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PCT/ US98/ 22622 ° WORKPI ECE CLEANI NG ELEMENT W-TH | MPROVED -RI B

CONFI GURATI ON FI ELD OF THE | NVENTI ON
The present invention relates generally to a scrubbing element for cleaning
flat wor kpiWee24176 More particularly, the present i nREkUI®B6rE| ates to

an i nproved scrubbing el enent that includes 5 a nol ded resin core and

cl eani ng NMatWORKPIREE CLEANMINGPLEVENT WirTH GMIPROVED RIBICONFIGURATION
BACKGROUND OF .-THE | NVENTI ON The production of workpieces used
in the magnetic disc drive |ndustry beglns W|ththe - ----Cr-eat-on of a
substrate with a hard snoot h s BIHLZCOF MNVEN gneﬁo—-r’r&t—eﬁ al---can-be -
.deposited. A hard snooth surface rmy be_ formed by _coating a relatively sof t
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pol i shed surface can be used; for exanpl e, eI ectro-deposition and
. sputtering are two well known rret hods. - After pol i shing, the
wor kpi eces are typically cl BAGK i : t|on of magnetic 15

material. If the surface of the vvorkpl ece is contam nated with debris from

t he polishing process
The production of workpieces used in the magnetxc disc drive mdusn}' begms with the

creation of a substrate with a hard smooth surface upon which magnetic material can be
deposited. A hard smooth surface may be formed by coating a relatively soft material such as _ N
10 aluminum with a relatively hard material such as nickel. The hard material is polished to a
_ smooth finish, and magnetic material is then deposited onto the polished surface of the
workpiece. Several methods for depositing magnetic material onto the polished surface can be
used; for example, electro-deposition and sputtering are two well known methods.
After polishing, the workpieces are typically cleaned prior to the deposition of magnetic

15 material. If the surface of the workpiece is contaminated with debris from-the polishing process
or elsewhere, the adherence of the magnetic material to the surface of the workpiece will be
imperfect, and “blisters” of missing magnetic material may form on the surface of the workpiece.
These “blisters™ create areas on the completed magnetic dis¢ that are’ iricapablé of storing
information. Similarly, in optical disc manufacturing, debris on the surface of the workpiece

20  may cause voids in information storage. In semiconductor wafer manufacturing, debris may
attach to the surface of the workpiece, causing defects on the surface of the workpiece. These

. defects can cause electrical shorts or other problems within the microelectronic structures on the
workpiecc. Accordingly, it is often important to clean the workpieces to remove debris from the
corresponding surfaces.

25 Contact scrubbing with sponge-like material is one method used to remove debris from the
surfacc of the workpieoe A typical prior art cleaning element used for contact scrubbing of
workpxeces is described in United States Patent Number 5,311,634, issued May 17, 1994 to
Andros. A conventional cleaning elernent 10 may be conﬁgured as'shownin’FIG:1: Cleaning
element 10 generally includes a sponge-like cleaning material 12 and a core 14. Cleaning

30 material 12 is formed over core 14 and seals with itself at an outer edge 16 of core 14. Cleaning



or el sewhere, the adherence of the magnetic material to the surface of the
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15 Core 14 has a centrally located aperture 18 to allow mounting of cleaning element 10 onto
arotatable drive shaft 20. Core 14 may also have two keyways 22 and 24 formed within aperture -

18 and configured to receive a single key 26 located on drive shaft 20. Key 26 and keyways 22

and 24 enable drive shaft 20 and cleaning element 10 to rotate as a single unit. Prior art cleaning

element 10 uses such multiple keyways 22, 24 to facilitate adjustable alignment of the texture

20  pattern on cleaning material 12. For example, cleaning elements 10 are typically installed onto

drive shaft 20 using -alternating keyways 22, 24 to stagger the respective texture patterns.

Unfortunately. such an alternating configuration requires additional installation time and

increases the likelihood of an improper installation,

Prior art cleaning machines may employ a piu_rality of cleaning elements 10 to

25  simultaneously process a plurality of workpieces. When multiple cleaning devices 10 are placed

on drive shaft 20, a number of spacers 28 are often interposed between adjacent cleaning devices

10 to ensure substantially identical spacing between all cleaning devices 10. Unfortunately,

installing spacers 28 onto drive shaft 20 is time consuming and Jabor intensive. Spacers 28 also

- tend to wear and becqm_c:_-t.:qmaminated, causing nonuniform spacing between and misalignment

30 of cleéning devices 10. Such inconsistencies may cause unpredictable processing. from

e workpiécc to workpiece. —-— . . L



5 texturing may not provide a suitable cleaning or w ping action and sone

patterned cl eaning el ements may nerely redistribute debris from one .
| ocation on the workpi ece to another w thout effectively renoving
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chloride (PVC) for core 14. Unfortunately, PVC may |eech 10 chem cal s or
particulate i'nto the cl eani ng EIMVARNTITHEINVENTIOBEe. Such | eeching is
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BRIEF D PTION OF DRAWINGS

A more complete understanding of the present invention may be derived by referring to
20 the det;iled description and claims when considered in connection with the Figures, where like
reference numbers refer to similar elements throughout the Figures, and:
FIG. 1 is an exploded perspective view of a prior art cleaning element and corresponding
drive shaft;
FIG. 2 is a cut-away side view of an exemplary workpiece cleaning system that utilizes
25  cleaning elements according to the present invention; ' |
FIG-3 is a perspective view shdwing the cleaning system in operation with a plurality of
workpieces; |
FIG. 4 is a partially cut-away plan view of a cleaning element according to the present

invention;
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Accordingly, it is an advantage of the present invention that an inproved

wor kpi ece cleaning elenment is provided that overconmes the limtations
of the .priorwewdns7é Anot her advant age of the preesaspsizépzention is

that the cleaning el enent does not |eech 5 chem cals or particulate into

the workpiece enyid aop lanskmwgmaa%%&%n&dbythecleamng elemefy, f Ur t her
advant age is that the cleaning el enment engqo yS a di sposabl é plastic resin

core - that- gﬁlﬁllésﬂé%@?“'?@bﬁ?la@ém{e wiiRFI¢{%ani ng el ement without a
consrderabhr AOHTH, ﬂgat :ewo@@;‘éﬁaiehx{i&elemem - Anot her advant age of the
present_invention_Ls th a rovides a cleaning element with an 10
integral spacer FHa8is aatewlF\tf aﬁwl@wnﬁlm@wowm Ao fepicied inpppratmmaitingn of

t he cl eankng pgAcgggﬁQrofawmkp,ece An additional advantage is that the
present invention provides a_cleaning el enment having an inproved rib
pattern that enabl@d ’éPﬁ’é’EP‘?"U@alr‘éﬁ’b?fgq P°6‘f°“d’éB‘F|°§a’T‘?5’(ﬁ¥ﬁ%Y‘RﬁP%é’§ during

processmg of a workpiece; and

FIG. 10 is a side view of the cleamng element shown in FIG. 7.
D ED DE E ARY EMB

10 " The present invention relates to an improved cleaning element useful in cleaning
- workpieces. While the present invention may be used to clean a large variety of workpieces and
associated surfaées, the preferred exemplary embodiments discussed herein relate to the cleaning
of semiconductor wafers, magnetic discs, and optical discs. It will be understood, however, that
the present invention is not limited to cleaning any particular workpieces; rather, the subject
15 invention can be advantageously used in connection with a variety of possible workpiece
configurations.
With reference to FIG. 2, one technique for cleaning workpieces involves the use of a
cleaning system 30 that suitably includes a cleaning assembly 32. Cleaning assembly 32 is
--preferably configured to clean a plurality of workpieces 34. e.g, semiconductor wafers. magnetic
20 recording discs. or optical recording discs. Cleaning assembly 32 suitably includes a rotatable
drive shaft 36 with several cleaning elements 38 attached thereto. Cleaning assembly 32 may
include any number of cleaning elements 38 configured to clean the surfaces of workpieces 34.
Drive shaft 36 may be driven by a belt 40, which can be driven by a motor 42 or other suitable
. mechanism. Drive shaft 36 is just one example of a2 means for moving cleaning elements 38
25  relative to workpieces 34, which may be located between neighboring cleaning elements 38. Of
course. other appropriate components could be utilized to accomplish the same result.
SR Wxth reference to FIGS. 2-3, cleaning assembly 32, which preferably includes a plurality
of substannall) similar cleaning elements 38 arranged in a parallel configuration, cleans '_
- —.workpieces 34 as respective cleaning elements 38 contact and move relative to the surfaces of
30  workpieces 34. In the exemplary embodiment illustrated in FIG. 3, cleaning assembly 32 rotates
in the direction shown by arrow B. Although the specific direction of rotation is not a

4



The above and ot her advantages of the present invention are carried out in
one formby a cl eaning el enent for nechani cal scrubbing of a surface
of a workpi ece. The cl eaning el enent 15 preferably includes a
substantially rigid core and a substantially resilient cleaning materi al
coupled to MmE9p#r7€. The cl eaning material enploys a rai PEAUSPIR2622hi ch

I ncl udes a | ongi tudi nal channel forned therein. :

BRId EF DES(cj:Rl Pe‘Ehfﬁ)heﬁFoleHEr@BNﬂK/_ &itzbn. collection and r;moxaal & d&ﬁiéﬁll;dixﬂw&]!(ﬁt:&_s 34 may 20
under st andi ng of t r.esent invention.may be derive . erring to

the det ai | ed PHERERHOR] HHFH e ST RSP BT e B AP BHASEE P8 RSRM h t he
Figures, whelkembihddevith a partictlef retatidhabdiRtitae MorkpRicer 34intay Sk platedlon @ nBMBRLS - - -

t hroughout the, Fi gures d: . FLG .1 is an expl qQd erspective
Ve of o or PO et g e e S SRR R & Nfphgelnat ¢
FIG 2 is5a cwtkptesssy3dsinehebe titwsn Gi a 3Gitableadiiplivh el kp cRatngC ERdhts TR, SYSt em
that utilize | eani

25 | t r di th t i tion;
F'G 30 a RerapeebrioroRisrs RRE ryr oo ol Reey B A Eee B w t h

a plurality efowing bothwidekqfi eechesorkpiece 34 to be cleankd Smullaniesusly. PAretdspeel of thelt - anay
gl an-vi ew of c%an(i‘rlxgeo%&irsn c ezlm?nré%ﬁ;ner?tgg gnrcvgés? atitvg totwrc])ﬁ(p eEe%%g Q&d debris on thie QLY agé on;
of workpieces 34 becomes trapped in a portion of cleaning element 38 and is removed from the
10 surface of workpiece 34 (described in more detail below).

- To minimize scratching of the surfaces of workpieces 34, the cleaning often takes place
in the presence of a liquid such as deionized water. Cleaning elements 38 may be kept moist by
spraying the liquid over cleaning elements 38 and workpieces 34 or by keeping cleaning
elements 38 immersed in the liquid. The liqg;'_d provides lubrication during the cleaning process
and aids in the flushing of debris from cleaning elements 38 and workpiéces 34.

The use of cleaning solutions or deionized water may have a detrimental effect on
conventional cleaning elements that utilize a stamped PVC (or other plastic) core. For example,
deionized water may remove the plasticizers in such PVC cores and cause the PVC cores to
become overly brittle. PVC and other core materials may also leech chemicals or particulate into
20  the cleaning environment during use; such chemicals or particulate may cause nonuniform

cleaning or damage to workpieces. Some prior art cleaning elements may employ a metallic core
designed for use with removable and reﬁlaccable éleaning material. Such cleaning elements may
be costly to manufacture and maintain, and the use of removable cleaning material may cause
nonuniform cleaning from workpiece to workpiece.

25 FIG. 4 is a partially cut-away view of cleaning element 38, showing a substantially rigid
core 46 configured in accordance with the present invention. Core 46 overcomes the above, and
other, disadvantages of prior art cores utilized for resilient cleaning sponges. Core 46 is
preferably a one-piece assembly that may be molded from a plastic resin material. In one
exemplary embodiment, core 46 is formed from ULTEM 1000, which is a resin (commercially

30  available from the Polymerland division of General Electric) that is suitable for injection
molding. This material is particularly suited for the present application because it is unreinforced
with glass or other fillers that may otherwise leech into the cleaning énvironment and

contaminate or damage the workpieces. Of course, core 46 may be formed from any suitable

5
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PCT/ US98/ 22622 FIG 5 is a plan view of a nol ded core
utilized by the cleaning el ement; FIG 6 is a side view
of the nol ded core shown in FIG 5; FIG 7 is a top view
of the cl eaniowgrahenent . - FIG 8 is a tpprussenssef the

cl eaning el enent shown in FIG 7, depicted in operation during 5

processi ng OhatéridMAidoRi 16 @fdse skilled in the art. Unlike stampel $vCnaheSiald whichl Riap scbhonal
view of a portion of .the c|eanin gl enment in_operation during

processi ng oyarped @y, &Fréglea}fteépﬁﬁ, core 46 is preferably formed fpqma syitgble amaterial that i ew of
“T"hecl eani Nosubdt@E It resishAVD pérhakehGuarping causei l(a)y external forc_ﬁiﬁﬁﬂéd—tﬁ&t%g ;I'I ON OF
A _PREFERRED_EXENPLARY ENBOD| MENT o . e present 1 nvention
relates to anPFAp? ?imE‘Fé%FH\{EFd Mo pRUFhits subserally np rle"ﬂ“é%lﬁf Rrpmicals, oils, or

wor kpi eces. phhkichitetwhen piposea i fiidy €61 deizBByatéte gsed ]Eo cl eanha lar?e_ 4
vari ety of workpieces .gnd .. . associ ated suyrfaces, the preferre
exenpl ary enbodiArTgé'ﬁst‘?n%B §f?ﬁ§§té’&a’ﬂlégr‘€?tﬁ“f I‘%ﬁ@e foirepaie fopedpnon gr ot erwise

of seni conduntsiéd twadre s , In (R GrrekreCentbodifnt, Eleling Piatetiall 48 G BSSed bbt*g:%inlg’l’ be g
under st ood, howev that .. . the present invention is not limte
t o .cl eani ng aaﬁl?el’%‘i{‘? ?°@‘(Y_|"%Y} 2lepBol P At over °°Fea4t6hi‘rs,ﬁ°“f‘£1t§ 3gRFRYIaeq that a number gf

i nventi on caditehetexdmpnitdgs cuthlay utetads, may 60 ofiled to0Bmveltdhing adriably A

ossi bl e \wor kpi ece. . confiquratjnns. . . . .. With
Iroef er englg t oé%r@\eg’f,m%ﬁget?ﬂebce o e ateéﬁe@rf?%d“% R BleeliBsefirtisrdribedl t he use
of a arranged o faudlitite effisiprs tieaming@f whribieces 34 anl reynoirad of debhessrom WorRsletes

assenbl y- 32.,,0 eaning assenbly 32 is preferably configured to clean a
plurality of workpieces 34. e.g., semconductor wafers, magnetic
: As shown in FIGS. 4-6, core 46 (and, consequently, cleaning element 38) is substantially

disc-shaped. which .accommodates rotational cleaning of workpieces 34. In particular, core 46
15  includes a central hub 52 configured to recei\‘/e drive shaft 36, and .a substantially disc-shaped
plate 54 extending from central hub 52. Cleaning material 48 may be formed such that it
| substantially covers plate 54, leaving central hub 52 exposed. Central hub 52 is cylindrical in
shape and plate 54 rha_y be configured such that it centrally intersects central hub 52
perpendicular to the longitudinal axis of central hub 52 (see FIG. 6). In other words, central hub |
20 52 preferably forms two integral spacers 55 that are of equal height relative to plate 54. These
spacers 55 may be employed in lieu of the separate spacers associated with many prior art
applications. The use of integral spacers 55 reduces the number of gaps between components
mounted tb drive shaft 36. The reduction of such gaps is desirable because bacteria, loose debris,
and othér contaminants may collect within such gaps. Furthermore, the use of integral spacers
25 55 increases the structural integrity of central hub 52, which increases the rotafional stability of
cleaning element 38 and strengthens the area that receives drive shaft 36. |
The use of spacers 55 helps ensure that substantially similar pressure is applied to each
workpiece 34 by the various cleaning elements 38. Similar pressure, in turn, helps ensure that
each surface of each workpiece 34 is consistently cleaned. To facilitate proper alignment and
30 substaftially parallel installation of cleaning elements 38, central hub 52 preferably terminates
to form a bearing surface 56. Bearing surface 56 defines a plane that is substantially paraliel to
plate 54, as depicted in FIG. 6. _ |
To enable effective coupling of cleaning material 48 to corc 46, and to increase the
6



20 recording discs. or optical recording discs. Ceaning assenbly 32
suitably includes a rotatable drive shaft 36 with several

cl eaning el enents 38 attached thereto. O eaning assenbly 32 may

i ncl ude any nunber of cleaning elenents 38 configured to clean the surfaces
of wor kpi ec & %2417 Drive shaft 36 may be dri vé’ﬁnggsé”f? It 40,

whi ch can be driven by a notor 42 or other suitable mechani sm
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‘nei ghbori ng cl eani ng el enent course, other P roprlate
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of p| ece I'n the exenp iment illustrated in

FIG 3, cl eamﬂntf’ a&sEhbEN 1890, isselepted such that core ‘Y6 has SqfﬁPlifﬁﬁmaiufaéﬁziPi@hwl@ihom by

Z‘r row B. Al't m&%%n Erﬂ?ea&%‘a bdsGeiflld Wiet dpeiingdfss! Plrdleinfie, kcére A0 MaRbe designed
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removal gf dgdatee8f ﬁ}gQEﬂl‘r‘i{éﬁxK@(ﬂaCQ&e A6reRB¢ to its origihgl shipean&asfifionyl ULyeMOf t he
conflguratlon of s upon cleaning elenments 38 (descri b&%bel ow)

conbi ned wi t K004 Wf?@dﬁmﬂéfcé?ﬁcﬁ ggs ngfcppigip pryplasigizeR v idhage ofign Wﬁ&?"‘ﬂe

pl aced on a BUAIPEC Rfes used by pRbH atlcleartty Sstdhtstviah e:tpb&)zl tefhads su@tasldeiokigddat € i n
the direction shown by arrow C, Al terpativel may be

ARSI L A S RSB S e AN B T T S S

In the preferred exemplary embodiment, cleaning material 48 includes raised ribs 50,

LD‘

15  which may be integrally formed therein. As shown in FIG. 7, ribs 50 extend from a location
proximate central hub 52 to a location proximate the outer.edge of core 46. A small gap may be
located between ribs 50 and central hub 52 to accommodate flushing and lubrication by
deionized water or other suitable cleaning fluids. In the preferred embodiment, ribs 50 are
relatively straight and their respective longitudinal axes are offset from the center of core 46.

20  The longitudinal axes of ribs 50 may be tangent to an inner circle 64, which is substantially
concentric with core 46. An exemplary inner circle 64 is shown in dashed lines in FI1G. 7.
Although not a requirement of the present invention, inner ciréle 64 is preferably sized such that
‘its diameter is less than the outer diameter of central huE 52.

The preferred arrangement of ribs 50 (described above) promotes the effective cleaniﬁg of

25  workpieces 34. With reference to FIG. 8, ribs 50 are configured to brush each workpiece 34
such that debris is collected from an inner position 66 of workpiece 34 and subsequently
removed from the outer edge of workpiece 34. .Due to the angular orientatioﬁ of ribs 50 and the
rotational direction of cleaning element 38, debris may wravel from inner position 66 and be
collected within the “pocket” formed between two ribs 50, e.g, near an area 68 deﬁngd between

30  two of said ribs 50 and proximate the center of core 46. Ribs 50 are also configured to brush
workpicde 34 such that debris is moved from inner pos.ition 66 to an outer position 70 of
workpiece 34. This sweeping motion enhances the collection of debris between adjacent ribs 50
without spreading loose debris onto a previously cleaned section of workpiece 34.

7



descri bed above, workpieces 34 are preferably interposed between two

cl eaning el enents 38, all ow ng both sides of each workpiece 34 to be
cl eaned si nul taneously. One aspect of the cl eani ng occurs as cl eani ng
el enent 38 noves rel ative to workpieces 34 and debris on the surface

of wor kpi ece®%8441econes trapped in a portion of cleani neceUseses22 38 and i s
renmoved fromthe 10 surface of workpiece 34 (described in nore detai

bel ow).. In accorddcd Wil Jpraérea%aﬁmmegre% lmﬁummfsa@ﬁ%c&hgméﬁm eces
34, the cleaning often takes presence of | iquid such

as dei oni zedhadieincleaping ahility s ‘@P%‘ﬁ%’nt‘%PaS‘B’“Hﬁﬁs ‘Efé‘ %P@WE in I8¢ 7-8 y""mh rib 50

spraying thendylifidhhde aqurgﬁmaihzﬁeammmfoe;mnhesex%m@ﬂudm KiRhRC PBincas@ thdY
[ ' nments 38 immersed in the |iqui The liquid

‘keepi.ng cl.eanjn ) ui d.
provi des | utﬁ%"%‘g’F iclfFf“Eﬁﬁ‘ﬁr 1] ‘ir??é’fGTcééﬁlsﬂd"ﬁP‘ﬂéﬁ%‘?mﬁly "ﬂ"‘é‘?ﬂn%?hﬁ ampyptphe
f I ushi ng sof daking Gakrid A8 Geaning the ﬁiaﬁima&esofBBaﬂ@dnmadqal A6 Sowd4n FIG. 7,

The use of ¢l ean sol dei gni_zed er ve detri nment al
effect on ‘ongitu %’E)ag #%ﬂrﬂ?ﬁ’fls‘g’é‘ﬁwﬁ y@igé"r‘?é’\il‘@éhetlﬁﬁ%mﬁ?ﬁmfgﬂﬁ ISPEHed PVC
(or other plrisioi n)mgamm clizfufic] wtadmhtes flushing ofdémmnze&kmaieeu axm}hsﬁlgapve t he

plast|C|zerS|nsc C cares and ca the
overly bri t t§egnin ‘FD%?‘ cﬁdﬁ nadly %¥%§F %ﬁé} '3?5 ?S%C’é’éf‘?dﬁ‘hé?ﬂ“é“dﬁ s or
parti cul at e leading clRgher suifiee 76 htiattalligg €leanier QrTHERITE. duﬁneﬂglrﬂ&eﬂ geehiliehani cal s

or partigcula . _cause .nonuni f n e to r kpi eces.
Some pr i@r a‘{”‘?a' c@?ﬁé% p‘ ﬁ'g‘rﬂbéi}ﬁ%"hé'f%f’%gfs‘éa%ﬁé‘f 'gfi‘chg’e Fppgtof particulgte, i gned
for use wt hpfeaiimfam:meanﬂh E@pérgion:d blkaning|elmants gnd e thefebpimprdse @i clebritgdi NY

el enents may be costly to manufacture and naintain, and the use of
renovabl e ciBanT hg materi al may cause nonuni f orm cI eaning from

wor kpi ece to woFKk@il9cepici@fside view of clEdniBg elémers 38 shiawitg thd telgtive hbiglav\efyeentiabw Of

cl eani ng el 0 ubst ant | 6 configured

in accordan?{e;gg\r/étvl5 ﬁégn??% \Flé%ggsﬁ ?n%/)é“ﬁ’ cergla%lg)lszm%égm\:ﬁmcpacewgse eﬁtﬁc{) and
ot her, diSs achtwndagﬂaslam‘ dqﬁnéddwy Mat¢ 54 olnexscordante widda preferredosspdct efithe pleeani ng
sponges. 1§veﬂﬁ§on, 1ibs 50 extendﬁ:(aﬁ)tag {hgga!n?é pﬁf;gﬂ ?eaR Iagﬁxeas %&&rﬁl’ﬁ% %( tlp %&Woéds,ma nt .

nol ded from a astic resin mate
core 46 is fm#ﬁ%ﬁemmebm;mmnﬂGdOr é"blsnor(ﬁemwmb&bhysw

avail abl e f ftQFHn}A}?FP%WA %Mpﬂ% y'3§'vﬁ1@ﬁ_ﬁgstag%‘tpﬁfoﬂldn% %rxc)lt tsﬂ'ﬁar+y suited-

suitable for injection S material 1s partic
for the pr es”éPﬂeClﬁHbIhP'c‘a‘E Fmﬁﬁbb@wgéﬂbstwl and gentral b G2 geay VafY accordipg e thf ass or

ot her fijpl ergickdd@lor FBKpiedel' s, We SGndo88& bf LiBinfhgberil48 M dithibT Wl QRIREY and

process. and other application-specific parameters. - In the preferred embodiment, each of ribs 50

has a uniform height. which causes substantially uniform pressure to be applied to workpieces

34, resulting in substantially uniform cleaning over the surface of workpieces 34.
Cleaning element 38 may be configured such that ribs 50 on one side of plate 54 are offset
25  fromribs 50 on the other side of plate 54 (see FIG. 10). In other words, the projections of a first
number of ribs 78 onto core 46 are offset from the projections of a second number of ribs 80 onto
core 46. Thus, when installed as shown in FIG. 3, ribs 50 associated with opposing cleaning
elemerits 38 form an alternating arrangement relative to one anothér. This arrangement allows
cleaning elements 38 to be attached to drive shaft 36 in a single direction using single keyway
30 82 (see FIG. 5), rather than requiring multiple keyways to facilitate offsetting of cleaning

_ elements 38 during installation onto drive shaft 36. For purposes of this description, “offset” =

means that ribs 78 are not aligned with ribs 80. Offsetting ribs 78 from r.ibs 80 cnsures
substantially consistent pressure between workpieces 34 and cleaning elements 38. Such

8



contam nate or damage t he workpi eces. O course, core 46 may be forned from

any suitable- 5

WD 99/ 24176

PCT/ US98/ 22622 material known to those skilled in the art.-
Unl i ke st anBEP92476 mat eri al , whi ch nay becone PCT/USYaRG2d or -

deforned after use, core 46 is preferably fornmed froma suitable materi al
that is subsdf&erﬁn@dldoyeduesmtsam inpartgaian warkgiates B amdi redyicesahesatbuinyof Betdmg nal

forces appli is preferably formed such
that it exhl??dvp%kpé fc:igaqufgf?emen #8&%ching of chemicals, oils, or

5T particutat ét sm&dibﬁpp@saeﬂ tha tielabovel gescriptign is oﬂlscfmmdaednpmy &ﬂbodxmems
-A-substantiall ilie [ ' r r med
upon or ot h‘:irn\nghéi 2 bl hvElSRRI &lm“]?e}x‘?c{ t'h?%:eéigcr: g@:ﬁ%&x‘éﬁﬁ H%rﬁg Al &ﬁ}

enbodi mert , bé pasEnnpverEibemERbE d],@matglyfcgnﬂmrj:d bya foljermeiubigig element for useina a
tsﬁg?g: lnluﬁte) @%%Xdu&& cle%Lxﬁg ggémbﬁ)l: X&}ncﬁ) Y semc%gc{ugtoélig%f r|1;[cle§1be(alz'§s 1g%asses gur e?ﬁlaﬂ'teed
may be uti | ivpger and ldver mlbﬂseammglmdbmcnmhaymlxzm mjected molde.ﬂ.@esm cotkexmd i bed in
nore detai | e I rai sed
b o Teahelbiehl M g bt ek BT RinAR bl Bl

of wor k p| ec ¢ eslogidiserréiapee nmg ebfneme\brlfrsglﬁed hereipdondypitiizeeascore formed wrth internal 34,

As showng n frl gd6 I rlr%t38)is
subst ant| aI Iy Fehanttel?confih ﬁ’c %gn le%%&ﬂﬁgﬁha%%gmg% g% mfe%tt at | onal

cl eani ng of %Fﬂéblﬁ%@@?@ﬂthe ¢are. p@ﬁqonm these and varipusi@her modificationdmay bermddades a
central hub g% .qeafi GHE&d kO kl od ally

di sc- shaped © 9£Qn feite IT at e oglg?(l?getn n rfg?n ?grﬁ?%ahgﬁg‘%%eani ng
materi al 48 thasﬁowfﬁhﬁlmum expresaad ip the appended claims.




substantially covers plate géétdag vipg central hub 52 exposed. Central hub

52 is cylindrical in This S and plate 54 may be configured

'such that it centrally |nt\wmnmg "ﬁl hub 52

per pendi cul ar to the | ongifj 6lf central hub 52 (see FIG 6). In

ot her wor dswo &28i76 al hub 20 52 preferably forowusssazent egral
spacers 55 that are of equal hei-ght relative to plate 54. These

spacers 55 may be enployed in lieu ofprk separate spacers associated with
many prior art - applications. The use of integral spacers 55
reduces the nunber of gaps between conponents - mounted to -
dri ve shaft o3& is diiged gducti on of such gaps i s desirablebecause bacteri-a;————-
| oose debri s, and other contaninants nmay. collect within_such

gaps. Furtherndre, prfieapiagelgpent forapaehgnicalsgruphing of a surface i a workgises. jid eases

t he struct ufigdningRleRBhicb¥p@ingcent ral hub 52, which increases the rotational
stability of ) ... cleaning elenment 38 and strengthens the area

t hat rec%i ves drspksiantiglyfrigidgpe-piece core formed from a plastic re%@a'ﬁ‘é%’ Bid cassheipg s 55
hel ps ensur gbithiatllFefshm i fetthdn¥ntSiaPpidgtbustd BSsxieiRl foﬁ:es?@Fiiddeﬂbr&@, afd@Ch

wor kpi ece 34 by the various cleaning elenents 38. Simlar pressure, in
turn, hel ps enditestantially resilient cleaning materigl thtagrally, formed upgR saideoRe- wor kpi ece 34 i s

consi stently cleanegd cledfind @&hdnt 484:8inp tciR@h 1 AblegiiENt and 30
substantially parallel installation of cleani ng e‘Harren s 38, .central hub 52
preferably ter FR&PESomPrises a central hub confgyred taregeipesy "ﬁd}‘”é@f‘ agsagiallpe i ng

surface1®6 @ed-shagd pidixRiding ficth sdiGcettIstinaid al |y parallel to
pl ate 54, as dgg.i _(é%ed in To enabl e effective
i

Fl 6. . .
coupling of cl @““i’?ﬁ’f’ﬂﬂa&“bﬁ%‘mﬁw WIFRSHPNd to increase the
6 MO 99/cédidOelement according to claim 2, wherein:
PCT/ US98/ 22622 said central hub is substantially cylindrical in shape; and
said plate centrally intersects said central hub perpendicular to the longitudinal axis of said
15  central hub. _
4. A cleaning element according to claim 2, wherein said central hub terminates to
- form a bearing surface defining a plane, said plane being substantially parallel to said plate.
5. . A cleaning element according to claim 2, wherein said plate comprises:
a plurality of spokes radiating from said central hub; and
20 a plurality of interconnecting members integrally formed between said spokes, said = - . ..o -
interconnecting members‘l and said spokes defining a plurality of openings in said plate.
6. A cleaning element according to claim 1, wherein said core is formed from an
unreinforced plastic resin material that exhibits substantially no leeching of chemicals, oils, or -
particulate when exposed to fluids.
25 7. A cleaning element according to claim 1, wherein:
said cleaning material comprises a raised x'i;ty integrally formed thereon and extending from
a location proximate said central hub to a location proximate the outer edge of said core; and
said rib includes a longitudinal channel formed therein.
8. A cleahing element for mechanical scrubbing of a surface of a workpiece, said

30  cleaning element comprising: R

a substantially rigid core; and
‘a substantially resilient cleaning material coupled to said core, said cleaning material

10
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durability of cl eani ng mat erl al, 48 core 46 may be configured such that a

plurality of openings i n. Openi ngs 58 enabl e an
anpl e anmount of cl eaning rrater t hrough core 46 during
t he nol di ng process. As best s pI ate 54 preferably

i ncl udes a wbavamisty of spokes 60 radiating from cent r al PRRAISIE2268d a
plurality of interconnecting 5 menbers 62 integrally forned between
spokes 60. Spmk:ﬁag&(ﬁmdsédntbéntegmtyefmedglcwembmcr;irﬁz are arranged to
defi ne openi ngs ?Ew t. terial used to form
core 46, e.dg., %%g%l}q@g%é le°c £ mgltr}%%@‘t%; lct)ﬂrléegﬁes has sufficient
structural--ri gi @it y-Ableining-element ammmgo daimiSnwhercin il faﬂ@@seésb@mnasﬁdnw th
-openi_.ngs 58. i ,

i bi ts o i ERAE v COIE of QB PEloERR Gt e quF WRRH B 1o
significéant 10 10degdkebaxmfgq!ﬂwsﬁasedrdlnaamlaynQ.iwlme,intcore 46 returns to its
ori gi nal shape . 1000 is a preferred materi al
because it doesggrll%?&cgﬁ{‘%ﬁﬁﬁdgg%cfhgé%jf cl zers, which are often renoved.
from PVC cores usé@gbydupnl 'axisrofamtl ﬁ@tmmmseﬁ@t@msaid\mwr ebspidserd. to fl ui ds
such as deioni zg }@1 T " fwleqist i ci zers .from PVC cores
renders such cores unglle ﬂg}ﬂen a@@bx&xﬁé@ ﬁlm@w}g e In the preferred

exenpl ary enbodsaqémrexsgu@anfnaﬂgdmsl@mda#nd% i ncl udes raised ribs 50, 15

whi ch may be | nbRapadaind AAGH il BhPlfbed A8 1S BOMA il cifele EloiEflly €1 end
froma | ocation proximate central hub to a location proxm’étethe
out er edge @n@mwesalﬂcfyﬁall gap nmay be | ocat ed between ribs 50 and
central hub 52 acgggm%aé&emddgg;&ﬁ@oqﬁgnhpwh%ﬁtl on by . dei oni zed
wat er or ot her swtabl e cleaning f In the preferred enbodi ment, ribs
50 are r ebaid pere pympsisesc sg?ﬁfanaﬁhr cv!mrlreal cersplhbiconfisnish i eeriNermadrivaxes ar e
~offset fromglygapenter of core 46. 20  The longitudinal axes of ribs 50
may be tangent to an inner_circle 64, which is substanti all

concent ridc wi t htheghameses of said ingrginsleds lpssithandhe qurer dipmmeterpf paid cepBliub-n dashed
lines in FIG 713, Acleé}hﬁ,{gmﬂhtdagg,dlﬂgﬁemgmmn of the present invention,
inner circle 64 is prefer sized such th its dianeter is |ess

than the outer aﬁl‘éﬂ-’é‘i vé’mafeswﬂ?ﬂlavb pigusss to receive a drive shatt antha substantially G

ar r angenent ;mteem&alnggoﬁ,cj@aesmbﬂﬁbabove) pronotes the effective cleaning of
25 workpieces 34. Wth reference to Fl ri b 50 are configured to
brush each vvorkﬁ?‘%&eé’“§zf‘“be"t°ndsgel¥8‘f‘fl‘%‘ﬁ%}?“eg@%‘fefig’ P,lﬁtF’Iaé ted from an inner

positioree66 of wad kit aked Mlextnds Wydrdesd plahd A least as far isemved-alflfuem t he outer
SN TR RONET KURIR AT R
position 66 sajiddird@aised rib mt@@lehcﬁigtc%ind&:isﬁrmcﬂaﬂdh&raﬂiﬂ@elkﬁfbr suffasfened bet ween two
ribs 50, e.g, n?gr aﬂ c ezrmemag € e%egtegcéor}gng 1o c{a:m g,nwherein:
said first raised rib is located on a first side of said cleaning element;
25 said cleaning material comprises a second raised rib integrally formed thereon, said St'tcond
raised rib being located on a second side of said cleaning element; wherein
the projections of said first and second raised ribs onto said core are offset from one
another.
16. A system for cleaning workpieces comprising:
30 - first and second cleaning elements, each comprising:
__a substantially rigid one-piece core formed from a plastic resin material;
a substantially resilient cleaning material coupled to said core; a;1d

a plurality of raised ribs integrally formed upon said cleaning material and
11 |
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30 two of said ribs 50 and proxi mate the center of core 46. R bs 50 are
al so configured to brush ThlsShem{akBéea(Replazéd such that -debri-s s noved from

i nner position 66 to an oute wor kpi ece 34. This

sweepi ng notion enhances the debrls bet ween adj acent ribs 50
Il ously cleane¢csasﬁmgnzof

wor kpi ece 34. 7

W t hout sprweaekdagsl oose debri
WO 99/ 24176 copfigured such that said raised rib ted with said first ci len
PCT/ US98/ 22622g =6 e * I ﬁ gcscagﬁoégr?cglv}ns?lh 158 Breaemnegrcreecfn?%pgtosﬁrsgdof t he

present i nvEded By 2ssoriped with snidseconhfieaging elemenyang such that ssidaisedaihedssociatedani ng
ability is qnahahi¢gsd: ! n particular;—as- best-shown- n-++&5—#-—9--each-rib-
50 may include a | on%l tudinal. channel 72 formed_therein. Longitudi naI _
channel 72 Flﬁ@uesﬁ%nt gl said raisedgribs @wsprigred witlewsiv yeepnd sterringclemaent fooh aaach i b
50 wi t hogt g%ﬁhaﬂr}agégmém,@ﬁﬁ%bﬁ%gm agount of 5 cleaning material 48
used during the nmanufacture of cleani nq el enent 38. As shown in FIG 7,

| ongi tudi nal cHaffRelr oviRgspidifiest andiseronditlraning glemenspslativaip o orkpiace lenatsilt udi nal

axi s of thepstReRSH i¥seand second ElbdingQleme@B i t Udi nal channel 72 facilitates
flushing of debris from workpiece 34 and ri n5|ddg . cl.eani ng. el enent
B

38. Additional I'V; | Sriyfemascrsine she#md e, wherein i §a?drfé°°§§§’@wrw@@empb 50
into a axelsﬁﬁﬁhﬁwyﬁxmlaﬂer surface 74 and a traili ng cl eaner surface 76.

Cl eaner surfaces 74, 76 facilitate a 10 dual cleaning action with each
rib 50, ¥hich ndy bé YBEP pecpmBEQClEimIIcWere: anount of particul ate

spreadi ng ass0CshidinRans\forirfovig RyBtskstiRive dbfeantig\@edab BN Ridahd addseldigr eby

i mprove the 1CI eanh:fn%13 process. FIG 10 depicts.a side view
of cl eani ng“E18H & a4 howing the relative heights of central hub
52 and.ribs 50.saild<ird @d febdifd FleaiNy @emdntnitd diknddWporbsdid d¥fvEFhaft Ma@%oRmof pacer S
55 t hat extgnd

15 19. A system according to claim 16, wherein, for each of said first and second cleaning
elements: _
said core comprises a central hub configured to receive said means for moving and a
substantially disc-shaped plate integral to said central hub;
said central hub extends beyond the plane defined by said plate to form an integral spacer;
20 and |
said integral spacer facilitates substantially uniform spacing between séid-ﬁr-st and second -
¢leaning elements. .
20. A system according to claim 16, wherein, for each of said first and second cleaning
-elements, said raised ribs are configured to brush said workpiece such that debris is moved from
25  aninner position of said workpiece to an outer position bf said workpiece.
21. A cleaning system according to claim 20, wherein each of said raised ribs extends
froma locétio_n proximate the center of said core to a location proximate the outer edge of said
. core.
22. A cleaning system according to claim 21, wherein:
30 said core is substantially disc-shaped; and
the longitudinal axes of said raised ribs are offset from said center of said core. . . .
23. A cleaning system according to claim 21, wherein:
said core is substantially disc-shaped; and

12
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15 beyond the plane defined by plate 54. In accordance with a preferred
aspect of the present i nvention, ribs 50 extend beyond the sane pl ane
at least as far as central hub 52. In other words, ri bs 50 are higher
than central hub 52, as shown in FIG 10. This configuration enables ribs
50 . t o WoP76pr essure ont o wor kpi eces 34 when i nst RATAS%8A3632 dri ve
shaft 36. It should be appreci ated that the specific height of ribs
50 and central hbdldaginkingl was pf agid eaistdnips taée fahgen?@ an inhkr cicole SBbseintially

wor kpi eces 3cdmémmw191rrsp%5| tion of cleaning material 48, the duration of the
cl eani ng and ot her appl i cation-speci-fi-c-paraneters. In the
preferred enbod|24ent Aseﬂethaeodrdmg tolabf) 16, wherein; Ifa'&aaoﬂmdffmﬂm&’setcghbleanvﬂgi ch -
causes subst app

Tesuting | noohplt o Hak BRI e e P cce

- 34. 5 areade@heiabtrwagn e?oenfmdra&ed n’eswrdomnauothé capter efbaidicode. t hat ri bs 50 on
one side of plate 54 are offset 25 fromribs 50 on the other side of
plate 54 (see FIG 10). In other words, the projections of a first

nunber of ribs 78 onto core 46 are offset fromthe projections of a second
nunmber of ribs 80 onto core 46. Thus, when installed as shown in FIG
3, ribs 50 associated with opposing cleaning. .. elements 38 form an
alternating arrangenent relative to one another. This arrangenent allows
cleaning elenments 38 to be attached to drive shaft 36 in a single direction
usi ng single keyway 30 82 (see FIG 5). rather than requiring nmultiple
keyways to facilitate offsetting of cleaning el enments 38 during
installation onto drive shaft 36. For purposes of this description,

"of fset” means that ribs 78 are not aligned with ricbs 80. O fsetting
ribs 78 fromribs 80 ensures substantially consistent pressure

bet ween wor kpi eces 34 and cl eani ng el enents 38. Such

8 P .
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WD 99/ 24176

PCT/ US98/ 22622 of fsetting al so reduces the stress inparted to
wor kpi eces 34 and reduces the anount of bending of wor kpi eces 34 or
cl eani ng el enents 38. It should be appreciated that the above

descri pti owosnefrspr ef erred exenpl ary enbodi nents and PEEUS2E2Hr esent

i nvention is not limted to the specific fornms shown herein. For exanple,

5 the present invention may be alternately configured as a roller
scrubbing elenent for use in a I conductor cleaning assenbly in

whi ch a sem conductor wafer ‘i s cleanell"as-it-passes between- upper and
| oner rollers.~Such rolter~etements may utitize aninjected nol ded resin
core and.a. .. _.resilient. cleaning_material_having.any suitable texturing
pattern. An exenplary roller elenent (or a disc-shaped cl eaning

el ement as described herein) may utilize a core forned with internal 10
fluid channels configured to carry cleaning solution fromthe core to the
resitient cleaning mager i al %y ocat ed1oponi& he core. O course, these -
and various other nodificatioRs 2%
arrangenment, and conpositi
from ~the.scope of th

to the design,
)s€d herein w thout departing
d_bn the appended cl ai ns.

42
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CLAI M5 What is clained is: . 1. A cl eani ng
el enrent for nechani cal -scrubbing of a surface of a workpiece, said

cl eani ng el enent conpri sing: 5 a substantially rigid one-piece
core formed froma plastic resin material, said core bein '
subst ant i alweywasisst ant to per manent war pi ng caused by &CEBBHARor ces
applied thereto; and . .a substantially resilient cleaning
material integrally formed upon said core; wherein said
core conprises a central hub configured to receive a drive shaft and a
substantial |y di-sc-shaped-pl ate ext8pdi ng fromsaid central hub, and said

—cl eani ng—-nmat ertat 10-——substantial ly covers said pl ate;

‘wherein said plate_conprises a plurality of spokes radiating fromsaid
central . hub and a plurality of interconnecting nenbers
integrally fornmed between said spokes, said " interconnecting

menbers and sai d spokes defining a plurality of openings in said plate. 2.
A cl eaning el enment for nechani cal scrubbing of a surface of a workpiece,

sai d 15  cl eani nFI&e®ent conpri sing: a
substantially rigid one-piece core forned froma plastic resin material,
said core being..m““wm_:_7zsubstant?hlIy'resistant t o per manent war pi ng
caused by external stapplied-thereto; and . a

force

substantially res E¢
wherein said core cogReARs
shaft and a 20 © sub

Ry material integrally forned upon said core;

vaentral hub configured to [ a drive
t'ant i Féndigg

IJ@/disc-shaggd pl ate ex fromsaid
central hub, and sai-d-cledfing material - 78sHsstrantial |y covers
said plate; : S wherein said cl Walo W ay=RiT '( prises a
raised rib integrally forned thereon a - extendi Iy ) om a
| ocation proximate said central hub to\@i\ gcal kad-grok outer edge
of said core and 25 - said rib iRkchudes a
| ongi t udi nal channel her ei n. 80 3. A cl eani ng
el ement for nechapt’cal scrubbi of a surface of a workpiece, said

50
52
64
e, l‘f:'}\ ‘ 74 ’_,.50
2 e
76

SUBSTITUTE SHEET (RULE 26)



cl eaning el enment conpri sing: : a substantially disc-shaped
rigid core; and a substantially resilient cleaning
material coupled to said core, said cleaning materi al 30 conpri si ng
~a first raised rib integrally forned thereon; %gerein sai d
first rai s®@%247¢ ncl udes a | ongitudinal channel for med *EHEPERH“4nd sai d
first

raised rib extends froma |ocation proxinmate the center of said core to a

| ocation proxi mate the outer edge of said core, and a
| ongi tudi nal axis of said first raised rib is tangent to an inner circle
substantially concentric with said ddde; - wherein saidcore-

conprises a substantially cylindrical central hub configured to. receive. . .. .

5 a drive shaft and the dianeter of said inner circle is less than the

outer dianmeter of said central hub. 4. A

cl eaning el enent for nechani cal scrubbing of a surface of a workpiece, said
cl eani ng el enent conpri sing: a substantially disc-shaped
rigid core; and 10 a substantially resilient cleaning

material coupled to said gpre, said cleaning maserial ,

conprising a first raised rib integrally formed thereon, said first raised
rib having a | ongitudi chanpel -6, }HEd_ erein;

wherein said core al hub’conflgured eceive a drive

shaft and a 70
38
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‘subst ant i al | y flat plate extending fromsaid central hub; 15 said

cenfral hub extends beyond the plane defined by sai W \gayg'/doz(,‘,a‘.z,
I far |
%M%ﬁm

said first raised rib extends beyond said pl ane at

central hub. 5. A cleaning ele

scrubbing of a surface of a workpiece, said cl eani ng el enent
conpri si ng: a subst QMAIMS vy di sc-shaped rigid core; and
20 a substantially resilient cleaning material coupled to said
core, said cleaning materi al conprising a first raised rib

I nt egr al | ywheatiseRihérikeon, said first raised rib having a | ongitudina
channel. fornmed therein; - wherein said first raised rib is

| ocated on a flrst Aicleening element for saachanicab sernbbing of a surface of a workpiece, gail d
cl eani ng erial._conprises a second raised rib integrally fornmed thereon,
sai d secon émgel enq%?‘&??%ﬂg'ri b being |l ocated on a second side of said

cl eani 89 el enedéubstahiedlly rikid one-piece core formed froml¥pladtio réafi mMteFialPéaid Sdrd being St
and second raised ribs onto sard core are offset fraom one
anot her.  substantially resistant to pegmapen{ yarning saypedchycatama) foreesgppliedstberetoiphd si ng:
L1 20, Sl ity iR GBI Tt oen s ot
a substanti al | wherein $aid odre domprisesca vattal hab canfigatedictotreceivd a deive shafband a
a plural ity of 1gised i pegraliy formed upon oid clegnng mater g
10  substantially covers said plate;
wherein said plate comprises a plurality of spokes radiating from said central hub and
a plurality of interconnecting members integrally formed between said spokes, said
interconnecting members and said spokes defining a pluralify of openings in said plate.
2. A cleaning element for mechanical scrubbing of a surface of a workpiece, said
15  cleaning elément comprising:
a substantially rigid one-piece core formed from a plastic resin material, said core being
substantially resistant to permanent warping caused by external forces applied thereto; and
a substantially resilient cleaning material integrally formed upon said core;
wherein said core comprises a central hub configured to receive a drive shaft and a
20  substantially disc-shaped plate extending from said central hub, and said cleaning material
' 'mmﬁmnhﬂyunmmsﬁdphm;
wherein said cleaning material comprises a raised rib integrally formed thereon and
extending from a location proximate said central hub to a location proximate the outer edge of
said core and’
25 said rib includes a longitudinal channel formed therein.
3. A cleaning element for mechanical scrubbing of a surface of a workpiece, said
cleaning element comprising: '
a substantially disc-shaped rigid core; and
- a substantially resilient cleaning material coupled to said core, said cleaning material
30  comprising a first raised rib integrally formed thereon; _
-wherein said first raised rib includes a longitudinal channel formed therein and said first
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conf i.gured such that said raised ribs associated with said first cleani ng

el enent oppose said rai sed ribs associated W V&décz 2
cl eani ng.el ement and such that said raised ribs asso%
sai d- first cl eaning el enent and said raised |4HSE

sai d second cl eaning el enent form an 5 alternating arrangenent
rel ati ve tmisedisb extendsd"rqm almtation proximate the centered said tone toraheagomnbxlmidteﬂte and

second cl eanin nts r lve o a, kpiece .l en
sai d firstOust S‘A‘ﬁg W%r B Bl 1staegenttoqg1gn§e§tcg

accordi ng §M@d_]@c@méﬁﬂfd’msﬁ@é&efl rst and second cleaning el enments are
substantially simlar. - 8. A system according to claim?7,

wher ei n: wherem said coxeaqompnmmsubmmﬂy cylindcicatisentsal huhcqtﬁigueedsth adcgive

ol T8 oie iy SEflanS Rttt @%ﬁ?@gﬁwlﬁﬁ.ﬂ&mﬂﬁg ot oo

vVia a conmpib. keyway 15 A system-according to claim
6, wherein, for each of said first and second cl eani ng eIenents

sai d core conphi sesA&l@ewgreéﬁmmB’rmemgenl@erubbngeﬁe.swéaosaaf@ waskpicce;, gaid

novi ng and Rani tially disc-shaped plate integral 'to said
central %l gelementeﬁﬂn?ﬁglﬁgal d central hub extends beyond the pl ane

defi ned by sai alsybstahtallyadiscshapad rigidcogyéid spacer ; 20 and
sai d integral spacer facilitates substant i al IY uni f or m spaci ng between said

first Wnd secopdubstantially resiliegt cleaping matepiak coupled to said core, said %mngmatsg@tem

ngﬁéﬁ't gg sm@@asﬁé'%gﬂs areg?:%];t'fl gure‘%“togﬂtz)ﬂlﬁl‘htr sal d g\ohéﬁﬁpgece suc that

debris is owsnnel formsdthereidd an inner position of said workpiece to an
outer position of said_ wor cl eani ng system

i ece.
according to CW P‘iﬁnlﬁf“ mr&FW%ﬁWBPHW%ﬁ%’&ﬂMWl
froma I ocg W@e,&%l%eﬁ)&ﬁ ent@l ore to a Iocat i on proxi mte
t he~Qut er e ge 0 }Is)gill Saif H“bc

Qﬁa 15 said central hub extends beyond the plane defined by said plate; and
said first raised rib extends beyond said plane at least as far as said central hub. ,
5.- A cleaning element for mechanical scrubbing of a surface of a workpiece, said "~
- cleaning element comprising:
a substantially disc-shaped rigid core; and
20 a substantially resilient cleaning material coupled to said core, said cleaning material
comprising a first raised rib integrally formed thereon, said first raised rib having a longitudinal
channel formed therein; | -
wherein said first raised rib is located on a first s1de of said cleamng element, |
said cleaning material comprises a second raised rib integrally formed thereon, said second
25  raised rib being located on a second side of said cleaning element; wherein
the projections of said first and second raised ribs onto said core are offset from one
another.
" 6. A system for cleaning workpieces comprising;
~ first and second cleaning elements, each comprising:
30 a substantially rigid one-piece core formed from a plastic resin material;
a substantially resilient cleaning material coupled to said core; and .
a plurality of raised ribs integrally formed upon said cleaning material and

-
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12. A cl eani ng system according to claim 11, wher ei n: sai d

30
coré is substantially disc-shaped; and DY /1§ a4
of said raised ribs are offset fromsaid center of sa 12 SEP1
13. * A cleaning systemaccording to claim11l, whereim d
core is substantially disc-shaped; and, ) . . .
12 configured such that, gaid sisedirihg;associated withy said firsy clegning ¢lemept oppase sgidgent

to an i nneL:.Chl: Esﬁé-qﬁﬁ ' NN ' i Lhd .car .

14. A sy{gfsgdmﬁggccor I'ng oéaggaelxorﬁdéil Rﬁgr@el n,{#gfmgatgﬁ%wggﬁgﬁfﬁsgfmggd
second cl ewithsgld first el enments, said raised ribs are configured to brush

sai d workpiece such that, debrjs_ travels to an 5, are defigled bet ween two

of said rafiewEng slgment and;said raised, b gyspeipted Wik faid segend cleaning element form an
5 alternating arrangement relative to one another; and

means for moving said first and second cleaning elements relative to a wofkpiece located
‘between said first and second cleaning elements.
7. A system according to claim 6, wherein said first and second cleaning elements are
substantially similar.
10 8. A system according to claim 7, wherein:
' " said means for moving comprises a drive shaft configured to receive said first and second
cleaning elements; and
said first and second cleaning elements are aligned upon said drive shaft via a common
keyway. |
9. A system according to claim 6, wherein, for each of said first and second cleaning

elements:

said core comprises a central hub configured to receive said means for moving and a
substantially disc-shaped plate integral to said central hub;
said central hub extends beyond the plane defined by said plate to form an integral spacer;

20 and
said integral spacer facilitates substantially uniform spacing between said first and second
cleaning elements, |
10. A system according to claim 6, wherein, for each of said first and second cleaning
™ elements, said raised ribs are configured to brush said workpiece such that debris is moved from
Nencr”

25  aninner position of said workpiece to an outer position of said workpiece.
11. A cleaning system according to claim 10, wherein each of said raised ribs extends
from a location proximate the center of said core to a location proximate the outer edge of said
12. A cleaning system according to claim 11, wherein:
30  said core is substantially disc-shaped; and .
" the longitudinal axes of said raised ribs are offset from said center of said core.
13. A cleaning system according to claim 11, wherein:

sid core is substntialy dis-shapeds and R ORY R A

12




W (s e

the longitudinal axes of said raised ribs are tangent to an inner circle substantially

concentric with said core.
14. A system according to claim 6, wherein, for each of said first and second cleaning
elements, said raised ribs are configured to brush said workpiece such that debris travels to an
5  area defined between two of said raised ribs proximate the center of said core.
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A workpiece cleaning element (38) incorpo-
rates an injection molded resin core (46) having in-
tegral spacers formed at a central portion of the resin - -~ - -+ -+ — .
core. The resin core is formed from a suitable mate-
tial that does not leech chemicals or become brittle
in the presence of cleaning fluids. A substantially
resilient cleaning material (48) located on the resin
core includes a plurality of raised ribs (50) that per-
form contact scrubbing of the workpiece. Each rib
includes a longitudinal channel (72) formed therein
that divides the rib into a leading cleaner surface and
a trailing cleaner surface. The ribs are arranged on
the cleaning element in a pattern that promotes ef-
fective removal of debris from an inner position on
the workpicece to the outer edge of the workpiece.




