetic field
passing throdgR 4188 %eyor belt and interacting with the poles of the rotoRtH &8t/ tR&SP8tation of
the rollers, wherein the magnets are stationary. 2. A conveyor as in claim 1 wherein the poles are

helical. 3. AnedR98)8iiaBUN Crattr ket thdabel s srélinegh tae REsAoe)ctHac et wherein
the rotors Raye clackwise RRFRIIGLIroRVRS A §Palé£‘%%f.CA%%E’&&R&@H%MOA{%%X%J@Etpo%riﬂé‘e”es

intersecting to provide segmented poles between the clockwise parallel grooves
counterclockyiseipairallél igrdoves inF1&.A3nVeydrasintcbinod whbergihothe titagnetpolmppisedstators

underlying the conveyor belt producing the magnetic field and forming switched reluctance motors with
1o rotors "B CBTESURSE R EL B b e it Aot A ot At @iy B tley or

further comprigesa 6ol deive gircpitzelrctiviely-enalgizingoine Gaiktaahangel e rregastiefield. 7. A
conveyor as in claim 1 wherein the magnets are spaced apart along the conveyor and underlying the
rollers in tReéONWEYOF Bales 84 and the base of the U represents the base plate 80. The two pairs of

open rectangles are the stator coils 86, each wound or energized to produce opposite poles at

each pole face 103.

A schematic diagram of the switched reluctance roller arrangement of the present
invention is shown in FIG. 24. Individual coils are energized by drive electronics such as
depicted in FIG. 25. The coils 86 on each stator core 84, 85, 83 are sequentially operated in
A-B-C order and attract the rotor poles 88, 89, 91, 92 for clockwise rotation. The sequence is
A—-C-B and 88-92-91-89 for counterclockwise rotation.

The stator coil drive circuit 108 of FIG. 25 can comprise two independent switches for
each phase. High side switching 93 (M1, M2 and M3) powers the phase winding from a dc
power supply 107 supplying a dc voltage (DC_Supply), while the low side switching 94
(M4, M5, M6) to ground is pulsed for motor speed control with PWM (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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8. A conveyor as in claim 1 wherein the magnets are electromagnets. 9. A conveyor as in claim 1
wherein the magnets are permanent magnets. 10. A conveyor as in claim 1 wherein the rollers are
in-line roller® ORP1K18HH¢eyor as in claim 1 wherein the rollers are transver8& FOIRYEL0/427SM) conveyor
as in claim 1 wherein the rollers are oblique rollers. 13. A conveyor as in claim 1 wherein the rollers

rotate to pESHEBRE)eeParticIes Atopititbiisidrsualdng thetsmmydhpemtmd CREsAvepor d8afrclaim 1
wherein the, conysygrbelhadvancesin ggirestion of, i&%&%"%ﬁ‘&f’d{%ﬁ 1 hgmaanetc figld ig cpuse the

rollers to rotate. 15. A conveyor belt comprising a plu lity of article-supporting rollers having rotors
with polesmdmblmpeedrmdakambmfma@ﬂemsdmm effectdhesnotatiaivof 4¢he toltersr. TtheA conveyor

belt as in clgim 15 wherei oles are helical. 17. A conveyor belt as in clai erein the poles
are Iear 4B R EBINE I BETSR RO TSt HE TO R RSy TR A LT BBes and

counterclogkwise Rarallel greaqvesin-theirReiipbptiesiMersetiNGAG ARdde segmentadipoles

between the clockwise parallel grooves and the counterclockwise parallel grooves.
be mostly independent of belt speed. Any belt width or control length can easily be
configured. The stator would be a modular construction with the inner connections made on
a circuit board that is a part of the base plate 80. The stators would then be configured so as
to tile the area under the conveyor belt 70 over which roller rotation or the desired trajectory
of conveyed articles would operate. Interconnections between the modular stators would
route communication and power to the stator drive circuits and to the next stator.

In most of the examples described in detail, the rollers were article-supporting
rollers. But the magnetically-driven rollers could be rollers that do not even contact
conveyed articles. For example, the magnetically-driven rollers could be used to drive other
rollers or elements within a conveyor belt, or even the conveyor belt itself. And the rollers
need not necessarily extend past either outer surface of the belt. As mentioned the rotors
could be made of a metallic material for use with magnets in the conveyor frame or could be
made of a magnetic material to interact 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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19. A conveyor belt as in claim 15 wherein the rollers are in-line rollers. 20. A conveyor belt as in claim
15 wherein the rollers are transverse rollers. 21. A conveyor belt as in claim 15 wherein the rollers are
oblique rollers. 22. A conveyor belt as in claim 15 further comprising: a series of belt modules hingedly
interlinked end-to-end to form a conveyor belt, each module comprising a body section extending from
a first end to a second end in the direction of belt travel; wherein the body section of at least some of
the modules includes a conveying surface and a bo%lgérface opposite the conveying surface, at
least one cavity or opening formed in the body section and a roller rotatably disposed in the cavity to
rotate. 23.7A c&wgy@j‘,&edgﬁm@ﬁgg{gjm 15 wherein the rotors are made of a magnetic material. 24. A
conveyor belt as in claim 15 wherein the rotors are made of a metallic material. 25. A method for
conveying articlesvigionielhbdviogppkingita)os appdetingpaities witpysbilersgrating witleast two poles
in a conveyor belf'éal:)s)t %tdgjegfiergg the poles of the rollers to a magnetic field produced by stationary
magnets; potes,

magnets producing a magnetic field passing through the conveyor belt and

interacting with the poles of the rotors to effect the rotation of the rollers, wherein
the magnets are stationary.

2. A conveyor as in claim 1 wherein the poles are helical.

3. A conveyor as in claim 1 wherein the poles are linear.

4. A conveyor as in claim 1 wherein the rotors have clockwise parallel grooves and

counterclockwise parallel grooves in their peripheries intersecting to provide segmented

poles between the clockwise parallel grooves and the counterclockwise parallel grooves.

5. A conveyor as in claim 1 wherein the magnets comprise stators underlying the

conveyor belt producing the magnetic field and forming switched reluctance motors with

the rotors.

6. A conveyor as in claim 5 wherein the stators include coils and wherein the conveyor

further comprises a coil drive circuit selectively energizing the coils to change the

magnetic field.

7. A conveyor as in claim 1 wherein the magnets are spaced apart along the conveyor

and underlying the rollers in the conveyor belt.

8. A conveyor as in claim 1 wherein the magnets are electromagnets.

9. A conveyor as in claim 1 wherein the magnets are permanent magnets.

10. A conveyor as in claim 1 wherein the rollers are in-line rollers.

11. A conveyor as in claim 1 wherein the rollers are transverse rollers.

12. A conveyor as in claim 1 wherein the rollers are oblique rollers.

13. A conveyor as in claim 1 wherein the rollers rotate to push conveyed articles atop the

rollers along the conveyor belt.

14. A conveyor 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.
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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. 26. The method of claim 25 wherein, in step
(c), the stationary magnets are electromagnets. 27. The method of claim 25 wherein, in step (c), the
stationary magnets are stators of a switched reluctance motor. 28. The method of claim 25 wherein the

magnetic figlds SRRGIYEM ERAEHs A53uldifyaethediobalait erWoriaIRn InGarBaekatine

conveyor belt producés rotary motion in the rollers. 30. A conveyor comprising: a conveyor belt having
a plurality pblesiledspteacte haeingt anthdswigotttiorldrid effrotdhevithiadgide astiwoobetes; a plurality of
stators posliéioged to cour[))lgtmsaglngtic fields to the tigetorﬁ of the%%gcretfl)ity of rollers and form switched

conveyo, 1M erel Qles ar .
reluctance Motors With the ro ors; W ereln“fhe Follers Bre contr y the switched reluctance motors

to rotate appulthaikaxesheftraationias thevialiers ergailpierthmeaagnetic fields produced by the
switched reluctance motors.
18. A conveyor belt as in claim 15 wherein the rotors have clockwise parallel grooves and
counterclockwise parallel grooves in their peripheries intersecting to provide segmented
poles between the clockwise parallel grooves and the counterclockwise parallel grooves.
19. A conveyor belt as in claim 15 wherein the rollers are in-line rollers.
20. A conveyor belt as in claim 15 wherein the rollers are transverse rollers.

21. A conveyor belt as in claim 15 wherein the rollers are oblique rollers.
22. A conveyor belt as in claim 15 further comprising:

a series of belt modules hingedly interlinked end-to-end to form a conveyor belt, each
module comprising a body section extending from a first end to a second end in
the direction of belt travel;

wherein the body section of at least some of the modules includes a conveying surface
and a bottom surface opposite the conveying surface, at least one cavity or
opening formed in the body section and a roller rotatably disposed in the cavity to
rotate.

23. A conveyor belt as in claim 15 wherein the rotors are made of a magnetic material.
24. A conveyor belt as in claim 15 wherein the rotors are made of a metallic material.
25. A method for conveying articles, the method comprising:

a) supporting articles atop rollers having at least two poles in a conveyor belt;

b) subjecting the poles of the rollers to a magnetic field produced by stationary
magnets;

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.

26. The method of claim 25 wherein, in step (c), the stationary magnets are
electromagnets.

27. The method of claim 25 wherein, in step (c), the stationary magnets are stators of a
switched reluctance motor.

28. The method of claim 25 wherein the magnetic field is selectively energized.
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31. A conveyor as in claim 30 wherein the stators are located underneath the conveyor belt.

29. The method of claim 25 wherein linear travel of the conveyor belt produces rotary
motion in the rollers.
30. A conveyor comprising;:
a conveyor belt having a plurality of rollers, each having an axis of rotation and a
rotor with at least two poles;
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;
wherein the rollers are controlled by the switched reluctance motors to rotate about
their axes of rotation as the rollers encounter the magnetic fields produced by the
switched reluctance motors.

31. A conveyor as in claim 30 wherein the stators are located underneath the conveyor

belt.
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