wo 20061020856 E t. T/t1520051028720 SYSTEM FOR COATI NG OBJECTS ONJ A
CONVEYI NG CONTI NUQUS BELT FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates to a systemfor coating objects, and, nore particularly,
relates to a 6';0?)9{%% system for coat ng ob ects. BACKGROUND &

DI SCUSSI ON [ 000 (i n the manufacture of products and "3HBBMRERTY, vari ous
smal |l parts, such as bolts, nuts. washers, screws, and the like, are
enpl oyed that meimhyosebmendofbtd hoRadon=0he dRrilgsf ihal assenbly. In
order to prepare these parts for final assenbly, a coating material is
typically deposited on at |east portions of the part to cover the
substrate. O particular | mpeiganee 1HE NIENTRARL I Ng of Cass A surfaces
(i.e. those surfaces that aré Teadl rofe rn the final assenbly when
the part is (189fhl | edJhe pragnt pretionaclates tog st igppeatinanbiectst o t he part
and/ or provi ded, PRt B&kib@a ReIdtBetolRlihibuS Bystahp ik E8dtRgfobRBks, dar nagi ng
effects as a result of use, wear, and/or environnent afq conditions. For
exanple, if the small part is a conbination of a belt and an integral
washer, particular attenti BACKGROUNI &0ISCUSEPASi ting a coating on the

head of the and the visible portions of the sher. 0003] Because of
t he subst ant F@ﬁ%un’oe‘n tg‘? mgﬂléflﬂgufacﬁpgc’dgﬁf)FB@%Odnﬁoﬂe’nwgh\@”%%w Icturi ng
industry, vapattalsudosthalty, Mues haslpie scteas eardldenlikenplesyedbyef 6rat deposi ti ng
mat_rria on LREREAY 1 finlonfl G S BREHS: acbdnaRCIAANE, Brebt 1Al coati ng
system snmall parts are spread and | oosel'y placed on a I'arge conveyor belt
f or hi gh- speedritcioatinahgssepiit p codtingImatenabisdricgphénnesitad @mifeasy. Wil e on
the conveyor p8@bis oftthtepd PBEBIH i AE8HatBADE Sarfdur #hfRhesisye forces  from
the belt, such as forceg due t% inertia, vipration, and the_like, that

allow the i RAWPFUGPSHASHLa%Es reaﬂlﬂ’éﬁﬁwqc?%b@t YR "¢3dY abe N g rany

inﬁt an\(/:ﬁsi t figal afssmlrhbryﬂhlaithﬁ@aﬁs;immgj},ltha@bmsieeplﬁmshéﬂ i;]gpehmcvﬂar enﬁage each
ot her ile sin rough t oati,ng system su at , en the coatin
is applied 0\%’e ePﬁ'gan(éfgrrFfrg\g%%%Irogetplﬁ%ngtoél?eg%nﬁjrg@yd?dgu%&%?tﬁ%re parts may adherg
t oget her at threaging effectsods mgabgefmsat wedrowir asvirantheaacdengiionst ") . These
coated partspgustrkRen itk 209 84 ARASRA PPLTAUSZO0RARZET 20

washer, particular attention is directed to depositing a coating on the head of

the bolt and the visible portions of the washer.

[0003] Because of the substantial number of small parts employed in
the manufacturing industry, various coating techniques have been employed
for depositing material on these parts at high speeds. In one known prior art
coating system, small parts are spread and loosely placed on a large
conveyor belt for high-speed coating, particularly electrophoretic coating.
While on the conveyor belt, the loosely placed parts are affected by forces
from the belt, such as forces due to inertia, vibration, and the like, that allow
the individual parts to randomly move on the belt. In many instances, the
individual parts come in close proximity to or engage each other while passing
through the coating system such that, when the coating is applied over the
parts and dried or cured, two or more parts may adhere together at the point

of engagement (known as a “touch point”). These coated parts must then be
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separ at ed from/gzé)gsr? other with sone degree of force thatIfCWﬁOQ%QZFVP
results in the renoval of at |east sonme of the coating fromthe part at or
around the touch point. Touch points nmay al so be fornmed when a part
touches the side ., of the conveyor. Additionally, even if no contact is nade
bet ween obiPEded fror eackiaiber with sneeacdenreg@f forcerthat; typisalty, irbsuliariesent
bet ween t } t at, I s resting on, and a touch
point is gﬁ%ggir??gé't@@c'%gﬁoﬁoﬁﬁg\é’f Wé(’:%(ﬁq%ia{‘@tﬁ {he PREt El‘)té?rta.q'oﬂf‘dtﬂh% very

| east, thdouduphinpoiTptchpoititdesapalsons hhkd widEHiEh Bﬁcﬁ?@tﬁ%&ﬁéhed
product. Vc\)gglg?the@art is formed froma corrosive material, the touch
point, in EPRYPYS. Additienalyeaverp fd@reontact inaade betwestranhjeetslor gr eat er

chance of i i ion faqllowing assenbly.
Because t he SHeanyaAe PORIBI Boftadls A st B heehdne OBle afg 6o 1 cul
to predi ctCODMeyCDrdmitﬁgah ie:)rfesitihgtdép?_nb aoft@hﬂg$>02’ftii9b&é)ébrﬁ%bbleﬁ- off@p4] In t
sone circunstances, e to aesthetic standards and/or quality requirenents
for the ngPP?acéu t?'om@:bse'%taﬁédiﬁw teashhe deyehpainhpeavddes anwinsighdlyt , such

as the O asSmBhIH HRCBRshSPBEH [t N | at . exanpl e . when the
part is a bolt, it may e rgqﬁl{&édwmat ?%a@gmgagﬁ?& V& he bolt,
such as t Featadal thy tauss pwint, in edditian o ite rédush] peperrancahhieanon-C ass A

faces, haft_and ds of the bolt, tain touch
ol nte: " PORSETTT Ottt Al e bEYESuES eldnsear ceswin because ¢ he
srmal | parfcﬁlomvgial%@é}ﬁ@m.YB@ébdé%?th@%Bj@d‘tQ%r@%ﬁdoodpl")/tﬁﬁtliﬁﬁ%‘?ﬁgﬂ%%@g't to

contr ol QOW %Pd where touch points fmy occur h points
to non- CltasdicuWiiorriedict the tasetipngf fhe taucbréntstpiaréetcogtingi ty st andar ds,
the suppld enpl oy i; j t echni qu find jt necessary to
incur ti ”L()(ﬁ%ﬂd cos%ﬂ gngegérh&#é?%%#’g%’@Fgofg%s&egﬁyost?ea%%{srﬁﬂﬁﬁ%bnf orm ng
parts. [0Qo8ljtyreqaireraentsofontiets pas, @!Ht@m@fshﬁ%r@é@i‘fétﬁ@tsﬁrié?ﬁ‘ér&{)so@d ens in
the priorjart, it is k&%\/\@ to provide a single-run, disposable belt that
enpl oys - IR RN 351 lase 4 ewpases: icoptainer toweh paits. Far esampla, he bel t
whi | e t hewhBalhs ph I r; e [ r. th arts are
coat ed an\(ltlV dri edp gt?é’%ut?%lg,lﬂ;r'%g par ﬁgggégﬁgéﬁ%\ﬁgg% ﬁﬁ%ﬁq{sgsgbiﬁﬁe by snappi ng
each par t belhduches thesdpest of/thetvaalcontsiry npitoudh pointd)eviiird hon-Bgsuged pi ns

ach subsaTSe SO0 PG AT S HERRls @TinG ey e Grrierdeych emeielear e of

consi st enfo@05p the Eo@el@Adom coating process described above, because the
small parts move randomly on the conveyor belt, it has been difficult to control
how and where touch points may occur, or to limit the touch points to non-
Class A surfaces. Accordingly, in order to meet quality standards, the
supplier employing this coating technique may find it necessary to incur time
and cost consuming efforts to sort and scrap non-conforming parts.
[0006] In order to address some of the above-described problems in
the prior art, it is known to provide a single-run, disposable belt that employs
break-away pins that temporarily lock the small parts to the belt while the
parts travel through the coating system. After the parts are coated and dried
or cured, the parts are removed from the belt by snapping each part and the
respective break-away pin from the belt. The used pins and belt are disposed
of, and new pins and a new belt are employed for each subsequent coating

run. Although this system provides some degree of consistency to the coating
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WO 2006/ BPDBHE/OBBSGT/ US2005/ 028720 process, and cont r ol BCT/AS2089087Megr ee,
the areas where the touch points appear, this systemis relatively
inefficient, in that it requires a high degree of operator naintenance for
| oadi ng and unl oading the belt, belt exchange, and waste managenent.
[0007] Agsiee€ds)@ny, cdritrol®4bGohte deyRics HRarddiihare tha thhieh pbintd 0 provi de

an apparatus and process that can materially reduce or avoid the

shor t comanpsar rithishaysteinds raletivelyripeidoient dathaidt auires enldigh degréeobpr ovi di ng

qual ity GEERT o eRER R o B R RUEGHER 0 boslt SHRBepfEaaif ™ " ©
i nvent i onvste\haesgement i nuous system for the el ectrophoretic application
of a polyneric coating to an object having an elongate portion. The system

g Lt . L ong, :
conpr i sed080¢bnt i nuAROrdiEIGlY, itwanidke a weltrane seditiendndhe ardletrrepier et i ¢
coating | t ; il r. engaged
therew t th %%%Jr}rég{sg?éé R @%Q%F%P%%ﬁ%&:&apg% z@?ﬁgﬁﬁgrt i on positioned
to rel eassholrigondhgs i theeoridrang dinerewy toatimgadffitibacy,obhiee pravidinga bel t. The
drive rrechaqrgigfm and the coating unit are in opgrative egﬁ?}a?emsnt with the
cont i nuo®aRA pbiechthsd meets fisprepde sbwrReRiNClioRd gickasselin dealty on
provi des @4 ffOpkhuous system for the el ectrophoretic application of a
pol ymeric 8oati ngto an object having an el ongate portion that conprises an
obj ect feeding nechanism a continuous belt, a drive nechanism an
el ectrophoretic coating i and a_dg ', (! NThe continuous belt is in
operative engagenent with pEd g Heeharrsar—~and i ncl udes at |east one
retai ni nqogggper eng@??ésetrﬁﬂ{\%rﬂontﬂi‘é\/iﬂéé aidunfdubBERgstehNEdrudé Ny a
retaining portion positioned to releasably retain the elongate portion of
t he obj ecﬁle¢tmnh@ée1tkeapp|lcai@nonfia/eolymn@magngit@ anrokjpel RavVin@aengagenent

cont i nuo oAt ETES e s\stf B ise eontsBol bERTILE .  vent s on
al so pr ovhééeisarisBhd RuoeiscByphe@tit @oatihg unit! Fbkrsghisaent lkagpphé cation of a

pol ymeric coating to an object having an elongate portion that conprises
an obj ectretadRiggfgemben gRpagsd sheremithniisustaining member including a

retaining portion positioned to releasably retain the elongate portion of the

object to the belt. The drive mechanism and the coating unit are in operative
engagement with the continuous belt.

[0009] In another embodiment, the present invention provides a
continuous system for the electrophoretic application of a polymeric coating to
an object having an elongate portion that comprises an object feeding
mechanism, a continuous belt, a drive mechanism, an electrophoretic coating
unit, and a drying unit. The continuous belt is in operative engagement with
the feeding mechanism, and includes at least one retaining member engaged
thereto, the retaining member including a retaining portion positioned to
releasably retain the elongate portion of the object to the belt. The drive
mechanism is in operative engagement with the continuous belt. The coating
unit is in communication with the continuous belt and with the drying unit.
[0010] The present invention also provides a continuous system for the
electrophoretic application of a polymeric coating to an object having an

elongate portion that comprises an object feeding mechanism, a continuous

=
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el ectrophoretic coating unit, and a drying unit. The continuous belt
includes a plurality of guide nenbers each having a base portion that
engages the continuous belt, each guide nmenmber including a saddle portion
that i s shelpealdtice ocwchanism,@n elechrephoretiaicoating oniti gnd atdrgimgwirtita, an out er

surface t he gl ongat ortjon of the object, and a pluralit f

S ol PR POl s Blril of BB e RS bRl Bl
respecti VQO@iBhQﬁaf@(%l@'esttﬁef&{n'ﬁhaoﬁé BER! ddch Qlidé Ph&inBleP thoiiting aPOSi ti oned
along the belt, each Trespective retaining unit- positioned to rel easably

retai n ongaddejpetion datis sharadtiongonfermér, dide ingnating configuration with,
rel easabl y r in the | ongat e, port.ion t he obj ect hetween the guide
nmenber an%n tomée rSé‘frtgFﬁior@he ﬁ&mg p?ﬁ@nac?f%%ogéecq%a#ﬁéﬁlﬁﬂﬁ\ﬁﬁh(ﬁ coating unit

are in opgitaihingemeftERg st ratbinthg Mentbeibobiieredreldiive th@a@hyi ng unit is
in communication wth the coating unit. [0011] In another enbodi nent, the

present i ieseREIdhOBidevNaebes to Eum 8 miwakty 9f selaining unitswositosed @ivng et i ¢
appl i cati : j i 2 i i | ongat e
oortion 1 his S8t sl SedPENE rCOR BT lihost by Y BTLIBRAREAIN BN S | 4

drive nechisipcs wachneirday hearhbeehaving @atarmngporiontto rafchsabhf netalg thi t . The
conti nuous, belt includes at ] east one %ui de nenber that ega_g_es t he

cont i nuou¥oBgRte Peran &F theablech Retwearuingi ierEaaber 8nd tha EI3BINYy r et ai ni ng
the el Ongﬁte?ndtl?é?r T Rle %@%hﬁﬁisﬁ%n& e E@atﬁﬁ\ﬁhif"&l%’ﬁ\ op&ative The drive

mechani sm and the coating unit are in operative engagenent wth the

cont i nuoushgmdementheitldtha cantimiausi teeli. Nl teodnying ekit isoim earhmunioationat i ng
unit. [001% | t s%ilould be understood that this invention is not limted to
the enboll oMLY YSed in this sumary, but it is intended to cover

o e AL PO enscbaren i oBatnEpoaguohsibggencrt on. o
continuous system for the electrophoretic application of a polymeric coating to
an object having an elongate portion that comprises an object feeding
mechanism, a continuous belt, a drive mechanism, an electrophoretic coating
unit, and a drying unit. The continuous belt includes at least one guide
member that engages the continuous beit, and at least one retaining means
for releasably retaining the elongate portion of the object to the continuous
belt. The drive mechanism and the coating unit are in operative engagement
with the continuous belt. The drying unit is in communication with the coating
unit.

[0012] It should be understood that this invention is not limited to the
embodiments disclosed in this summary, but it is intended to cover
modifications that are within the spirit and scope of the invention, as defined

by the claims.



BRI EF DESCRPH'EP e THE DRAW NGS [0013] The foregoi ng BGFYEFY50284200el | as
the following detailed description of the preferred enbodinents, will be

better understood when read in conjunction with the appended draw ngs. In
t he draw ngs: [0014] FIG 1 |s a ersectlve vi ew of one enbodi nment of the
cont i nuous beIt of theBRIE N ' et ai ning an object in

t he form threaﬂféi ‘ p plan view
of the co t| n ous bel ,féa?géél ?Bﬁaslﬁec?%heloﬁ? ?et%fl%é) 3 is a side
el evat i on deiseriptidn Dﬁé]e:mfermmemmﬂhmentéswml thé bettérdtderdstodd Whed: [0017]

FIG 4 |s a erfségectlve view of the continuous belt, as illustrated in
FIG 1; @UQCt'@%WgthPQE’@@mGé dvawingss I theedmvdngsbodi nent of t he

conti nuou t of t re l.e t gini ng an object in
the for mf?)?ﬁg] t hrea S;dﬂdoﬁeﬂé SBB‘ V'8W CF(?&&%E{}@”%?{ o"?t ét op plan view
of the cowphtinweiss belt of thd [bmbn‘atmvéntmn rEIe@saBty l‘bfé]ﬁﬁ?\g drl 6bjeét ingha si de

el evati on,.vi ew, ofht he Cgbntﬁ; néjé)us Bel_t, as illustrated in FIG 5; [0021]
FIGS. 8a- 8¥MiPEadhieadedbalkand wasBeGvat i on views illustrati ng releasable
retentionfed1sn obj €45 bs BpEARY LMPLSBRIdntALoRL Beit'as hlﬂgt’réﬂeﬂe A I's

a schematl c si de el evation vi he coating system Fesent
i nventi on; FlGob23] FIG 9B is a top pI an view of the coating system of the

et oded, /8ot ner Corib s £\ orohy LR tGEiers i eRe pr oscn

i nventi on;lluserb@fmhtly; fretaining an object in the formof a threaded bolt

and Washe {7025] FIG 108 is a top plan view of a belt segnment of the
appar at us Og dwn i nFtBct ig @merspective view of the continuous belt, as illustrated

in FIG. 1;
[0018] FIG 5. is a perspective view of a second embodiment of the

continuous belt of the present invention, releasably retaining an object in the

form of a threaded bolt and washer;

[0019] FIG. 6 is a top plan view of the continuous belt, illustrated in
FIG. 5;

[0020] FIG. 7 is a side elevation view of the continuous belt, as
illustrated in FiG. 5;

[0021] FIGS. 8a-8d are a series of side elevation views illustrating

releasable retention of an object to the continuous belt of FIG. 1;
[0022] FIG. 9A is a schematic side elevation view of the coating system

of the present invention;

[0023] FIG. 9B is a top plan view of the coating system of the present
invention;
[0024] FIG. 10A is a perspective view, partially exploded, of another

embodiment of the continuous belt of the present invention, releasably
retaining an object in the form of a threaded bolt and washer;

[0025] FIG. 10B is a top plan view of a belt segment of the apparatus
shown in FIG. 10A;



WO 2006/ 0%888%/0856 uS2005/ 028720 [0026] FIG 11 A is aPOEUSp@eNisT®m Vi ew of
a clanp for the coating system [0027] FRG 11 B is a perspective view of
an alternate clanp for the coating system [0028] FIG 12A is a
perspective view of the scraper systemfor the belt apparatus provided by
the preseuap2envent ipis, 112029 pEt cﬂi@@vﬂeﬁ/@féb%&'r@r\/t%'c%tiﬁgew of the
apparatus shown in FIG 12A;, [0030] FIG 13A is a perspective view of a
def | ect orSYstgMr enovi ng obj ects conveyed by the belt apparatus provided by

th i tion 311 FIG ..13B i i | ti i f th
der 1 et on007Bhn 1 n s IS belis S el ShEmes St FrdhS ew of 5
drive sysigeitingngsteegd system for the belt apparatus provided by the

present invention; [00331 FIG 15 is a perspective view of the feed system
shown in [AP28] 14; KIGD3PA isiaeserspechvriview efribemarapercsyistemvpethe hsfit t he

drive sy 3 18 is a top plan view of part of
t he feedsés@s%r%pﬁ']g &rgg@gjﬁﬁ@%ﬁégg 'all%ﬁto pective view of the belt apparatus
shown in [0629 10A Fichel 28 isve siglpsdievationhael e ths wpparatus BRowANAPES, St ation

and the deflector station; [0037] FIG 20 is a perspective view of part of
the defl e’sr stati on; [0038] FIG 21 is a perspective view of the belt

appar atu in 1 - Y, m the
scraper 3’9 gtglﬂgﬂ an(f lfElheCi 3Adfeg;‘% gélté?re g{s“{ée/l 'F@’n‘?ﬁ%ﬁ%ﬂ‘%%ﬁgﬁﬁgw is a

per spect iokgeats eaneéyddby $ipd bek appatatas pvavided BY Ghe pleserDiAINLER, DESCRI PTI ON
OF THE | ON [ 01 lf.is to he ynderstoqd that the Figure nd

descri pt mfﬁy f th é)%lg’?e'ﬁta P'H\‘?EER?Y%W'“WA‘%‘@ Ogg’é‘ﬁ §h%ﬁ°i’§F@%nt%ﬁ& ustrate

el ements q3pat are relevant for a clear understanding of the present

invention, while elininating, for
[0032] FIG. 14 is a perspective view of a drive system and feed system

for the belt apparatus provided by the present invention;

[0033] FIG. 15 is a perspective view of the feed system shown in FIG.
14; : .

[0034] FIGS. 16 and 17 are perspective views of the drive system and
feed system;

[0035] FIG. 18 is a top plan view of part of the feed system;

[0036] FIG. 19 is a perspective view of the belt apparatus shown in

FIG. 10A, the drive system, the feed system, the scraper station and the
deflector station;

[0037] FIG. 20 is a perspective view of part of the deflector station;
[0038] FIG. 21 is a perspective view of the belt apparatus shown in
FIG. 10A, the drive system, the feed system, the scraper station and the
deflector station; and

[0039] FIG. 22 is a perspective view of the splice unit shown in FIG. 14.

DETAILED DESCRIPTION OF THE INVENTION
[0040] [t is to be understood that the Figures and descriptions of the

present invention have been simplified to illustrate elements that are relevant

for a clear understanding of the present invention, while eliminating, for
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Those of ordinary skill in the art will recognize that other elenents may
be desirable in order to inplenent the present invention. However, because
such elenents are well known in the art, and because they do not facilitate

a better pmgéééé@ﬂabﬂgrégfthémeﬁfeﬁ%enfhoééwair@?y sﬁiuclh%ﬁél%?t!\@m of such

el ements is not provi herein. [0041] In the present Detailed Description
of the | reeaginize thatrher aleenentsmay bé desirableds orderie implementibem of an

oot gur skt 1Be A ClipBietRf s BBl sRoh G ARGk Sul i 68 ne
St ruct ur alrt shapsedausthfeobiceét ab itahaWettebendundnainged tidipresshe i nventi on

is not limted to enbodiiment in such formand may have application in
what ever iBverdions Rafiscussien ob afi¢hyalemants isonotqyprisies hereli.red to be coated.

Thus, whi . S .. .
di 11 er entl P81 re, 7t A b BB PP & e dWVEREIR ey g awi ngs
di scl ose iamnticspRide MuboatEY iAgheXemPbESn ebgtai‘mus fowdadsitihg d beatthdravi ng

ordinary skillin the relevant art will be able to ada{) the invention to

! | ! , I L .
appl i cat i¥han RbschBaVingr arpaptinulypesfiguEdieny s becextent het s  based upon
the pres i Ot ) I : i Descri ption
of the 1 RD(BERAOMLER stz bnd KATRIIR shipl RE 4 BBREL LBARUABE 4 ong
appar at usuriderstoodtthaigthennaantid) Baiat listited taemibadimendipkech fortmodrid havi ng an

el ongate portion that is cylindrically shaped,, sugh as.a bolt shaft. It
Should baMeVas SPBBEPaTAT WHEleEr B et s At B AP EOeRt i s onl y
i || ustratdastreffitoREcodREES SHus, WHAB O Preseilirh@Atioh i€ cRp&sierdr | nventi on may

be enployed with objects of other shapes and configurations that are not
speci f i cagmbodigwnt i sthnyhdifferent fooas 2his Aetajled tesgripdioarand theent i on and

devi whi ch. | b . i i
horei n i oo TERER S ity TG (SRS SREnEE Blnk T onar
front, bagakentsr i TeEehaviRg@rdaly skiflirsthal reletiant art@y Heeatised adbph

reference to the normal operating position of the referenced device or
el ement . the iRyantiopo gpdicstionn ot%@m@fm natepecifically fppearaed sewin t he

i nvent i on, Ay e TRAYSREEHE §8scriiBhe For BXERRALih&fe pYS&t Detailed
Description of the Invention, the invention will be illustrated as a method and
apparatus for coating on an object, such as, for example, a bolt, having an
elongate portion that is cylindrically shaped, such as a bolt shaft. It should be
understood that the detailed description in this form is only illustrative of the
present invention, and that the present invention may be employed with
objects of other shapes and configurations that are not specifically described
herein.

[0042] Also, the present invention and devices to which it may be
attached may be described and/or illustrated herein in a normal operating
position, and terms such as upper, lower, front, back, horizontal, proximal,
distal, etc., may be used wifh reference to the normal operating position of the
referenced device or element. It will be understood, however, that the
apparatus of the invention may be manufactured, stored, transported, used,

and sold in orientations other than those described and/or illustrated herein.



and sol d i NOSPPUN0%6i ons ot her than those described and/ @CTiushashiabed
herein. 7 WD 2006/ 020856 PCT/ US2005/028720 [0043] Cther than in the
operating exanples, or where otherwi se indicated, all nunbers expressing
guantities of ingredients, reaction conditions and so forth used in the

speci fi cat [0843and cl ather thbA ih thdBpsRUAE TxaRTbIES, &%H@rg@tﬁbww in all
instances by the term "about”. Accordingly, unless indicated to the
contrary, YRicaeMhe RuNbers exrressisg spanfiies of ingradientsordantiongonditions

speci ficati . i approxi mati pns that may, vary
dgpendi ng %@%ﬁaﬁﬂ%ﬁgégfgﬁg‘e%@%@?ﬁ@g aﬂ%ﬁaﬁi’mf ﬁr%g) 5%#&5&5&0%@8% he present
i nvent i on. beihgtrhedified yn bkt #sttaneaybyle t@ﬁnaab@mt'.emicomngfyw}‘ﬁleﬁéle ,

appl i cation of Eﬁf doctrine of equivalents to the scope’of the clainms,
each nurrer'lngléjlate(i) hesttratndiiedunencsh pararaetesn set tasth inrthe ffglowing t he

f SR Ok 1 lgLLs J | yi ordi nary roundi ng
ngﬁﬁirqﬁesé. [Ooﬁﬁn@tﬂéﬁ%}(&stand?ﬂ%g%%a?ﬁé}ﬂé'wﬂ%%gpﬂp%% and paraneters
setting f odefendirg bpoa&sﬁegiee@ﬁrdﬂwtiégﬁﬁﬁﬁﬁt@@ b@lr@otamérd%‘y ﬂ‘%tﬂtr@gér?at the
numeri cal val ues s forth in the specific exanples,are reporte S _
plrjeci sely 'mél%'%ﬁ?ﬁsg{ﬁh@.v%}e@ﬁfn%?ﬁ’ pat ay an@dtemmdadivet the appdication 9f cont ai n

certain erghar @ﬁé@r' i r : i ation found in

their r es&ggtoi@)\%mﬁfesti r{gé%ggf%?g%es%gé 0?%@%’%2%9&{ ﬂugﬁﬁﬁfﬁd be _

under st oodParaatetemnshawlerat lezst beaogstrued int kght oftles eumber c:cfmé;?[cm&ﬂlgo i ncl ude
|1 b- b d therein.. For exanple,. a range of "1 to "is

?nt eﬁ&d?%%ﬁ%%ﬁdi&gﬁe?néggﬁrp%%% OHHF.@\@S%”HHWQ eRENGEEEg t he recited

m ni mum vgpo44pf | askwithetdrRihg ﬁ@btf!ﬁé(hPH{é@r%SQL %né’%% arf]é)paltafjﬁéeteﬂss’ having a

m ni mrum val ue equal tao or greater than | mim "~ va of equal to
or |less tmginoforidbediroad scppeséithe invention ere appiixiraatiens,ttee a net hod and

t us ; RN i ng. oR. a bject.. typically via
2’022[ ?ophoﬁ;@?rggagggﬁe%gé&{@—é@ﬁfﬁ e%)_ecﬁgc _ If&aLe ﬁ,gg?ﬁ‘céd B%rpé%céselbﬂeposi t ed
on" a substsrpdssibleansy niepesidiadins, POREVEE thisdrenty @bneiEs Lot é}ft&rs
necessari | adga ent to the surface of the substrate. For exanple, a
coating CJ}%}CS@ %f@}.‘)li%?‘i@&g forethg stagdard drviaipnstquaddndheis respectiver e ot her

coatings eastiRenBRlicikAtaer ebet ween.
[0045] Also, it should be understood that any numerical range recited
herein is intended to include all sub-ranges subsumed therein. For example,
a range of “1 to 10” is intended to include all sub-ranges between and
including the recited minimum value of 1 and the recited maximum value of
10, that is, having a minimum value equal to or greater than 1 and a maximum
value of equal to or less than 10.
[0046] The present invention is directed to a method and apparatus for
depositing a coating on an object, typically via electrophoretic coating
techniques. As used herein, the phrase “deposited on” a substrate means
deposited or provided above or over but not necessarily adjacent to the
surface of the substrate. For example, a coating can be deposited directly on
the substrate or one or more other coatings can be applied therebetween.
[0047] As used herein, the term "object" is meant to include all articles,
particularly those having an elongate portion, that may be coated. The term

"object" is meant to include small parts, such as fasteners, nuts, bolts, screws,
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[0047] AsW@886/0208%i n, the term "object” is neant to i ndauds2adslo2gmii cl es,
particularly those having an el ongate portion, that nmay be coated. The term
"object" is neant to include small parts, such as fasteners, nuts, bolts,
screws, 3 WD 2006/ 020856 PCT/ TJS2005/028720 pins, nails, clips, buttons,

[00as] s PLiSe 0o Rerars, oo E et Rl pb BRI e, PG SRS ' Sler

si dewal | bbrdvwarepbnddhetlihet extends, either directly or indirectly, froman
end of ”r]rg o‘%{;ect. For exanple, where the %}i ect is a bolt, the elongate
portion mYOBH the apsedhetain thelterm frlengtedrtionisHelinedis§la head. It is
contenpl a j ; ; : LAN.

[0049] For e S &l Gl dRincehicr®, RinaR Brol 5 PRRSER, PRI AT L e
scope of ehd gitles ebjedtnFenexampld, iveheobjtiee bbjnd ish bofiathe glongaten ar e

illustrated , as a holf and .bo haft, respectively. 50 set forth in
Llet ;i | bePBWON MEYRG af} @t@??ﬁghﬁt %ﬁggﬁ%fb\ééw%g&g%%& ﬁi?t. appar at uls
that can Bgnissslated %@‘éﬁ%bz%btgﬁéfﬁéve ﬁ%@.tﬁén%n@@léngat%@%?ﬂcﬁh.po' nt of

origin to a destination pol n a continuous path b to the point of
origin thiM4R] a codiaritystnpdipempurposeasheniy, aulisdhont inédraing tdkémit diae i ng

system may be ap,el ectrophoret.ic coating system The belt a ratus may
Tnel ude asrovall teEfsenb Mikntn'« fie it dent dpebriaiatanpys DRHRed s or
nmovenent %@bélhgnb@dt-shﬁﬂ@r@@éctimy, be formed froma series of belt
segnents that are affixed to one another by means of coupling devices to

forma cof@¥Uous béla seiffoghde detaidal@nginge. FigHeespBustralegneontiuedd be of any

desired | t t _.nee t oe of a
it or m | S08evor Mk 2srafle u:BPARTBE Tk Rb bALEY PO g BRbE, P ng
act to acérept a potritafrorighoty @yiestingtiorepsiater inbg eohisnuassapeth wWaek ¢o keui red.

The clip assegbl i es may contact, for exa a shaft of the bolt, which

is a non- p@i”é_? g fhrareh a1a9atiRg SYHRFb lﬁ?‘?iswfé'@ BElOWAtQPPRHEE of the
oe.ber USRI B SNPore Ao R RSaE LR AR ol
sur faces ofcludehe nhalableépetthe ideth treppiiedisuee réleasablyesemntredfort he bel t, and,
accordi ngln}/o’vement with the belt. The belt may be formed from a series of belt
segments that are affixed to one another by means of coupling devices to
form a continuous belt of a desired length. The belt segments can be of any
desired length, and the belt segments that form the belt need not be of a
uniform length. A number of clip assemblies may be affixed to the belt and
act to accept, retain, convey, and release objects as and where required. The
clip assemblies may contact, for example, a shaft of the bolt, which is a non-
Class A surface. In this embodiment, the Class A surfaces of the boilt,
including the bolt shaft, need not be in contact with any part of the belt
apparatus. Therefore, no touch points are created on the Class A surfaces of
the bolt by the belt apparatus. The movement of the belt, and, accordingly,
the movement of the objects that are attached to the belt, may be controiled
by a drive system. The drive system can be any known system for driving -
known continuous belt conveyor systems, or it can be of the type that is
shown in the Figures. Objects may be fed to and inserted into the clip

assemblies using any of the known prior art feed systems. A suitable feed
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t he noverBA2005f026836 obj ects that are attached to the belPCT/usegpsbzs720
controlled by a drive system The drive system can be any known system for
driving known continuous belt conveyor systens, or it can be of the type
that is shown in the Figures. Cbjects nay be fed to and inserted into the

clip assg@gg' ' e [ [ slipQ sui table
feed 9 WO 200%?%%2%\@9%?%@%%%/ ggg%&g;‘g{ye%éﬁgggﬁgﬁ%ﬁ]ﬂﬁ%lp% gures.

The obj ectysa sefletlor geideathed niaybe pheitioneégp et bydesiredfdastinatiogppiié t hat may be
positioned. at .a desj.red destination point wthin the cpating system A
scraper SYigip She ﬁﬁfj’{"ﬁ%skéﬁtﬁlnbyg\c?c’é%p%[ 58%%’9” g b EmMpipye %%ﬁrp%&(ifsand

funct i onsthbQdleappetailRr @ ruitabh§to FerAtvd Rfefndaatief frohfhelfdids 60r purposes
of maintaining electrical grounding capability, if required by the coating

system [thedHlt fohpurprsesi ofemaistaleingraledtcalgreundingreanapiliby iteasiredct ed
from st ainl SS steel or other suitable netal alternative for one or nore
reasons t% u‘fﬁ%'&.g sfylslt%'p; so the apparatus can be used in a coating system

where it [0m8Y] be exprsethicuitRan eadctibelidrire®@khinemBy bedtorstivetedadver se
conditions or elenments that woul d deteriorate or _ destroy other materi al

types; sdeondtaintessihtesl ereothpgswitable maial dterpalivajforiasie @funars 19asens ot her

materi al s; . use I t r; i zoat i ng
cystem . [BBBITEHIS Rg e aPp Rl Ca bl hod AR AR S in ke

enbodi meningy bef exgiseddntdhandusispeéat ereengd, ey edhémadverss yohditioasdr met hod of
the present invention. The continuou beltbglo rel.elasabl_y retains one or

mor e obj eRETEnts thatdyquld deteriiatr@oiRsiioy Glagt matera iy BRR)IFeLCRGR ng
Process, u@%@ﬁéeﬁ’@gﬁt?eél@br thiftedi&luraifltyl Noihed satlribR! hag bel ikeldad hat is

i
continuo , or may be, aftached end-to-end to forman endl ess
| oop whendipééd byitleel requicerdenteeof the chaling aystdescri bed bel ow. On belt strip

14 may be ched at | east on retainin a1 Be be forned
of any du[rﬂggltZ ‘mat eff@lm%ﬁ&"/\vﬁo%ﬁ d?%‘@fmgﬁt p*‘(ggm\?ﬁ%mg?ztgﬂ |%b%(ﬁg{éﬁg eratures
and condi &f 1ABEoASRASHSDEA 10 éum@d iiF EHY Sydtensan®aidtnad of trabprestat _

Typically, belt 10 is formed of & corrosion- resistant conductive material,

for exanphegntigrunt hewootinueus helkds releasrbly rafainsagr asenereieieasown in a
hori zont a cQBTL IUTAL Rk rehfndRARF SIS cblfhg process, described below.

The belt 10 includes a belt strip 14 that is continuous, i.e., it is, or may be,
attached end-to-end to form an endless loop when positioned on a drive
mechanism, described below. On belt strip 14 may be attached at least one
retaining member 12. Belt 10 may be formed of any durable material known
in the art for withstanding the temperatures and conditions associated with the
continuous coating of objects. Typically, belt 10 is formed of a corrosion-
resistant conductive material, for example, aluminum or stainless steel.
Although belt 10 is shown in a horizontal configuration it is understood that
other configurations, such as, for example, a vertical configuration, or an
angled configuration, may be employed and that such modifications are
intended to be included within the scope of the present invention.

[0053] Retaining member 12 may be positioned on belt 10 and may
include a retaining portion 16 that, in an open position, can exert pressure
against object 20 in order to retain object 20 to belt 10. Retaining member 12

may be any size or shape to aid in the retention of the object 20 to belt 10.
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ot her conf‘ygﬁP%{ngﬁg, such as, for exanple, a vertical ceeofiusesoatorsyng or an

angl ed configuration, may be enployed and that such nodifications are
intended to be included within the scope of the present invention. [0053]
Ret ai ni ng nenber 12 may be positioned on belt 10 and nmay include a

retai ni ng porexampls; retairting imembep P2 mayose taismi,ngclaadéd%_ﬁb-_tyﬁél%‘%éqhﬁ]g agai nst
object 20 Ln arder to retain object 20 to belt 10. Retaining nenmber 12 may
be any si zB'CGIPLHFYENG 8 rgfaning it &6 Entheolerar oftareesinded apo pastivel t  10.

b 0, DR AL PERCIBABR! AR RD cidiRbte BRI DFLAIR] A0 Rie’ 12, oY

be a spring-| I p-type retainin avin tal ortion
16 in the ®kieat A isproperiyratishted nmmttmﬁrRetalgﬁhgnﬁ%ber PR Fhdy @i@abl e ovl?rd
the el on e ortion 21 of object 20 en object 20 is properly oriente
on belt %gfor'ﬁgﬁéifrﬂnﬁ(d eﬁ@ﬁﬂgm%ﬁ%wtw@cuwvm I%5T OkiRgt 2@ 40 bpeAD. rtat er}al i
t hat secur@aif ehbdimePitest t Qi G I nents of the
present i nventli on, retaini gg %pn%gﬁﬁ’tﬁé\t/%it%rbeera}gr@ﬁ{;@%%rﬁpgg?gﬂg% lf)?e

cor r osi on-foased et flexdbleustriostonvesistant corsluchivasnaterial, BUSh agralshiium €SS

: i ni 2 b d to belt 10 b manner known
T the artS LaMSEBEL RN e TR M Ao 5o GRSIAT0 BUSBVpl at o 11
that is seedneer kowhen &d b, %r%&ahb%,béiaﬁniﬁg ﬁm&%@@@@?ﬁ@@ﬁ%ﬂ extend

through the strip 14. Any suitable fasteners af fix
the retai Mas§ W@%ﬂ& that is secheedviel the 3bip $4iof the bel dO mxdmsiEners nB\teats,

bolts, scr i 0Q541 i ni ortion 16 may be any size or
shape thatég?%%ﬁﬂgubﬁgwégs@%pé' %Z&yﬁuﬁgh% f%gfegke?s ﬂé T3y BEIgMm I@Y?‘?:%? exanpl e,
and as il laffx thet edaining Fe@Sberlt2Ho thettaitR1GURArdd, 96r &gk, Rfetsn the form

of an ext miied armportion in the general shape of a "L.azy S' that may be
attached ﬁ??tﬁa%reﬁ‘fsata@dlt edike. one end, and positionable to extend over the

obj ect 20 ahe ot kAl i,QF j .an i ndent ed
sajddl e por[tgiogjrllpw t ﬁ%taﬂsgggﬁ%srﬁgge t%&%é¥§ir&\f%(,§r %éo@%# %9% at i ng _
conf i gur atreleasablyretainegonitject 2Utd bale1@f Fot beamipdagatccapiiutirged3s of obj ect

saddi e port oo b HANDE HeyoR e tpodbfe Gurmel 8 SiandeeiaEsBIgtr ot ai n

the obj ectin &k §onéPeshapé ok L bbe ssatdIntaPBEtHRRNLS tIBUsBDiate 11 at
one end, and positionable to extend over the object 20 at the other end.
Retaining portion 16 may include an indented saddle portion 19 that may be
shaped to receive, and be in a mating configuration with, the outer surface of
the elongate portion 21 of object 20 to assist in releasably retaining object 20
to belt 10. Although the saddle portion 19 may be any shape or configuration
to releasably retain the object 20 to the belt 10, the saddle portion 19 may be
a convex arcuate-shaped member for retaining a cylindrically-shaped
elongate portion, such as a bolt shaft, as illustrated. To assist in positioning
object 20 into retaining engagement with retaining portion 16, retaining portion
16 may further include an upturned portion 17 that acts to lift retaining portion
16 from a closed position to an open position over the outer surface of object
20, as described in detail below. Retaining portion 16 may be formed of any
material suitable for releasably retaining object 20 to belt 10. Typically,
retaining portion 16 is formed of a material that is compatible with the material

that forms retaining member 12. In certain embodiments of the present
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a convex 3PAW BN aped menber for retaining a cylindri eaTius2eapsed
el ongate portion, such as a bolt shaft, as illustrated, To assist in
positioning object 20 into retaining engagenent with retaining portion 16,
retaining portion 16 may further include an upturned portion 17 that acts

to lift ratventiongrepg@iniiggrortidf 16riefdnsd 658 HeRDS EbPHsibA-raBisPen Position
over the outer surface of object 20, as described in detail bel ow,

Ret ai ni ngCRREYGIYR Matarial syehras alvminymanstaiptessistegl. Athaalghdheor rel easabl y

t ai ni j . i VA LN ortion,.16 ,.s fornmed
of & mat iRl poftoh el Hoan Xty ekt i8R Ia RR55 463: 1
BCT! 0520051008720, vent on 1 e O Pt ot TOK | i bl e
Corr osi onFq?O%?st ant In 807 @69@%?6’?@&@ rasentdsvention Hustraieddr ai nl ess

teel. A e I TH i i I hi ckness,
\?vhgﬁ ret arﬁgg-&lﬁﬁa%ﬁqgﬁé}bgg'% g?hliedap%? g"g{eg%ﬁr"g?ﬁs‘)’%ﬁ?ﬁbh@gﬁﬁ?ﬁ ng portion

16 may beinglusi®staretainihgrpottioincl6 to i605 bétairmingobidoe 2oaaietti 1enAs of t he
present invention il]ustrated ret aif%(?tggrrerrber 12 may be a

' FIGS, 5-7, _
r ect angul YHSthalegs r%ﬁWW%HOFW&{&WI%@St?‘ﬁ foun of & Armgpriign thatai d i n
retainin i : Ll it Qi tion 16 may
be. 't haCHor s FoR R ke b ot kR 8 0y i ng
menber 12reiaid ettty belt d Aedrdhis embmdimkest sataliying ebainbeoh? ecdy BO t o bel t
10. In this [ retainin nber, may be secured tq pbelt 10 by
i nserti ngé?%‘ﬁga%grbg}ﬁ%? ARETLe %5%? i183{5r%f35'89£ﬁ%5 oﬁrg Bi"912 and to
belt 10. e@S&dr 12 ahdtspBkampl ated that nore than one retaining portion 16

may be included with retaining menber 12. It is also contenplated that
ret ai ni ngl008&dti on Hés %ptamma{%uh%mr@ H2ah ene refaining portemal hmay t he

obj ect 20 o for onk Vi two or
ot o br an2h IR vt rRlal A8 HiprfogP 1o P IS SUCLoRBRRILE i BRUNPY, o

obj ect 20pori6ASH maglimclﬂlﬂegmyreftgghbﬁgzémi:ﬁdudeta&tingﬂ@ébb}@@EZG,Lédtﬁlbéﬁ?ngr 22
engagi ng pelt 10. n i de menber iS present, retaining nmenber IS
posi ti onaﬁréxwpé%i%&)rk%éjaupwmw, ey IRGIWQ PR 4B IDFan@es #Nthbj ect 20

ggg,m TOT Gor@iBhb | HIcATdXend BEeFbIBREAS RAbR A bivbjedi . ebet ween, I n this
[0057] Belt 10 may further include at least one guide member 22
engaging belt 10. When guide member 22 is present, retaining member 12 is
positionable relative to guide member 22 to releasably retain object 20 and,
more particularly, the elongate portion 21, therebetween. In this form,
retaining member 12 and guide member 22 form a retaining unit or clip
assembly 30. Guide member 22 may be any size or shape to aid in the
releasable retention of object 20 between it and retaining member 12, and
may be formed of any material suitable for that purpose. Typically, guide
member 22 is formed of a material that is compatible with the material that
forms retaining member 12. In certain embodiments of the present invention,
guide member 22 is formed of a corrosion-resistant conductive material, such
as aluminum or stainless steel. Guide member 22 may be secured to strip
portion 14 of the belt 10 by any secure manner known to thase in the art. For
example, guide member 22 may have a base 26 that is secured to the strip 14

of the belt 10 by fasteners (not shown) that extend through the strip 14. Any
12



WO 2006/020856 o
retai ning nember 12 and gui de menber 22 form a retai ni ng?@HU$208%/0%8730p

assenbly 30. Guide nenber 22 may be any size or shape to aid in the
rel easabl e retention of object 20 between it and retaining nmenber 12, and

may be formed of any material suitable for that purpose. Typically, guide
menber 22 Sullaplst fasiengrs mambeemnloyerhto affixdoengaidebimembari22 todhedtsitr i al  t hat
forms retami n,. tal,n. enbodi nent f the present invention,
gui de nen{?ed; Sgl%hi s’ (%{en)%asn%l ' g\(;egé’rt?(ggsi’ Sﬁ[er%%iaﬁdatﬁ?q%nducti ve materi al,

such as 4D06Bhum orAstiaistragsbingties. 1-Buydige TREMBEr222 Wy, Bhejiseured to
strip portion_ 14 of the belt 10 by any Ssecure manner known to those in the

art. For [@yaBho8e Qunae Slertermenbess, aideasta perdienzd Whieh has asecur ed t oh
th tri : hel t. ner, nof ,.sh at  extend throug
thg :t::g 1 re%ﬂ?%‘%‘%a%dég?%&@g@’t@@%%égo {WZ%‘)}EWP%W@ fasteners
may be enyslayied memakfs mayhe guptiyedpgbiee Mdniber pranbgliclu®da paicdy as, for
exanpl e, rivets, crews, and the |ike. [0058] As illustrated in

bol ts, , )
FIGS. 1-7 S'QRIPA&eR @sé%fzemp‘seaﬂ%aﬁr&@sﬂfaéfﬁ n Bfide meerpbeind? eay lopi ng |
menbers, [ f [ Sir j asure
o 115 B B Sl a1 PiyreFIGRS 128 o) W oy a.
gui de menisepaip of weggeratlaped odied gFIGfS. SSY)r?ph?gaiman’;wssa dﬁbﬁor}iéﬁmé ef and as
illustrated, i de, nenber 22 ma e int ormo air. of arcuate
Sl opi g st BerEe RS2 lofdes® HioBeebdttbiis tavng ai Fodieasipdbeiasm peq
bodi es _( FirSasured iro s Biaedts.| RS LIoBIfPBOHIBR 2f of dfde Gt iBerBa ey 22
includes a sloping portion 24 having a decreasing height as neasured from
its base 2§ inMasiossssientatishstto@id Mgwitlinguanidontetbiming@thenatyiect20 i n vari ous

i ti id_i.n. gul di t ai ni t he ject 20 between the
et ai i ng Pebiedh MErednf Bphars o ke BudklReqlher 22 i8 anfen:
i |l ustr at ethbadifed§. ildstrhted re FRESP1 g tHEEHIBBIRy MYt sinfayt B&in #aape of a

downwar dl y sl oping, arcuate ranp that has a slight upturn at the saddle
portion 235"ARGCESdewavaktivnpiePRY arerBte rarmp thaﬁlﬂfﬁo@ Rghterpbooi atdhe ,

o ot g SRR L 2 o B A0 TR 17 g SR T v o

the retai fliustratad in BIGS. 5-7, the sloping members may be wedge-shaped
members 22 having their greatest height nearest the retaining member 12 that
forms the retaining unit 30.
[0059] Each sloping member of the guide member 22, whether arcuate,
wedge-shaped, or otherwise, may have any suitable thickness, identified as x,
to effectively guide the object 20 into engagement with the retaining member
12. In certain embodiments of the present invention wherein the object 20
includes a grooved or threaded elongate portion, such as, for example, a
threaded shaft of a bolt, the thickness x of each sloping member may be less
than the distance that separates two individual threads on the elongate
portion 21 such that when the object 20 is positioned on the guide member
22, at least a portion of each sloping member may be retained between the
threads of the elongate portion 21 to provide additional retaining force when
the object 20 is releaseably retained between the retaining member 12 and
the guide member 22.
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[0058] EXCH2YPEHBHY menber of the guide menber 22, whet HeVUS0RURER0
wedge- shaped, or otherw se, may have any suitable thickness, identified as
X, to effectively guide the object 20 into engagenent with the retaining
menber 12. In certain enbodinents of the present invention wherein the

obj ect 2Qoo60ic! udesTie gmi@@\/{ﬁdmblﬁ;r pAmeaylatiedrdmgade apdndérted saddle as, for
exanple, a  threaded shaft of a bolt, the thickness x of each_sloping

menber niprien Padkat may e sEpgdde sacRivenaind SepaAdnating aeNidERlPYual t hr eads

on the el,ong rdi j 86t 2fh i %@&i-ionedon
t he gui d(\a"ﬁ %é%b%?u@fu r%t%eﬁéﬁ%ggnggf‘% P%ﬁ%@fégggﬁ‘@s%%?tn%b {r?:\a er “ﬁray be

ret ai ned rblebgeebiytrotainihgrotgets 20f totbedt £0.0Aghbegiptie sadi@ portorp2dvinale
additional retaining force when the o@' ect, 30 is. rel SaS?abég r8t ai ned

bet ween tFAMEERARE R Carfigiptiadigsrrure ereéqm fee Hélrﬁ?é?- 39 tha BeOo006/ 020856
PCTY LS2 o Ihel. i ] IB¥e ) | an

i ndent ed%ggg%'gg%ggr%)@%gﬁe ?%8’? %nga@%gggéget 0 rrﬁ%%it@g{,e %Egb%%ei n a

mat i ng c@oktiqueataf dne objetdh 20tthbeaatained is & agindrical klongatepartionpsuch on 21 of

t he object 20 t ssist in releaseably retaining object 20 to belt 10.
Al t hough qsr?ésg%@ﬁ’?@m%?ﬁdwsﬁ@t%gy be any shape or configuration to

securely ébeé i Nt hanQRyeft erbobiimbie diehé ptésent saditionpPand k8hedB may be a

concave drcudte-shaped nenber if the elongate portion 21 of the object 20
to be retilhisteded i BIG@SI 1 medi % dleltellomgatiacigde @ RIHraliéuehretaising shaft of a

bolt, as illustrated.. [0Q61] I I W=t 8 nt

i nventi oﬁ{’e@ﬁﬁrs‘azﬁﬁé@téu@? |%%PB%’%§%#%H¥§5§9F#H§‘W£§‘%%%}? @B&ﬁgy i ncl ude a
pl ural i t yorftiordaienitie toreshaespdativengligeintembenpets fath apidrblitpafh
retaining menber 12 being_ positioned relative to each reseg)ectl,ve gui de

menber 2Zetaningunits 36 pesitiensd alongrthe Heli 1ty Wnihissfosn. pash t49&EvYal ong t he
belt 10. . : | Tl R $0 3G hi sitioned to
rel eas ablré{}ﬂrnlielt1 gl%rﬁ‘ n%d’]osbgj‘? %@W&a‘é&bf){/@éﬁeﬂggﬁg %%j EX?KS%a 0 are

non- uni f ayhdryttehelpiedis 2Zkhake ne-anifomglywhiape8) eadly rétainimmenif B0medy be

s an adiMRsdiRn Gl dPIRATG ORI B 5o E S ERe A ot TS VS FaLd, when
obj ect  2Qyjje31iBn HY £RAEACRAL fetaiffMpuhiPBd. ForbkafYe Rihd & Musesteldn the
when object 20 is a threaded bolt, each bolt shaft may be retained in the
retaining unit 30 such that each head of each respective bolt is positioned to
be in the same side of belt 10. In this manner, the coating may be more
easily deposited on the Class A surfaces of objects 20 by the process of the
present invention.
[0062] It is contemplated that belt 10 of the present invention may be
employed to releasably retain various objects for coating. For example, it is
contemplated that objects of various sizes and shapes may be releasably
retained by belt 10, such as, for example, small parts, such as fasteners, nuts,
bolts, screws, pins, nails, clips, buttons, and small size stampings, castings,
wire goods, hardware, and the like. As illustrated, in certain embodiments of
the present invention, belt 10, and more specifically, retaining member 12
and, optionally, guide member 22, may be employed to retain objects 20 at

points along the elongate portion 21 representing non-Class A portions of the
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ret ai ni ng"W@APo/¥I3¥uch that each head of each respecti v@OIAIR0I5928506i t | oned
to be in the sane side of belt 10. In this nmanner, the coating nmay be nore
easily deposited on the Cass A surfaces of objects 20 by the process of
the present invention. [0062] It is contenplated that belt 10 of the

present i phjeat thei avBld Parriedot ateshwise, [Rireasiag tiye tedimdioliel Olass @bj ects for
coating. For exanple, it is contenplated that objects of various sizes and

shapes na§ubecesepithiesnajed pbiegtned by belt 10, such as, for exanple, small

parts, su f ast r S i i RS,

but t ons, @r\bﬁ mal | gﬂggggiegﬁ%l%eéjs{,ﬂgé&'s?rin%gé%vas%%608%%,8 nﬁ%"%\hﬁ?@ and the
| i ke. As bhé wsicreast,the heftesdnapanediid adiches etaihingt inembeg QN tetalmient i on,

belt 10, and nore specificall }[/) retai ning menpber 12 and, optionally, qguide

menber 22PORRP Yo asihBdednembeERai Maybessetachablgior ersynieplagesngnt: he

I t i : i : 4 WO

50061 0208Be BsPEsBRIGA3HH 08 et RO PBaSlatBnd? 0. i o
Iclamagi ng pbsitilonaibl'gng r:elfea!sbBly%z‘;méll_sﬁ oAjecmloﬁmmgoéizééwwdpataed gihglect . [0063]
[ cont e t that I n ts t t, }

o ot HGTER RS ahebed os Lot b B0 ed B e no
portion 1@izeé%£é§%pfﬂ%v%eﬁgpl, iffBAng GiARBRPS Qeh s?éﬁdtﬁ@ﬁ’k?ce”‘?m-

It is also cont at ed ~t hat elt conhponents may be adj ustabl e and
posi t i onabil this tormelbef{saplacemendicouldpe redtiostl araaupistantisily eiminathdt hat a

single belt 10 ma enpl oyed, on roduction lLine to coat a series of

di fferent Selgqezeé\d j%ﬁ%@é\ﬁs{w 8?186’[52@%%10@,8 Ogﬁff*eéﬂgncﬁa CXEt ¥y s, | engt hs,
and the !lelﬁgths)lqﬁr dritirsly fdMféenbebjectsqel RGEARNGT ISeits ithrhed iaRmMd fRIdwerd
substantially elimnated between runs of various sized objects (e.g. bolts

of differPhg rUN£HBCEWsor FON 1RIPPIE) Jeieesnember ¢2dnay bepaetadigblces (e.g. a
f b ' ' | . le, guid
onoor S5 PERGAGUFY phO ORI Actiih, QheR AUk B SXarmLe: i 0o

menber 22 y or s so that the

ar cuat e swepgeghapetansniersygdgexshplee dantrbiadspefidentiyaijpsted ican be
i ndependent%y adjusted in a lateral direction, in a sifd(f-.to_-si de
di r ect i on'ateyel direehia. i e YAe83-siler EraGtisRs Of 8 COMRIRANAD i direstions 13 zed

obj ects. e\ PHfEFertsiZ4 Ehicbhe BRITREMABE Rhichhe components of belt
10 may be adjusted can be accomplished by various methods known to one
of ordinary skill in the art, such as, for example, through a plurality of
predrilled holes (not shown) through strip 14 of belt 10 that are positioned to
receive the components at various distances or locations. The components
could be secured to belt 10 by threaded engagement to the predrilled holes
that correspond to the suitably sized object. Furthermore, tracks (not shown)
attached to strip 14 may allow the components to be slidably attached and
locked to belt 10 at various locations along the track.
[0064] As best illustrated in FIGS. 1, 4, and 7, when the process for
coating object 20 is an electrophoretic coating process, belt 10 of the present
invention may include at least one electrical grounding member 28 positioned
on belt 10, and typically includes a plurality of grounding members 28
positioned along belt 10 to ensure a satisfactory ground for the electrical
circuit in the process. When employed, electrical grounding members 28 may

be positioned on a side of strip 14 of belt 10 directly opposite one or both of
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10 may be Vg(a]z%og{ozo 5gan be acconplished by various net hodBCRWSMISHAB7NE  Of

ordinary skill in the art, such as, for exanple, through a plurality of
predrilled holes (not shovvn) through strip 14 of belt 10 that are
positioned to receive the conponents at various distances or |ocations.
The conpontiainingmentbdrel Zand gaidet mebder 220 InycaraireesodrigagaTensd to the

Ui t her mor &SRR SR v, and 5 StralethioniBa Hanibe: distnamepearhase 2ne
conponent siriag dhshé Qﬁ@lé’ctﬁéélgﬁéb?ﬂjxs%ﬂge gla%lﬁ :sj‘f%aP 91:{??4 &e&?rgﬁgg‘é% s‘?@jes and 7

| ocations al ong the track ustra
when t he p@fo'ii§§s14f@‘rbelbb&and@osbgoeeﬂ di@cilg oqi)poelteone@)plh)@ﬂebf ﬁetémmg ng

h t d t | east one
B octr; cal TSt 4 g EnElsrmeRes.22: oAy BR el H6ce Bahegament &y
i ncl udes afastarreaé By s@th 85 PVEE, D9eARFIBBESe%RtaiRRY hbABR ?1?|n idr&e 10 to

ensure a satisfactory ground for the electrical “circul ocess.
When enpl d?‘@ﬂ‘beéIQé’c@rthGaheltg?Cbuﬁwtﬁgerﬁeh&may @l8o ipeyforrhed Manteledstﬁdal a side

pe1 7Uszo0s B5w5 300 APl REh ¥ BRRSS Sl G lrn Rt o3 V"ﬁelt@&%ﬁ.zﬂg%

enbodi nentemiyetiby paaseriechanm | @Bunding rﬂén‘!tie'rél% rc%h?aﬁ:t 'a'f‘lé%%?oﬁégur es,
groundi ng nenbers y each be an electrically conductive plate or bar

that is sé@iREY Ogﬁ'ée §Padng aystem ispch asdhesisive mechandsmposs deeoibdli rect | y
opposite Qfé?oﬂrtobe@ﬁeﬁtrﬁfall)égf'&lrﬂifl?& qgenber 12 and gui de menber 22, and may

be held in place eners 13, such as rivets, used to secure
retai ni ng [ABGBEr 12 Hurdvlrcgn@ultdﬁGSE@ﬁeancﬂgBt thet dumtipeblis Bt feastpger s 13

f f | ect al 1y duct material, such as
St i oos epedTEvediarinat e e kiet in s Guitinupys featee avaipruthyhal o i ve

rechani smmay eendiend ciREhRE s fHssteriod 823 qRaRvEURRLE o oftt Lhe

coati ng syst em such as he drive nechani sSm as SCri
el ect ri calith thekpidinpers bett. 10 oeshvayingiasgemendless ByEsm wsoamuiaes t he

cont puouSeREhi ALy it TASCad TR R SRR S0, oyt o
60, 82 i n Camtingtdysterariipgepiyed iMithd pkdirt MldnfilAYsaPBL and0 for conveying
as an endle escstrosp%lsétrgtm égartl(l)']lé st?gm for coating conductive objects known to those

of ordinary skill in the art and may include, for example, electrodeposition

coating systems or processes. Although any continuous electrophoretic

coating system may be employed in the present invention, for illustrative

purposes only, and without intending to be limited to any particular

embodiment, the continuous system 50 will be described and illustrated in the

form of an electrodeposition coating system for coating a metallic object.

[0066] Although the objects 20 may be manually fed onto the

continuous belt 10, the continuous coating system 50 of the present invention

typically includes an object feeding mechanism 52 for receiving, orienting, and

feeding objects to be coated. The feeding mechanism 52 typically includes a

hopper 54, for receiving a bulk load of objects 20, and one or more conveyors

56, 59 for transporting objects from the hopper 54 in a streaming queue to a

pick-up point at the belt 10, as described in detail below. The conveyors 56,

39 may be of any conventional type, such as, but not limited to, a belt
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optional YOexXp@0s$ent unit 70, coating unit 74, rinse umictr/ikBeosangh¢lr yi ng
unit 80. Coating system 50 enployed in the present invention may be any
el ectrophoretic coating systemfor coating conductive objects known to
those of ordinary skill in the art and may include, for exanple,

el ect r odepgaididiia ARt by R LHRIBImRIALBIIES: qral iy BbH kbl nuous
el ectrophoretic 'coating system hay be enployé R7Phe present i nvention,
for ill ustiket iThe fepdingaseshanism,52ameayvilsdmactudend endvergtidnal bertingmi t ed to any

ti | j t,..th tinuy t 50 will] be d i d d
"Il Ust r a B8VER hier reRHie S blrBur acgot GeaR g ol sagsg e for - coat i ng
a netal | i phpRit€fiay bé HARSorEd ﬂQHQt'HetéH'hv% besSs %n@tH@é’or@ﬁu@B@%@ht"ﬁO fed onto

the continuous belt 10, the continuous ating system 50 of the present
i nvent i onin thepsarakllgteral dinggtisn.ai helipedingfreechargsmezhamiptes2nftoe recei vi ng,

orienting, and,.feeding objects to he coated. .The feedin chani sm 52

typi cal | yPIERAIHRNE 'OnﬂB@bh? qf)‘f,thf’BP \'P'%@EW/WH(T &%ﬁﬁkoﬁ ’6‘%@1% obj ects 20,
and one ORsEBNISPRYPKRHRUSTDNVERLIIR] Hdp@@ﬁ,%rﬁﬁgﬁgam(ﬁ'ﬁfegirfg om t he hopper
54 in a stream ng queue to a i ck-up point at the belt 10, as described in

det ai | berempongats onvegxaMBPIs6If thegbjesy 20do bk coafed isnm drrendadiboltype, such

conveyor . Sttt ChOP Rt baR SRS ISR &0 orveyor and ¢ e

| i ke. Thecbaedéminlyesadabletrda Spstains Autdrastiste Cangemyeniviopig! sorting
device 58 for orienting the objects in the sane, general, direction so that
the objeMishigay. beiscortripelateciinat yaTiPue obisel ISRING MeghepismeMaya nuous
belt 10 | I el i I i enpl oyed
'm the OB R e e I o B b T R £ vy
be assenbhddvdshemfsedingumsectamisamt i onal hopper, sorting, and conveying

Ui Fabl o B8 opper eoBbic MeBRERTLas Bo OO b O YRE S e
M chi gan. T B D R B s s may be
enpl oyed. Aueu@ddo prrgslenp pataithe befuidhbugethods wehikppen ta those of screw, nut,
and WaSheBrcjiﬁgpyi 44 {F\Et%réaanr{.sm particular, and as discussed in detail below, the
path of each object 20 on the conveyor 59 is along a path that is in general
alignment and engagement with each retaining member 12 on belt 10, or
optionally, guide member 22, if present.
[0068] As best illustrated in FIGS. 8a - 8d, when continuous belt 10
includes guide member 22, guide member 22 may be positioned to receive
object 20 from feeding mechanism 52, and particularly conveyor 59 to guide
object 20 toward retaining member 12. As discussed above, guide member
22 may include, for example, a pair of arcuate sloping members or wedge-
shaped members that include a sloping portion 24 having a decreasing height
as measured from base 26. Object 20 may be delivered from feeding
mechanism 52 and positioned on guide member 22 such that sloping portion
24 of guide member 22 assists in channeling object 20 toward retaining
member 12 that is in a closed or partially closed position (FIGS. 8a, 8b). If the
elongate portion of object 20 is threaded, guide member 22, in the form of

arcuate sloping members or wedge-shaped members, each may be at least
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[ 0067] FE¥Ri2k§/03e%hani sm 52, and, nore specifically, corgeysros592s7omy feed
a plurality of objects 20 onto continuous belt 10 as a stream ng queue to
a pick-up point at the belt 10 by nethods well known to those of ordinary
skill in the art. In particular, and as discussed in detail below the

path of %Hhﬁpﬂe?ﬁheag)é?@eéﬁ%&ﬂﬂégé@bnftﬁe leforRla® BoRidPeoprolidk 1S in

fal
general “alignment and engagenent with each retaining nmenper 12 on belt 10,
or opti auitional getiaiengdorcewittpthel dbjpetsdBnfs iljustreBid insk e SAc, @kl ustrated in

FIGS. 8a -.8d,,Wwh i belt 10 , i id nbey .22 id
member g?bﬁ%ﬁ??@else Cr\?\%léﬁﬂélgﬁé @@%%W@b%%é%?%%?ﬁfﬁédgﬁw%cﬁ:'ni gm
52, and Rpjribie Ybadt ktGARY SH@hbeP 120n auisied G AGRINZEI0EEMYHitioRl aFHY ng

d ab de nenber 22 nay | ud

menber 12. As discussed above, guide T _ i nclude, for exanple, a
pai r of dewearfobjecp?hgontestiey aflexiblegetaigingmadtion:Abaasisehaetaimieg ude a

i et 2 OUYT 38 38 S el PR PR SR or e BESHEE e ned on
gui de nendhsresd éﬁ@fgoﬁﬁtﬂi 18 o pétathifp pbHion 1@%@?@%@%&@@1 sddagssi sts in

channel i ng obj ect 20 toward ret ai ni n? menber 12 that is in a closed or

pgr tial | areaderechgmaied ehjectRedo fagiblgppen retainieg pertiongti-e Yt i on of
- . y ; !
meber s gradadiy @it gihbe FZ 88 ek Bl 1658 Breedifibbadtfho

PCTI _USZOQﬁsﬂRﬂﬂ%gchﬂhig% rieaéihiylglrmirﬁbndé é)@ém@@vf driubjedtradndrs tlentdmeeel ongat e
portion tq provide, K additional retaining fo i t ohj.ect .20. As

i |1 ust r at¥d@ $RING elip.de relgasapipdeiaingg g J@ﬁﬁéﬁig‘? gﬁehgpcfﬁgeggbheﬁmﬁrber 22,

obj ect 2 Letiaini I ; in a closed
o) part: APRAIGISR 18l ifkides BLAIDrich T, FRARITY SRR REalde 1 2

f 1 exi bl e liftetaiveir odpjexir20 wntil iite oates ssirfinee aff thanglongete pemtions t of ayect (i n t he

direction of the.arr for,. receipt. of the.object 20, Upturned end
portion ¥P '5qu5gtfcﬁl%ft\r%b%6‘r?ll%ﬁnﬂ%t VHLH‘yI%E'@F'B%CQB@WPBRBPE?%Fch area for
channel ey phhReb. 3R 1ke rhahidrbhidenfBnibel 22nhag iitMidd 9addi€ pdriiodt pBs  manner,
retaining nmenber 12 and retaining portion 16 are forced into an open

posi t'i on,thsumaytieain thetshiaperdd, aad in armatddesardisysatinrewitobihecauted, in the
TR g BureBRirRd ofddite bBridH £727BbBol 55 % BsbilFntRtAfingdhibet 281 ¢ 10
to belt 10.
[0069] Typically, the present invention includes a plurality of retaining
members 12 and guide members 22 positioned along continuous belt 10, with
each retaining member 12 positioned relative to each respective guide
member 22 to form a plurality of retaining units 30. In this form, each
retaining unit 30 is positioned along belt 10 to receive and retain an object 20,
as discussed above, as it is fed from feeding mechanism 52.
[0070] Referring again to FIGS. 9A and 9B, automated conveyor 59
may be employed as a part of the feeding mechanism 52, to position each
object 20 into engagement with each respective retaining unit 30 in the same
lateral direction as an adjacent retaining unit 30, as previously illustrated. For
example, when the object 20 is a threaded bolt, each bolt is retained in the
retaining unit 30 such that each head of each respective bolt is positioned to
be in the same side of the belt 20. Belt 10 and feeding mechanism 52 may be

in cooperative arrangement such that a missed object will be dropped into a
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ret ai ni ng¥PaH6(0S46 i ncl udes saddl e portion 19, retai nPEHURNOSNIBM016 may
be lifted over object 20 until the outer surface of the el ongate portion
21 of object 20 is positioned to be in alignment with the mating

configuration of saddle portion 19. In |like manner, guide nenber 22 may

i ncl ude sfdbRorPanit (M5t shdwrl)FHd RRYcled Hatktihe thBaesdiag medkhriismab2arat i ng
configuration with, the outer surface of the elongate portion 21 of object

20 to asdeaving @ vaid in Helgadefdwlt, pathet thaned system stoppageTypi cal |y, the

present i ion ipgl I ' f 1L ]9y s 12 and guide

menber s igaﬁﬁs. ti od%%ogggisg?%%ﬁgl?%ﬁéi %gp[n%tlrg,b%m&gﬁn@?ﬁBr et ai ni ng menber

12 posi tireredabR) RitévRort Witk A rétefiMes Lhi SOWH centintebdyel2),tthef orm a

plurality of retaini n? units 30. In this form each retaining unit 30 is
ra

posi ti ondataineshgbissts fravelialong earatl ohile pelt 4Pndriyeroby Eve 20echaisi scussed
above. 8% hndjdr 839 THLMILRAUAINRE BA"SS Mave PO GbiE ehbabBmeAe2l N 1O

FI GS. 9A an tona aeconveyor nmay npl oyed as~a“part of the

f eedi ng REthaR sonthiousbaiotd biy@myeanasins kivpwes to fbsentfordimgagskitin wi t h each
respective retaining unit 30 in the sane ral, direction as & adj acent

t
ret ai ni ngh@ds syeh asqseqnrle; by FPW@T‘@?L%C?‘F%W PIBIALBNEISIHER" Phe obj ect
20 15 a tRifatefshRbhal S2GAALR dSsdritledl it & SrGidel AbdbRieRdtdihet 30 such
of ~each Tespéective bo

t hat each hea t 1s positioned to be in the sane
si de of thudt b@bhd26onRejueniy, anttefapeita @Oneditaspead ebaltjObas in

cooperative arrangepent such tha 1 ssed abject w.ll. be dro into a 18
O 2006/ o%@y@%ﬁg’@dﬁ%%ﬁ?@ é@é’%l{?éﬁw gﬁ q?]ﬁl RO agﬁd%peg%tg}jer ecycl ed
back i nt gddbgidtieAdiingtHEsh Y &MWhh objedei2ntara bemdfddfrbhetieoaded bel t,

rat her than a system stoppage. [0071] "As objects 20 are fed from feeding

mechani smdweyat 69 of &edisg bechasism o rilliaughtthe raiet ofi travey ofiRett 180 on
ti bel,t., 10, th i j . t.he belt
Tor ar vanrgprnesedibByiief g e el AR Korfnfods AnBprdadtuobr® g3l

be in opahalibeeateddeBETs feadipeh niinetec@2 maeters deeinbinlée)byAcuoydimglgns known
to those of ordinar

convent i drAitiorHRg oééaglgb:b}%'ﬁ 5&%&8@%@%?? |r?c,$q\e§];{§r8t gﬁgﬁé& ffﬁ%l

arrangengnt .degerd Red AGhAYor LEpRIXMLAS, TBY BBRREs p& mitfute to travel
through the coating system 50.
[0072] As discussed above, when the process for coating object 20 is
an electrophoretic coating process, such as an electrodeposition coating
process, belt 10 of the present invention may include at least one electrical
grounding member 28, and typically a plurality of grounding members 28,
positioned on belt 10 to ensure a satisfactory ground for the electrical circuit in
the process. Accordingly, as the drive mechanism 60, 82 conveys the belt 10,
the grounding members 28, positioned on one side of belt 10 and formed of
an electrically conducting material, may ride over and contact at least one
component of coating system 50 such as, for example, portions of drive
mechanism 60, 82, belt guide (described below), or scraper assembly
(described below) which is, itself, grounded.
[0073] Before depositing coatings on the surface of the substrate, it
may be necessary to remove foreign matter from the metal surface by

thoroughly cleaning and/or degreasing the substrate surface. In this regard,
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belt 10 aW820¢¥R8¥quent|y, to the objects 20. The speedprafr/useddsoirzo as
conveyed by drive nechanism 60, 82, may be at a speed that is in operative
association with the speed at which objects 20 are being fed fromthe
conveyor 59 of feeding nechanism 52. Although the rate of travel of belt 10

th h t hetiseatd ihe, [ [
roug Bﬁtlﬁgﬁl pgéﬁeéﬁ‘rz%rﬁrﬂrﬁtw mﬂﬁclﬁﬁe%eéﬁh? sﬁ%%ﬁé@é’r@pbfdﬁhe

producti on e at out 18.75°feet per mnute’( neters per mnute).
Accor di ngbyirfaceetthe abjeatR®foresettingbjTdet suiztacap)tos isohsteate darbbénches (3. 8

c apart from, .center. to center, .allo for approxi mately 150 obj ect er
m'rr)nutg t o CERRGE|PY ?WB@Q%P@W& C@SHE'?%“%@%% g’l’ﬁ"% I_Pn ﬁ%gg,]s ?ﬁscusjsed :bgve,
when the pQERHAIPRbFRARY M SbIfE6s oRGd i8 ty;ﬂﬂal?bl%@hfd&ﬁ@%r%}a%ﬁ%\ﬁiﬂi i ng

process, such as an el ectfodeposition coating process, of the
present i Avewmersialiy@yailaklpwlialie oreagidic slraningagentsdhat greowallikngwnenber 28,

d typi : Li f di : , it n belt 10
o enaur otettost Syl ol s A5 oRrT Sraae Pragiand Fabi FoRHe pr ocess.
Accor di ngNpn-lsiting@x@rples Beshiedhis BRinBagsmte iIedisdé oHPRIKLEEN® 16he
groundi ng nenbers 28, positioned on one side of belt 10 and formed of an

el ect ri cafNy CHRMKAEEN" A&( dhogphatesgieancers. Bolbrofaniicl ene semmerdiallyst one
conponent : i : X tions of drive
mechani Smag%r,lacbgg?r‘oﬁ'gff’ Y%Lnﬂngﬁ?eggi@ér?iqgeﬂﬁ%g{rg% [,gg@#&évcaﬁg%'er assenbl y
(descri betDO.‘imr]]ow) \Afbttdjlwin];g, oainsﬁaélib of, ghe vlkdethg sEt@ﬁ?ﬂt;ﬂe Refaoeofdgposi ti ng
coatings on the surface of t substrate, it. may,é be necessary to renove
forei gn matPTFaLeBRY PRENREH AN T WATeE: b PISAIY el Mg te) BLAKIRS {And! or
degreasi ngsrhBge éHg%éié&& %}Htfo%%ﬁY,rth@ rh&aP streaa gaon b r}{’Qe@(ng"(eQ%OS%

PC r 1 US2005/ 02872 optional pretreatnment unit may | nclu a cl eaning
syst em t hagugeuspacidic sdigtiorsafténceaningtwith thisj alkalirocleanersoatxagpleshd sur f ace
of the substrate.can.b cl.eaned by any .physical or, chem cal . nmeans known in
the art, Guen qBtofR el ohe FABRCas sieh 6o Mo dMe b0 cal |

cl eani ng/ dgArARIdHS WrhihersiaNPEY&ilabld Mn@‘é@h{/@ﬁﬂ@aﬂ}/@bbﬂﬁ, F eReplE

cl eaning agents that are well” known to those skilled in the art, such as

sodi um nef@al pretieatragit Woaessashy theriadelic sNesiraternay hg aikdripd asings

suitable gl iR 8YSMALRInWH HECWAEVHHNESPodER of the substrate to a

high temperature or by passing the substrate between squeegee rolls.

[0075] Optionally, a phosphate-based pretreatment or conversion
coating can be applied to the metallic substrate. Suitable phosphate
conversion coating compositions include those known in the art, such as zinc
phosphate, optionally modified with nickel, iron, manganese, calcium,
magnesium or cobalt. Useful phosphating compositions are described in U.S.
Patent Nos. 4,793,867 and 5,588,989; 4,941,930; 5,238,506 and 5,653,790.
[0076] A drying/preheating mechanism may be employed to dry and/or
preheat the objects 20 as they pass through the pretreatment unit 70 prior to
being charged for coating in the coating unit 74. Any drying and/or preheating
method known to those skilled in the art may be employed in the pretreatment
unit 70, such as for example, infrared, electron beam, actinic radiation,
convection, induction, and combinations thereof. The pretreatment unit 70
may also be hooded, as illustrated, depending on the cleaning solution
employed.
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and CHEMRYEENEOR083Y7 phosphat e cl eaners, both of which aceusmseiseioal |y
avail able from PPG I ndustries, Inc. of Pittsburgh, Pennsylvania. [0074]
Following, or in lieu of, the cleaning step, the surface of the substrate
may be rinsed with water, typically deionized water, in order to renove
any resi tio é&ﬁ‘?n I t aqueous
acidic sgtpgz?g; af trﬁé"dgf‘"%ﬁﬁgﬁf}fﬁwﬁ{é a kéﬁ:%ﬁée@cldﬁ@ﬁ%ggﬁgwgesqof

ri nse soland/onghilad tneecasting wnit E4,rmbjgcta(20diney¢)lee<&rwged dyehcerdudier di | ut e

nitric outlonsc avai | al andc I ed in,
f or exan;ﬁe ‘?‘Férﬂ%ﬁ' CHF@F?‘@QWE’H? (15{%’&%99@%% CI¥(? g%f?o@'ter )altt :;\SmatyI be
ai r-dri eds|dstrédepciitiod tBatthrfdem tA% Jdp%%ﬁé'ﬁb@lé?wtdﬂ% FHARIctioy berti@f exposure
of the substrate to a erature or by passing the substrate between

squeegee argl therepy i leeq:tcﬂﬁa heaprphesmhﬁam@ asent ipventiamtient or

phosphat & °rbl%t?ﬁiﬁ§%8%%3oa3ﬁ'ﬁ§ﬁesﬁpyb 10 Bl A BB e ar

such as de"l*ﬁprlé?hgi’eiﬁ’é‘éb@tro@éfar@@bbunf@@lédt@éle\fbhéhaﬂ@ ifkkrsddriaan manganese,
cal cium nmagnesium or cobalt. Useful phosphating conpositions are

descri becaquequsselectMWIte\b@ coptingmarosiiien. 5, 588, 989; 4, 941, 930;

ol oyed PA7H1y" andPaieralyoRae rRetts LAENAE o oRRTRERBRAT (T Che
pretreat resdtingnitie i@JeﬂmsQils;b@rs|d180ﬁ’@1ecﬁla¢t§tmbpfo@ltableactomgo$|ﬂomhae coating
unit 74. Any dryi and/ or preheating nethod kagwn to éggse skilled in the

art may peages Inbedaciimansieetrisalnepndudiive anege ang:¢at ?oppé’;(‘arrpl e,
[ nf ¥ ar ed. p B! Ghniadic et bohRdb R nod AR BatHARR, ah and
conbi nati'ons er eof e pretreatment unit may al SO ded as

|2 H)g}sg r2 ggg%h ofcél%}aﬁaélgbggtgi/e@nsﬁaidemmmm@rswiluﬂepmlt |era3$ld3$antleﬂ® WO

st age, arﬁpr\gﬁpgpsp@r}g}%{%ﬁ éo %&FZ%LWM%‘%M?%E&W cf’gl%it on%ﬁgrgir egtjjnggzs
20 nay becéiﬁ@(ﬁ@@@p@ﬁdsﬁg%ﬂﬂh‘é;ﬂw@r th&%om%bgﬁ'bhl|§ahuo¢wa1lgmr da$|oﬂ@;]élly ed on one
polarity from conductor 72 to the electrodeposition bath and in the

opposi te Qiecfa@daqutabbheAlﬂmmahWQUlmle votiage aray b eprulgyadta he obj ect 20.

In the Pré %erag cgfndac};]r‘?/epoeq??@,tther\yoefﬁtg'eoenhplwgd may be dependent on the
size and shape of the object 20 to be coated, and the applied coating
material. Electrodeposition is usually carried out at a constant voltage ranging
from 1 volt to 7,000 volts, and typically between 50 and 500 volts. Current
density is usuaily between about 1.0 ampere and 15 amperes per square foot
(10.8 to 161.5 amperes per square meter). If the coating material used is
anionic, the belt 10 is supplied with an anionic charge, whereas if the coating
material used is cationic, the belt 10 is supplied with a cationic charge.
[0079] Coating unit 74 may contain an electrodepositable coating
material, drawing such material from a storage unit, such as a mother tank,
and is positioned to coat all or a portion of objects 20 releasably retained on
the belt 10. The coating system 50 may also employ a recirculation system
that allows the coating unit 74 and the storage unit to be in fluid
communication. Any electrophoretic coating unit may be employed in the

continuous coating system 50 of the present invention, such as, for example,
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obj ect 20 V5@PRP6920886 an el ectrode, typically the cathode, piuaddoghRekhr i cal
circuit conprising the electrode and a counter-electrode that are inmersed
in an aqueous el ectrodepositable coating conposition. [0078] Generally, in
the process of applying the el ectrodepositable coating, the agueous

di spersio led - 0§/ 0 o} [ ikFscontact with
an electr i%(r:];%?y@oﬁéﬁ@ﬁ@%ﬂghéggéﬂ%\@(%a'gﬁgg}g?rb%gjdr%ﬁe ggé@g gn,(g:‘han electric
current bétohedss ahelemtodepasitiondbhiode, an adherent filmof the

el ectrode i t.abl e nposition will deposit in.a substantially  continuous
manner onm)(:#éd]substr lgglr W%@%P@ﬁ@@%'%ﬂ@y&e ?Hﬁoy Adte

dependi noifl 4bBHBRSATEATRORI ndihdds ORISR GAL bARERL Y

el ectrodeposi tabl e. ough any sultable voltage may be enp

char ge cosdogrisee tasinousOphagesdigpetsagdn amdqueedsmgdiven.dépenesinousn t he
size and shape.of the object 20 to be coated, ,and the applied coating
material . pgﬁg%ﬂ'?%%‘i%%e?ﬁ%ﬂrm@gﬁearwo@&‘me&w&?h 8N &OPUHRSPAt vol t age
rangi ng  hhRimid edelrbdeBoditd® cualing comBBsitivR! Salak)s Baiiveen callogred 500
volts. Current density is usually between about 1.0 anpere and 15 anperes
per squar eleciedeppsitatde coativg compeséions e pelyierie atecisedepasitablee coat i ng

Wher eas. | PO EouBBRERh fupkARufmbags of RHPE RVt SplB: ARl Copi Do
with a caidrimiasicbadgeculiiPa§entGopting funstibhal rolBy ré@ctha Witikthe active

el ectrodepositable coating material, drawing such material froma storage
uni t, sucRYE®IeNs&fRke IQNiGKkesinand is positioned to coat all or a portion of

obj ect s Zg)dsel']easab'/s}é UsdPh&Esh, tRe térfrﬁg{éﬁgt]ﬁve]‘%f&%i’o %%b&ﬁtﬂwa?ﬁfcﬁﬂg‘fo may

al so enpl by a‘recircul ation system l'ows the coating u and the
st or age uffiat fomnbea dovafdnibdndavittuanctaer umctidngl gbepturaiensuiable coating uni t
may be errplag%ed in the continuous coating system 50 of the present

i nvent i on!CaHOR CROAONS. exanpl e, 21 WO 2006/ 020856 - PCTYI | S2005t 028720 an

el ectr odeparg)i on t {pRsh-liARAGLdI@NBIKS of Afidnid HBER8YESusitdte 6919 unit 74
i ncl udes an el'ectrodeposition tank. [0080] The el ectrodeposition bath
conposi t i epMpayitives émplidy dtbdencemprising aasungedednyeatirdiapelsible he et hods of
the pr esegfecjtrg\c/igggéif)a%le %H%n@ﬁlm—forming resin. Examples of film-forming resins

suitable for use in anionic electrodeposition coating compositions are base-

solubilized, carboxylic acid containing polymers, such as the reaction product

or adduct of a drying oil or semi-drying fatty acid ester with a dicarboxylic acid

or anhydride; and the reaction product of a fatty acid ester, unsaturated acid

or anhydride and any additional unsaturated modifying materials which are

further reacted with polyol. Also suitable are the at least partially neutralized

interpolymers of hydroxy-alkyl esters of unsaturated carboxylic acids,

unsaturated carboxylic acid and at least one other ethylenically unsaturated

monomer. Yet another suitable electrodepositable anionic resin comprises an

alkyd-aminoplast vehicle, i.e., a vehicle containing an alkyd resin and an

amine-aldehyde resin. Yet another anionic electrodepositable resin

composition comprises mixed esters of a resinous polyol. These

compaositions are described in detail in U.S. Pat. No. 3,749,657 at col. 9, lines

1to 75 and col. 10, lines 1 to 13. Other acid functional polymers can also be
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conpri sew t@siopdsks phase di spersed in an aqueous nedi UpgT/TER0E/ERTIIOUS
phase includes a filmform ng organi c conponent which can conprise an
ani oni ¢ el ectrodepositable coating conposition, or, as is typical, a
cationic el ectrodepositable coating conposition. The pol yneric

el ectrodeposi t abl e oat i n i 1] i : J ive

hydr ogen L%Fatﬁlf'cgcﬁﬁ %’%‘?‘ﬁ%tlg?éfﬂ%ﬁé’gdﬁ?ﬁ%‘lﬁ% as%géjpfy‘encgga él%t %ﬁg@l& r?g uncti onal
groups reasiwaliekndviiid e saakillel inihdapgens of the ionic resin. [0081] As
used herein, the term"reactive" refers to a functional grou at forns a

C t
coval ent [0083] wi t h Binanesilediisonpantihatihsuprlymeeis supstaniialy F%eae{]i on

condi tions. =Limting. . LARLG elegt: posi tabl e
coati ng enPRTE BREMRRan bl B SR 3550860 i iR
wat er - di sp@fetitbTee inlrieeld ddepsisi dfabpelyarir enae ifditatidroohitamolexsilar.  Exanpl es
of filmformng resins suitable for use jn_anionic el ecgr d.ego&i tion
coating orighkiAigsied molymes an tBe|alien 1anst SiNcer b QA ¢55ertiply PEREE ni ng
pol ymers,,. i r : ai i i [V il or
et - ar yig B850 el R e A s ClisB NP loohigh (e’ ie! and
t he react[0084pr odudlithfreferéate jo the chtiesiceresiny eswiderearialy @ cationie  anhydri de
and any additi onal unsaturgt ed m)dieyi nt?‘ materi al s wh]g h.are . further

& PR S @5

react ed AAWTBE 9i& KNy gnd gandis bs FORPQsY i'ﬂY‘?'vioﬁ’esiﬂ ralized
i nter pol YBES %SQE% ey KWaté\Sdigglﬁérsmﬁe,u né atadmpterrtccss boxyliizedaci ds,
Xy

unsat ur at car ic acid and at |east one other ethylenically
unsat ur atdispersedporemulgifiecchinovater. JhetwateedispetaibledeptsiscabiPBiCdni oni ¢ resin

conprises gn | ky.d-am nopl ast_vehi cl k . i ining an al kyd
resin an&agHre’zl?ﬁ r{&@?d@gwgr Fauiays ﬁlonécn@nﬁg&%ﬁgﬁbgtéﬁﬂéﬁ (%deposi tabl e
resin  comasid bdigBONRbicERy, exeslichid @i gboTohesingactvebygagenThese
conpositions are described in detail in U S. Pat. No. 3,749,657 at col. 9,

lines | groups. and col. 10, lines 1 to 13. O her acid functional polyners

can a1 50 fisag? VO 2000120556 FCH 2RO AZIZRcLSSES S Py cpBosPhat | zed

pol yepoxi crylic polymers as are we wn to those
ski |l ed idbrithigirgf tesid00&H aByerhangailfonilimissitgeanp-cohtiningeepiobyamdr i s
substantially free of . - .
quaternary phosphonium salt-group containing resins, for example, those
described in U.S. Patent Nos. 3,793,278 and 3,984,922, respectively. Other
suitable onium salt group-containing resins include quaternary ammonium salt
group-containing resins, for example, those that are formed from reacting an
organic polyepoxide with a tertiary amine salt. Such resins are described in
U.S. Patent Nos. 3,962,165; 3,975,346; and 4,001,101. Also suitable are the
amine salt group-containing resins such as the acid-solubilized reaction
products of polyepoxides and primary or secondary amines such as those
described in U.S. Patent Nos. 3,663,389; 3,984,299; 3,947,338 and
3,947,339.
[0086] Usually, the above-described salt group-containing resins
described above are used in combination with a blocked isocyanate curing
agent. The isocyanate can be fully blocked as described in the
aforementioned U.S. Patent No. 3,984,299 or the isocyanate can be partially
blocked and reacted with the resin backbone such as is described in U.S.
Patent No. 3,947,338.
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crossl i nkiYf) 220886 an intrinsic viscosity when di ssol vedr/iusoeas/gigidabl e
solvent. The intrinsic viscosity of a polynmer is an indication of its
nol ecul ar weight. A gelled polyner, on the other hand, since it is of
essentially infinitely high nolecular weight, will have an intrinsic

vi scosity [baa7i oh 1QsIEaRIEmdrRRBEImBbLTIonS bEIRIEALEA i Ues cRdieAl ©
resin, a de Vvariety of cationic polyhers are known and can be used in
t he conpodile.ihhd4 866tanel DRvERtNon2, 367, 406ruandse tbed pelthieeatoniceedinat er

di er si bl " i.e., adapted to be sol ilized di d, Isified i
e St sSeaines i B EA s el Rl SRt i B beckelfiad sy 1ot '
pol ynmer coifighRSailid @Rirfs SW6Fhi oile GHRYBEA P u.gppﬁfyedﬁ NdRO3I 455/80é har ge.

Typically, the cationic resin also contains active ogen groups. [0085]
Exanpl es dfndcdO28i57 . rAdsd nsatianic sddins whidhuelee ofa transesterificatign-sunbrdasai ni ng

i ; | f oni | - i ni i d.
oot o nar Hestioed et ABbiRR RN HEUR SRS H8ed? FuPReneatBfic ose
descri bed dompébshior3Asrephr¥FromPMEPRICA BhseBbugh Wid SFRibaBRRES! Pyutdn. Ot her

sui tabl e onium salt group-containing resins include quaternary amoni um

salt grolye.cbhd4iSgRmgnrke uaed. Adgo eseiwpndhe efsfwdenasitable dostingd from

ar o deoer RAUT Ry REEFRRA S hongRs ks PLYUOEV IR el St 5,
Al so sui t ajgngaiameintdrg anafbmsecRidangamiie goubsi rButh reskisigresdudtriedt he
acid-solubilized reaction roducts of polyepoxides and primary or
secondary 13H-ReFatant Nogs 35@&(3896%9671'3@5639&4&1 9,908+ &hS- H@Ee.”t&,oa%, 389;

3,984, 299;3 849449338 AN aquo%{iaet@wjﬁe db@@%@le &Fé'pbly%mihB%u%H%\ée‘ descri bed

salt group-contalning resi rbe ove are’used in conbination with
a bl ocked disthglemettamicerartgetratpetetradreineswitty treaexcesspdigarhind y bl ocked as

d ibed in the  .af i d, U.S.. t ent . 3,984, 29 ot
e e BBt FERT B St B R et o
such” as i g geserihathd B.6bS330RHENY 18003, 947, 338. 23 WD 2006/ 020856

PCT/ 20051028720 [0087] Al'so, one-conponent con‘?osi ti ons as described in
U. S. Pat erff088] In one embodiment of the present invention, the cationic resins

suitable for inclusion in the efectrodepositable coating compositions useful in
the methods of the present invention are onium salt group-containing acrylic
resins.

[0089] The cationic resin described immediately above is typically
present in the electrodepositable coating compositions in amounts of 1 to 60
weight percent, preferably 5 to 25 weight percent based on total weight of the
compoaosition.

[0090] As previously discussed, the electrodepositable coating
compositions which are useful in the methods of the present invention
typically further comprise a curing agent which contains functional groups
which are reactive with the active hydrogen groups of the ionic resin.

[0091] Aminoplast resins, which are the preferred curing agents for
anionic electrodeposition, are the condensation products of amines or amides
with aldehydes. Examples of suitable amine or amides are melamine,
benzoguanamine, urea and similar compounds. Generally, the aldehyde

employed is formaldehyde, although products can be made from other
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No. 4, 134VQEBI4RMESOE- OS No. 2, 707, 405 can be used as t hBCEASROABTesI n.
Besi des the epoxy-am ne reaction products, resins can al so be selected from
cationic acrylic resins such as those described in U S. Patent Nos.
3,455,806 and 3,928,157. Al so, cationic resins which cure via

t ransest egidehgaéd aiicts HE Aicald |y ateflirfuralEUTepeamd giyaitionqtroductdlo. 12463
can be used. Further, cationic ositions prepared fr Nar%]@%rh bases

I . conp par, m
such as deddpirvaethyioligreupear sifeilardkylal araups gepepdingen ifiea useful in

t he el ect i 081 (A re?ﬁﬁ}ﬁe iyiventi on are
t hose poséltalgsgﬁ?% ehﬁ%?geeog Eééglgﬁasblf’ﬁg? Qé(‘?%é%ﬁ\ﬂua'n&fﬁ#’ Prgr%rrg an ord tg)écondary
ani ne gr orR&stioBwth 49 sidahioRr Yardess aldohdls emploged Ratiede Mdrxohydri663, 389;

3,947,339; and 4,115,900. U.S. Patent No. 3, 47,33% descrj bes. a

pol yket i nlgehalereaniaining feemal fsoft ¢amRamealomhs i agmg h?rl‘%'ngjfr\ain% ne or
triethyle ' v I ] u [ ihgom t he
react i on RO et Hphiarcl R FESh ROl UG BforekBa, ATiopERe e

3, 663, 389amncornict€ia®p availd8djonh Anwereaen®ypatiareidt Cof under the érsdemarkvent i on,

the cationi¢,.resins_suitable for inclusion jn. the el ectrodepositable
coati ng c@%li-t ﬁaaér%éﬁqnsainﬁp %ﬁ@'ﬁ%‘t ?rd@dt?frﬂ??]gfaﬁreg?é[ﬁt i nvention are
oni um sal gontaining acrylic resins. [0089] The cationic resin

descri bed 'medi afely above is typically present in the electrodepositable
coating ci89i ti on$heranaimoplast cofing agenBareigpigally phlizeshin copiustcdipably 5 to

25 wei ght rcent .based on total. weight of ition.:. [0090] As
pr evi ousl vﬁﬁifg%@&%%ﬁygﬁ?@e& Cé%p[% 'Salgp% 'fgpgbefléag%da%cp%ggggfceoﬂr?%@slpti ons whi ch
are usef ubmiduntdfariid e abolt® perRsets abowesl pertent Bpiveadtity furt her
conprise a curing agent which contains functional groups  which are

reactive wafarabhefraat ahautidpipeigent t ahps 4 perrent Brikeigsine. [ o0091]
Am nopl as%grgcl%ﬁtéoﬁes YA o R LIS RERREDLT B BUl SKliddaRMhe Tor —anioni c

el ectrode ensati on products of amnes or amdes wth
al dehydes eldcyaappesitioh bath.t abl e ami ne or ami des are nel am ne,

benzoguanam ne, urea and sim | ar conpounds. nerally,. the al dehyde
enpl oyed [¥O9%r mal dgﬁ9d%‘,r'“ﬂlqgﬁfﬂﬁﬁ‘%$8£‘38t9§“ gxﬁe%gor ©@™S om ot her 24

-electrodepositable coating compositions are blocked organic polyisocyanates.
The polyisocyanates can be fully blocked as described in U.S. Patent No.
3,984,299 column 1 lines 1 to 68, column 2 and column 3 lines 1 to 15, or
partially blocked and reacted with the polymer backbone as described in U.S.
Patent No. 3,947,338 column 2 lines 65 to 68, column 3 and column 4 lines 1
to 30. By "blocked" is meant that the isocyanate groups have been reacted
with a compound so that the resultant blocked isocyanate group is stable to
active hydrogens at ambient temperature but reactive with active hydrogens in
the film forming polymer at elevated temperatures, usually between 90°C and
200°C.
[0094] Suitable polyisocyanates include aromatic and aliphatic
polyisocyanates, including cycloaliphatic polyisocyanates and representative
examples include diphenylmethane-4,4'-diisocyanate (MDV), 2,4- or 2,6-
toluene diisocyanate (TDI), including mixtures thereof, p-phenylene
diisocyanate, tetramethylene and hexamethylene diisocyanates,
dicyclohexylmethane-4,4'-diisocyanate, isophorone diisocyanate, mixtures of
25



WO 2006/ 0388/ BESEA US2005/ 028720  al dehydes such as acetP&ITdEnyEH2872E
furfural. The condensation products contain nethylol groups or simlar

al kyl ol groups dependi ng on the particular al dehyde enpl oyed. Preferably,
t hese nethylol groups are etherified by reaction with an alcohol. Various

al cohol s stmarlyaiyethadnecd udgiisouyeRuel atd palyemdinyiene galwitidnyliséoyanate.t o 4

al
carbon atons such_as net hanol, et hgnolp, i sopropanol, and n-butanol, with
met hanol 'B8NREPRlYiSasypeatesAHARGRA Bikgoqyanates Cagy e eadte St RIAWPIGvai | abl e

from Aner,j : 1. Iﬂﬂﬁ{ e,k nsant o
Chem cal ‘@)@Hdno@?@{ﬂ H’gh raltrél]errar e-{}%s'dfWf\é&%¥%héﬁ%ﬁ%&%ﬁl&@@r¥dri ng
agents arwith pplyois dscy(l:hJ:aé ln'egﬁdniyhgl@gilji amt trinosthyleigrophhe amdtwitte hydr ogen
cont ai ni ng ani oni c el ectrodepositable resip in noun i ng from about
5 per centPRIYMEHEROINSES sEfl @gtPobycapeplgRtone CE‘Pléfaé\dgtﬂF’vg N%{??@gout 20 per cent
to about A4Q,:RSEREA Wel es based on the total weight
of the re'sT"r!f's'%l'i![dl}st!o%ret&ﬁéérgﬁél'g?&??no épog?'?i%%% bath. [0093] The curing

agent s ng6096]t en et ppbisdayanate cuingagaiteare dgdgalbi wtdiabd itoat i ng
conposi tions are bl ocked organi c .polyi socyanates. . Th ol yi socyanat es can
e Tui 1 y GireRgiprau SR pRudac ros b AmBiile B e B RGSYn 1 11 nes
1 to 68, tB‘HSJ\WBig%t%:@z?cé}ﬂ,' ;gl@?er%bweﬁﬁ@ g lefyht per@int t%alfgt\}véighypéﬂc@ﬁ{éed and

reacted wth the polymer backbo _ scribed in _ Patent No
3, 947, 33dassiduom tize wWeighd offhe totagesivosalits Besent cosnpesition.l ines 1 to 30. By

"bl ocked" Al ant that the jisocyanate gr . . e with a
compound 9888har ¢ nENE aghPbun 2RISR RR R S BraRLE R ETRoh SENEre. " o
active hy@raganmh ajustly @BbelsRIMETRE Wrth tlidpdreiant is/BeNdvicd tadid & evdydr ogens
in the filmform ng polyner at elevated tenperatures, usually between 90C

and 200@hgspoivanseaEtingbiranglurgitsyRAMIESSINALF FYBteIR S BRdean phat i
PO Yo AT BaERAN BRL LI BRI ORRRUR TS e b L (.
2,4- or Zaveratepaeitie dizessidianasino(d Ghpse ingénetahy lessdhands0 ghdr eof ,
p-phenyl e&‘s%all?/ilciasssot %anno%en’ﬂicf'c?rgsr, %rrrlgtmhgyl/ g egsn arrlled(.qgerHc]: (I)rene dii socyanates,

[0097] The concentration of the resinous phase in the agueous medium

is at least 1 and usually from about 2 to about 60 percent by weight based on

total weight of the aqueous dispersion. When the compositions of the present

invention are in the form of resin concentrates, they generally have a resin

solids content of about 20 to about 60 percent by weight based on weight of

the aqueous dispersion.

[0098] Electrodeposition baths useful in the methods of the present

invention are typically supplied as two components: (1) a clear resin feed,

which includes generally the active hydrogen-containing ionic

electrodepositable resin, i.e., the main film-forming polymer, the curing agent,

and any additional water-dispersible, non-pigmented components; and (2) a

pigment paste, which generally includes one or more pigments, a water-

dispersible grind resin which can be the same or different from the main-film

“forming polymer, and, optionally, additives such as wetting or dispersing aids.
Electrodeposition bath components (1) and (2) are dispersed in an agueous

medium which comprises water and, usually, coalescing solvents.
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di cycl on¥ 1M NETfe- 4, 4' - di i socyanat e, isophorone diisREEAHROS/ 02812t ur es of
25 WD 2006/ 020856 PCT1US2005/ 028720 phenyi net hane-4, 4' -dii socyanate and
pol ynmet hyl ene pol yphenyl i socyanate. Hi gher polyi socyanates such as
triisocyanates can be used. An exanple would include

t ri phenyfoggdyane- 4;The, dectrddemticngats of tise pyesent tnyentipalhases sesimi t h
pol yol s such as neopent K’l gj@ycol and tri net hyl oigr opane and with polyneric
pol yol s s@lids eentpnt yeuglyovEn dhe rangs of abritS oS PErgent BM WRIGH val ent rati o

greater §§$$(§/$htt8 rﬂm%'(‘@{ﬁ oqqhgﬁ%rohgggg&ioﬂ_%%ﬂﬁm yi socyanate curing agents

are typi I'rze N~ conjunctron wth the cationic resin in amunts

rangi ng {aeroo] wei ght petgafrementidifed\tieghiespeateerthe guuebesabédiufir om 5
wei ght percent to 45 wei ght percent base%éon t he wej ght af t he total
resin solMayCcyitasicncoalesping salant: [UrshdcopirsclissventsdApySPti ons of the

present hgéﬁ%’&&&ghf.ra‘?cdrg)l%,hs‘%teljs,oéfﬁe?é afif KBEHRRUSTHE BRIETEQR0aBagINGEr M

di spersion’ 1T's Dbel'ieve o be a two- phase transcoating, translucent or

opaque r eslvanissinsisieestcomolahpatitols end lestones.i Spedifit lvoatlissing saenihase and

the water is in the continuous pt}ﬁsg. Th(g .avEra e particle size of the
cthyRexang), 14

r esi nous MAKASISPRTARANG! APy tanple 22 O FarTy 1 ess than 0.5
m crons, n%ﬂﬂo rﬁ&néﬁéﬁetﬁgéﬁe%naﬁ: bEAB ghRPARL tRBenGaRaeyL rati on of the

resi nous ase 1 n the aqueous nediu is at” least 1 and usually from about
2 to aboutorédupd rarehmobphaky! giinedsaf edhydene ghycal. Wee @ntowtt afhe aqueous

di spersion., \Wen the canpositions.of th n ! i ren.ln the form
of resi nCEBIﬁ(?EWQrSé{?\é%Q 1 @899534'9{3}939’?9“ ﬁ§\9§{@'%ﬁeéqdnégé%%édﬁgggnﬁ%%? of about
20 to a_bgﬁédﬁtg RRIIG Edim Bhoued @tto el Sqrerveitdyt weight bhsedgueotzs

di spersion. [ 895] El ectrodeposition baths useful in the methods of the

present Weighirafited agieouy pne@EiMy supplied as two conponents: (1) a clear
resin fe ich jngl R VL=E &Hayai ning ionic
el ectr odgg%gqmbl e'%%é'isgg&lse.oggwegeé %%H%%Tt ?ﬁmppglrt%l}ﬁ%&gmnerh the curing
agent, gRfoasudanides isaohlasvwalrErctahts peetingl agentoor patplgshtcad beonponent s; and
(2) a pignment paste, which neral ly includes one or e pignents, a

wat er - disgieded H @egd'ﬁﬂﬁsi%?ﬁh‘%\ﬁl%‘ﬂg@ﬂnﬂ%osﬂw %SP@\ef ferent fromthe

main-fil "Cnventional type comprising pigments, for example, iron oxides, strontium
chromate, carbon black, coal dust, titanium dioxide, talc, barium sulfate, as
well as color pigments such as cadmium yellow, cadmium red, chromium
yellow and the like.
[00102] The pigment content of the dispersion is usually expressed as a
pigment-to-resin ratio. In the practice of the invention, when pigment is
employed, the pigment-to-resin ratio is usually within the range of about 0.02
to 1:1. The other additives mentioned above are usually in the dispersion in
amounts of about 0.01 to 3 percent by weight based on weight of resin solids.
[00103] As the beit 10 is carried through coating unit 74, the polymeric
composition is deposited onto the Class A surfaces of the object 20 as a
substantially continuous coating as electric current is passed between the two
electrodes. As described above, and by way of example, when the object 20
is a threaded bolt, and, optionally, an integral washer, as illustrated, each
respective retaining unit 30 on the belt 10 may be positioned to releasably

retain each respective threaded bolt in the same lateral direction. As a result,
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"f or m ngWibP8PABR085@nd, optionally, additives such as web€Ti/mgzoos/oai®per si ng
aids. Electrodeposition bath conponents (1) and (2) are dispersed in an

aqueous medi um whi ch conprises water and, usually, coal escing solvents. 26
WO 2006/ 020856 PCT/ US2005/ 028720 [0099] The el ectrodeposition bath of the

present éé\ég.gﬁdngrg ﬁloé?aeﬁeéﬂa 1t%'§déﬁ c}ﬁ&ﬁéeﬁmb&wéééws &htu'% BaHée range of

about 5 to based on total weilght of
el ect rodemfsofih@rbeb’aﬂ@ Irﬁ ﬂﬂ&m)e]nr#m thedClage At $Wwaaes dﬁdbed&tm er, the

a di t ai I i ng. sol Us ef
20l vent s WA A6 My Breily bRl By B brainpriets i Reatn iRt AU ARGs. The
preferr thé%\teﬁﬁéé}ﬁes %Hé ¥ens $rdnﬁ‘6bﬁ&‘i‘al?r§t?@é’ch$enﬂ?m|tym Sn@istokls ones.

Speci fic coal escing solvents include isopropanol, butanol, 2-ethylhexanol,
i sophor ormating mﬂtWGb(ybemeﬁ Womeyy het ojdtede oa@dampcbwfrcema bolywtaland t he

rmnoeth obut th h

con esiiET O, SneRorganaed Hostbr o atls Shites BEsHRY Ban e  cent "and
When usaaﬁhgh d’Bbﬁﬁbh)éuEhQﬁé%l@éﬁro&a&étléﬁ‘la’:!bl%ltmé pesregehdiybwei ght based on
t ot al t he aqueous nmedium [00101] As d| scussed above, a pignent

conposi t |dﬂﬁ>0§ﬁ€d onfthadultr e washer sukstantiallyiofconiletelvsoventhgct ant s,

wetting t | uded in the dispersion. The pignent
conposi t?egﬁ‘%r&f?%gg#lg%%ﬁ‘ sui’%gzg ‘leljoejr@gl type conprising pignents, for

exanpl e, [00004PXi deBhe sb&IONY uum74qhayamemaebmrdsleam«; tacodlectiust
titaniumdi oxide, talc, bariumsulfate, as as. col gb@%tﬁrrents such as

cadni um 3@10?§W00@EW@F?F'@UVO@HPSrﬂxtﬁﬁor?élrf%@voéﬁbe phiect 80102] The
pigment  copkenbhRkt H"%arﬁlbﬁ%ﬁf]aé’ egtﬂesbéiﬁ %‘@'a'ft)é[]%ﬂtﬁr?@ I8Préserdt waste

pigment-to-resimra actice of e 1 nvention, when pigment is
enpl oyed, them)fp]rgtmslmamwereﬂienleaﬂmmhoretlusuaﬂmg/mﬂytbﬂ dephatedaluw of about
ves nt i ned above a in the

8| grzjer tsio&%' #tpj&ﬁ%&h?aﬁ&g%g%&mkr@sg &6 sorb\éqr@éﬁfaﬁ rﬁie? & Hi%d on wei ght
resi n §Rleqdst-bell A9 kAlcoNpdditorPsl thekdatifig pRdteriar thd iarnpbrat@atdfng uni t

74 the polymeric conmposition is deposited onto the O ass A surfaces of
t he obj ecxtoazmga,mlta74 and the like. Typically, the temperature of the coating unit 74

and coating material is maintained in the range of, for example, 31.1 to

33.3°C. Coating times through the coating unit may vary considerably and

depend on voltage, temperature and composition of the coating material,

desired film thickness, and the like. Typical coating time is 20 seconds, and

may range from, for example, 10 to 60 seconds.

[00105] The excess coating material may be rinsed from coated object

by one or more rinsing units 76 positioned downstream from the coating unit

74. Air knives (not shown) may be employed to remove excess rinse water

from the objects. The rinsing unit 76 may include a recycle system for

returning excess material to the mother tank for reuse. Deionized water

and/or permeate from an ultrafiltration system 78 may be used for rinsing the

excess material from the object 20. The rinse water may be filtered and

expelled from coating system 50, or may be recycled back through the system

for reuse in order to provide a closed, non-polluting system.

[00106] The coated and, optionally, rinsed object 20 may then move

through a drying unit 80 to dry the coating deposited on object 20. As used
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substanti\gplzs()%é%zﬂﬁ%uous coating as electric current is hsdgsaesmesaeen the
two electrodes. As described above, and by way of exanple, when the object
20 is a threaded bolt, and, optionally, an integral washer, as
illustrated, each respective retaining unit 30 on the belt 10 may be

posi t i onechdreirr thkdamablyry” reriath @radhying's peatdnded thrigaded Hom agii%g]t he same
| ateral direction. a result, 27 WO 2006/020856 PCT/ 1TS2005/ 028720 each
bolt is pddia FYHKY epinbpdineaeh theglecadapresitad eeating is dsiedtthe same si de

of the beldy; I i f s _of..the bolt and
washer ar e&r%ﬁbes%g%%ﬁgayﬂp {e}‘?%%/l{/%ﬁeaq(ﬁf\fvﬁtg?L#@tniﬁfea@atfrﬁp%gb ri% unit 74.
As the bedvapblativar afi arabicne tdrapematlireoon npforesdiinpig@ bt epivaRy unit 70 and
into the .coati un%t 74, tl’égg |t 10 may be rotated, for exanple, froma
hor i zont al CTHSEHISH(FPBexaMRlsyT 2 Moo A Fi(BATC (466N, The terarvdedier ti cal
position t; i L HLG r i i y nore
readily beI-Q a@plg%?’?ﬂgﬁﬁgﬁﬂ?lkgbbgﬁnt%‘dgﬁgf' &%W@!éﬁb%%[ﬁqhﬁy&g&?@g T2t el y
cover t he substrateetoythefmaheorditisrss suffiviehatesrosbiinietiie cd-0dide filfhe coati ng
unit 74 may al so %erve as a reservoir to collect excess coating materi al
fromthe 5" ur f ace of the object 20 as the coated object is carried

away by tieobert 10 mEbess Gead ih@ﬁein,tﬂeﬁéﬁ?eﬂeg&re‘“’%%ttf‘sgdtin%roﬁﬂtgﬁtiém%lﬁni S

manner, the el ectrophoretic coating ma eposi ted upon e object 20 to
a desi r ed & $RTORARIYAN hargedacnired coopssitinnt ‘oshall meaah thaat drtyecrossleddblef bel t

10, the c sitipn atJ erial . the tenperature of . coating
ani ¢ 74, HRSFRRbATR BombBeRt M8 T alel RS SRR A ES I SRR R 7o
and coat i iy coateatteal. Insceriimbaibtrinbnts dfehe Presertinvdrione RaTBi8slinkl - 1 t o
33. 3C. CO%EEQ' nes through the coating unit nmay vary considerably and

depend on gbthe giesalinitalle canpopshise et it deBrasmel easlinkingrat eri al
desired fi " i i ti J | econds,
and |y ¢SSR R o EohGe TR PRInd 1R L BB R B0 Do
coat i ng naresdliak deagitp eandessfeom 35¥nto @8 df Al @osslinkingni; Gtheor e rinsi ng

Shoun) ' e DROURBGY SeF £09-Gb HENSIRL s BeR Tk Wite & 85%4 6Hiine ob] ects.  The

rinsing UrfdssfifkiRBY OME sKiflgd th BRE¥AMAN BMaERB{Pthat the presence and
degree of crosslinking, i.e., the crosslink density, can be determined by a
variety of methods, such as dynamic mechanical thermal analysis (DMTA)
using a Polymer Laboratories MK lll DMTA analyzer conducted under
nitrogen. This method determines the glass transition temperature and
crosslink density of free films of coatings or polymers. These physical
properties of a cured material are related to the structure of the crosslinked
network.
[00108] According to this method, the length, width, and thickness of a
sample to be analyzed are first measured, the sample is tightly mounted to
the Polymer Laboratories MK |l apparatus, and the dimensional
measurements are entered into the apparatus. A thermal scan is run at a
heating rate of 3°C/min, a frequency of 1 Hz, a strain of 120%, and a static
force of 0.01N, and sample measurements occur every two seconds. The

mode of deformation, glass transition temperature, and crosslink density of
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returni nQIOe8Y8aterial to the nother tank for reuse. PEREISIWNYRE7Nat er

and/or perneate froman ultrafiltration system 78 may be used for rinsing
the excess material fromthe object 20. The rinse water may be filtered
and expelled fromcoating system 50, or may be recycl ed back through the

system Q& shRHHE chA @@cbrrhﬁxel@lrébﬂoﬂﬂn 16 s esbthoan-Highéutros stem
[00106] The coated anb(c)’jzr opti onal 3/@ I’I%SGd obj ect 20 %n theﬁlrfrgove t hr ough

a drying dﬂnsttymluas iddigatena higheri degree pbeiosstintdng dibff@:floaétﬂg As used 28 o

2006/ 020 / US2Q05/ 0 e d

is int eniég'@)@ i ncl(gaﬁ ﬁﬁ %%rﬂgﬁt&gde}ﬁéngﬁ'h%&‘" g&%ﬁ%o%ﬁé)os‘é\?%ﬁf r th:ayI "o

el ect r odepgsiskRd if a7 Hedhd@s 6f thedbre¥entdniantitg srebspelied wider al | the sol vent

and/or water fromthe coating either by evaporati on at (ﬁbgg_nt t enperature
ie

?r8 Ztéyt 1; orasaditiongi sgg:h?igaéa@ura;@@@tlatlbﬁg@ﬂw&@a@mer Eetot] 8-t 0 800F
exanpl e, A%V%éf)%g q%ng ﬁgn?eﬁ1 ro oaﬁsgé %gﬁggﬁg&?gﬁtigi’wg%wﬁ?ons o

suffici er6Tt@008ﬂ‘ﬁ@'(i16i24ttf@€203@2rrﬂ|@ﬂimmer§)li§slfornmﬂrppmerIinesCIeiﬁqu] Al so, as
used herel n, the term"cure" as used in connection with a conposition,

e.g., "asoieses@ipoebiachR0r shal | mean that any crosslinkable or
g?oggfifh'k[ﬁ@ xf@fponem.. gfét%&@?nﬁ@ﬁpc%hééé)gklﬁéc?lrﬁfhe' &\?%?dl%ﬁé el 1y

co-re n certaln enbodi ments of the present
i nvent i ormapgliee coatinglrak bedansiolgd odudhhes farmmmaanfrerezcbredﬁsﬁm s, i.e.,
the degree of crosslinking, ranges frorp 5% t

crossl i nkIGRIN, AGHNE FRGUGH SANYERTQ, ipGHEton, 89 |°PH‘ "a f{ﬁ%k%qgé: from 35%
to 85% ofedthhicCHRRHY LA BOGT doMtiRLOES syaiEhesh ARy smpldyehaatarsitinelst densi ty

ranges fr % of crosslinkin g One skilled in the art wll
under st artd thaapatihg Wrtbemwnamm diigfased sadigior andrianYgCtion.eln oRge

crosslink d nbed ermn VY, f h

dynan o rRERasradt o e Ales<Th IFtEH, St R heth B AR 0T s
11 DMTA @Bairydssositns ucikedraddesuallpibyiesting, ahelevarhedmetres nes the
glass transition tenperature and crosslink d nm%at qgh{)ee films of

coat i ngs renging ey 80° Crige420 &%.a:wodpmgm s§Cierial are
I tth Jﬁ%tl%lglufht ucfoeatﬂf ééﬁebé R uﬁﬁﬁ’%frared curing techniques as are

well known in the art, typically for a period ranging from 45 to 240 seconds or
a time sufficient to obtain a peak metal temperature ranging from 300°F to
550°F (149°C to 288°C). For non-metallic substrates, such as conductive
non-metallic substrates, the times and temperatures may be adjusted and
depend, at least in part, on the particular substrate material employed.
[00111] In one embodiment of the present invention, a cooling unit 77,
such as a refrigeration unit, a chiller, or a series of blowers 77, may be
positioned after the drying unit 80 to lower the temperature of the objects 20
exiting the drying unit 80 for handling and transport. When blowers 77 are
employed, air may be blown over objects 20 at any suitable velocity and
temperature, and may range from, for example, 16000 to 18,000 ft/min (81 to
91 m/s) at ambient. Typically, the blowers 77 reduce the surface temperature
of the objects 20 to below 140°F (60°C). For efficiency, exhaust from the

blowers 77 may be employed after rinse unit 76 and before drying unit 80 to

30



net wor k. WOWGB08%ccording to this nethod, the |ength, RETHU$R0040138720hi ckness
of a sanple to be analyzed are first neasured, the sanple is tightly
nounted to the Polyner Laboratories MK Il apparatus, and the di nensional
measurenents are entered into the apparatus. A thermal scan is run at a

heat i ng ragd @1@@&% 'e&ceé’? HhSSURRE &t the biedts SbIBIIGWRG ridiig amnd_a static

force of i sarrp e neasurenents occur every twd seconds. The node
of def or paibr tmihegybbjestd 2@ being transpemedrtataugh themdryinoogsit 8tk density of 29
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crossli nkiafing ﬁnit*?‘?%%é ﬁ@o rﬁé’@@»@%le@g@@wmme bER 16l BehaAdE grosi tabl e

coating conpositions are useful 1 n the nmethods of the present
i nventi ommmammeamSur&lﬁtabl&Eﬁﬁ@ﬁsm@rmaamdhcltuldétgravﬁwdﬁvghme@nrsy

continuous coatin ad fil h

mils (2, Sindrgirss hepelt dRE Py SRoiouata PpEAPRE W I OGHART Pes 24 1o
20. 32 m GhOVEHBREOf the i 1B drdiithEghddianih Ahe sitf bBgesitpfadtito obj ect 20.
[00110] Any method known to those skilled in the art of drying the applied

co?t ing r'fad abe @@bl @jed:, 2 rem erch wtaisinanpraIbarZ. sUeh thal r@'@"?'Bﬁ beam
actinic ra |
exampl o, BryPR: St GEEIE R TB Ble RurBR{GGRER RPN, - ot e

to the C%smpwtléﬁelménﬁmbmdﬂﬁenmém ed deadribéd dmdatad mdnwectl on In
one enbodi ment _of the present invention, ter t he .coa
5 Shebheret 19°

appl i ed b&PJe(éﬁg@tméMé}ﬁ)@'@ﬁW frorp bedt %P)éé qf@ﬂ’&?ﬂ%}“" eI evat ed
Lomper Al thRes ﬁéggh@gl ;rhefq%%%gea %né%%gtéd)ggj%cpgowﬁgy HRMBOHepsQBH0 to 1200

seconds. ern e coating can cured using infrared curing
t echni quéds reseptaele 8kfdr gaoking dmfotfmrtmvrtproctqqalmgal Centiouows period r ang| ng

from 45 to 240
Lenper ot WREVPHRG! Mo bR betadoe T agee r SR Perdaf B eTe a1

substrat %taﬁ.ﬁg%éﬁmb@n@%dm@ th&eSEdIRY Alddhanfsh B Rk eSceifthd anotiesr and
t enper at ures be adjusted and depend, at |least in part, on the

parti cul aybjsctif fcmtreletaﬁabiel r@teré@mtbg@,awth and coating.
[00113] Although the coating system 50 set forth above has been

described as applying a single coating over the object 20, it is contemplated
that more that one coating may be deposited on the object 20. For example,
two or more layers of coating may be deposited on object 20 by adding
additional coating and drying units to the coating system 50 described above,
or by running coated objects through the coating system 50 one or more
additional times, or by running object 20 through a combination of coating
system 50 (when electrophoretic) in conjunction with one or more non-
electrophoretic coating systems either prior or subsequent to coating system
50. Accordingly, the description of the coating system 50 set forth above is
merely illustrative of one method of employing the coating system 50, and is
not intended to limit the scope of the present invention.

[00114] FIGS. 10A through 15 show ancther embodiment, belt 200, of
the present invention. FIGS. 10A and 10B illustrate the standard length belt
segment 201. Belt segments 201 may be connected to each other to form a

belt 290 (see FIG. 15) that, like belt strip 14 of belt 10, may be used by belt
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[00111] wo oowe/ososbodi ment of the present invention, a caolusi@osidsiz’7,

such as a refrigeration unit, a chiller, or a series of blowers 77, may be
positioned after the drying unit 80 to |ower the tenperature of the objects
20 exiting the drying unit 80 for handling and transport. Wen blowers 77

are enpl ,air own, aver .obj ect ) j I | oci

o tempi e TibingS 20 S B Sl b agh Bt oBBbaBth 1955 000 11/ mn
(81 to %ﬁhéiioﬁﬁoaﬂb!m-se et ymal ve Hbane tisatiiay edumstroetssiur f ace
tenperature of the objects 20 to bel ow 140F (60C). For efficiency, exhaust

from t he ofistainess stelmiyansshengrasien-saisiant sordudivpimateriahel wefaste drying

it 80 to 3 0086/ e 5 k:
i nse. wat BPof YA AFERTs AR PR, SR s Banfl 207 MEPBENRR 00 cct
20 bei ng ddrpsdrord @ebriispHEsd Wieddiw Bpegingsi21080Thd @fHdRYs 210 emayexi ti ng

drying unit 80 and passing through the optional cooling unit 77, objects
20" may beSaneée eased mesnet f@@\mng@%gomdgrfo H}ax"ameotwgﬁt@%%\ﬂs. Sjuitable

rel easin AS j<hCl i Tyl ; } t 10 i
Conveyed TSNS dfEEIER & Al KpSbt KRt 2T HRLEAT G Pal® L "bel t 10
?r ound t hreg/swtra;at)_ twﬂnirhnngirethaé aimtmtﬁmfaaxjrtape afdtedt 2990 ta mdeasdhediote obj ect 20
rom each retaj ni ng nenpber , such _t hat taini d i ni
pot o 16'96eE &l 50 seto Sl gu end Blie PapronoLpBaEl T on. in
anot her [ag=Yc a,rhdi i j t 20 Te:30 b
rel easedeé]?g'?nlcg%ﬁg'lo '@ggqu‘f%lbgﬁfg‘; bgsgﬁema%?ggbt@ﬁg bt?glt% itgﬁd?ré)l}ggyi tg
return. Tivevide aaszhsdod tho taadil obthjeccnating sysiemisaevolying:gide eegto i n

receptacle 84 for Kin r. for. further,. i i

of “the comgansoat a7 it tin nitonthe BruBLRepel 280, SIHHAE “Pet el ning
menber 12 hagde Bdiwiela theadinaewseabanag e 2séterof 2eewimy spacethot her  obj ect
20 for releasable retention therewwth and coating. [00113

coating sylsaramcenaies 21 dithat allowy attarhmernia :CI'H%PFM'&SQQZ]GFB%IGWQ?%?Q tsih(r-:;gl e
c0nt 119 U5k o RIS afbab3oRER) DL Bkdochi JR" Gl i 000 cont I no
g?a} 'nngqub%Oﬂ?ﬁ@Githeﬂmw mbpenkcidélidnyinatedpegndidaie aoopknerat i ng and
ying Holes 292 alleom(/: ?\%Ib%% sseésrrgeenq]s %81 ‘%'8 %%rjblk%%(cji tggg%ee’r using a clip

assembly 202, lug 203, belt joint 204, and two common pan head Phillips

machine screws 296a with serrated washers 296b. Belt segments 201 may

be joined together to create a belt 200 of a desired length and to eventually

form a closed loop or continuous belt as needed by the coating system.

[00115] Referring again to FIG. 10A, belt apparatus 200 may include a

clip assembly 202 that may be constructed of stainless steel or other

corrosion-resistant conductive material. Clip assembly 202 may function to

accept, retain, convey, and release objects 20, such as bolts, as required by

the coating system. Clip assembly 202 defines clearance holes 212 that may

be aligned with the clearance holes 211 on the belt segments 201. Clip

assemblies 202 and belt segments 201 may be symmetrical designs and thus

error-proof regarding being affixed to each other. Once the clip 202 is aligned

with belt segment 201, a lug 203 having two threaded holes 203a may be

aligned with the clearance holes 211 of belt segments 201 on the opposite

side of where the clip 202 is resting on belt segment 201. A belt joint 204 with
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or by run¥hHPoe8HBEY obj ects through the coating systemEOr/osmonssMRr €
additional times, or by running object 20 through a conbination of coating
system 50 (when el ectrophoretic) in conjunction with one or nore non-

el ectrophoretic coating systens either prior or subsequent to coating

Sbove 15 e e e erd IR 2O R B PR b R Wb 2% syt en

above is nerely illfustrativ mpl oyin ing system
50, and i sbetwetemtlne eaddiestdi4 amd aligrier withpteariintd bofysesEnt Belh it 2mn.

00 FI 1 OAth 1 mbod t, belt 200, of the
E)r eééﬂ UK IPYR fOL}'fI r@%gg Uﬂgﬁiggwgé({;ﬁ%teﬁ?éué g%ﬁé’a‘iﬁl‘lftqr@ng; h bel t

2 I o forma
ber T D00 (ortdde il (RERROPOL RPGrBRY p HEcEARARB PG This © Lol oea by

belt 31 ViEcegppemitsthe Mﬂ'ﬁhﬁ%ﬂﬁ/fﬁ:@éﬁﬁhp ZOBandthemnayl sttipanétal ﬁO such
as bolts, (¢ oi.nt of ori ion tion point. Each segnent
201 may b eé‘?’g]ﬁﬁ@?wﬁﬁ’{) ‘?4’&9%’&9)6%%6{ ﬂ?t B‘f“cﬁé th%§'§d§f%@ ohtheanot her
COr 1 0S| ON-Heftsiatnaent mnﬁlmthélﬁoﬂmh%f'l@ 208, leiH'eftSlaflffé;eg%1 RO $o1 V&hgtibz and

t hi ckness. As illustrated, belt se defi séries of 16

evenly spdé@dOdi aadhet ieini 294 nzabobe then fﬂstﬁimﬂstogﬁﬂmm;smgséowexmnpleor nor e

d _bow fl ility of
pel t 200 (BATABH BT Shinles TRehBeisesoll 2Rp3lgHT Eisatea st syt em
2) to mngesben»sémeaamuughmeawafm @cﬁlebezloua%%eutqorneggaethtr Hime needed

to cool II ? allow fluid and air to pass th rougm t 290 to aid
in coating! ee}rpﬂgqa, Rg r%1?c66¢ id. apd Bﬁﬁ@b'ﬁlgh@oegé%t@rtbtﬁ&d@d lgs 2082 and 4)

to provi ¢ @y S8RNFhishrdcBgu Feeﬁntap ﬁ?é&?o éé‘é”tc?’ %%h&grd“ve

cog to engadge belt 290 an put con I naous On the
solid suoffrebsésagmenthz20 W aiovel azlﬁjmmwd@@cehtmltssegfnéhtgﬁenlta spaced
cl earance holje 211 that allow attachnment. of clip assenblies 202 to belt
290 wit h %8G 3%?e fasteners. At each end of each belt segnent 201 two

hol 292 be f i have an
ol es 292 [pgmiE]be T (RaTBEHIG R FICRY, 1%§ﬁH‘F1G'ﬁ5%lefaés’bég$ gR2andy

open end. Holes 292 allow two belt segments 2 get her
using a clingudesewrsrtigapsaddieagr 2osle membegra2id arwia pwﬂbao\m retmmng pan

Qgg(rjrer?["sl R%%'tﬂgt ma yeb\/\claS |t%8 aa %t%lhmr?ge Exr)ﬁlto%dor\/\éansgreng Spo%t?ofsnb whlaw t
may act together as a retaining unit to retain the object 20 to belt segment
201. A powered or manually operated feed system, similar to one shown in
FIG. 15 may be used to present, for example, bolts 20 to the beit assembly
200. As each bolt 20 contacts the pre-loaded retaining member 213, the force
of bolt 20 causes retaining member 213 to open. That is, the retaining
member 213 may be pushed downward toward the belt segment 201, which
allows bolt 20 to enter the clip 202 and rest against the saddles 214. As the
retaining member 213 returns to its pre-loaded state, its curved shape and
upturned end 302 compliments that of the elongate portion of bolt 20 and
provides sufficient force to retain bolt 20 against the saddles 214, to permit
conveyance of bolt 20 through the coating system. The design of clip 202
minimizes the contact points on bolt 20 to allow for the maximum exposure of
bolt 20 to optimize coating processes.

[00117] Referring to FIGS. 11A and 11B, to assist belt 200 in traveling

through the coating system 50, any number of standard belt guides 206 or
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be j oi ned WOgoM@98560 create a belt 200 of a desired | engthudndshssizo
eventually forma closed |oop or continuous belt as needed by the coating
system [00115] Referring again to FIG 10A, belt apparatus 200 nay
include a clip assenbly 202 that may be constructed of stainless steel or

oL COMSRRABRS st ik SOBMRYAPABL S flin ) mase AU A00RY |

function to accept, retarn a ase
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hol 212th d with the clearance holes 211 on the belt
sggrerz\nts pioiY ?ﬁ?%se@@%%?q ‘E%S'Qﬁfaﬁrﬁf IepipasaigRehtosanethenagserabytamet ri cal

he ol1p 2090 8o (AR PP CRNmECHRR B8 A0 PR 008IE Ry Tt

the clip 202 is aligned wth ment havi ng two
t hr eaded lexagapleaddomathedesign ofglnesicmetltfgwdiEEZOB eandrciechporatedlihtood bel t
osite de of V\/nereth 02 is resting on belt

ts 201 th cli
iigﬁﬂtsz@fw ﬁgﬁ'&r‘? %Fﬁ‘t"d%@%\ﬂﬁﬂe@'y\mnﬁ%@ﬁ go‘é@f%'zf@tm 0f287|20 .
clip
o weer Oy Bugoseeer aleRiIRPLRS rigRity, BBY ofr RlAGdls Bhay DE s Melf] 1 P S
204 nmay [gaNGe ROAMS sameyhat “@’é@isamswahdemwrmarmelaame drelsoty t he bot t om

surface of Q Q. create S inth oi nt. 204. This
recess per nclﬁzpﬁ]rbﬁggtg ﬁ?%ei} r?gnmslzg”f %ég%%qm@‘is?ogo‘ég‘é’ﬁdh hdhgl 1 stri p
net al betgﬂﬁﬁﬁ@ﬁ)inh%ahﬁhé‘rdﬁ%th@&ds@@ g@tt@taefdutsnaé%buiedetmé hg underside
of the beIt segnent 201 and the bottom of |ug 203. The belt segnent 201,

clip 202, shoug '?df%lGSan@Ab@m‘i 126i iting @4 Sragy be lﬂﬁé“\ed &Bg@ldéo‘ZQﬁ)@et her usi ng,
LS SxamPhSaed PG RIINRR Y hEAth CLbp e TR SEUAFRERIAL, 1o
j oi nt 204 206hrRingt2 15chaepibanmadé of eartﬁd@ oaothe? Wearaosistan ahatgribi Glat ened into
e et LER
SClScrnl Sabbr SRSORDYsuithe 8 asehoBl e e QRRASH RIS Lyt 0 M5, 102
menber s 2Lunr%tdct@dpp@slaga@é@b;eaabamggcomwbérbyzm’kt, appgeabtused0Mesucht sel f, a
retaini N9 RY E)}plcalq}z irfen ci’lzrarrﬁ]ePeorr H'mé’h Iong %ex head bolt with course threads

and a captive washer shown in FIGS. 12A and 12B.

[00118] Referring to FIGS. 12A and 12B, belt apparatus 200 may

include a scraper assembly 208, which may be made of tool steel. Scraper

assembly 208 may employ two scrapers 218 that continuously contact the

edge of each belt segment 201 as it travels through the coating system 50.

Ground leads may be attached directly to the scrapers 218 to ensure a

continuous electrical ground as the scrapers 216 remove any foreign material

from the belt segments 201 that accumulates as a result of a coating process.

Belt guides 206 may be affixed to stripper assembly 208 to ensure the belt

segments 201 do not dislodge or buckle under the pressure exerted on it by

the scraper 218.

[00119] Referring now to FIGS. 13A and 13B, deflector guide 209 acts to

capture the cross member piece of the retaining member 213 by use of a low

angle lead-in 219, which results in releasing the force against a object 20 to
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may act MHYE1HER988% a retaining unit to retain the obj eRET/BB00HO2EIL
segnent 201. A powered or manual ly operated feed system simlar to one
shown in FIG 15 may be used to present, for exanple, bolts 20 to the belt
assenbly 200. As each bolt 20 contacts the pre-loaded retaining nenber

213, the diRRER to eisdPabedfdnt By 85ddIBS 2113 41 RBFRsMAAS beft apparatushat i s,
the retaining nenber 213 nay be pushed downward toward the belt segnent

201, whi 6300 and dwe sevmpleted pads bt ot pibies CPIECPN dgMice-est agai nst t he

saddl es t he taj ni [ 213 1 (I ~ ed state,
its cur vﬁéﬁgﬁ e an‘é'éfpﬂjghgg6%6%@%%5?%%@8 tﬁﬁg&opé?ﬁ%agﬁongate
portion cfort@l théthatiot ofitbel dek apphfdtas a0torfmiicapparatiet200 lche 20 agai nst
the saddles 214, to permt conveyance of bolt 20 thr ough t he coating

system THgumss hgweyer.dnve system A0y igidassribed ag shivia bobARPAME8HS bol t 20 to

al l ow for e ' f t I AR &@%I processes.
[00117] %4@@%'%&@%%@%3%@&?8 %&g@g%ﬁﬁ Oowlﬂﬁelt ravel i ng
t hr ough t4G2, cobolt fegdsy\aitenm A1), aatvlt temstosing bysieandids cariged deflectdes 206 or

33 WD 2006/ 020856 PCT/ U320051028720 variations thereof may be enpl oyed
al ong t hestpd@MARY. Basic belt guide 206 can be used as presented in FIG

al ong th : c belt guide 206 ented 1n'Fl G
O 1fogiat be_usidle vihdpRhuRRAY B8 thiod¥h0) BEfarRESERRbN 4zlor L 5. des on

can be incorporated 1 nto anot ow It to function with the
coati ng systpem 4@efdr wpth deiteldargnsation, sndrfer raatompvihokspesttohe desi gn of

basic belt guid 06 ,ca i ncor por at into ew design. Belt qguides
are gener%-lq%ﬂf’rkgqg-t M‘?egéla?rrﬁw g@%&%‘?&%ﬁ’ &8s aﬁ?PB%@QgOfofﬂ&?Bﬂﬁﬁ (?f'? y and
rigidity,whesl A0 tramdiSte lows Ry aBfistmet oflettendishdsh B@l@aﬁpa@mwhat "C
shaped with recessed channels at the ends to_ accommopdate the belt segnents

201. Bel t2&&gnshios detectionf dlelttieakg and frms g diegéh 408 defingd by¢hive t hat t he

clips 202 ar th ut si 0. i .0, . and 128.

i ne” 215 WAESA0: bOFad bildbs1 GHr B SBErRPss, 208 Kpldlide oo 27 S%hu

segnent:s Rélapsaridigy 200 avglthé bohs Q0 relézdably2éecurét tiserddh may be made of

carbide or other wear resistant _materi al thatZ %}an W t hst ndfetgge friction
n e‘ﬁlﬂ‘s

of the ed§84281 bel Reksghefit §168114He foped 14nteed Saem 8 and 308 of
gui de 206,18y b Qibhds BHksHEHS beht Ald Q¥ng a feed ramp 412 that is

mounted on support 401 and itself fed with objects 20 in any suitable known
fashion. Objects 20 may be guided from ramp 412 into clip assemblies 202
by teeth 416 of a rotating guide wheel 414 that may be mounted for rotation
using a suitable support 418 that may be mounted to support 401 in any
suitable fashion, and by a guide 420 that may also be mounted to support
401. A spring-loaded pivoting tongue 422 may be mounted to support 420,
and may assist to push objects 20 into retaining member 213 as the bolts are
fed into clip assemblies 202.

[00123] Belt tensioning system 406 can be any suitable belt tensioner
known in the art. Preferably, the belt tensioner 406 is a pneumatically
operated system manufactured by Festo AG & Co. of Germany. Belt
tensioner 406 may adjust the position of drive wheel 402 to provide for better
operation by exerting a controlled force by a pneumatic cylinder against the
translatable support 424 for wheel 402. Belt tensioner 406 also detects belt

breaks and jams. If a belt jam occurs, the belt tends to cause support 424
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unrest ri Y@ BAL83Ye of objects being conveyed by belt BEFHPHONLSIWO, such

as a typical'Y2 inch dianeter, 4 inch |long, hex head bolt wth course
threads and a captive washer shown in FIGS. 12A and 12B. [00118] Referring
to FIGS. 12A and 126, belt apparatus 200 may include a scraper assenbly

208, whi cindrapebe40Rdetrahsiat®bgainstthe Siesumpatic cyinsenbll yertheraipbenpl oy two
scrapers 218 that continuously contact the of each helt segnent 201

d
as it t r dpwiasd tendoner 40 E@a@?lhgrw(‘é’hﬁ%éhg P&gam@aicw&a@er_n%fy be attached
directly ERshher 3663080k BI5L4Ps 824 and W 48Y @A PRbA BRSioAEPUNT as
reno n na e belt

t he scrapers ve an or el eriral fromt segnments 201
t hat accufdg.alresittes caseesahsorgfmay beatrovigegtodetest thdBabhognaldes 206 may be

affixed to stripper assenbly 208 t sure the belt  se nts 201 d t
di sl odge BPVBTERL &f whget 40Rer ﬁpeeeﬁﬂéﬂe%@rffe@&eﬁqrﬁt'w O?%F’ecé%mgper 0223.

[ 00119] SEM M @%\%@% g)!sg%g %(f[ﬁt and 136, deflector guide 209 acts to

capture the cross ne p he retaining nenber 213 by use of a | ow
angl e | egf@®0r@4P19, Refartingds HIGS. i18Ar éBBasd nP, tWeaid Rd edafipdtosstatiombj ect 20

to 34 WD, 2006/ 020856 PCT/US2005/ 20 allow i di sengage fromthe
saddl es ﬂ(igoﬁ}ﬂi’ RE BPUNS ?ﬁ%pr%rlt gaig‘ﬂ)é‘?@f’ﬂ% Owjfﬁ%s gﬁérqrﬂtcﬁgagcorrpl et ed
parts bi naQferbiRef 202! h8Gs beBcised §5ovd, Q)‘B?]e?dﬁﬂ 26Iriesy bébahdd Hore ey a drive
system 400 that can be used to control the notion of either belt apparatus
10 or bel assampblies 282 Ppoamps 2 19eof daflgeiars 20AARehelt seaments 29 pass 400 i s

descri bed,as dri,ving be apparatus 200. Broadly, drive system 400 may
i ncl ude athgﬁl@‘bp?h%gﬂs gé%ri ve wheel 402, a bolt feed system 404, a belt

t ensi oni N@EARSY em 43G@eskad, syslef 400 edn irslald thie sHli8e UrOBGLEhdwn ire wheel
402 may be nmounted on a suitable support 424 on support 401 for, both
linmited tF&nsi2at Police upl SPBMavPaiussH tialign rerigeemnens cling gidPn abalt wheel

AT D ey

transl ate 0 ensi on t apparatus 200, and
for det ec2O2nSpiicdeahtt 300eaks ircidde artmseTEst Indlan inddxareiDdoyA platee  wheel

402 engaggoé/vi mna%/Ot\)Ag mzoluontgcfi tob gh{)pgg %61’?” ér?d g%e t582%;93\/ ibgemggﬁtieg%tp?ate
506. Indexer 504 may be spring mounted to base 502 in any suitable fashion
for limited horizontal movement with respect to base 502. Preferably, posts
(not shown) are defined on the rear surface of base 502 around which or
within which springs may be mounted that bias indexer 504 away from base
502. Accordingly, indexer 504 can be moved toward a confronting belt
segment 201 against the force of the springs, and then locked in place using
any suitable arrangement. For example, a set screw (not shown) can be
provided through the rear surface of splice unit 500 which, when rotated, locks
indexer 504 in place. Indexer 504 may define three lug registrations 506, 508
and 510, each of which is shaped to receive a lug 203. Registrations 506 and
510 are used to receive lugs 203 that are already mounted in place on a belt
segment 201. Registration 508 may be used to receive a lug 203 that will be
mounted on a segment 201 (if a clip 202 is being replaced on segment 201)
or a pair of adjacent segments 201 (if a clip 202 is being used to join two
segments 201) to mount a clip 202 to one segment or a pair of adjacent

segments 201. Thus, inserting a mounted lug or mounted lugs 203 in
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bel t app®HB2WW&/02§6 and the bolts 20 rel easably secured ¥GEPE085028T0122]
Referring to FIGS. 14, 15, 16 and 17, feed system 404 feeds objects 20,
such as bolts 20, to belt 200 along a feed ranp 412 that is nounted on
support 401 and itself fed with objects 20 in any suitable known fashion.

Qoj ects ZQgEfﬁVat%s%ﬂGdﬁ%/BF QﬂTDreﬁh@BréFlb]{%ai atmngOBrvnmmm fsgidfitionby t eeth
a

416 of ar ting guide wheel 414 that ma%/ e nounted for rotation using a
sui t abl e S0 pdt be 4ligned aropaily, Badmnsiriag that thapesiaspreodingrcliRrP2 Raf t abl e

fashion, and by a, guide 420 that may al so be nounted to support 401. A
spring- | oﬁ%%‘?d"%?%‘g Hbﬁ"ted?fgﬂgrﬁ?fh y be mounted to support 420, and may
assi st tojgp4dlsobj ethe g%@séﬁttiﬁvérﬂtoaiéliows Are@Besuci dsaise Ofwsshal ts are  fed
into clip asseiblies 202. [00123] Belt tensioning system 406 can be any

sui t abl e Beffacessoijeets to lbeosrated at highssneedsitBfaidnYarous&aliBEt t ensi oner
406 | tical. ; f Co. of
Cormny BRCASEes s et iR IPRE QTR UCRE HhBHoSywiIfRt Bfisds 907 0%

provi de fpy rélehs&ly roRetiag iteesdybjesty ininixal positionbk edeformerepoirtspneunat i ¢
cylinder against the translatable support 424 for ¥¥nee| 402, Belt
t ensi oner oRdfee APEEIges dcswTasason theaigch s parsult, the deposted stk urs, the

bel { ¢ endg 0. PAUSEA SURRE s Afed it 200PHBRAB3 00 ECTLAIR0MRA028720 and

wheel 402 anslate agai nst the pneuratic cylin of tensioner 406
toward t eprivimes prditart tbatindeddhnigiessk occurs, the pneumatic cylinder of

t [ 406 i ble t h.. 24 and | 402 f t [
406, I elUHAT]caso Rab e SERTBPR TeIan of IV s St M Bl

nmovement W Bl R Vﬁ%&fst ARdstPRR G RaFIE bRRKIASHAD tebsd Slallepat i ng
system angg? e drive sysrtpg 400.0[00124] Referring to FIGS. 13A, 13B, 14,

19, 20 anih thb, artiéfd eemerous wariationsagghesptale afdePeesand iRNGHIONtMANL t o
bj ects20. li p. i 02 ' ' , obj ect
%0y bobpuadaithbi uersfng AR 2097 5y PS5 368 BRI or o hos

as belt segmmgts 201 pass through deflectors 209. [00125] If desired,
system 400 can include the splice unit 500 shown in

37



FIG 22. Splice unit 500 may be used to align replacenent clips 202 on a
belt segnent 201, and to join to.each other two belt segnents 201 using a
clip 202. Splice unit 500 nmay include a base 502 and an i ndexer 504. A
plate 506 may be nounted to support 401, and base 502 nay be nounted to
plate 506. |Indexer 504 may be spring nounted to base 502 in any suitable
fashion for limted horizontal novenent with respect to base 502.
Preferably, \gpatrsis €paivebaan) are defined on the rear surface of base 502
around which or wthin which springs nmay be nounted that bias indexer 504
away from base 0 I i : [
confrontingqbelt§\é%g@%ﬁ@ggggﬁéégﬁ”@?%%%gnggﬁggmg?a@ﬁgﬂégSFhgﬁﬁwﬁﬁgcthen

| ocked i n plcaatingi$ ag objety havingadr eloagatenpentient cohprisiaganpl e, a set screw
(not shown) can be provided through th% ear %g[fa e of spl.ice unbt 500
whi ch, when rotat ed, I%QQJE'"UPH%IQ?EH | RN @t leashaeg éptayyng MEMBEY i ne

recel ve a | G035 AR e e g e A g o R g ort e | Lgs 203
that are al lceaﬁgurieddotreleaisablplrataénthealohglate peigneha @it on RewinsClassi on 508
may be used  to receiyve a, lug,203 that will be nounted on a segnent 201 (if
aclip 202 r“ss (:r‘i"g()frtg Qgeégt%ﬂ"eséﬁﬁent 201) or a pair of adjacent

segments 201 (if a cligdRiZmeshebRoinusRali ég@agémwiﬁgf@&éntm&sto
mount a clip 202 to one segnent or a pair of adjacent segnents 201. Thus,

i nserting abeiuat®d | ug or nounted |ugs 203 in 36 WO 2006/ 020856

PCOYU82005/ 028720 r e%i”?%%ﬁ‘%ﬂ?ﬁ‘?&%ﬁe}%ﬁ'ﬁi&ﬁ‘é‘go‘s%ﬁ% gﬁg%gglﬂgﬁt LHE 1893

inserted into registr proper ensuring that
t he correspondi ngoatihgouddZelhas been nounted in the proper |ocation.
[00126] The present invention allows areas, such as the Cass A surfaces
of objects to be coated at high speeds through various coating processes,

uhi e reduchng ¢ AfieldSlerhlbRbichioPEneRsh ok SURNARES Bl Ly IRISRS ot DY

rel easably retainin 0ose objects In a fixed position one or
poi nts on tdust ooe-gulids memniskmthacesgages the contieabus Belt dheexd lgdst anee

deposited coatin on the C.ass rface is re uni form and includes |ess
Gef oot st nafetaiiias maabdrpasitioned telaliver the ah st abe guide éniber 15

releasably retain the object therebetween.

3. The system of claim 2, wherein the continuous belt includes a plurality
of guide members and retaining members, each guide member positioned
relative to the respective retaining member to form a plurality of retaining units
positioned along the belt, each respective retaining unit positioned to

releasably retain one object.

4. The system of claim 3, wherein each retaining unit is positioned to

releasably retain each respective object in the same lateral direction.

o) The system of claim 4, wherein each retaining unit is positioned to

releasably retain a cylindrical elongate portion of the object.

6. The system of claim 5, wherein each retaining unit is positioned to

releasably retain at least a portion of a shaft portion of a bolt.
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[00127] WWWer28em02086t i cul ar enbodi ments of this inventiordrayodseesy2o

descri bed above for purposes of illustration, it wll be evident to those
skilled in the art the nunmerous variations of the details of the present
invention may be nade without departing fromthe invention as defined in
the appenged . ¢haidiier YT & SAIMERY Staihin/l BORIAUIRYR. RESt em For t he
el ectrophoretic application of 'a polyneric coatling to an object having an
el ongat e pdedsably retaipdtilsaston partoendfi antheesddxe pbrtionhef thelshaftaariign.at | east
one retaining nenber engaged therewith, the retaining nmenber including a
retaining portion configured to releasably retain the elongate portion at
a poi nt_0g.a N9Rs 3k of oisith A Ghdbi A ARLG arkile niSihber Acfideke
mechani smin operative engagemént W th the continubus belt; and an

el ect r ophastdping podidmigavimg & dectreasingtheightasgagaeseed frarfitstbase. cont i nuous
belt. 2. The systemof claim| wherein the continuous belt further includes
at | east one guide nenber that engages the continuous belt, the at |east
one retagning itk {4 ; ikde memnber
fo el cadabl e a e Bl B G o B I i 2.
wher ei n t preatestthaigidusabesttthe metainieg raempber.al ity of gui de nenbers and
retai ni ng nenbers, each gui de nenber positioned relative to the respective
retaining menber to forma plurality of retaining units positioned al ong
the belt, 1@achThespseh ¥eclkithd, WHidekbtlieRadrid NSt Quideeheasabhidr et ai n
one object. 4. The systemof claim3, wherein each retaining unit is

posi t i onegaghretaslincawmerrieeludas eazdrdie ppdinn thet eppfecmsita anruiteame | at er al
di rection T Y, f clai in each retaining unit is

posi ti one%f‘“t?%ce Sﬁhéaésérmgrpgﬂé%%ﬁcey%%ﬁ cal elongate portion of the
object. 6. The systemof claim5, wherein each retaining unit is positioned

to releasably_retain at_|least a portion of a shaft ePo,rtion f a bolt.
11.  ~ The system of claim 2, wherein the at least one retaining member

includes an arm portion positioned to releasably retain the object between the

arm portion and the at least one guide member.

12.  The system of claim 11, wherein the arm portion is a flexible metal

member.

13.  The system of claim 12, wherein the arm portion is adjustable to

releasably retain objects of varying sizes.

14.  The system of claim 13, wherein the arm portion includes a saddle

portion that conforms to an outer surface of the object.

15.  The system of claim 1, wherein the at least one retaining member is

adjustable to releasably retain objects of varying sizes.

16.  The system of claim 1, wherein the belt further comprises at least one
electrical grounding member positioned to be in electrical contact with at least
one component of the system.
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38 WO 2049 02§8escPCT/ US2005/ 028720 7. The system of dcaim26es/osk@0ei n each
retaining unit is positioned to releasably retain at |l east a portion of a
t hreaded portion of the shaft portion. 8 The systemof claim2, wherein
the at | east one guide nmenber includes a sloping portion having a

decreasi ng height as neasured fromits base. 9. The systemof claimS8,
wherein the at | east one guide nenber has its greatest height nearest the

retai ni ng 7memMigfe syQemlbrcisst 6MvRérei BdaBeadheiecBmpbnbaeist one of each
gui de nenber an each retai ning nmenber includes a saddle portion that

conf or ms positemedubere insaletiicel eitactevith amierabtyg@raroundipg Me@beR ect . 11.
m 2, wherein the at | east one retaining nenber includes

The system of cl atlgl
an arm p&PECER BoLetiehed to rel easably retain the object between the arm

portion and the at |east one guide nmenber. 12. The system of claim11,

wherein the armportion is a flexible nmetal nenber. 13. The system of
cl ai m 12,18herEiesystenaehcipion fli wherein tf ceating vnit clydasedabl y retain

obj ects of varying.sizes.,. 14 system of claim 13, wherein the arm
portion i%%?t[ﬁfg@og"tgoéhﬁqaé'n]gp%’rsg%h that conforms to an outer surface of the
object. 15. The systemof claim1l1l, wherein the at | east one retaining

menber is adjustable to releasably retain, objects of varying,sizes, 16.
The syst éif.of hasystem ahedpin A, tusbiep spmprghichan oblﬁ?gf‘?@éﬁ’égale%héﬁﬁﬂ one

electric r j M 4 in electrical contact with at
| east oﬁé O%c??r%ﬁ%e%?g %@t Q@Z%@mwgg‘%sg%éﬂél 020856 PCT/ U52005/ 028720

17. The systemof claim 16, wherein the at |east one conponent is

positioned to be in elecirical coptact with. a plurality of.agrounding
nenbers 4paceth®aveiRe Bﬁ‘F'?'.m 18; WRREPIL (e BBrle(?F Pecq ?Wh\?ﬂgﬁii n the coating

uni t inclifdge8m hEhRSIHPASRRMG bBRcRABIb Y St em

21.  The system of claim 20, wherein the object feeding mechanism
includes a conveyor in operative engagement with the hopper and the

continuous belt.

22.  The system of claim 1, wherein the object feeding mechanism is
selected from the group consisting of a bolt feeding mechanism, a nut feeding

mechanism, and a washer feeding mechanism.

23.  The system of claim 22, wherein the object feeding mechanism is a

bolt feeding mechanism.

24.  The system of claim 1, further comprising a pretreatment unit in

operative engagement with the feeding mechanism.

25.  The system of claim 24, further comprising a post rinse unit in

operative engagement with the coating unit.
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19. The systemof claim1, further conprising an object feeding nechanism
i n operative engagenent with the continuous belt. 20. The systemof claim
19, wherein the object feeding nechanism includes a hopper for receiving
objects to be fed. 21. The system of claim 20, wherein the object feeding
mechani sm includes a conveyor in operative engagenent with the hopper and
the continuous belt. 22. The systemof claim1l, wherein the object feeding

nmechani sm i 26, selTeRt 8@tdidNcldie ﬂerHﬁeﬁ@cE*rﬁbﬁéihﬁ% d}?in@ it in dradtivg

mechani sm a nut feeding mnechanism and a washer feeding nmechanism 23.
The syst em &hgapamentwithihe ceating Heltobj ect feedi ng mechanismis a bolt
feedi ng nechanism 24. The systemof claim1l, further conprising a
pretreatnment_unit_in operative engagemant with the feeding nechanism 25.

The system & - cl dife Y8tem e cladh bdHpReseargrasipg &t leashege &epting initoper at i ve
engagement gﬂogﬁio}@@ i 28HrMehitetidn with 188 codtityy Gagt em of claim 1, further

conpri si ng rytng unit in operative engadgenent with the coating unit.
27. The systemof claim1, further conprising at |east one cooling unit

posi tioned bg COMRNY\atdrh R it thRh PS8 hPAsiHG et store UEinsyst em of claim
1, further conprising a storage unit in conmunication wth the coating
unit. 29. Tieemsyunieatiart wihdherceatimginniber conprising a recircul ati on system
in comunication with the coating unit. 30. A continuous systemfor the

el ectrophoretic (;Il_ppl ication of a polynmeric _coating to an object having an
el ongat e pok8i on, h@cﬁYﬁFQfﬁiQﬁQla"ﬁﬂ,éﬁﬁt%@fthf@l@ﬂﬁlﬁg afeetiawpten systeBhin nuous
belt in OpeEGHrﬁﬁniggﬁﬂ'g\?/ﬂﬁ@ﬁe %éttha%nﬁltf eeding nechanism the belt having
at | east one retaining nenber engaged thereto, the retaining nenber
including a retaining portion configured to releasably retain the elongate

portion at 3ppoi A cAHiindioll8RySeRs fordhe Wid dfsphdfetid¥pAliRbESH of 9 polymeric
coating to an object having an elongate portion, comprising:

an object feeding mechanism,;

a continuous belt in operative engagement with the feeding
mechanism, the belt having at least one retaining member engaged thereto,
the retaining member including a retaining portion configured to releasably
retain the elongate portion at a point on a non-Class A surface of the object to
the belt;

a drive mechanism in operative engagement with the continuous
belt;

an electrophoretic coating unit in communication with the

continuous belt: and

a drying unit in communication with the coating unit.

31.  The system of claim 30, wherein the continuous belt further includes at
least one guide member that engages the continuous belt, the at least one
retaining member positioned relative to the at least one guide member to

releasably retain the object therebetween.

32.  The system of claim 31, wherein the continuous belt includes a plurality

of guide members and retaining members, each guide member positioned
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t he bel t ;W@ 206{02¢85mechani sm i n operative engagenent wi t RCTE2emts7IUOUS
belt; an el ectrophoretic coating unit in conmunication with the continuous
belt; and a drying unit in conmunication with the coating unit. 31. The
system of claim 30, wherein the continuous belt further includes at | east
one gui de ; . \ 3

retaini ngreﬁlnvégp tﬁp‘%ilé?gféoaﬁgg?r&eqﬁ@ﬁ 93‘3&?85{’%;%5'{“3% E%’sf%‘mgr?it'%tjﬁﬁﬂé@é Hgirﬂr%er to

r el easabl pogikdrdalbhg thdjbeitt eadte redpectivee retaBing Tihi pegitivesddé cl ai m 31,
wherein the continuous belt includes a plurality of guide nenbers and

r et ai ni ng HRARFENSTEtRIRANERIBEL nenber positioned 41 WD 2006/ 020856
PCT1US2005/ 028720 relative to the respective retaining nenber to forma
plurality of retaining units positioned along the belt, each respective
ret ai ni ng33ini t Thesisteaneficliaon 132, edseadiheachtratainiogelnitis eoisitiod8d tThe syst em
of claim 32, wherein each retaining unjt js positioned.to. releasably
retain ear@lﬁeq' AT GINEETY) rg@peptth%@eg |Héhp§%g?edfat%ria?8[{§§:t5}ﬂ. 34, The system
of claim 33, wherein each retaining unit is positioned to releasably
retain at least a portion of a shaft portion of a bolt. 35. The system of
cl ai m 34, 34her Eher sgstem okclaimiddgwnereinieacpgstainisgamit is posiiopadddl y retain

Syst om of TSGR et RSB o SReo B AR S 1 Sast one |

el ectrical grounding nmenber positioned to be in electrical contact with at
| east one congonent of the system 37. The system of claim 36, wherein the
at | east ¥ne cohpsrsiem pclajpsid whesrintenchdeiainispebttispositiopgeddet with a

plurality j ] ¢t | g, syst em of
cl ai m 30, re\?\%%s?igwﬁﬁggaéggﬁ%Baﬁﬁﬁ%éé@??%deéy‘ganﬂﬁgﬁgg{l?gﬁgfg&?ﬁ on coating
system 42

36. The system of claim 30, wherein the belt further comprises at least one

electrical grounding member positioned to be in electrical contact with at least

one component of the system.

37. The system of claim 36, wherein the at least one component is
positioned to be in electrical contact with a plurality of grounding members

positioned on the belt.

38. The system of claim 30, wherein the coating unit comprises an

electrodeposition coating system.
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39. A continuous systemfor the el ectrophoretic application of a polyneric
coating to an object having an elongate portion, conprising: an object

f eedi ng nechani sm a continuous belt, the continuous belt including a
plurality of guide nenbers each having a base portion that engages the
continuous belt, each guide nmenber including a saddle portion that is
shaped to conformto an outer surface of the elongate portion of the

obj ect, and 3@ pl X abhfinuctls diBichh forttie SIBERSIHore®AaPpIicatiah bf BhATRRBAE
positioned relative to each'respective guide nenber to forma plurality of
retai ni ng ugcaENgG & phiakirRA havingan alongate porigehcompsiagt i ve ret ai ni ng unit

configured to rel easa - ' ' w.each retaining nenber having an
armportion to rel easg‘ior‘%/?/gjgétﬁglg%mghrgg Pﬁéo:rh Dt e portion at a point on a

non-Cl ass A surface ofg (Edﬂﬁin@bhg(bblt,bﬂievmﬂinhbasMtd@cludﬁg@plumd%bhe
retaining nmenber; a drive nmechanismin operative engagenent with the
conti nuous 9b¥l& megmbess sach Hisnkided Pase pertiaythahengdage Bieneantworselli th t he

cont i nuous ; i [0 M j i ih& i unit.
40. A conti %%ghsg@dﬁg%m égrlﬂgHgmglae%ﬁ%%Eoréwg{dgg%?%cﬁaétq on orff&z{r.I E@?gmsri C
coating to anteigutEicetafihegloangatd padmneofiibe tobfett, aratra pilrality: ofaataitipgct

S B SRR oSBT APl P! e
retaining npEaABef Rffohﬂ'e?ﬁﬁj?éﬂtt%of ﬁit_ﬁin‘iﬂg"'Gniié‘ﬁoﬁii@ﬁ&?h%n@%é'b‘é‘ﬂ, ghci poi nt

on a non-Cass A surface of the object” to the continuols belt; a drive
mechani sm i nesgestiseiret@ining agé wenfigwiedHotreteasahlyi netainan dhject; eaeh

ot 8 Ao Tl B RSN S PERASI e i e DB 15
portion at a point on a non-Class A surface of the object between the guide
member and the retaining member;
a drive mechanism in operative engagement with the continuous
belt;
an electrophoretic coating unit in communication with the
continuous belt; and

a drying unit in communication with the coating unit.

40. A continuous system for the electrophoretic application of a polymeric
coating to an object having an elongate portion, comprising:

an object feeding mechanism,;

a continuous belt, the continuous belt including at least one
guide member that engages the continuous belt, and at least one retaining
means for releasably retaining the elongate portion at a point on a non-Class
A surface of the object to the continuous belt;

a drive mechanism in operative engagement with the continuous
belt;

an electrophoretic coating unit in operative engagement with the

continuous belt; and

a drying unit in operative engagement with the coating unit.
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