WO 2012/ 054304PCT/ US2011/ 056190 Conveyor System Belt, and Method for
Measuring and Controlling Static Electricity BACKGROUND The

i nvent i orwoebetmss3ogeneral |y to power-driven conveyors ceavAas2oig/0a61bé cl es
and nore particularly to conveyor systens using static-electricity

detectors (t(ﬁwdgbﬁc)tstérh,as@i, 8hd M&h6& i\ Gasifing a6 d TR £ BMEY ENGtradityl Cl es.
Many articles being conveyed on a transport surface nust be naintai ned at,

above, or below a specified static charge | evel. Exanples include sensitive
el ectroni c devices that nust be pPoEGERAUNLOM excessive charge or

di scharge gradients and articles that nusf. be charged for .a specifi
pur pose, sucrar'[qﬁémr’%‘rﬁoPH%la@P SERBLE LRV e B’§PFP%YF‘Yg’FS %B&?Xl%é.ﬁc%ﬁpgal ly,

10conveyqrs JL@RgpRs b cBHve%io?E}sgérﬁﬂ?éh Ldh -Ql’él%tjri‘c‘itfﬁﬁﬂe&%s%%ef‘e%i‘t%%feic%fﬁ

coatings or ‘constituents t'hat” di ssipate electric charges or prevent them
f r omsbui dhdige@nconBeforadiidythCaadust i ve coatings or constituents alone to a

conveyor belt cannot control the static level in the belt for variable
anbi ent and pYleduaticlenbeiogdonveyad on Edrangpdri surése nhsst bameirgainsd of, wleovteo hi gh
static leye]s, or articles tha t be charged, nqot sensing,and

cont rol |qrr‘?510t“h%ﬂaea ’\?éﬂﬂﬁ%h?l’lgﬁif‘é’g}il aple H&#&%@%l@%@e%%lfa@%@ﬁ thaie

qual ity of 0 iy N%@ . I a
conveypfggvgggﬁ$%§%g§§rhﬁm%%§F&%%%%%?dﬁﬁg ng%%??%%mg%%%?Fggéégﬂggﬁieypr
conveyi n@asdetifél £5pelitic pueity BYIcREs fir HRCAE @Fdstalil Be FOMGY S coR@S: AT ERBMEY 1 N
surface that supports the articles being conveyed in the conveying

di r 6t i aanvéyoss menspogirerttatiedenyiti2@ detickes immtudescoogectate coatings arakiestituents
measurenents of the static electricity due to the electric charge of the
conveyorthat dissipate plgctgg ghages orpyavant ghem Ham pijkiing i Bud addingcoadugsivpt

conpris e%aﬁlﬁgsoom{?%!t%get-n%y%%ﬁg & J golﬁv?zée}%tgfottciﬁ;%%et%gﬁtir&l thE st dePel in the belt fo

static-el ectii ci ec opera neasurenents of the static

el ect ri GakMbMUenHicht @h8 Phrdd fctibh 26:88 801 FoNAHiEIRHOMRY hidGeSdili e higSthil Yet
anot her aspect of the invention, a nmethod for controlling the amunt of

char ge deveds, ooantieles that onpt bs dsargdda honmkibing ang asnirdheg the ohvéyhe sarfoent  of
el ectric charge on a conve and transferring electric charges to or

f r ot hetatsihasesrevasca FiRCRF GHABY e RreasteMeroces.
SUMMARY

One version of a conveyor system embodying features of the invention comprises a
conveyor conveying articles in a conveying direction. The conveyor has a conveying surface
that supports the articles being conveyed in the conveying direction. A static-electricity

20  detector is operative to make measurements of the static electricity due to the electric charge
of the conveyor.

In another aspect of the invention, a conveyor belt comprises a conveying surface for
supporting articles and a static-electricity detector operative to make measurements of the
static electricity due to electric charges on the conveying surface.

25 In yet another aspect of the invention, a method for controlling the amount of charge
on a conveyor comprises: (a) making measurements of the amount of electric charge on a
conveyor; and (b) transferring electric charges to or from the conveyor as a function of the

measurement.



WD 2012/ 054304PCT/ US2011/ 056190 BRI EF DESCRI PTI ON OF THE DRAW NGS These
aspects and features of the invention are better understood by referring to
t he fol | omorg12dss3ni pti on, appended cl ai ns, and acconpaRgirug2adnaséings, in
which: FIG 1 is an isonetric view of a conveyor system enbodying features
of the invention 5incl udBRIEFDESARIPEI@CION THEYRENSNGS; FIG 2 is a block
di agram of the conveyor systemof FIG 1, FIG 3 is a block diagram
of a versi on ldfesaspette ond faatfreediths enshhign stedeiter whderstopd by yeferwingdo dre

usabl e in_a conveyor systemas in FIG, 1; ) . FIG 4 is a block
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cross-sectional view of a conveyor sy as in owi ng alternative
beIt5chaﬁghag%@ﬂgmxﬁkaﬁmgggﬁ@ggneans. DETAI LED DESCRI PTI ON One version of a
conveyor system enbodying features of the invention is shown in 15FIG 1. A
conveyor, shdif. 2 s atock dixgmpl & thes canvepmegytem &dllE:. L0, carries articles 12
in a conveyiﬁg direction 13 on an outer conveyin%¥ﬁurface 22 along a
carryway segriefitS B3 Ripck dasigay ef agvestion akan demiliedisld-trashs sfrbic-elselifiVe, the

conveyongg%%éégdggy%ég&kg?gﬁg%élggn%?gqfas el ectroni ¢ conponents or

devi ces or co el ectrostatic deposition along the

carryway 15. HAG. 1 e 86&k OhglaheofGardrf¥mys a thltgainkd 688 ahBc-clefyiged of f the
conveyor belt. 20After rounding drive sprockets 18, the conveyor belt 10
f ol 110ws deteceirursabls ggmentve§dr syatent & indYGhlaekd ar ound i dl e sprockets 20 to the
carryway segnent 15. ) ) ) )

FIG. 5 is a front cross-sectional view of a conveyor system as in FIG. 1 showing

alternative belt-charging and -discharging means.

DETAILED DESCRIPTION
One version of a conveyor system embodying features of the invention is shown in
15 FIG. 1. A conveyor, shown in this example as a conveyor belt 10, carries articles 12 in a
conveying direction 13 on an outer conveying surface 22 along a carryway segment 15 of the
belt’s endless conveyor path. For example, the conveyor belt 10 may carry articles such as
electronic components or devices or items to be coated by electrostatic deposition along the
carryway 15. At the end of the carryway, the articles are conveyed off the conveyor belt.
20  After rounding drive sprockets 18, the conveyor belt 10 follows a return segment 17 on its
way back around idle sprockets 20 to the carryway segment 15.

One or more static-electricity detectors 24 disposed in or on the belt 10 are set to
detect the level of the electric charge on or in the conveying surface 22. In this example,
which shows a modular plastic conveyor belt constructed of rows of hinged modules, the

25  static-electricity detectors 24 are shown at spaced apart locations along the length of the belt
and across its width.

The material of the belt itself can be selected based on the triboelectric potential
desired between the conveyor belt 10 and the conveyed material or product. Polymer
materials are the base materials of modular plastic conveyor belts, which generally tend to

30  acquire a moderate to strong negative charge. Polymer belts are typically good insulators

but can be made slightly conductive via the addition of conductivity agents such as carbon.
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One or nore static-electricity detectors 24 disposed in or on the belt 10
are set to detect the level of the electric charge on or in the conveying
surface 220 2bre/askdog exanpl e, which shows a nodul ar pl asPCE/usenmuayarno bel t
constructed of rows of hinged nodul es, the 25static-electricity detectors
24 are shewlynat bspaaesk dpas to dcdealtd ARbif ?k@wlytim&ltb@ngﬂdna gigniffiendagdttc and
across its wdth. The material of the belt itself can be sel ected
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si gni f i dam estaatéedclongs gaentid irddsiredhéatharge can be maxikiztdtyiselectag ge can be
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a car r ywayrysay repterigolistantdrony Bisi el maypridlin ghe toipaplectip prrige1 Byt ysing thesamghar ge
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consequence of the conveyor design. If an nhanced cﬁarge potential is
desi r ed, alfeh@tiChR Y8aGShrP SedFRALI BBhe DYNnSBIR OB bGrrd] FANE YWREyOPLET dadlbe
distant fromthé belt material in the triboelectric series. %y using the
sandOmatweed & gafisher dhetges anidhe balt vyavaycontdre2?. Famspls obfhacragaperatam ildude

| essened. Additionally or aLternativeI%, a statiognary secondary charge

gener at dFicH@ BREperatsgothe fdbeslsirisrdiech gittuepggmpehingssing lestiopatsf er
charges .tq the bel{ over a.contact . .Exanpl. es o harge generatars
el ade ToreRRon b e Lo AR ARl Yo B v PRL AR RREA R,

Machi nes;esiaR@ o8 Riet fshadrsTol NG AR elcdf Maike 48 tHIRATS coB@RRR AL AR .
Passi ve Tubbi ng contact and an active charge generator are just two neans

for transferrAngoelrdatiGe2, ebdr gaiddedttigtybddtécter is oonreyteddo s rgiadsuitAS ishown
in FLG 2, each static-electripip% detector is connected to a logic circuit
28 17 18hheonsroeely 10pBach legic cirgihmpp g eadiped by f PRRgFaBEeddnicrosapirpler g

progra m,crocontrqller or b ardwi red | agic.el ements. Conventi.onal
B o S e R s Lo A Mo ok Ot FITRD B RIME LR

anal 0g- tRfdighhy li_ﬁ&_@,%[égeﬂ’osdigi%ﬂ%ﬂwrieﬁ? b %{ﬁtipl_@?éfs,?ﬁqi T i%EeQﬁés_%El bet ween
the static-electricity detectors and the logic circuit.” The logic circuit

may al sdetwmednutie siaticalequieitaddicenss ord the heyic dickaitt Theylopy drndit aiag adlso correl ate
the response of each static- 20electricity detector with a specific
det ect oringBds & bBigueAdeltees epihenidentifzing indigia tp derelateythagesponse of each static-

20  electricity detector with a specific detector position on the conveyor belt. The identifying
indicia and the static-electricity detector’s response may be stored in one or more memory
elements 29. The static-electricity detector, which may include an integral or an external
transducer, produces a response that is converted into a static-electricity measurement
signal 30 that is transmitted remotely by a transmitter 32. The transmitter may be a wireless

25  RF transmitter transmitting wirelessly via an antenna 34 over a wireless communication
link 36 or over an ohmic connection 38 between a conductive contact 40 on the outside of the
belt 10 and a brush 42 in conveyor structure along the side of the belt, as in FIG. 1. A
receiver 33 may also be connected to the logic circuit to receive command and control signals
from a remote controller 44, i.e., a controller not located on or in the conveyor belt. Other

30  transmitter-receiver technologies, such as optical or infrared, for example, may be used. All

the components embedded in the belt may be powered by a power source 45, such as one or
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indicia and the static-electricity detector's response nmay be stored in one
or nore nenory elenents 29. The static-electricity detector, which may

i ncl ude awoi2nt2égualt or an external transducer, producesPaTS3I@A0SE% hat is
converted into a static-electricity neasurenent signal 30 that is
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25 RF transmtter transmtting wirelessly via an antenna 34 over a wrel ess
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contact 40 on t e of the belt 10 and a brush 42 in conveyor
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or infrared, for exanple, may be used. All e conponents enbedded in the

belt may be pbwened rdyivar poweeivesihe wa@&en@utmgmi 30nE arantdia 48 over the
2012/054304PCT/U82011/056190 nore battery cells, housed together in a
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the pr 0Q@ﬁ@t&rong@nman%nsﬂ&meer@mgm&fédnjéweéen&a@ E@r&rdiﬁr IRYndiHeer nati vel y
be powered by induction or 5by RF charging as it recircul ates past an

ext dionalantreiagb g tidenhingie cdithecasn Bhmey Ge Bised to send conmendbed cededl vegnakto
recei ves_ the neasurenent signal 30 via an antenna 48 over the wrel ess
comuni dhg P‘%JﬁbPli“ﬁP?taéls'e%ﬁ“f%rdeﬁﬁ’@f(ﬁﬁﬁ‘i”&s AareEtergAPisavics Rl cprnacisdldpver 33

embedded, in the con yg be Lhe. rec nds asurenment signa

1
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to send connand and control signals to the borne static-electricity
det ect orchatrgecm thes oulnswifer at dre Hetipiht cdetvolee aBfiscohnectathry chdrge control | er
44 may be used to select static- electr|0|ty detector or alarm settings or

di spPay afnar@f% 26#@ é%ﬁi firse it thp hels Thsgontiellgdt araydie used Expodubtaihe for

exanpl e, ;the outer sur t he, bel t

cont Fo <P g e oufet BRGNS DR gL RO RERs Rt M ke hifyec o ¢ e
bel t. They&g ot Bhir6lierdd niBYalRPoiged t(t) Qor{{Rﬂ %eastp%e& Bethe has e %@Jm% frRUNdi ng
characteristics of the carryway 60 to increase or decrease the charge

| evel . Thevespnidketsliebuiddiupalyargt b9 ridebins ethtdcd withnthe odrri gy spéed 60fA videonot or
52 driving the drive sprockets to build up charge by rubbing contact with

t he car rdisidyy stmpnee uepl tOAnQﬁil‘a?éé}’ﬁ?f@mpﬁ?ﬁ% cragitipas Qb things s dispby syst em

oper, t|n condltlons and settin or di | arm,c nd|t|

ol g B A 2R Rbueor Al SR BB w380 o) or o
war n Of doh 88U 18 drh 6§1rfe§ufa%ewn%§§§oceérsh?h&émﬁfo@lle} fla 'E@)ﬁp*? Am e ammabl e
|l ogic controller, a | aptop, a deskt or any appropriate conputer device.

logic Controller a laptop, a desktop, or any appropriate computer device.
The static charge potential in the conveyor belt 10 is sensed by the static-electricity
detectors 24 embedded in the belt itself. Alternatively one or more fixed charge sensors 64
25  external to the conveyor belt may be used. There are many methods for sensing a static
charge. Two of those methods are: (1) measuring the voltage potential directly; and (2)
measuring the electric field set up by the charge. But any method of detecting electric charge
on the conveyor belt may be used.
As shown in FIG. 3, the static-electricity detector 24 including a loop antenna 66 is
30 embedded in the belt 10. The loop antenna 66 serves as a probe that picks up the electric

field caused by the presence of charges on the conveying surface 22 of the belt 10 and routes
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The static charge potential in the conveyor belt 10 is sensed by the

static-electricity detectors 24 enbedded in the belt itself. Alternatively

one or nowe 2hixseBoghar ge sensors 64 25 external to the eomusgan/obabet nay be

used. There are nmany nethods for sensing a static charge. Two of those

met hods i&f8spondy tomasivldi tb@ fleRBmé@dur@gentRiRRB6Y ab-18thfe@Ghitly theaRtbnnd in the

nmeasuring the electric field set up by the charge. But any nethod of

det ect i rglteTecmeiscrehartdgecanditidned od veytde thyetiranspagfersd algpesnbedded inthe  As

shown irLgFI% 3, the static-electricity detector 24 including a Iogp
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nmeasur ement device 67 co-located wth the antenna in the belt. The

measur entevdl, the covrdiet, iveingdonmd! lg@n 1 tincredres thags girteraion3® aljstingifiredded i n
the belt. The transmitter sends the nmeasurenent signal 30 to qne or nore
st at i onaP§et it Belt peedhs errey Wity surhage pQ bxitwiayng uily exfeanad sepearaysharss
controll 4. ) f B e . j I. e S rm ned
by comdrrratye aat S 8 FARIE PRI thorte e h e SR SR B ALY

cont r ol ligHecrbisb@Or SRS 60the bbRABAIAS dulPed EASRSNENAHIRIIGSRab &Iy QR cR¥ally
adjusting the speed of the belt over the carryway surface 60, by turning on

t he 10xt eonabllabgondding of Harlgdt, ghibrhat beer2lormolatédtodtalie ndavpypge coSdnithvatyl y, i f
excessi ve charg]§ is sensed, the chargeé‘%enerati on i s decreased or sone of
the pot iff FX™Pls anrhped l?gi%rloﬁﬁdi,mﬁéﬁ_ aPPsPCisfs 1o2areyidbe natdliart y
10control] ed aroundi,ng .of .t he, hel L, ;uaieh has b e”té{w%)r ! éi?%qatft% 6aY§.
adequat e conducctlw?y. or exarrpal %, as shown 11 2 the drive or idle

sprocketgledBvel2Q £WLHd RENMREG V0, CitREr AIREY Wt BRoGANSUGH IR FQisG@RARTT
charge fromthe conveyor belt through their shafts 68 and selectively to a

ground comnectddt9rudOys leiithes 71 dindectwiychd®? cohirdieghbyaihe ophirdleali4.ridsisshance 73,
via contacts, such as brushes 71, and a switch 72 controll ed béFt he

contlPol |selectavely groygded pleargss@idaetor fameddryotia sl chrackes chplduenBet f8d ned by

t he nmetal .sprockets haft, .cantact,. and switch,i s one. nea for
L et o RB iR s 0 e SRRE Bbuic ARG b i o ARG IRAMR e e pete

Anot her ARAAS: tharR 194 %Wﬂu%lﬂ\% s%ﬁa?%@le&ﬁ)e%p}glhy&ll % Bh@esdith heaRM act with the
belt. FIG 4 shows a static-electricity detector 24' that operates
by neasuri ng RiGe4 stalvtsageaiili-§1é @riencdetbe@dn®ie that vperapadg theaaparitg thevatthgns on
t he conveying surface of the conveyor 20 belt 10 or between the belt and
ground 7hiferpige batwprrstwryspagsi apast lgratisns ed thg conkeyins shdeet thexwaresis on t he

bel t Tnf tential difference be the t obes is surgb a
di 1728 entltap <5 Bt CuedLaiont (i oottt Pesgrimescd & BEnBstEl t o
ground, 1588ioKObh ARGl THEFRBGE uFFfRERRBEL QRGhe 1o %ﬂ%e&ﬂ%&@u&ﬁ he belt.
When neither probe is grounded, the voltage difference represents the
vol t age diffadheditvodthgd deehiet T6. WHie dnea@s thegit®bds it Bonnected to ground, the voltage
difference is proportional to the charge on the belt. When neither probe is grounded, the
voltage difference represents the voltage gradient of the belt. The measurement is
25  conditioned and sent by the transmitter 32 to the remote receiver 46 and the controller 44,
which may use the measurement to control the charge on the belt in a closed-loop system
over control lines 61.
FIG. 5 depicts some alternative means for transferring electric charges to or from the
conveying surface of the belt 10 under the control of the controller. One means for

30  transferring electric charge from the conveyor belt comprises using belt-supporting

carryway elements 78 having rubbing surfaces 79. The carryway elements are conductive
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25 conditioned and sent by the transmtter 32 to the renpote receiver 46 and
the controller 44, which may use the neasurenent to control the charge on
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One neans for 30transferring electric charge fromthe conveyor belt
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each setcoofroliat Iy thayortrelierile sesorgbset @i akatedvable ihhaindne o evntaet wiklethet her

is supporting the belt 10 at any g1iven time deﬁhendi ng on whet her the belt
need$ t daslentefdhgbelt ayindispted pydwisdieaded agpy O ebhenpotiemeli 43gh exsof sEEYW#E h t he
first set of non-conduyctiv arr el enents 78 and, i i schar ged when
suppor ¢ BT ReogRBEbY Bab S LR e R R PPy Bty PyRAg SaRUENL "S5,
Wien no ZACHABNG drswhEAbl fhe Belt hB&1s6 BORRAr &l oPhotCPNANGL L ¥R 8L EPENT S
supporting the belt can be disconnected from ground. The carryway el enents

ar e noveadbbiyigeontentitlo tial firsieehaimaadondetidet daayaapetdnesntd3amalik dschaged
pneumati c actuators. The actuators and switches are controlled by the

cont r ol |v&hen snppered by theegretnggsl gpondses abigangluetive Jastygtaly ebfmartieddh &Yhengid

contacti a_grounde ont act, | he.carry an serve as r ound

o DoncBHh 5RRES S8R shelet NG RSN TR p SO age
measur er@%ﬁné@&ffr%tg?oﬁm Tﬂ@%%&@ﬁy ObmEhEarémoved by corlvan&ital ANRhAREal,

i npl enentation, the conductive carryway el enents 82y may remain in contact
W t h t he:ldeloinaghetic, By éraabd) e phedinhitc ghoiiod. Theoactuat®d dhakivitghds@sé St ance, as
i ndi cated by vari abl e ag]jlust ment arrow 96 on resistance 86, or a simlar

devi ce. canirolled lasihstcanieellesodicerdizntige stripf eyeanding b length i thh beleandt ance
i npedes di §a((::gﬁ1rgigrno%n The coathqajl | er 44 sends a

con g ded conta e carryway can serve as a ground reference for ground-
25  referenced measurements, such as the voltage measurements made with the detector of
FIG. 4.

In yet another implementation, the conductive carryway elements 82 may remain in
contact with the belt, but are connected to ground via a modulating resistance, as indicated
by variable adjustment arrow 96 on resistance 86, or a similar device. A low resistance

30  discharges the belt, while a high resistance impedes discharging. The controller 44 sends a

signal 61 to control the modulating device and, thus, the static charge in the conveyor. In
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signal 61 to control the nodul ating device and, thus, the static charge in
the conveyor. In WD 2012/ 054304PCT/ US2011/ 056190 this and the previous

i mpl enentwiDi201/05¢3wAduct i ve carrway el enents 82 nay be aeCiust@d/osasdunp

el ectric charge to ground collectively, individually, or in sub-groups as
t he contihlangGhepRvibiugi@pReentdlios] édnhuatﬁk&tdaerrwaiy@érﬁémgwmiagbe atthetahar gi ng
and groundi ng carryway may be 5 conbi ned by making the rubbing surface

hi ghl y ctumsp glgtiric yharga thugtone colldrt vélgvietividuadlyagge sob-gdowgeshaa tiyecongrol
controlled electronically by the controller by nodulating the dunp of

el ect ri SRy é’étalt?som the belt to ground by sel ectively opening and cl osing
the switch 88 0r.ad] b i.able resi , the
carryway surf glc%lllﬁagifuﬁetéhgglﬁwgﬁ\{%g’ t@glcﬁaergtﬁ’%vagﬁtdffg{} 8??{%5%’ 8%%%‘%%%}%& vidual l'y
as the COmbid iSchermg dhCidbRg. sutdacd 1h1§hghﬁrsgg1tgfkd>ndh&mawrg@1elz@s&rcﬁaa(g@s

coul d be separate, always engaged with the belt, with the controller

nmodul at iargligchergd imgnofolleh elegeortitallyihyhthe ewtiradlar by wed ubltiegeind duo pgif elenidic What
is clained is: WD 2012/ 054304PCJ/ US2011/ 056190 CLAINS 1.. A conveyor. system
conpr i siFgrsedrad HRrRrdrto SsnE\ vt lestysle paening and elgpipg ey it 88t irgsing

navi 09, AnE AN RGBHE E T, SHPRALI D0 IG, FUIEL G5 REIBAL SRV, A | e
conveying direction;, 5a static-efectricit etector operative to nmaké

nmeasur enRRksuRf ot in@ivid@llly Gs Bhee@hblofdchymd U tdi6s. (1eh&tiResd hfd gibafge of the
conveyor. 2. A conveyor Systemas in claim1l wherein the static-electricity
det dét orsurfscaspuntdds: separatee alecyy eygrged wigh thA belhrwigly dre copgbam rasdulatingg diem 2
further conprising a transmitter nounted in the 10conveyor and a receiver
ext er nalduep phehaggshesrsh eagherre vt lementdpsinder transmits the

What is claimed is:



measurenents received fromthe static-electricity detector to the receiver.
4. A conveyor systemas in claim2 wherein the static-electricity detector

i ncl udes wopoos43@unt ed in the conveyor and connected POTIUSR011/056190
static-electricity detector, wherein the probe responds to the static
electricity on the conveying surfaceceagvMsends a response to 15t he
static-electricity detector. 5. A conveyor systemas in claim4 wherein the
probe r €lspdneveyerishses|centprisingf i el d formed by the electric charge of the
conveyor. 6. A conveyor, syst?m as inclaim4 _whergi n the probe resPonds to

the vol t agd ‘WY RECETRVES RHY ISP A SERV iU Hy" eRS hayiag acprvatng gilacoo7. A

conveyor Sys%ggb@gin{g%@éx@fd@s %ei&é%éﬂfe&e& ic§i@e§/g§g@ﬁ]‘§cti¥)8r transferring

el ectric char he conveyin ace. eyor systemas in claim

7 wher ei n hBatiteREGIcltUelet@R Sh&hFiTNG BhIRCHEAC rh@tg8f the staheelceivRy HOE
surface conprises a stationary el ectrostatic generator contacting t he

conveyor. Go the denivieylorgsyishenvrasydom cl aim 7 wherein the neans for
transferring electric charge to the 25conveying surface conprises a

st at i onar yArIBBEYY sEtieh e &7 elpia 1 whsrele Hiread i edriadbdstesterippiongteddn et
whi |l e advapging,. 10. A conveyor systemas in claim9 wherein the rubbing
surface is na of a first material and the conveyor is nade of a second

mat er i al3, apdow8fRisPstéh@s ik £i8im 2RISR CONPriBME Atk HidrenSfl&Eiadet 0 charge
t he conveying surface to a preselected |evel. 3011. A conveyor systemas in

cl aildh 10 wharveyor driven feiceisér extronalee thrccommityer) wharedr the thesms e fradgnitsthe
conveyor systemas in claim 10 wherein the first and second materials are
di f f er ent . MePEIrOVEDIsHEA3GE PO Uttt debioly detecty te dhpisgdrersyst em as i n

claim 9 funther. couprl i it egt% 0% ittt ge‘?&?rﬁc"i‘{y%\[}et%?odr it Séees'ag%fto[}e

. . eyor systerp a aim 2 Whe i €
stati onary ru%lyng urrace I's conauctive ancf Selecti ve y connect 0 the

?'heCt r oSt ahjoun@RNATRL nvhforehal@Rnd Rl ARV EUGE-cIBFtriki®y SERMBH WiHRrdh Bithar ge
e conveyor.

probe responds to the static electricity on the conveying surface and sends a response to
15 the static-electricity detector.

5. A conveyor system as in claim 4 wherein the probe responds to the electric field formed
by the electric charge of the conveyor.

6. A conveyor system as in claim 4 wherein the probe responds to the voltage at the
conveying surface caused by the electric charge.

20 7. A conveyor system as in claim 1 further comprising means for transferring electric
charge to the conveying surface.

8. A conveyor system as in claim 7 wherein the means for transferring electric charge to the
conveying surface comprises a stationary electrostatic generator contacting the conveyor.

9. A conveyor system as in claim 7 wherein the means for transferring electric charge to the

25 conveying surface comprises a stationary rubbing surface that the conveyor engages in
rubbing contact while advancing.

10. A conveyor system as in claim 9 wherein the rubbing surface is made of a first material
and the conveyor is made of a second material and wherein the first and second
materials are selected to charge the conveying surface to a preselected level.

30  11. A conveyor system as in claim 10 wherein the first and second materials are the same.

12. A conveyor system as in claim 10 wherein the first and second materials are different.
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14. A conveyor systemas in claim1 further conprising a grounded charge
conductor 5contacting the conveyor to conduct electric charges fromthe
conveyi ngveunf2zasesoto ground. 15. A conveyor system as i RCEIGs2omD54196 t her
conprising a first set of ungrounded rubbing surfaces novable into and out

of cont agt AWohhetdd ey sem\ue YioElaiand fiartlse comrisial affelcgfrostmieghne fOGICE | Ve
rubbi ng surfaces novable into and out of contact with the 10conveyor. 16. A
conveyor sydemin e stationhgi mbbingisntfheris comprctisé agd seletimdycpivestadiioliharg
surface contacting the conveyor hy nodul ati ng the groundi ng of the rubbing
surface. CEFTOSRIESEPPHEN tQ yﬁréﬁqﬂ&swmeyer AT H ereURd: F %é&‘aé%ﬁwtﬁfa CeMYRYOR swi t ch

connect e i i in the
connest o AShHEED, LS. AARHELEY LR LDG UL ASR UL UGG gEeL 1 the
conveyor . déhtadingQRY 3ty SMS lcBRA @S elebtrie|cRhrFed fomlthé aa{vegﬁlgmmfatm a

vari abl e resi stance connected between the conductive rubbing surface and

ground, whereind.the resistance is nodul ated to control the level of charge

on the caonveyor. 19. A conveyor systemas in claim1 further conprising a
charge cdontfr@PVEXREEBHPT RS Mbelpiat{ FwdhGr coAmPHEINg drilFehpst ofi st eusrarPingct ri ¢

charges to,af, Ll 8{&;5151}? it §EM8%LE<9£ cg)ié{{a]‘l?\%ﬁp%?ezﬁp(@%‘}tah‘a% sgiontdhs% geasurement s

and a predeterm ned electric char eve conveyor systemas in

claim 19 \A/gﬁfu%@d,tcbﬁd@&%gﬁbm%Tsm&ce§mgmmmﬁh%ajﬁofaeoﬁ%{ Wath lies
processi ng the nmeasurenents and neans for transferring electric charge to

t he 1@onveyroyegon. f ace, wherein the controller controls the neans for
transferring charge to 25the conveying surface to transfer charge as
needed. 191A RNESIY eyBPM Sy &1 einas fyriEhes campiisios girap i i ve KebRiRgpgéacgont r ol

syst em conpf 1, S¢ ﬁwlgﬁhgg(?rhf%%rlbﬁrrmgcﬁl?lggﬁslch% rw&;gg%a LeTENLS saRd.a charge
conduct or contacvting €’ conveyor, eréefn the*controller controls the

char ge cignAUGHhOEydr 8y SONAY G ISP ES Furthef R&Hh B8SnE h M tNEorkREME YEREAURS ace as
needed. 3022. A’conveyor belt conprising: a conveying surface for
suppor t i ngcarducivesbbinfBu2diRAbdi304RCTheIsR0hd 568881 B0Gnodulated open and

15 closed to control the level of charge on the conveyor.

18. A conveyor system as in claim 16 further comprising a variable resistance connected
between the conductive rubbing surface and ground, wherein the resistance is
modulated to control the level of charge on the conveyor.

19. A conveyor system as in claim 1 further comprising a charge control system in contact

20 with the conveyor to transfer electric charges to or from the conveying surface as a
function of the measurements and a predetermined electric charge level.

20. A conveyor system as in claim 19 wherein the charge control system comprises a
controller processing the measurements and means for transferring electric charge to the
conveying surface, wherein the controller controls the means for transferring charge to

25 the conveying surface to transfer charge as needed.

21. A conveyor system as in claim 19 wherein the charge control system comprises a
controller processing the measurements and a charge conductor contacting the conveyor,
wherein the controller controls the charge conductor to conduct electric charges from the
conveying surface as needed.

30  22. A conveyor belt comprising:

a conveying surface for supporting articles;



a static-electricity detector operative to nake neasurenents of the static
electricity due to electric charges on the conveying surface. 23. A
conveyor Wweli12zs43on cl ai m 22 further conprising a transecriuseoimmosdbed i n

t he conveyor belt to transmt the nmeasurenents received fromthe

stati c- el egbiatiCleleytriiy @6tetlor opddtivétoRMkEN Ofsub@hdntasf thd satiabRt2idiige ei n
the static-electricity detector includes a probe nounted in the conveyor
belt and conrteeteedictcbatgeeostlatdoovetiegsurfaset y det ect or, wherein the probe
responds to the statjc elgqtricit on the'conveyin%?surface,and sends a

responset 6 LREXY el 82 B Qi FciFipereaariisdhe @ trahsmittgsmopnied i &fgionBeld as
0 cl ai m Zﬁel}qffbet&aﬁ{sw JﬂSﬁPera%%mreﬁéF}Q&%dtf?oMﬁ %&ﬁ&éléétﬁc@ §lidhb,or med by
el ectric charges on the conveylng surface. 26 A conv yor ‘belt as in

cl ai m 24anaedofl&;dr Belt RE AO@IHEBPORESIN e b8 ¥RLERAE daleclohthchirRY 8Yirdte sur f ace
caused by electric charges. 27. A conveyor belt as in claim22 further

conpri si ngmepuotdudhd somvsyaribeltext emdnartpdab dimgstativeelbargtyhdarfctomh evheoriv gheor
belt. 15 28. A nmethaod for controlling the amount of charge on a conveyor,
conpri si ngPrIREKPIRgNARESTE SREREISCHICILY AR thiouNeY B seifasapf serdsay igePBise &
conveyor; transferring electric charges to or fromthe conveyor as a
function ohwsﬁgmﬁ%%gﬂggﬁ%%(%#'ZQ. The met hod of claim 28 conprising nmaking

neasur emsnirscoflefdd BeRADH AR 26N RELI the PRGBS IMAIRARH bicb@icaRILloemba be
field formed by the electric charge. 20 30. The nethod of cl aim 28

conplfi si ngeleekic npangeasuthenenteyigf surfage.anount of el ectric charge by
neasurigg a voltage on the.convegor'caused by the electric charge. 31. The
net hod - & QNHe28 belsap it daiRye4 whersehe PrPeabPeronds ko braplese atéhd he conveyor

by rubbing _the con%%¥or a %insﬁegﬁrcbbing surface. 32. The nethod of

. conveying s Ce caused by e roges;
claim 28 conprysﬁng rans erﬁfng el ectPit charges to the conveyor from an

25el ect roshalohGe\ @R BER @ B claid22 liRGeMBINAtiQf 2 BhrRIuRiE8sthpRIchdin3%iong the
transferring eléectric charges fromthe conveyor by sel ectively grounding

t he conveyngtl3ef.thdbehveeddtedt. of cl aim 28 conprising transferring electric
charges fromthe conveyor by nndulating the resistance between the conveyor
and 18r od8d A method for controllingthe amount of charge on a conveyor, comprising;:
making measurements of the amount of electric charge on a conveyor;
transferring electric charges to or from the conveyor as a function of the measurements.
29. The method of claim 28 comprising making measurements of the amount of electric
charge by measuring an electric field formed by the electric charge.
20  30. The method of claim 28 comprising making measurements of the amount of electric
charge by measuring a voltage on the conveyor caused by the electric charge.
31. The method of claim 28 comprising transferring electric charges to the conveyor by
rubbing the conveyor against a rubbing surface.
32. The method of claim 28 comprising transferring electric charges to the conveyor from an
25 electrostatic generator.
33. The method of claim 28 comprising transferring electric charges from the conveyor by
selectively grounding the conveyor.

34. The method of claim 28 comprising transferring electric charges from the conveyor by

modulating the resistance between the conveyor and ground.
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