SYSTEM FOR COATI NG OBJECTS ON A CONVEYI NG CONTI NUOUS BELT FI ELD OF THE
l)lt;lj\/EN;I'I ON [3001] The prgselnt :nvention relates to a system for coating

j ects, woapogmosseparticularly, relates to a conti nuousCIHsL [
obj ects. BACKGROUND & DI SCUSSI ON [0002] In the nanufactur eg{ff(mgzrogsgﬁgtcgaglngg
conponents, various small parts, such as bolts, nuts, washers, screws, and
the |ike, areverd eyedorhmic nBiElTy Senyeomevune tdosnatvouel getirn t he fi nal
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 particul ar Lo % ating of C ass A surfaces
(i.e. those surfaces that a ; i the final assenbly when
the part @%oggﬁa' | 3 prédtdlt ifentiofGemités B aR9SteaPREaIoating dbjedise par t

and/ or provi protection to the under|ying substrate fromdanaging effects
as a resuhd,ahoresparticalarly, Eahaiﬁerto@rﬁOn‘ttﬁlMﬁ?EdeSteéfd)fﬂiiQOiaéiﬁg.Ob:i’%ﬁrpsa-exarrpl e, if

the small part is a combination of a bolt and an integral washer,
particular attention is directed to depositing a coating on the head of the

o " P BRSO sl e L

: _ of sma arts enployed I n the manufacturing indust

}[/ﬂ.rl ous CEGHIQZIIt ghft e(r:]hhtf’@mﬁnﬂ rped Predittsped qaspr %i‘ﬁr%lsr‘%?%lpi ;I (r)%
ese parts_ at _hig e I pLj d té,ﬂg snmal |

parts ar epg'bt?’esé{?ha%%gglg%g%lt? %%@%’%&@SI é‘?@@%@%ﬁiggr be??él(?g%mhi gh- speed

fﬁgt : ggéeﬁﬁiﬁl}/%@hﬁé hyuettRaal mikar #e final easentply. W ordeoto prepasetheseor bel t
y p

aced parts are affected by fo f t.

forces dupatts ferfinaliagsembhs @tqczﬂ#mgamatqr?%é'% ﬁ&ﬁ@%“}’ Hggqoﬂrqedogﬁgmeeal%ﬁgihvfigual
parts 1o LARAN! o HRYGHAB dolier B dundifbtgROX gahfdGRfporidieelisdie i dual par ts
come in crose proximty to or engage each other while passing.through the
coating sysatmy 6fiClasgshasurfabes(itch thessasunfacassthappre waddy ¥ishifdn g t s and

g:}i aide(r)nrani(::iHred, t or, npre pa I_s| n%a Ieg he S, tebﬁﬁis dta e pc{ b of
gag plagsamely when the i THEe)S hidatdp &d parts nus trﬁen
besepar at 'ﬁ&'tﬁé B SRARIbrPrbfitie Yot cieATo deg uRCemfing substratedtomt ypi cal |y,

results i
damaging effects as a result of use, wear, and/or environmental conditions.

For example, if the small part is a combination of a bolt and an integral
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



the renoval of at |east sone of the coating fromthe part at or around the
touch point. Touch points nay al so be forned when a part touches the side

of the cowmoayavo2ossddi tionally, even if no contact is naseThsteses7ob) ect s

or the sides of the conveyor, contact is still present between the object

and the conveyor belt that is resting on, and a touch point is present at

each point of contact with the belt. At the very |east, the touch point

provides 3 anFéscé&tPrto'néf cBbE BT ) \Hfh E?ﬁ‘. fqé(yﬂé%%‘ﬁ'fd’rﬁg‘l‘h%?t%tyg%ﬁlpr FGIRIME 1S

formed fronta corrosive materi a o1 nt, ontoits
reduced apipessraocal, oftsdeast Sobsd aﬁheaidajnngrfm ¢ine phetrat @rafrouted/ tHeopi ng

premature signs o orrosi on foII ass I Because the objects are
randonty b POR d%BHC"t‘ ﬁelfﬁ%may |bg ferffl?‘igb&ﬁ/qn 2 §apigHrhes ’E‘Weé g%cat i on of
the touch RpehdiESnREyor! td&lntfd??a"ll ”@ver{i@ﬂg%nltébtf'f@%o@lf) hogliEdts dfue to

aest hetic standard and or quality requirenents for the part, custoners nay
require t i stlestafithe apausyarf comtacblars:hjl mewntabetwaen dhaebjeat aadftlaees

contain no touch exa t art i bol t may be
required tHRIVCY e&%tg‘?i'sA EJP@&@QEH@@ J‘PHgﬁ Oﬂﬁl'{? ﬁaggapfﬁgoma of the
bol t, Comc@hfhd?%ﬂﬂﬁérbé?@'ﬂitthe\)@i‘y|e%s'ﬂ%e%@t§$p6m@5f&ﬁ@®an%‘h§ haig the
shaft and threads of the bo may contain touch points. [0005] In the

random coé)ﬂ@fﬁt}hmmﬂ’&fﬂ“ﬂb@ﬂ: prct;bu:t ab\dvan theepartiscformed dram ia ¢gairasivarove
wher ot oudHPtSHEL A8 KA pdlft o ghbiplRRe ASFE0ded BN ARBRRT B 8 hon. G ass A

surf aces. shbstintiaiggyeatencieditsy oft deveigiing peémbiurs tsiiasftcorrddien suppl i er

enploying this coating technique may find it necessary to incur time and

cost consdaHAYnEEEsERDIY. oB§6$lﬂ3%W& %?@tﬁ aieRaRepmnbr PR PR the Belbs] 1 n.
oL Rhoun, TR IR Slctne bR A U RIARRIRTS, Belf P o oL
pi ns that [0@ddjor ari |lg soouk cirdiemsismteées,piud © aesthéiic bhah'davdsi amd/bhe parts
cured, t nGUBIRSoRrENER D BEANE R CHECBITE THY BB gt BHHNSEPES ahd the
5?2 ngteaVQh@ befksg¥RYs F?ihé‘ Clay A ShfraB8S Lconthif ﬁ&%cﬁ'ﬁaﬁnt@nqto?@xbnﬂﬂ@

when the part is a bolt, it may be required that the Class A surfaces of the

bolt, such as the head of the bolt, contain no touch points, while non-Class A -

surfaces, such as fhe shaft and threads of the bolt, may contain touch points.

[0005] In the random 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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of, and new pins and a new belt are enployed for each subsequent coating
run. Al though this system provides sone degree of consistency to the

coat i ngprwoeses/02083d controls, to some degree, the areaspotrarseodsheseouch

poi nts appear, this systemis relatively inefficient, in that it requires a
hi gh degree of operator maintenance for |oading and unloading the belt,

belt exchange, and waste nmanagenent. [0007] Accordingly, it would be a

wel conme addi tion t he ar rQvi I‘?é% t hat can
mat eri al | 9r°rcgﬁﬁt%ﬁ‘£‘?°'£\59}%dttot%ogngtg%&%g%ﬁ%gas I'n i%@g%r. orueg t, ?rrpr ove
coating eé?b@é@ﬂﬂy s?/W@'hi R relaiivety ingfftierpindtabb reqmiirdshahigredegreerofexceeds
stringent functional and aesthetic qualit ,reggé éemnthRY THE

| NVENTI ONopeGt®] maidetancedtor [oadjeg endhinpasing ihe aeltgsl 9y8Pem for the
el ectrophwasté' ﬁwaﬂa%nlr%?ﬁi on of a polynmeric coating to an object having an
el ongat e portion. e system conprises a continuous belt, a drive

mechani snf0GOT an elecordimipy iewiould bati welcamet additien irethte aréo provideast one
ret ai ni ng nmenber en%%ed therewith, the r taeiéfi ng, menb A i ncluding a

r et ai ni ng3pSPPBREHU tRreress fhatcahdnatenlly reauae O AP (Rfgat e portion of
t he objec i ki Reeridie widatgrogiding 4 are in
oper at i veggég%%@ﬁlgr%ﬁh&?? Ehtsﬁg&bmr?ggigggtlﬁg}eﬁ [ 0009] | np anoj'tﬂ?er i

enbodi nentpatsdeohjectsbat mieatear exceqsismiiingentdfuneinnahapdesfieticrayadity t he

el ectrophoret.ic application of a polymeric coating to an object having an
el ongat e }5%9“['7‘?5““%& conpri ses an obj ect feeding mechanism a continuous
belt, a drive nmechanism an el ectrophoretic coating unit, and a drying

unit. The continuous belt is in operative engagenent with the feeding
mechani sm and incl udes atmﬁﬁd&ﬁ@ﬁer engaged thereto, the
retain ¢ e Bhgat o THHBER L PERRISH BRRR 4 CORBRIS S b achani sm
i s in opeRdtiphergrogEicativh df atgutyroerit coating tdeh objedidavvetamg unit is in
commun Catellc?nrjqavtme %'érﬁo?]e. ‘(r:r?é' g{/sﬂg(r)nugor?nealrigeg gocl:on iﬁ&o&shgeﬁ,rél drive UM t.

mechanism, and an electrophoretic coating unit. The belt has at least one

retaining member engaged therewith, the retaining member including a

retaining portion positioned to releasably retain the elongate portion of the -

object to the bélt. 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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[ 0010] The present invention also provides a continuous systemfor the

el ectrophoretic application of a polyneric coating to an object having an
el ongat e wonvewnogshat conpri ses an object feedi ng nmechamcImMs2@5/028720

conti nuousbelt, a drive nmechanism an electrophoretic coating unit, and a
drying unit. The continuous belt includes a plurality of guide nenbers each
havi ng a base portion that engages the continuous belt, each guide nenber

i ncl udi ng S t t i #n mating
confi gur aplgghganﬂilﬁ,"ﬁj%rpagﬁ%}%’rgg%lr a@h@f& ?:h&ed%‘él gnqjgrgt{ gh ggar?&(i)nné)g?ltt he obj ect,
and a pl uhkidontialiouebslt imohgleseaipturslityefguidetrainiverg essiideavinmeibasened
relative to each respective guide meg)befr to fO{gg a plurali tﬁi of retaining
units posPertsneidahpagagehiberatinueys efiegaeh pHide MEMNSTIRGUURLSE posi ti oned

to rel easghhyer rﬁgﬁ‘ H1Ss Qﬁéﬁ&a to E?Hﬂarﬁﬁb?bﬁbé% RS cMRyLRgioRTWiES, M
portion to rel€asably retain the elongate portion of “the Object between the
gui de nmenberowedsuffece efttaelongaterwetion Thithedohjeet, Apdleaplusatithell t he coating

unit are in operative engagenent . with the contin belt. T dryi it

e e omRiAIa FRem e NG AL BT emPe S a8 o ed e oo nont

the pr ese%sdé&i@@?@b RIcYH&Ias farrh AbILRMBEST RYShRG dikits pbeitieneraloaghor et ¢
a poly

appl i cation ‘of nmeric coating to an object having an el ongate portion

that conpthe beltaeadbiespectiversitaigingunihppsitpned &vraie ¥ refain ong dri ve

mechani sm_,an_ el ectrophoretic ,coat| i i [0 P P

cont i-nuouQPit €7 W%B@gﬁe@g%%ﬂ% %ﬁlahg Ijm&\Ei E%@F&{%%%]&e&’ng;%tg'sn ﬂtﬂ%e

cont i nuougidiRydie pRRfbradf theasbjestsetivebaiting ggideamembiesrandetheastihipgr et ai ni ng
t he el ongate Borti on of the object to the continuous belt., The drive

mechani smraebene The driva gneshanistnandhithgroaling WG AG OREFRAIMG t h t he

conti nuou o LAY Lk Bafin LG A i | ting unit.
[0012] Tt erRgapmebERflte Tertlont PelyTRETIYRGRRNS B Colnpetar! 0 he
enbodi mentwdtidihecdazstied unmt. t hi s summary, but it is intended to cover

o BT 1% e ek o W o 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 belt, 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.



[ 0013] The foregoing summary, as well as the follow ng detail ed description
of the preferred enbodinents, will be better understood when read in

conj unct iwo 2dr08she appended drawi ngs. I n the draw ngsPCra®ies/oBd78 1 is a
perspective view of one enbodi nent of the continuous belt of the present

I nvention, releasably retaining an object in the formof a threaded bolt
and washer; [0015] Fl G 2 is atop plan view of the continuous belt, as
illustrated in FIG 1 HRIEF |§E§EF@PT% SOP THE'DRARNRIG®N Vi ew of t he
continuous belt, as |iUUJ./ FIG_ 4 is a perspective
view of t Hi@0d3ht i nuoﬁhet&ylegplr@ssumnmy raaat\adl pa the Ellowing detailgl FIG 5. is a

P esont | HRSRTRORN of s BEtpite FeRtndingy s il B SR HRHREto B e o' (o eaded
bol't and vweghish:; co[nﬁ%%bnw{ﬁ th é@@de@mmmsVIIﬁ%éfdréngsontl nuous belt,

illustrated in FIG [ 0020] 7 is a side elevation view of the
cont i nuousf094¥i, as FIGutt&@pgana@tlwmevsoftprm@gm]quuresnt ebthgd are a series

of side elgv ect to
the contin @H@@%e@“ﬁﬁhé&%érﬁ%@]ﬂoﬁ[ %é}é%%tﬁg thgg{;ﬁh%rarﬁtol e(glrl%ig%el evation
vi ew of t hfgrigsita Hgesdsd ok ahdiviesHyresent invention; [0023] FIG 9B is a
top plan view of the_coating system of the present invention; E‘?%O 24] FI G
10A is a pd0dfdcti veFlP s pign P'@I‘“IW‘@)@M%E@"“WOU&RR'E&S '@1‘195 PHtht of the
cont i nuous I{. of the present invention, releasably retaining an object in

the formof @ t’hreaded bolt and washer; [0025] FIG 10Bis a top plan view
of a belt [OJBFnt of FiGe3 appaidat elevation view of the continuous belt, as

illustrated in FIG. 1;

[0017] FIG. 4 is a perspective 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;



shown in FIG 10A;[0026] FIG 11A is a perspective view of a clanp for the
coating system [0027] FIG 11B is a perspective view of an alternate clanp
for the cwethewp2essst em [ 0028] FI G 12A is a perspecti vecriusenoshn2grpe
scraper systemfor the belt apparatus provided by the present invention;
[0029] FIG 12Bis a side elevation view of the apparatus shown in FIG

12A; [0030] FIG 13A is a perspective view of a deflector for renoving
objects ¢ ed by e . ' ept invention;
[o0a1] i O2BLE"; o ElErLERYY aPRRSRAYE (RAOH! HRbr ot RitRE. ' T H G

13A; [003gystémé& 14 is a perspective view of a drive system and feed system
for the belt apparatus provided by the reant inver'{tLF?n' BOO 3] FIG 15 is
a perspeclQ02d]vi ew biGthiB fad H?é’%\%ﬁ AR attppate £ e s, 16 and
17 are pe | Lews of the drive systemand feed system [0035] FIG
18 is a t%%é}gféaﬁ?ﬁéw of part of the feed system [0036] FIG 19 is a

per spect i j0028]ew of FiGe1klis agmpspartive vigvonhthieserager spstem fios the Pokk syst em
t he feed sgstem t he. eg{;\gp r statign anfi t he deflector station; [0037] FIG
20 is a pBPRPEYS POV YN RIESERt MVRBYYYf | ector station; [0038] FIG 2 1
'S a persﬁﬁfﬂve Vi eY60i 288 he alipdd cRPBAGAVIE 6NPWapparkius. shbvh intFIG.dr i ve
system the ed system the scraper station and the deflector station; and
[ 0039] FI ®A22 is a perspective view of the splice unit showmn in FIG 14.

tDElA:::‘SE ’ :jpgiaggﬂ(?;? yg E@ !ac'\éve%\aegc Nl PGk ol defledtdrFoPFerHBdRE St 00d that

objects conveyed by the belt apparatus provided by the present invention;

[0031] FIG. 13B is a side elevation view of the deflector shown in FIG.
13A;
[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 belit 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] It 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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present invention have been sinplified to illustrate elenents that are
rel evant for a clear understanding of the present invention, while

el i mi nat iwQ,206ccn2psssposes of clarity, other el enents. These/uskoosnesar y
skill in the art will recognize that other elenents may be desirable in
order to inplenent the present invention. However, because such el enents
are well known in the art, and because they do not facilitate a better

under st anl,p6 <L of 0% R SSABF leMGIL! FRosd of ROHSR) S Bl slisbya ement s i<

not provi erern. resent scription of the

| nvent i onreddamidenthatbiten alémkentsemial besdesiiabte inrordee té onpleoferditheappar at us

for depositing a coati n% on an obj ect hayi r]‘cij a parti cuh% configuration. To
Weq

the ext enPraseiit IMeNEOR o MIQWRNAL bs SRS 25k MREraPar 'Qﬁ pe to the
obj ect. | bri>BRY beoBlsd L 4 ABErcltdte!d Bottériidrsndind 6 thl prosat t 0
enbodi ment 1 n such formdnd nmay

ave application in whatever size, shape,
and confi fnweatioona discobgientaf sliebialements ib@ot peavided TRIRIN. whi | e t he present

[ ti ' bl f enbodi t., i v.diff t fo this detail ed
descri pti 804"t he MtoRisSRE HERIEA AR A g YOS £ ¢ forms as
exanpl es @fyenign vilY BB RIratdd &S the RV BF s earaiussior depbsiting @ ¢adtigant  art

w |l be able to adapt the invention to a{gpl ication in other fornms not
speci f i calonyarpokisehhadng erpanticuias sanfigsatiome Tpthe exterddBalthist i on. For

exanpl e, in the present Detail,e Lot I i t he
i nvgﬁt i on c&pflgurggop Igl'vl.?ftsf%% %m;gn.@ﬁ.ﬂ:éﬁfg@ eanJﬂ%p%BE%t E\éﬂp ch)'raqg%ati ng on an
obj ect, sygderiood GHateMaMichtion iHabt limhed tmgniodehenpmt ighdotmandt hat i s

cylindrically shaped, such as a bolt shaft. It shogl d be uqd tstood t hat
the det ai ey b APRIGaGANi iR Whiteversiize.ishaght 9ndl COREEYIHIPPLTPIGYR pr esent

i nventi on, r t b ' RBHVERIGTTR Qbidvot h obj ects of
ot her shageegngcrl] g%r?%jlgg%dr?a?ﬁgﬁ’sw?lgﬁgaé%g%ot \s/pgttl:i fical'ly described herein.
[0042] Al smbddimept esmanyidiffenent formsnthisldetailed dascriptiemand they be att ached
may be descri bed a_nd%g_%1 .1 lustrated herein.i

and 1 or s SGRRPASY BRSTATIGR BIsoRER SR SRR B SLREAT DRSS Ral i stal
etc., may ;e deRd MR KAk BRERalySKIPR tRETERVaRPEFR il e dMs td heaptof the
the invention to application in other forms not specifically presented herein '
based upon the present description. For example, in the present 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 wfth 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.



referenced device or elenent. It will be understood, however, that the
apparatus of the invention may be manufactured, stored, transported, used,
and sol d wo 200d/0tsat i ons ot her than those described andfom/uskéossesrat ed
herein.[0043] Qher than in the operating exanples, or where otherw se
indi cated, all numbers expressing quantities of ingredients, reaction
conditions and so forth used in the specification and clains are to be

under st oo bei ng Y, ut
Accor di ngﬁvﬁ%l!ml essotﬁlri%:tBb %Bbﬁrétlﬂ We? %rte\blﬁ%ﬁr?‘gétﬁlggﬁggar aneters set
forth in indcdted |almmgberse@(pfresahg@1maanﬂesabf mgrsﬂenisaremct@nezoatﬁﬁmbsl mat i ons

that nmay vary dependi ng on the desire ropert sou ht to_h bt d
by e pr 83640 TR0 SREHdM APPRHECHERANCEBITS 2t Dp LASSRHONT Aot o 11 m ¢

the appli B@fng%o&ffleﬁrﬁ’?aﬁ%\ﬁ hogs B{/ tlfé;férﬁﬁla%%? t&d&ﬂ@lngﬁpﬂﬁle@s the clainms,

each numerrc aramet er ast be construed in'light of the
number of wr@q:aied ¢alttss gomitfarg atie murgetlsala)mtamt@'gmeyfm@ m’tﬂilerfaqulﬂgundl ng

t ech t and h h
settP'nS”fe%pe&?anoa ShadiEeBIME Al BhotamBOE S oo Fons” the <

nuneri cal 4 gfi@bnftﬁétdésiradtd?spémeg 'sbughﬁﬁéab@bﬁﬁan@é&b%ﬁﬁ?@pt@énas
pr eci sel Yy a pOS | e nuneri cal val ues however erentl contain

certain ern\.@nﬁoneééd:lmveweaét@hdlmé apramaitenapt il tae é@{?ll%ﬁtﬁo@rp found in

their respective testin be under st ood
that any ﬂlfh’é??tﬁ'ﬁ? ?gﬂag(amgf%ﬁvegé@e &Dtgé end%gcbo |nc| uge al |

sub- r angepapatistarRAolidesdtaast dedtomstansl i, light bfitt@nuuhbéﬁ.of epbdtedi s i nt ended
to include all sub-ranges between and includin e.recited m ni num val ue

of 1 and significant digitsaned by aPRIXingeominary rO\ﬂfFfHFS té‘? "Ha¥¥$Hg a mi ni num val ue
equal to Zég%eater I\}d?\i‘lﬂ JtaRBhPHERH ?nléﬁ&éﬁaﬁ?e@%@'r?érﬁrr@[erbes5 than 10.

[0046] Th sent |nven fon 1S directed to a nethod and apparatus for
deposi ti n@eﬁu@d@ﬁhﬁbe@m@mso@@@of thetlylpem:tmn grevapprokimatianshéreet i ¢ coat i ng

53‘;22! t ed remaricsl valuas sebUstui Beapestic sretnes ete e AT By o The
*as possible. Any numerical values, however, inherently contain certain errors
- necessarily resulting from the standard deviation found in their respective

testing measurements.

- [0045] Also, it shouid 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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surface of the substrate. For exanple, a coating can be deposited directly
on the substrate or one or nore other coatings can be applied therebetween.
[0047] Aswo=edb/t2e856i n, the term "object” is neant to i necCuds2aisiozsedicles,
particularly those having an elongate portion, that may be coated. The term
“object” is neant to include small parts, such as fasteners, nuts, bolts,
screws, pins, nails, clips, buttons, and snmall size stanpings, castings,

wi re good

"el ongat ea‘&? ﬂ%g%%'ﬁg @gtﬁrﬁsggmg iﬁial‘ é?erg%méﬁggsgﬁ I?g#se{trvﬁe éObj ef:ter{nhat
extenfls aﬁtdmyfﬂaneghéwg@r |nd|br:actly, frlom an end of the object. For
exanpl e, ere e object is a t

of "t he bold048lat exteriEschemn, fes m ‘anamaional OB deliaf BE e that an-
e et MatBRH STl 411A0 o B '@@éﬁ‘d@@‘thbparre&tﬂ%ﬁﬂwdﬁéﬁly iitows ahat i on

pur poses on hout nte imt the scope of the present
i nventi onendhﬁtl@@pb;ﬁctaﬁdr ekamge, ewhmettm@nbmcéla & bolit ihetelangafea bolt and

bolt shaft, res t 00 t forth
Tl Ust r at BoRoREy et st/ e tebifeberaner fom R BULASHL iea T o convey
an obj ect coﬁfé?ﬂplé?eoat ?%b’oﬂ]écﬁ'ﬁ\é&/ RV IARE tR4H BhB diendgatdesitiorat i on point or

I n a continuous path ba to the ‘point of origin through a coating system

Lgat Ihﬁ d!si?tl?]r: on b@sﬂvﬂu%moowmmmyaﬁwhﬁﬂ @Fﬁ@"@ﬂ:fq bpidbetic
e be
b ects asgorapt Hpreb BRI dfeThlenehe KibofeERotar e st £ 1 D

formed freaapskahebdi st resretpalys that are affixed to one another by
means of coupling devices to forma continuous beht of, a desired |ength.

The belt {@ ts cdt st forthdmgetalishalaw, thengoHresiusirale HEPTIUYSent s t hat
form the %%hg%Q@ﬁéj?lﬂgb%ﬁ? L%f ih t B fogrdgeldeta%rﬁvegaﬂ%ﬂ]éét 8licieht B Bsgenbl i es

may be af act to accept, retain, convey, and rel ease
obj ect's asgromi@ pdiet ¢f oniginiae adies’d'hatlcm ppmaesemalcoehnmm;s pathtbmk toftbe

erbodi menponiie codiiravdaprcaabaucysiefe SIS ERERN RGPl dar
need. not  heotdin G4 BE binVdIESrdihorefié Eofind S¥tERY. IThe belt apparatus may -
‘ include a movable belt to which the objects are releasably secured for

movement 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 bolt,

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 controlled

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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apparatus. Therefore, no touch points are created on the C ass A surfaces
of the bolt by the belt apparatus. The novenent of the belt, and,

accor di ngvg,20tdneossevenent of the objects that are attaclred/useooshes7pel t, may
be 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. Objects may be fed to and inserted into

the clip %gsz%lsisﬁa\,\mm o g, W%Fd%g@&@ rRay B rdfdasb@tibntitid i A

sui tabl e stemis s I'n the Figures. e objects may be rel eased
from the by apkeflegta glidé teitonaybe pesitivaed @iy desinsdsdestioation RO desi red
destination point wwthin the ?\oati né:jl_ s,[éétem scraper qstat o] giay be

enpl oyed Wihip thgqoatingsystassy £ SEERRPLRIHUOR MPY Ui EMMRINET 8° ?Eﬂ%&/ forei gn
matter fr ' Y& e RatteRiphaiid slgesbect ri cal

gr oundi ngﬁiga%%g??’?%?usﬁné @@?ﬁ?@% té)gértn?\eécoatl ng system [0051] The

enmbodi mentre bl oripueposes efvinaintainingyeleetricahgroundingicanabiity ibraduiiesd st eel or

ot her sui a?ljéqe netal alternative for one or nore reasons including: first,
so the apP%ihg 6eaWNGSYde{fsed in a coating systemwhere it may be exposed to

chemi cal Sgodsﬂ?t ext TABRSmb&dinRiNke BesehRidSiterenittint iralysbecomsdtrroted s t hat
woul d deteriofate or destroy other material types; second, to provide

ri gi di ty; frandstainless steel poothensuisableyetabalieinatiye &5 ISP ELIRASG as

dictated by,the r ir nt, | Ng:.S 3 kNng now to
the. ar ai MGucTRg (B8t so3MB Hepefstyp BoniRRiadilined Bofthy bBR WAL 1D IO
enpl oyed ivnyt he espSéamaatbmialy teaf exthemps csreother adeerseaonditiogsaunt i nuous

belt 10 rel easably retains one or re objects 20 .. thereto far, subsequent
t r eat ment e{qﬁﬂ@ﬂiéﬁ%/%’[ weuld; Q‘ﬁj}eﬁ@r@é%§g89ﬁé@6{9§%&n%t€r'ﬁwyp?ﬁe3%ng’ % i ncl udes

a belt Stgir@g 4gb@%é§d@?%?&‘f&#&uré ilify. Otiterl MateHaldmay ugdd ashed

end-t o-en ndl ess 'l oop en positioned on a“drive nmechani sm
descri bed dinthted. byQhelreltiremengs d#theepatiogaysteshed at | east one retaining

for wi thol8Rng t hd creRgara [ B Sl tend crors Tusvereetsiettene "
cont i nuougys AL LM RJusPUIEFE BmplARIcCiAl thi sy8Rink ahl rhéthbdrdfelle present ]
corrosi onresi st ant _
' invention. The continuous belit 10 releasably retains one or more objects 20 . -
thereto for subsequent treatment through a coating 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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conductive material, for exanple, alum numor stainless steel. Al though
belt 10 is shown in a horizontal configuration it is understood that other
conf i gur avoanes/028856h as, for exanple, a vertical confi gecatiseens/oes72an

angl ed configuration, may be enployed and that such nodifications are

i ntended to be included within the scope of the present invention. [0053]
Ret ai ni ng nmenber 12 may be positioned on belt 10 and may include a

retai ni N9 BPELL It foliihg héimBBr 89 fikyP68 bl difthg BARE Kbty S RAEMIM agai nst

obj ect 20 i'n"order’to re obj ect to belt "10. Retal ning nenber 12 may
be any si neembersheaieg aaetaidingrpdrtien d6tirthe formoof am extsnidedtaraoperéonel t

10. For example, retaipjn nber,, 12 may be a.sprjng-loa | p-t

r et ai ni ng%?ﬁéri%@{ [)ﬁé\‘i’is @ngb[[’g?‘éﬁrﬁhﬁﬁl t?@ﬁ?'tfé‘oélﬂ]o?ﬁbﬁﬂgéﬂ@éfgn gg?ended
arm porti @piddiab j lgp@,%',{' Y. eRetdIBing rpBa et yopa 2 1 of

obj ect 20 \E/\Bihen glﬁl)j g‘%&g S S?g;@%% ori §r?t ed'r_]gn bel t fg%bR%t gi ni ng nmenber
12 may be féronetbdf arfy easjliand shatedat thabsesuraly retains obiaat 20yio beltsithsiNobj ect 20

to belt 10. In certain enbed nents of t r i ti.qB, i nin
O el 2GS bR hoP BB AP AL 2 e bel 1L
materi al, f§sel 86a ALUBEGrOsioAlrasiBlaps soAtective Material suehresblemiddmmay be
secured to belt 10 by any manner known in the art. For e retaining

{nﬁnbgr | t12 ?m%aiml?eqs steel a Reteising member 127aaYibe sqaiied &0 PS%?‘ lygéw p 14 of
e be ner. t d etrﬁ!@e ' LA [
fasteners @@'@ﬁ%@e’ﬁﬁﬁgé& '?%I %ﬁﬁl‘" @Bt E%Q{n%ﬁ]m ng '?ezvng,(%ry jifl}%luta\g)ét ?\gl E)gPlt ©

20, such amsefpiteeratinit & sedureti$o thmobtrip, 1450f theshelah@ byHiastenkrs. 13 Ue84]

20, such acofptiteeyatmak & s . by
et ai i ng costToesh BeenD . AR PURIRIFaCTRI A be SRS i F s

1-4, ret aiq?figﬁmenr%ﬁéibﬁg rﬁgg{z’ﬂf/e)f é!%eté)hﬁetb'éﬁ JoP kIR asaforaxasiiedivtsn portion in

the genera ape o at may be attached to base plate 11 at
one end, duitspsaetvspandities tike.ext end over the object 20 at the other end.

oL 79 e on, B B R S PR R S I e
SLJ tefc‘f %C}B%Eéb@%’eéiﬁmg?ob}e&fzm 18t 1RO Fbperamipts, drid d<lilasisatedyinr et ai ni ng

FIGS. 1-4, retaining portion 16 may be in the form of an extended arm portion

in the general shape of a “Lazy S” that may be attached to base plate 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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to belt 10. Although the saddle portion 19 may be any shape or
configuration to rel easably retain the object 20 to the belt 10, the saddle
portion Nhorrags/hessa convex arcuate-shaped nenber for retairnisagsa28720
cylindrically-shaped 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

upt ur ned ﬁRfe&m'ﬂBH rh?am tqcﬂ%ﬁ 169s 'fégljnﬁed &f 2'riBkibte E‘erréél?H -réSistdr@m a cl osed

position n-open p on over outer surface of object 20, as
descri bedcbnddetivei Matmiahvsucﬁasaalurmmmmrtstmnless stesl. Adthasighdbeof any

mat eri al table f I
"ot i ng FeIRG RO 1 e el SHRIE A EkR e dl bt B (Re
material el dTstdiRleds B, RRARRG dertioh @kl ale0 BORGY. TE M thitk! he

presentinvention, retaining portion 16 is formed of a flexib
cor r osi on{@@85]st ant I andtherienebodiment af thesmr@ﬁeahmaenmm&luﬁtsateﬂtla| nl ess

teel . h

whon T et alioy SbrEIUng e Rbeb AhmmArpe & Al EL Herk PORBaT L C DO o
16 may be uQcI@@eéQera?rﬁngt!ifEbhmrPﬁ(G td QQﬁﬁ]reta?mﬂQQiH‘@cﬁ Zerlf@d@blmt Aef t he
present invention ill rated in FIGS. 5-7, retai ning nenber gﬁéﬁ be a

re;:t angul dlusrate, ggtaimngm)omm 16 meayube i the formg Qﬂan@@ﬁe'ﬁtarmm%m din
retaining ol 16 b
[ the T orra T a R Do tpas T 2t R IHeUR g B e e onber 12
?Ed I's n{) ng&mrratbb;‘ebetze%bbnm@ :Tlglth@i@rbb@dlmﬁrm netaub;ngmeﬁﬂaardzbeay be0. In
i s enbodi nen retai ning menber 12 ma dt 0.b

f ast ener s Segurast ioueplt 1'@QYF%?QVF'B%@‘%PW@Qbﬁ]rfs%ggcluﬁr&ﬁ%e '%?938&.691‘?8‘ %%: ?S%t '
[ 0056] It Hqém‘ﬁgpﬁﬁ%dat[)%ltt t nore than one retaining portion 16 may be

i ncl uded w retainin er 12. It is also contenplated that retaining

ggr t :c 8P ;C([goaiﬁ] i ncl utlis onclirterrnplﬁed thad neons thﬁn ane: retaining patdondPeavay 20, such
por 1 ons. HRnEhded o Bne:FaRa R el mop 15 o SOt PR BBk Se i iEeo] Bt
g 0 B BSHARld RS UBIECA ol (EgIGANeTaOLRD bt 0. Ver

for example, a forked or pronged end, having two or more branched end !

portions, which extend over elongate portion 21 of object 20.

[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 those 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



positionable relative to guide nenber 22 to rel easably retain object 20
and, nore particularly, the elongate portion 2 1, therebetween. In this
form retwonoewg2ossaber 12 and gui de nenber 22 form a retrairnise@soms7eo or clip
assenbly 30. CGuide nenber 22 may be any size or shape to aid in the

rel easabl e retention of object 20 between it and retai ning nmenber 12, and
may be fornmed of any material suitable for that purpose. Typically, guide

nmenber 22 _j I =1 ' ' ' rial that
forns. r ot SkatIS HRHngls PaTbeiBloyElRb i SRTBAE Mgmiibl 22 IO MABEIET | one on.
gui de nmenber s2éh as, fbeeraupld, rigetsobolis surewssand #me likonduct i ve nateri al ,

such as alum num or stainless.s . i de, nenber 22 ..nA . dt

strip por{9Qa8l14 of %H@Jsg@t?airblzgcgéaﬁ%%'&ﬁ@eﬁg?ﬁ{éﬁzmé%??%t@%ﬁﬁgge iﬁ t he
art. For ' mem %’iﬁb W \gs secured to th
strip 14 o? iﬁtgrﬁ%%hﬁeby ra teneﬂrggﬁé( %gié%gﬁgm) trzhg{ Eﬁehnaésthrgugh t(r)\e ©

;tz rip 1;1. dAnlsesasﬁngahdaighf as erasusedrirpiibids bape.oydtbough gnyinimber Qfui de nember
to the pelt 20, such as, for example, rive : r ..apd the

i ke. [ooggap%mqm*a%rwa@éaeﬁmrﬂ%@q“-'é}? %ﬂ?bé“?@%@f‘@@‘%&@%ﬁ n the
form of OB bSO HAPEXBRIBIEr snd a5 illueasted guidd memissr 28hinaly beas a

decr easi ng elgg t as neasured fromits base. Although an er of sl oping

ggg:s nlie:rgﬂ‘[mfoewmrf@ealir o@arqu_@tqlzr@w&ngt mermesrsi(REPRd -4;5053{[? Fhueo 9 Hpi ng
S. [_.ex e n [
form of a3d¥'t OW’BQ%‘Sﬁ?ge@?’S’EIeﬁ;ﬁéﬁbgg@ "?’#%21 gﬁl%gf%?%FW%@ﬁF Iopmt gfe a

pai r of wemgRs Flamssk DodicReletR §i5pink- portivh@dehaving aldeastasing betghbasof t he

gui de nmenber 22 includes a sloping portion 24 having,a decyreasing height as
measur ed fReasured fieu ds pgse Ple NIOBPREGRPRIPH r?r‘]‘ﬂf g}ﬁd% medg{ﬂﬁéi%g?ayzz %ay be

I n various, Ofi [ lsd Sk A QA il obj ect 20
bet ween t??éa 'be\{%ﬁoﬁ%r?g%ﬁ%%tr%grg t?flgmlﬁ%@gé frgé[ﬁ{g]g{r@!%@%&g\oe eanodi ment ,
i |1 ustrat ébtiveektiisSretainihg temisdrol® and thergeide mesnbiee 22n lole@eshape of a

conmer o bl S TP Ei, 055 o Mt 14 B I 220 ©
|11 ustrat egh ol dflGFowAwardly BRpHPHChateTRIFRE tsatis Delighdgrushatng
saddle portion 23 nearest the retaining member 12. In another embodiment,
illustrated in FIGS. 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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menbers 22 having their greatest height nearest the retaining nenber 12
that forns the retaining unit 30. [0059] Each sl opi ng nenber of the guide
nmenber 22vowhettresscar cuat e, wedge-shaped, or otherw se, POBUSHES®280Y

sui tabl e thickness, identified as x, to effectively guide the object 20
into engagenent with the retaining nenber 12. In certain enbodinents of the
present invention wherein the object 20 includes a grooved or threaded

el ongat e o] r h

Ehi ciineastt0eB] onn 6 dfifte, MRMEHE ey Grh ol RRERE SPRdegRd Sty "

tsﬁga(r)gt es?érggnlzmuhmdwbé ghamt‘stcnremhﬁe elndrtgeainea mmgmrmgmraé@@h t hat when
e

cach S| ophith, e RsaeT FaewRoF Be-A naaE Barien 21 1 o ket 207 eresERbngar e

portion 2 ni 0

rel easeabfe}eér%a?}g}ééég@ @ggfebp%glt? E?E?R, r@%rge qﬁe\igzyaglr%wlghm?@ggneln;er

22. E 0060]2g§ iaay?;hla@e crrmdmélgumélomay) segutdiy retaircthedebjaet Zmﬂb‘rrhﬁézﬁ%%b@dl e

portion a ma ed t [

W th, T heseAleiodtin 25ana Do 1chNG rtosr s oo et bS5 T "

assi st | ”géﬁiloﬁa%ﬁémhé 6lﬁééﬂ 70 90 PétBfedds atéynhahball&on telpition tduehsadd! e

portion 23 may be ape or configuration to securely retain the object

20 to theaSaIshafOQfadeJ@SFHUS’tra@d 23 may be a concave arcuate-shaped nenber

if the eI e por 1 he

cylindri c Hongat iﬂ ﬁ%ﬁi?'in ‘?{%gﬁﬁf ng%b?ﬁg%&%sgm #?n@e{gﬁc?rf‘ as | ﬁ?ust rat ed.
[0061] lnmggfréﬁsmmq:fm;siwnmas pélt tt bemay ktude bpheatiiywf retatings best
illustrated in and 5, belt 10 may incl ude, adﬁl urali &{t?of retaining

nember s 1mqnb|er@u121|@nmwte glepibers 22y With @pahdel Ringg NREIREE i ng
DOS' ti oneﬁﬂgﬂ)ﬁ% \45@8% ?@%Ecﬁ? Gl ¥ Yu g ﬁ#eﬁ'%n%’éfbﬂ toérhG pRFANtRop! urality

retain [oJo}]] |one al on 't 10. In this form each
reS pect i veetaRiing Dhitg 30njdsitRMhedsalpog ttie beledOt dnthis dasaleach iespeetiven obj ect

AT T LT N A o e Rt
the same | alerdb objects 20 are non-uniformly shaped, each retaining unit 30 may be g
positioned to releasably retain each respective object 20 in the same lateral
direction as an adjacent retaining unit 30: For example,.and as illustrated,
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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direction as an adjacent retaining unit 30. For exanple, and as
illustrated, when object 20 is a threaded bolt, each bolt shaft may be
retai ned wo 2ods208stai ni ng unit 30 such that each head ofceamshoosesgrective
bolt is positioned to be in the same side of belt 10. In this manner, the
coating may be nore easily deposited on the Cass A surfaces of objects 20
by the process of the present invention. [0062] It is contenplated that

bel 10" ofilittf 836AmLAEILE, QhdRied a:RIRIINY 85 Loatidl Sripetss ot a1 1

various o cts Tor cod For exanp I's conterplated that objects

?f vari oulsuﬁamlffthd colatgxbobjesll be rel easably retained by belt 10, such as,
or exanple.  sma arts, such as_ fastener nyts.,bolts, scr I ns,
nails, cl [ngﬁﬁbut t ofd$ Caﬂ@r%‘ﬁﬁ’fqu@ﬁg!é‘ %mﬁﬂéﬁ"h%]ﬁs oL ths P'f?é"?,r]?wv%ﬁﬁ%%’gds,

har dwar e, ofr hileldrltfio bBR doptsleints, ahonias reedihmg e ize itaing t he

present invention, belt , and nore specifically, retaining nenber 12 and,

opt i onal | portipui 16 anehgudde 28embery 2B emalniiecdeiachablpdoneasyorgpiagamentt. at poi nt s

al ong the el opgate, portion,?2 r es ' S : ' f

heob] ect MhaRCHIET AP AEpige TBRE R LB SRR EBTRAIE TS O e

G ass A ssli6RabieiolrBRasaBkABtaR0BRIcts BOREFId Sizés sucmtiatil singlé t hat i n
enbodi nents of the present invention, one or nore of the _belt conponents,
such as rbelilRimay berareployed anea arafusgopdingita soaba sgrgs gl aBhber 22, may

be detachabl e for .re o el il a t he belt
conponent §'Zﬁ_§f bi%ctgﬁ%&%%#rgé%&%bglﬁﬂ'gﬁ% @gifegg’p%ﬁgﬁglss é%ﬁg ﬂ?é;?kael'n obj ect s
of varyi ngh iig fsims Welt rebricemeritould be redudednaysubstantiallypdchinated product i on
line to coat a series of different, sjzed g)bd'lects. avi n& r exanpl e,

. . f
di f f er i ngbaivern BINS, Of ariqussizachabieRts (& g LOtSPTdiffrng, ﬁpeg%rlstorr epl acenent

coul d be ; ' ! ' I zed
obj ect s (g E bl (o R o I bRtelg Tl 1 2
di f f er ent byl et of {orews).aFouexarhpleopuisiei meatiesi22| may bel dataehally 8 run of

o bel 1 160dal RADBHY YA e LS TR e BEyTS NERe SRied merber . for
exanpl e,  GAJREsHAMRPRRARHTS YioR&ikHnpRS daf sk independently adjusted in a
- lateral direction, in a side-to-side direction, or a combination of directions to

receive different sized objects. The manner in which the 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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| ateral direction, in a side-to-side direction, or a conbination of
directions to receive different sized objects. The manner in which the
conponentwoabodiebsse 10 may be adj usted can be acconpl i shedThis200a028706

met hods known to one of ordinary skill in the art, such as, for exanple,
through a plurality of predrilled holes (not shown) through strip 14 of
belt 10 that are positioned to receive the conponents at various distances

or |locati ded

ohoagonent SR BRERCTE Bhg QR heiboref fodifenlockimend OFAB0CL. s

ggj ect. rtplrfgagﬂmx?mgh% landiss( Ihmthrate@vmpheaﬁrganeae@rmmmng mpermhem% all ow t he
onents to i da t

I O(r:rgt i ons MAHAZCH E@ atnr%{é% ”%Pﬁ)\gc T 'Vﬁéggt%rcfd%sr%%ﬁl@f?e%ﬁr% Eé%élgﬁ% and 7,

when the Qﬁ?frﬁ:i? be?ﬁ%tdr{bgpé&?h&%d diPe bty %bﬁ»t@@rfé)@rh@étﬁtdfqemﬁhg ng

process, e present invention i nclude at |east one
el ect ri calmgmbend2 md@ﬂ)@maﬂbwmammyd}e heldin ptacedbiithe/gameal | y

i ncl udes Iura d nb

ensure a 3%&9@9% r%}‘cb rr'i\f? ?’Iol? qecré'i? ?%@ﬁﬁﬁéﬁegﬁﬁg ?éngﬁ ﬁ/&;ar E)dc%gst °
Wien enpl %{@ﬁhbeﬁhé% &hé?@éltqoowﬁté\gergarmﬁéya?&n@%rwecpcsm elputdcally a Si de
of strip 14 of belt 10 directly opposite one or both ofretalg ﬂprrenber

and gui de aoadbeling@matenial ceucrnas staimeas siael or sfurpinanp sedbat ag i'®n, and

as illustrated in, the ur H‘?ﬁ@ﬂ

el ectri calq PVEEH %B q[évegmggﬁaggﬁggf&g APdie sé%ﬁsrz%%lg?%tagﬁéﬁg%% éﬁ? strip
14 of bel tcoﬁﬁjmt@@ﬂ‘ié @;@gﬂﬁ@; sjstent bycloppdise teve nmeeaanizrh hafeseidci ng
menber ui de nenber 22, and may be held in place by the same

fasteners bﬂows@&legtglcalily,g{%mddg%ﬁ 90 secure retaining nember 12 and/ or
gui de ment ﬁ to tﬂﬁnmﬁaﬁo@ﬁ’o Fi@st RSy 98, theYcotifOohs beRrTBSF tAE an

el ectri cal nducti n terial such as stainless steel or alum num so
t hat as qurtasélﬁl msemi'mwmagd)eb@malayledve armm‘imuosmcoghwﬁmtﬁm el s 28

O e otk Tty S oERERRSTa S S Bl By PR BB o
Tﬁ{/gh??oﬂ%ﬁ d é@ﬁr gﬂéﬁ RAPiorlddpvEng idsuendlebs sydrep thrbe h?@ﬁsent ~
y e errp oyed in a continuous coating system 50 t

optional pretreatment unit 70, coating unit 74, rinse unit %6 and drying umt 80.
. Coating system 50 employed in the present invention may be any

electrophoretic coating system 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 metailic 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,

59 may be of any conventional type, such as, but not limited to, a belt
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may include a drive nmechanismor system 60, 82 in operative engagenent wth
the continuous belt 10 for conveying as an endl ess systemthrough an

opti onal woeavseeabssent unit 70, coating unit 74, rinse uRCIT/USB)0sSADST2@r 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 rode it agn ' r bl apdithenuous
ol ot r ophSoaY ISt a SRl AshyBYa, S B RbrR G E o gl O et o,
for ill ustikat The fpedipgseschanism Snnhayial$m include @ sdnventianabeortingi t ed to any

ticul mbodj prent, t.h i nuo 50 will. be. descri d
T st rai BVIR ST CERITGE 1nOBPELS PonBsaeit e e TR ST Hatfle °Coat i ng

a netal | i ! 12 y8E56 0RB RycditinteusddityiF ed onto
the conti %B&?gﬁ{eﬁyt$€g,gﬁ%%og‘técdcﬁ??ﬁno[}§)r§%gti ngosyst en? 50I of the present

i nvent i onirn §he sahkyatenal|didstior.n Thsjfeedintevechrpismdraampinysg indher ecei vi ng,

Cypi cal Iy ProgantaaeneRaigk Beohe faf & E8EkGPwg 1B At SERAYEoh) ect - 20,
and one ohLsHBRPBISPRYARIrUBTONYBNfienaltHobpeposdrting, ary estveyingm t he hopper

54 in a stream ng queue to a pick-up point at the gelt 10, aa described in
detai | belcomponeats ohoegxampissif the oRiget B tabesrated iv/a MiesHs t%q(;ﬁoe, such

as, but nat.lim a ' , | at f orm
conveyor , ShitgbRAdEnddher2bdF Sha R Bplt vy RS . S 52 iy

al so i ncl udenraersdliyenisilabil frears pergrue Wutemadon QonapargnLivapiahe obj ects in
the sanme, general, direction so that the objects . .may be transported from
the conve 'ﬁ:htg@nodtm%er‘ae%@imﬁ?yaﬁevﬁ o%d%q?ﬁeqqggéer@qnéﬁrg? g’l‘aydﬁ’? ecti on.
The feedi %@Bﬁ%&‘ﬁlﬁ{@ &%ssmh%@ﬁ%d Qu&ljﬁ‘ﬁﬁgl‘l'og%ﬁahpié!\éﬁlﬂéli,%rémYnlﬂ? one that

is well kno e art, or nm e asse d fromvari ous conventi onal
hopper, sarid wgshanfdediogvegcmnismnponents. For exanple, if the object 20 to

conveyor H0AEhi ome R s BT 2aat e SRl ko AMRE L e o
%gﬁgm’s m%ﬁg;@éﬁa MisrBiigat-obidcts S0GHIb @BRLALGEE bélat 0\ara stisamigect  f eedi ng
queue to a pick-up point at the belt 10 by methods well known to those of t
ordinary skill in the art. in 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 6f 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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enpl oyed in the present invention such as, for exanple, a bolt, screw, nut
and washer feeding mechanism [0067] Feeding mechanism 52, and, nore 1
speci fi cavbyeposomosseyor 59 may feed a plurality of obj ecPeTAG2@6E1028720
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 each object 20 on the 1

comveyor pitibily fia8abdiitbly 1A8tnikaas Bydre dckadts BRI gadidengagerent

w th eac 0, or optionall gui de nmenber 22,
i f preserﬁddﬂ[@%&btaMngésncel\thﬁ'ter@b)Jedt 20 ABGEISH@&ed IFB%lG We@Scont i nuous
belt 10 includes, g

receive ARieek20is ‘?h@i?ﬁeﬂ%a'i%hg %‘é UI de%rrg k! 2%p§f¥?@39§0%§élﬁﬁﬁsgyg? 59
to guide 2;9@% 8R4 r(f&?f r%?éﬂﬁ?@ rhén%b?ﬂ?gn BRBSsd éﬁpaﬁﬁllyibmmltmpv"éhe gui de

menber 2 y i r exanple, a pair of arcuate sloping nenbers or
wedges hapfecberehbmest 2®a;bnta®thgdlee flexiblspistgininer porsan 16 Wﬁeﬁg’e’@"ﬂégr easi ng

hei ght as red fro se 26... b f eedi

Techani arPOBORNE HereT U aiF drcuiari Tk AR Rl R HEORSECR0 Co o 2

of guide Usm?ﬁéd %%daéo?héﬁawm rémfmglpbnﬂaro% eedy @@vtdwdditlomlaﬂunﬁawg menber

12 that is 1n a closed or partially closed p05|t|oné 8 8b). If the

el ong?t e @I@latl fponhaﬂnelb}ierhlef;!@Q te fofnikly @pen rgiaied %2 n?'?fst he form of

arcuate slo S

oot e SRR AFA R e TR PR 10 orRY e 86 open |

E Ir %w gg aﬁ@ls;ltn%@ @%cfglglb@rétaiﬂ@g p?mgnvma éxtehds olpeobje2d20 As the |ntmrreat ed in
as obj ec i s chan

contacts efeagpﬁngg:hpo’qqredﬁanélnqeﬁe?@I@ﬁh i%tgﬁgﬁﬁggﬁtl)@ Fﬁé 8215)

part i al |y GhORRIoBABI 1@HcUHIR Sk eﬁloﬂw%ta?rqng%m mmwsef | exibl e

retaining port causes retalnlng portion to open (in the direction
of the arliftaey ovéoobjeet?0 pitidhetduerdyréane Qfdhemngat@@o&m Bbof pBiect 7 of

obj oct 202845 pBREPBRY o e ALEBRRYAPE AT LT e SESadte™ e, 3 g
menber 12,36 £3 a) Niikdmiphkt, Yuidé nirb &2 2 Athyl intladarsaddnportion 23 .
that may be in the shape of, and in a mating configuration with, the outer
- surface of the elongate portion 21 of object 20 to assist in retaining object 20 - -

to beit 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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position, such that retaining portion 16 extends over object 20, in the
manner of a spring clip, to releasable retain the object 20 to belt 10
(FI' G 8d)wol2odidressset ai ni ng portion 16 includes saddl e pamttsesnsH98720
retaining portion 16 may be lifted over object 20 until the outer surface
of the elongate portion 2 1 of object 20 is positioned to be in alignnent
with the mating configuration of saddle portion 19. In |ike manner, guide

menber 22cdReibATIIRP M) AN HQRIcE IS f88diny iaenaligneodl, and in

a mating conrrguration the outer surface of theelongate portion 2 1
of obj ectlealinga asigliintthé toadsdabelt, rgtheb tiean a zgstesn stappage. [ 0069] Typical ly,
the present _inpventign includes a plurality.of retainin ers 12 and

gui de ment®7d122 po ?tqwa% |%ﬁég€gfﬁmfﬁ%iwwcﬁ“aﬂlim t trggach r et ai ni ng
member 12 oo RaRntish Hiir‘iheliBiARAG UMATEEGH CURtiguduiebaTDEIe22 Lo form a
plurality of retaining units 30. In this form each retaining unit 30 is -
posi t i onerktainedhiedts treyet alongeepath ofritie beltdiOs dsven byiverpechanigns cussed

above, as_jt is f om f eedi A ' [ f | ainto
ios, on Shangler i S AL IR TRY s ThaL e BEDla VR Sy 1\
feedi ng NRRA3RE EBNBRUCILLERSDIHyoanemeans ikneahn 13Ahose of ertiagerakiltinwi t h each
respective retaining unit 30 in the sane | ateral éii rection as an, adj acent

r et ai ni ngthenart, SEh a8 fpF examwpla, Pyigonventienal gack-gnd SINigR LEI2GRTSNEIL obj ect
20 is a thregaded i ' ' : A kte 30 such
t hat each'rhﬁgg%oqsl?&éﬂ?l%Z’%E\ggmé\pé d%g?r?ﬁ?dsﬂglgg\/i,?? Etr:\tgﬁa%o \)gn:ik%qtt! ﬁéﬁ%arre si de
of the bebblt20.arBEldontBqgaastly, ¢ thegbjeetsizhi $he Speedywf beltitd, @soper at i ve

t h t hat ' d ' i1l be d i nt | L.ecti it
(not . ShonAPMIPE BEJEYE OB TTED. ERoTRYRR WP ROBHAMAL B05P8Hnga voi d

in the | oadedibibd withhB ekt whisty ShRESIPBRABEINGIBd Fidm Ao DI ect s 20 ar e
eedl ant s

fed from ng nec Into rel'easable retention with the retaining
unit 30 oconveydriigoisfeeding mechanien 52.aAkbougbthectate of Hauel ofikalg1Q pat h of

60. 52 magMbuSh e eRLEs S BRLBEHEHES o eV R Bl BTLR A RuERSE) "y
means know ge LhapBuPi 8. 95485 mifiuté (5.2 meters per minute). Accordingly, . - ¢
positioning of each object 20 approximately 1.5 inches (3.8 cm) apart from
center to center, allows for approximately 150 objects per minute 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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the art, such as, for exanple, by conventional rack and pinion engagenment,
or in the translational arrangenent described bel ow, to provide novenent to
the belt WO 2emdiossensequent |y, to the objects 20. The spewdisedosbes7zo 10, as
conveyed by drive nmechani sm 60, 82, nay 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. Al though the rate of travel of belt 10

through tﬁﬁp{é@é\t rgﬁ?éﬁ%rﬁ{nni’t&%g?lﬁgeaéﬂ'é’leéﬁlﬁg’s(y%%itﬁéloé*épbfésethe.

productio e-at abt er m nut nmeters per mnute).
Accor di ngkyrface pbtiid olsistied fir ceatingo Ajhecturesgfihesuivatreteycan Bei nches (3. 8

cm apart fromcenter to, ter, all f o) '
i hut ot oclaaRgElbY AMERRTFISAIOT CBErIFY Tsere kel 1t BT aft MRS cussed above,
when the Wié’cf]rf‘a%%d‘ugfab?é’&hg e S0IEES ofCad B tPPical, eRlaniiaegidasingowith ng

process, such as an electrodeposition coating process, belt 10 of the
present i coemhemiallyavailaclelalkalive dracidicalesning égentsdthagemiwall KgowBnber 28,

and typical | . | i f di | L4 :

nsur o o Jadheseadnlignght ot SPER oo B atrelipa: aRfSbULANfRliRe 10t
Accor di ngINGn-AsitingSedinhMs B8 sDRabIE Bédhing dgenrMayisdeCHEMKLBEN" 1168
groundi ng nmenbers 28, pgsltloned on one S|8

f belt 10 df
el ect ri calang GORMISLERY" A eF?hQﬂphafﬁsl‘/‘leﬁﬂG@gO%} Oﬁ\ﬁhi@@{?%@gqr@g/s? f oﬁg

conponent of .cgatlin e . ' i

rechan smesa1ags MR AP Flstiet 66, Gipgl) PERRSYVATEL 0% Crely ©

g ggtsm 'g geggbﬁpw) V\/]fﬂcﬂlbwiir]fg,tdgtiﬁ aég of ghewhskerdng B Fe Befface ofithsosi t i ng
e surface. o e trate, it .

FBECIRTICTE GO IV A H UM T e SR

deor easi NgotifeUMTELAL Scb'gﬁ&?aﬁly Ho fidt sUfiaas Gafitid ARSAd WitRtaneat ment uni t

70 may inc eani ng system’that prepares the surface of the object 20
for coati ngueboe axiti¢ soktioh affee clasdning wits thaalkaline Ickeanads bfExamplehoki cal or

R N P T G e R GO T LA
or acidic gheapjNense8smintercll Akafabel dndkesventionally used in, for example, ;o

metal pretreatment processes. The metallic substrate may be air-dried using

an air knife, by flashing off the water by brief exposure 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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to those skilled in the art, such as sodiumnetasilicate and sodium

hydr oxi de. Non-limting exanples of suitable cleaning agents include
CHEMKLEENVOrposladssand CHEMKLEEN(r) 177 phosphat e cl eanepsq/usosos/ogd72evhi ch
are commercially available from PPG Industries, Inc. of Pittsburgh,
Pennsyl vania. [0074] Following, or in lieu of, the cleaning step, the
surface of the substrate may be rinsed with water, typically deionized

wat e t :
" [(ﬁ)’-;g,ﬂr 0 FollEWRg3HE dgﬁﬁb?ﬁ@ﬁt%%@ﬁ@étbge afepret &) eerihgce can be

rinsed wi aqueous ac ter cleaning with the al kaline
cl eaner s. afomwhile inthe CostmgSOmtIVA-OijeC’t&Zleﬁyr’be ghaigesk oA oreuetor

cl eaners such as the di te nitrjc acid qu | ab

an;j lcf)nveﬁ% (ﬁ*\%ﬂ’tf'(}alu@’éff F?a?‘?”ede?&ﬁﬁ?epo groggﬁgﬁc? a F?%?J)l;t)pr{og\elglseg I'(?'he
metall1c té%? 8 d irfifHe it6 thedcbad ef thels 1O, ff th
wat er by % rie Haépggﬁar{gag}é?hzarﬁsubgrt)‘??tl%q%%ggghl h 'tcerrplggtglt ur%?orngyO ©

passi ng t hadthésbydo éhd obiest?0 s dudegypeaess|of thg gmﬁ&ptmﬁﬂ ARy
phosphat e- %ﬁéfﬂgfsgete;{% gﬁ{‘eecgrggge Mﬁéaﬁ!y%ecc%ﬁdd@ n?%ﬁ dECRRR! dikdtt 0 the

netallic § onversion’coating conpositions

i ncl ude t sy hel dledthRicrand asau:zmn@selécm@wmmaummmped @mahly nodified
wi th nickel, "iron, manganese, cal cium rragne5| um or cobalt. Useful

Ehggghgglgaguecmélﬁctrpdﬁﬁoﬁtaé“@é@@?‘ngbégn‘ipﬁ’SUOB Patent Nos. 4,793,867 and
41 , 9 , reheatin
mechani snmég/ﬁbe enp%?eyyzal%f%" gpegpgd%fgor&gﬁgmﬂ{eg%ég%?&ﬁgﬂ%wag t hey pags
thr;)ugh tI@g?ﬁg%tthiaiqmemsldm;ieri?nmﬂtm etexo;trbdepgsﬁattie gempositiondat i ng in the

coating uni ny drying apd/or prehea hod ,k
(1 the ar Plases s Ui flactieal seraachenehen andGatknin boFer = e
exampl e, iALEALEds o leRELFIOBRERboRIdMhE drdealrdaatheasvas btiharent nduct i on,

and conbi e pretreatnent unit 70 may al so be hooded, as
i |l ustrat eﬁﬂn ojdeim@&dacngdepommleIceamqsglogowlﬂtde@ﬁséﬂﬁ)ﬁ@y@é’fqrﬁ'@W] Fol | owi ng

coati g LRetRICUSBREEREonaayLBEAt S Y 45 e B SRR gR U B F
current i g-8d 88pabiRBnRahEF the é&ﬁp@gﬂdmg aioRzatly of betionically
electrodepositable. Although any suitable voltage may be employed to
charge conductive belt 10, the voltage employed 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 usually 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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el ectrodeposition bath and in the opposite polarity to the conductive belt
10, and thereby to the object 20. In the process of the present invention
t he obj ecw0200asr08s6es as an el ectrode, typically the cat irouals2008/028720
electrical circuit conprising the electrode and a counter-electrode that
are imersed in an aqueous el ectrodepositable coating conposition. [0078]
Cenerally, in the process of applying the el ectrodepositable coating, the

Contact W'l HERoBRRBbibR TR, bR A A L assage of

an el ect rineludesrenélebrovesssitidretamikode and cat hode, an adherent film of the
el ectrodeposi t abl e conposition w |

11 d ifin . _ :
ranner or{0046] cubst T e GlatioieRgSen Sath gmpRs oA ey o Thecketille oS
ependi n e . e et

el ect rodgtgg'gi%g;ﬁ%.sh&’ t hoggﬂ gﬁ%%ﬁﬁ?g |°gmv%ﬁg¢é§ggt Br'?zatvswl[)lg@’earrr{adlqoyedI %/o char ge

conduct i veorbptite 2dresinbas\phiasaghspeTptdjredn aayepus mgsintie ntheESIMYIS| ze and

shape of the object 20_to_be .coated,. d t ' ' i
2l oot r odeBRATe Msiides wtmfaicaproatic Gameaent PRl Tt eabPis &7 Shong from
1 volt toaﬁioﬂgp?lﬁgirgéep@é?@b%&é}ﬁﬂ | dorRBbYBREM, 10 a8 sltypRéhl va bationiCur r ent

density i s usua et'ween about I.0 anpere and 15 anperes r square foot
(10. 8 t o dletiroBepositatds cpating gormpesitienerine quymﬁéicc%ﬁt\'%pﬁgﬁ%ti’lﬁgl used is

anionic, the.belt 10 i. Lii i 1. | oNj in
coati ng nﬁ?%tmggf;orﬂggﬁ'lt'gg%@%ﬂl}'ﬁ%@%'{'geesa%%%? h‘?%@%%@gf%%@ﬁﬁ'gbiai ihgni c
charge. [RTOleivahtR0curitig agéhtirphinetionalrgrelips reactivpoith tisl actveat i n

g

material, drawing such material froma storage unit, such as a nother tank
and i s pobydiogess of he imic E8SIN.or a portion of objects 20 rel easably ’

retained éﬁg bel %sg%ﬁdTﬁfrFﬁP?ﬁé E%n?%éé@ﬂmé%f@é! %(Z‘bﬂ‘@n@tiﬁﬂa@grcﬁjp

recircul ati'on”systemt ows 't coating unit and the storage unit
to Ibe '3 fHailfﬁrm@ammambond withyamothet funstionalk groupardenguiiable nay be

enpl oyed in the continuous coating system 50 of the present invention, such
as, for ekeaRMos GNAMANS: r odeposition tank, and the like. As illustrated,

the coati pgpghy t 74 NAHlimARY SRnSHIES bf aARPAS ElectBdEpositable coating
compositions include those comprising an ungelled, water-dispersible
electrodepositable anionic 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
compositions are described in detail in U.S. Pat. No. 3,749,657 at col. 9, lines

1 to 75 and col. 10, lines 1 to 13. Other acid functional polymers can also be
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[ 0080] The el ectrodeposition bath conposition nay be enployed in a tank as
one enbodi nent in the nmethods of the present invention, and may conprise a
resi nous wbase/dogper sed i n an aqueous nmedi um The resi roTASpdESes72MC] udes
a filmformng organi c conponent which can conprise an anionic

el ectrodeposi tabl e coating conposition, or, as is typical, a cationic

el ect rodeposi tabl e coating conposition. The polyneric el ectrodepositable
coating c W gepo wHasont ai ni ng
ionic res %l&éﬂaggt?h}l)ggﬁ%ééq ﬁﬁggls ﬁa&?ﬁﬁg??%%gél’[&gera oét}irorg realgﬂthlgve with the
active hygr&geihknaf\/nttbehmmslulle@m ihe 4r0081] As used herein, the term
"reactive" refers t

functj,qnal t hat , f or ns n d wth
anot her fmﬂonal éb’oHBg%' s mﬁq%éﬁ"% the ROpef '&?H&’F‘%n@ﬁgy h’ﬁgg@
Non-1i mi 'k mﬁaﬁ%bﬁa 1Rds é’i‘irﬂﬁhsﬁc ¢lsessitPAnBATissIN S np@tsumleorrpoa tions
I ncl ude t ose conprising an ungel | ed, water-dispersible electrodep05|table
ani oni c fsblnehbr'ﬁmmg\tnescmsdés&yrpf apobfmer is @t idigalign ad #s meolsaiighbl e for

use in anlonl osition coati me ilized,

car boxyl | Weigh de';)t l%fﬂ&&@eﬁo?@/ﬂéer ﬁl'egﬂgﬂa ?%g“%@g% ?%ﬁ'%ﬁ lct Yor adduct
of a dryi H@;horhblééﬁla?r%l B, Wlmﬁa@é\bh}{nt@lﬂsdz visdasitywbo high b maabavey| i ¢ acid or
anhydri de; "and t he reacgl on product of a fatty acid ester, unsaturated acid

or anhydr {0284Ind anWlﬂtltﬁfSTQﬂWItOGh@&ﬂW@Péﬁs‘ﬁbal"Y'Q?N@“ﬁﬁ/t%frqa&'PQ'Cvml ch are

further reated Wi L t; 1y
neutral i z88Y] P?ﬁ@r%%l@ﬁ@ﬁé)@ @j‘grgc'i%ghéﬁ@l' ?g%@%g?b&h@%tﬁidreg?%%bgar boxylic
aci ds, unggHglagtripsignees ke twater dl@l&cbllale ”Ileﬁsadmteddo thersadulbilizashi cal | y
unsat ur at ed nononer. Yet anot her sui,t abI ect rgﬁ? Eom t abl.e anionic resin

conpri ses dm%&@@@ﬁ“ﬂﬁﬁ'ﬁééﬂ WALeH léeW? s%er\§ AN SEUAUE Iy an al kyd
resin and gﬂ;rgnihré‘?usa'tﬁé ngalné/%bn@ﬁietf@ﬁétucﬁial QR toaipapdeposi t abl e
resin COI'T"S| SI m Xe

ion conpris esters of a resinous polyol. These
conposi ti @bsmé@hdege:thzpldally; the cationic mesin Slsegontaias adivedydssgent col . 9,

lines 1 to 75 and col. 10, lines 1 to 13. Qher acid functional polyners
can al so BEMR such as phosphatized pol yepoxide or phosphatized acryli c
pol yners 36085] Examples of cationic resins suitable include onium salt group-

containing resins such as terary sulfonium salt group-containing resins and
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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are well known to those skilled in the art. [0083] By "ungelled" is neant
that the polymer is substantially free of crosslinking and has an intrinsic
vi scosi t ywahes/adigsol ved in a suitable solvent. The intpCmaiseoosiossrosi ty of
a polyner is an indication of its nolecular weight. A gelled polyner, on
the other hand, since it is of essentially infinitely high nolecul ar
weight, will have an intrinsic viscosity too high to nmeasure. [0084] Wth

reference[(%@rzt]he cak!f%phﬁﬁ%?ﬁ@%%&t% o\éﬂfd'fr%té/s Qb s GHIORIG. SPPlayerr s are

known and be used ositidns of the invention so long as the
pol yners e 184,866 dhs DE-ODNe. 2,707405 ada peatsedoash thescationic fesé,

p ] 330 oo D _ bRt iesd,
" hat ur e BoskEs e SPPREAFING HeRCABHPREHE R, Sr5ih P Aunr pF SRETH SRt ™ o™ ©
Tart 2 ARk UEnBALaRs SHER Kk bike dblerisa IPUIS. P&BHINGES4GO/E0D ne

active hydrogen groups. _ anples of catjonic resins suitable include
oni um sal tand 3028, 657 aiMso) gatiosicresinsorhial cles Vigrtjarsasterificaiips gHeh as

gr oup-cont ai ni,ng, resi ns_an t ' - : i ni

esi ns. 1 GO Rea8 AR EPive el AZRPLRAB e bR FuRt BaRa9E™, 1"
3, 984, 92200&@%@@%%5\{)%53@@% MbhhioR basesisuth s8ldesgribggrc Dd APaieny r esi ns
I ncl ude quat ernary ammoni um salt group-containing resins, for,_exanple,

those t hatNcarel 30932 gan benusashchisagisgiildn thmelechardoppeialie coptinP a tertiary
372 Sk om ok Hia PEHEIRERB S8 kb pigiadly dlemodieid e
g (r) F;gb ggintdcggfyéﬂgriﬁﬁyﬁgrﬁdmér;g@gggdadg%mmwmbsbisumeésmmidascﬁb@djuct s of
s Pt et hBaPatnbbussaR0o s uns 065335 axs4abaflh Y'8:5aBiNo ooz "
are usod TR Sa e R Ry O e The
::> zgg%iﬁn%’é ftii%laglggetrfggd\ihg dnlr‘grieﬂhgtdamwetcmmn'etydﬂ\ the exressfnalyaraingi oned U. S.
vacuum s’t%ppeg 1r‘ro%n ﬁ1e| rse%% ignq ?rtligtu(?éa.n Sl&%h %aréah(?tlsléfe described in
U.S. Patent Nos. 3,663,389 and 4,116,900.
[0088] In one embodiment of the present invention, the cationic resins
suitable for inclusion in the electrodepositable 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
composition.
[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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bl ocked and reacted with the resin backbone such as is described in U S.
Patent No. 3,947,338.[0087] Al so, one-conponent conpositions as descri bed
in U S. Rabend/Messe4, 134, 866 and DE-OS No. 2, 707, 405 carchasoasd2&30 t he
cationic resin. Besides the epoxy-am ne reaction products, resins can al so
be selected fromcationic acrylic resins such as those described in U S.

Pat ent Nos. 3,455,806 and 3,928, 157. Also, cationic resins which cure via
transeste r Appddtioatdroguide. 12463 can
be used. é@eb&&%éggglfggn@cg%éo OSéI tglﬁ\(gﬁtqsﬁhgrgg gﬁﬁ%nr omdl\/ann?ch bases such as
descri bedcomtalh &etlﬂmblegrbubb or s;mlBatr @idologmupe depeddingl avtheskarticulaR  he

| ectrod t abl ti t h
o 11 vel SEhAn eI HGushe PrelatatEribarh i Hel g RRS P hRRRR) i pe
groups. - SHlhpRshfitafT ‘ch}‘ﬁc‘(/bﬁéds'a[bdl%o% eRplcyel iNBIBde InG6hyaRR; 3, 947, 339;

and 4,1 1 tent No. 3,947,339 describes a pol yketi m ne
der i vat i veloohols mtammgwﬁomﬂ:to A<adien aigremeteh aﬁnna@hanol ethanol,

Feact i an RoproRaol sk hridaaly i TEEhaBB| ARl Hrate MR de T A TC o
and 4,1 1gr@egmnﬁ<gefaag alvané’élé fRIR Aghefdtn QilahélﬂldJCesanden thedrademnarkt he
cationic resins _suita inclusion in the el ect rodes)Rm tabl e coati ng

conposi t i €MVIEEEfand fromtl\ﬁ@‘li’r?étt%&i'@rmﬁa't@@ whdardhe B on are onium salt
gr oup-con%gl @r ylic resins. [0089] The cationic resin described

I mredi at el |s typically present in the el ectrodepositable coating
conposi ti ¢pg92Jn anoUrHesadinopldst oﬁﬁng/@twnts ae typica)ly pitikifest Biman@“QttDrQS

wei ght percent based on total ht of the c osSi t.j

pr evi ous| With hewrdve hydregen 6‘6@@53%@)6@9”%?'@"&8 ﬁ’?ﬁjtar% én {r] ons Whl ch are
useful 1 n 45, e odRq orh BBOBE S RReritHY 8BbLOBO pERIcrAlbyNwéight her  compr i se a
curing agent PETE unc ional groups which aré reactive with the

active hycﬂjrem&iblgrfmpaboﬂt E(Dtpercmntd‘,o abeutd0 peserit byweight 828 resins, which

are the prpeefrgerrgtggeg B[otlsgg on qggttotai welght of the resin solids in the

electrodeposition bath.

[0093] The curing agents most often employed for cationic
‘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 1to 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 (MDI), 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



ani oni c el ectrodeposition, are the condensation products of am nes or

am des wi th al dehydes. Exanples of suitable am ne or am des are nel am ne
benzoguanaoiznes/02osea and similar conpounds. Generally, wPhe/uskasihyzieo ’
enpl oyed i s formal dehyde, although products can be nmade from ot heral dehydes
such as acetal dehyde and furfural. The condensati on products contain

nmet hyl ol groups or simlar alkylol groups depending on the particul ar

al dehyde | Prefe e %gﬁg ' bfd.ed b

reaction %ﬁégﬁlﬁn& ’g‘l a@ac&%%% %ﬁgﬁmétgwg?%ye iﬁ]?ld?edyr%gﬁiéﬁydri >c/

?ngt\gl S H}@hbapalyﬁ@dyeamet dughhschildoayanat@sscarubd uasd mAnHY@MPleet hanol |
panol, a |

nd n- but anol , th | bei f . )
{ rez Id 2 ?na aﬁ%@;‘énﬁ@‘ﬂg ?él"PWW@?%%‘@L%%@%W%&G'%ﬁ?ﬁ%ﬂg %8&.{3182&&@@;&? }’1 e
r r ' i d k
e Ko THphl 04 20 RO sty Bpropeernthaln Tademmrk
(r:ggji ﬁnﬂ]l gmin%minlg ;Id1y50|§atst1ci;rastno@raapeoiac@meadlﬂis@fh’ﬁioéﬁw( QIQEk r odeposi t abl e
: ) rangi n rom gbout t bout 60
wer gnt . preuRDt At arreirdien 20 Bl Be L8 bout "0 percent by vei ght, the
per cent aggmg_%?_sed OThERRIiSB RAaniR 8lindagéhte dresypicalty) utiizedrint he
el ectrodeposi tion bath.” ['0093] The curing agents nost of t.e@tdga%rpl oyed for
#? C

cationi ¢ ebrgunctiztepdbithalcationioaesingn esmEYs farRGiBY &8 V! §9hi c

pol yi socyanates.. ,The polyis : I feskri bed i
0’ pat ot Chieiaigrerbu PESRAIPY SR §ABigR Asfigi B RTBRLRpeRRIRT | hd! "
lines 1 tpaddy oftheafdigial dfthdtaakesirasdidsepesedt edmpositienpol ymer backbone
as described in U S. Patent No. 3,947,338 colum

and col Errﬂ)&ﬂﬂ]i nes 1NERMBEOUBFOMRIQSIINS Of; er%ﬁﬁ?n%tigﬂcé‘%]n%foﬂggrﬁgﬁé@%hatc gl um 3
groups ha I ] & C n ot Kk

o7 0upS N PaEin REDOC TG TIBYURA b ieyrectiored ome aluacked,
reactive phhbe é@hiseeating tregslsentor dpadue resinous sypteol ip verichtheresint ed

t enper atures, usuall et we .
w is in the dlspel)s/ec? phasg ra]\ng %’g waaqgr %Olg%e continuous phase. The

average particle size of the resinous phase is generally less than 1.0 and

usually less than 0.5 microns, and may be less than 0.15 micron.

[0097] The concentration of the resinous phase in the aqueous 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 aqueous

medium which comprises water and, usually, coalescing solvents.
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[0094] Suitable polyisocyanates include aromatic and aliphatic

pol yi socyanates, including cycloaliphatic polyisocyanates and

r epr esentwoi2ve/eusapl es i ncl ude di phenyl net hane- 4, 4' - di ipsoagacaes7eiDl ) ,
2,4- or 2,6- toluene diisocyanate (TDI), including mxtures thereof,

p- phenyl ene diisocyanate, tetranethylene and hexanet hyl ene diisocyanates,
di cycl ohexyl net hane-4, 4' -di i socyanate, isophorone diisocyanate, m xtures

of pheny! gﬂﬁ@lﬁgge 4 4T did SAHHRBBL AR BANP! HEDRKLAMRVBAlPRAgH fesREy anat e.

H gher poi™ cyanat es such a I Socyanates can be used. An exanple would
i ncl ude tgdligsaaytemtusaty dithin #He tangesd apenhbdo 25gprrgantieweidiiol ymers with

pol yol s such as neopentyl glycol and trinet ol propane and with I '
pol yol s sh!ﬁ?r?da%n Hﬂﬁ&ﬁ’&&@l"gg{%ﬁ@‘:@?g‘?%"%ﬁ'@ B#hol s (%CO’ OH equi val gﬁt y;n:‘“ g
great er E@pﬁgbiﬂca” al SQAQ%an%%’ent{o%a?beéﬁB?%Wétéﬁ,?El@@}éé}ﬂ@@@s mediug agent s

are typi i.!ized I n conjunction wt e cationic resin in anmounts
rangi ng fmamcbntanghtoglescirgsolventsUseiuykoaleseivgriolvasiaingludf y from 5

wei ght percent to 45 L ght rce bas h ' ; I [
ol {ds._pr eREREARERSealONOR: cRBosa R henls e G el oares bl coent
I nventi ong Qi entsnéll8elREdAdM, piilyclsluAg Ketshesh eBpeiic cdalestiagrsohdiniper si on”
Is believed to be a twophase transcoating, translucent or opaque resinous

syst em i ninchidehisopeopassl, ibutanal n2- ety leanal JeaPIREe: dnd the water is in the

conti nuous. phase. The avera [ | | h [
gener al | yn]egg%xytpﬁg TW?W%?E%M ;9?4)@5@1‘%ﬁ%ﬁ%é’g&;ﬁ%ﬁc@?@qﬂ’daxyl Ee | ess
ggﬁgogélﬁengrﬁ%giwsl ah?Q?@holil'éb?/I @ﬂ‘(fjﬁ?@@f é‘lc‘tltyler;e chDIBeTheaa'mwmobhase in the
at |eas and usual I'y ro(gmi\ out, 2 to about 60 percent
b T

by wei ght cealseengrsalvaniiis aengfily bptwern ahauddl ! Andies BRERN
conposi ti S &&nggﬁ%g@f gp%ﬂ cﬂ.&ss% LBBuES ‘ri:)eirébrft%%‘/ WOGRt BAsécEsh fotal

concentra . nave a resi solids content of about 20 to
about 60 peightrif tiw agaegts neaked. on wei ght of the aqueous di spersion.

[ nvent | ontBHOHy pi o9 ot akves Siemebpemene con e I eREE™ P01 ¢ ceq,
various additives such as surfactants, wetting agents or catalyst can be ,
included in the dispersion. The pigment composition may be of the
conventional 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 yeliow, 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 belt 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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whi ch includes generally the active hydrogen-containing ionic

el ectrodepositable resin, i.e., the main filmform ng polyner, the curing
agent, ansloanys/msist i onal wat er - di spersibl e, non-pi gmented/useomsoesznd s; and
(2) a pignent paste, which generally includes one or nore pignents, a

wat er di spersible grind resin which can be the sane or different fromthe
main-filmformng polyner, and, optionally, additives such as wetting or

i spersi g gl B kEDSGHERIPRNSI ATSa {hch QHBABRNcd Llortid o ar e

di sper sed eous rre I um nprises water and, usually,

coal esci ngld@Cdf\tI@élbslt [1@0 Qﬁ]th'ﬁhaaaheﬂ; ttln@d‘@nﬁsmsudaceabﬁﬂm‘ b®|h én@r esent
i nvention has a resin soljids co

usu n the,.ra t 51t
[280286 ]cenWaEE)eW/\éreg‘ﬁ‘Pr%S%’B/ Wt?atbéll ﬁé“loé‘ﬁf'g %@% éP&@?PB%Q‘s‘%@‘sﬁ‘t i %Ogat h. 0
,%ﬁ,@ die t
coal esci ng o) g/zg\‘tacgw ef ul b(?%;ﬂ %@?ﬁg@hggmiﬁé@rﬁlﬁﬁg@ﬂﬁgw{ﬂig}:ar boﬁgn an @
al cohol s, cestirey anit é’tlhthesbeslhdio kesyohe sotatd: Tpr exampled fropnpd¥iagtadol vent s

| ud | cohol d kK
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bet ween aldepositeddan Hrelbok apérvm@sheraubsmﬁ“w§éeorrnf>3§iﬁb'£qvw#F%m about 0.05

to about 5 perce b t otal weight of the aqueous nedi um
[00101] A§ Y%Eﬁgg?dé?&?\fg qug%gﬁjgggoﬁzorrposmlon and, if desired, various
addi ti ves [somiyas sq‘rﬁea@da':tm@mmtlm haysalegerhe as acresaﬂvpmtomﬂede i ncl uded

in the dispersion. The gnment conposition_na t| onal t
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o SO Thaflii Sbickt LA BWAY AN RIC10 } BgBeY i@bpeveawa@té as col or
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[001 02] Therepf.girethis nmlmhentthefeléd’lmptﬂioseptmmaimgl may beadeposiiggiupdfied as a

Pl gment - t%hé %%Jler(]:t r28tt<|)% deSIretJ] t?\ é?(rn%gé aseg %ntv%errohg\fg&to'rso%’ucm%nthg' gment is
speed of belt 10, the composition of the coating material, the temperature of
coating unit 74, 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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enpl oyed, the pignent-to-resin ratio is usually within the range of about
0.02 to 1:1 . The other additives nentioned above are usually in the

di sper si omoiznoczorossat s of about 0.01 to 3 percent by wei gotr/usa@sa28700 wei ght
of resin solids. [00103] As the belt 10 is carried through coating unit 74,
t he polyneric conposition is deposited onto the Cl ass A surfaces of the
object 20 as a substantially continuous coating as electric current is

passed bet « 2l echages, . «AS Jeserl of
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belt 10 sughddiao épéﬂng@nftteglgagratéreocskw%gléfdrawgigt Blovbfigy bel t 10. In

this manner, 'the G ass A surfaces of the and washer are nore easily
coat ed by tehwaratarés formaxampld $509 to#300°hd8AMT to #26°QY. iline teent“diedcarri es

the bolts fromoptipnal .pretreatnent, unit 7 nd into t | it 74,
the belt 18 %'”@%'Eﬁydﬁow%rfﬁr&?@wgﬁg !Sﬂ?n{%%l &ggt&‘li)?q%é%&to an
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position such that electrophoretic material may nore readily be deposited

on the boleomapon&risher substantially or conpletely cover the entirety of

the C ass aces,t.hereof 04] The G I . serve as
a reservoi @Otslgﬁcol I e’élfoe%i@é‘%d %%géﬁh!;herr%ﬁgr 'Igg{é %(r& ol}rgat%'g Cée}%??%rX Pg'lr‘ wi”t}rface of
t he obj ecta 28npwsition, 6 At edcurbi @pmpasitivar,t steall meay that aeciosklinkebieaf t er

coating, to prevent waste thereof. In this manner, the el ectrophoretic
coating neQr GRTRAGHYECOEPANGEES Phihiegtnnaresiven ars gt Igast P%‘%‘aﬁiﬁ P%ﬂ@%@({)as ed on

various f a(?ll 86-?«@0?%2"?&&2% SPRGERIntd6 fheéQeSémn%Wﬁ&? ithé Fosafink he

coating materia i enperature of coating unit 74, and the like.
Typi cal | y, dérmwsitytafrtpe cedsstiekalfle tdoenmorenits d.eurthe degree of crasslimgngat erial is

T e ek S0 sy e R st o B AR REbI Byt ™
FTReress! SREROoRy g o) e cereen T gl g
embodiments, the crosslink density ranges from 50% to 85% of full

crosslinking. One skilled in the art will understand that 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 1l 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 11l apparatus, and the dimensional
measurements are entered into the apparatus. A thermal scan is run ata
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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may range from for exanple, 10 to 60 seconds. [00105] The excess coating
material may be rinsed fromcoated object by one or nore rinsing units 76
posi ti onestodosmrosseam from t he coating unit 74. Air Kkni Pe3/uSe@is/osgtonn) nmay
be enpl oyed to remove excess rinse water fromthe objects. The rinsing unit
76 may include a recycle systemfor returning excess material to the nother
tanr for78reuse. Dei ogi fzed wat er and/or perneate froman ultrafiltration
system nmay.. be use r. RS . | ali bj ect 20.
The. rinee TEsuRBIsHATLRE ApId R et S R e L L o rmy
be recycl ggnsiackaltids Madnte kehighst déeyricerofrarosstinkingdndbee coetipg.ovi de a cl osed,

non-pol luting system [00106] The coated and, optionally.. rinsed object 20
mg_y t[legofﬁﬂl A hr outengrally tiryelgsirodgpositable 90?‘@'&9 EB@PP%E'()B@H@E&? edJ on
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coati ng i sonditieds Bychl thatisngustdrstizdiytdomtihyoas coating bavingra déedifivn- wat er from

ryi ng. at Nupkseaanoleiaiats 2 10 Bilsd2aiPe S e Pheehooketu s
42600)) . pherd 658 i'lé’p'@éiitééo?dzsmidraﬁ@mgsiist@rﬂn@alupdmth@t@lags'Afor exanpl e,

by exposing the electrocoated substrate to thermal conditions sufficient to
cr ossl i nksutfacepof theoctbjeet Z0.] m conponents. [ 00107] Al so, as used herein,

the term? ~as ysed ip cognnection with. [t 1 eqd., "a cured

conposi ti w{@hal I a{ﬂe&}?gtq(w tqg“ggﬁisﬁﬂ%gﬁgq@ér)ggoé r e}ﬂ:‘?itsg conponent s

of the CO?EB%(H b8t Magibd eaployed, sush by for egahpiek edraredceleckant ed. 1 n

certain enbodi nents of the present invention, the crosslink deﬂs'EtP/ of the
g€s

cr oss! i nkaRe,@stipradiagion: cenveating. telyren I eYERINAIRMASNeP] from 5%
ey, RSSO DR b S By repeusagneie 1Y
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electrodeposition, it is cured, usually by heating, at elevated temperatures

ranging from 90°C to 430°C for a period ranging from 60 to 1200 seconds.

Alternatively, the coating can be cured using infrared 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



variety of methods, such as dynanmic nechanical thermal analysis (DMIA)
using a Polymer Laboratories MK Il DMIA anal yzer conducted under nitrogen.
Thi s net wo 2delrosssnes the glass transition tenperaturepamdsessssdnk
density of free filns of coatings or polyners. These physical properties of
a cured material are related to the structure of the crosslinked network.

[ 00108] According to this nmethod, the Iength, width, and thickness of a
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dryi ng th@"%fBB? Zgaé‘éa{'h '¥‘ﬂwﬂ9’tt' ég;ﬂled'f&ﬂ'neg Eﬁ%ggfﬂ??s g%gtfen@/ i nfrared,
el ectron p’%ﬁﬁdﬂ Clnr é&%tﬁén* SfMboaPRRGEHPSs desehitssd irdetaindelownbi nat | ons
t her eof . For e unit 80 of continuous system 50 ma

heat tr eatab;ﬁﬂts tZG mag becrataaﬁgd tﬁ@nﬂ helt d6rhy A gefleatopouide @ﬁ@d%é&@q on and

convecti on ne .enb
voe veen Bk e P Bikafi g eeraeL Ao Mot epdBar o, 2
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60 to 1200 seconds Al ternativel t he coatin
curing te@AVEyRRCaES tecontinuous beit105efoas g L2384 p%ltj'trla%j/ Jsihg infrared

retaining member 12 back to the feeding mechanism 52 for receipt of another
object 20 for releasable retention therewith 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 éystem 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 another embodiment, belt 200, of
the present invention. FIGS. 10A and 10B illustrate the standard Ilength 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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well known in the art, typically for a period ranging from45 to 240
seconds or a tine sufficient to obtain a peak netal tenperature ranging

f r om 3000Wot20065B0836 (1490C to 2880C). For non-netallic sabatse@sess2eéuch as
conductive non-netallic substrates, the tinmes and tenperatures may be

adj usted and depend, at least in part, on the particular substrate materi al
enpl oyed. [001 11] In one enbodi nent of the present invention, a cooling
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retention coatin
-may be formed that may be semi-circular in shape and have an open end.

Holes 292 allow two belt segments 201 to be joined together 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

32



[001 13] Although the coating system 50 set forth above has been descri bed
as applying a single coating over the object 20, it is contenplated that
nor e t hatwoneosmedssng may be deposited on the object 20pcEws2@sapge, two
or nore |ayers of coating may be deposited on object 20 by adding
additional coating and drying units to the coating system 50 descri bed
above, or by running coated objects through the coating system 50 one or
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uni form |l ength, w dth, and ickness,.. As il | 201
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My Serve Jywp jAeried mreagﬁlﬂeeE@a&%@ﬁo@smaaef:bek)jomozmxihm@tvm‘ st and
bow flexibility of belt 290 to all ow easier routi ngbof belt 290 through the

tC(I‘)lat |t ng syﬁeﬁ"ancehote@ 2ﬂ21ai|’tﬁi 2414 mad finslytightensd intadbresdesdneles @838, reduce
e timen e o] 0 ’ i [
bol t 200 13 168 dop 1EGaprang by ey b rerpafid fadd sk 208 18 Me fdmanBer 1 Cuan

bel t 290; giMHe AEltlseghierits 401 pagrarisasftorjointedjsemttbelifsagneets &0 1rtg syst enl s

revolving drive cog to engage belt 290 and put in notion the continuous
bel t 200. e@¢htatBekol i d surface between the wi ndows 210 may be 7 sets of 2

svenly SPapgiiel ear 3RERnY fFR3S 1104 3ha GO sALAFEEEEbIY 0L e assenbl i es

include two vertical saddles or guide members 214 and a pre-loaded retaining
~member 213, that may be, itself, a retaining portion or an arm portion, which
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 belt 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, fo assist belt 200 in traveling
through the coating system 50, any number of standard belt guides 206 or
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with suitable fasteners. At each end of each belt segnent 201 two hol es 292
may be fornmed that may be sem -circular in shape and have an open end.

Hol es 292wel2banve20856 belt segnents 201 to be joi ned togetrheErusasisngs7ao cl i p
assenbly 202, lug 203, belt joint 204, and two conmmon pan head Phillips
machi ne screws 296a with serrated washers 296b. Belt segnents 201 may be
joined together to create a belt 200 of a desired length and to eventually

15 "ot or VarongaRafos b S Hpitions) o A TERTNY, BasicHRH ol 9R BT 1001
assenbl y @42 bkhmledryprleeesedshMUG ddBodr .scam bbmdsn @ehjlmctlon Ivéith

corrosi on-resi stant conductive materj al 202 ma ction to
accept, ranether agsembly, orfig desigLan %J‘@@F@O@Eﬁ @?R é’ghe(g(ﬂstsg%b(% G equired

by b SOmADS ARt BeEae e, ad pomecmmpamTmies 212 he

may be al n the belt segnents 201 .
dip asseskhinpie @0Rowaiite besign of hasitt isel2Glidew0toershennmarperatedi s gns and

t hus error-proof ardi ng bein aff xedto othe ethe clip 202
is ali gneae%qewl%lg & arg ner%‘M%PSZ %&P%@mﬁteﬁh Haded hol gs 203a

may be al |_gayr t 01 th
opposite @?ﬂ’g’%gy&\ﬁﬁé‘?‘réﬁ'{ a‘?@ ﬁ%&%%t?ﬁsﬁﬁ%@%& tﬁee‘sgiée%pmeﬁteﬁzo10.n A gelt

j oi Nt 204guidier s rsemm:ewmtg&lssb\ap&domtmtﬂms chanpgis g the g8dsl ton t he

inside of clip 202 bet t he sad 4 and nce hol

215, el t ApeRTICSoHS e SARSRINBE Pt -oBPkioop ool HaytlblofaliBaCr 1ae "
bel ow t heghpfel 208 ﬁPéhi’éiﬁle‘?fthéthﬁelcﬂpglzoa%ett@ﬂ@é eatskicaof goide206mag he body of
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bel ¢ SoqribUcsoaid diid yo5p8fthe, RAGEEThert s 1S PRI MRcBon difae 10 The
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204a of bERD Yitistandthe friclien ahihe-pderspleelhsraaes ei‘PPeéﬂB finally
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repeated I pS e remain
unrestrlcted passage of objects being conveyed by belt apparatus 200, such

as a typical % inch diameter, 4 inch long, hex 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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of the belt segnents 201 , as well as to join adjacent belt segnents 201 to
each other. [00116] Referring to FIGS. 10A and FIG 15, clip assenbly 202
may incl ute 2osem2ves6t i cal saddl es or guide nenbers 214 amdTaspesibsraeded
retaining menber 213, that may be, itself, a retaining portion or an arm
portion, which may act together as a retaining unit to retain the object 20
to belt segnent 201 . A powered or nmanually operated feed system simlar

to one sho i..n Fl.
e bel & BtQuie\diSgete Rmifie K3AfiesC £ 58 Bop iy G Sopdialls =1, 16
im:nbte[]lelg?g?a'hﬁ iﬁﬁféﬁgﬁfpléét?gtpaﬁ@ %ﬁ@?@ﬂ}}éraﬁ%{eoﬁmgdeﬁaber 213 to open. That
: i ni ng nenber .
201 ., whi [90%200ows bRE. 36 a8 Teaw e st el an el e PR || searent
saddl es : i ) ¢
ég'gftqétsth%hﬁaﬁcﬁ% ?’{J ?'ma%ﬂegﬁ rﬁg&g ‘f(f‘b!"ﬁ@l?ab?ﬂﬁétés fQD@. I9aed state,

its curve ape an : conpl rments at of the elongate
portion ofFidurks, Réwevet, drivy systens400 iscdesdribiedrasediiving beltiappamtis20 agai nst

t he saddl es 214, to permt .con ) bolt 20 ; '

Ly v g S Sl B BT AR A 20 ¢
al |l ow for e i i h 2 ' '

00017 R o R R 08 4 b s id S R R e o el t g

t hr ough t btativoad06g system 50, any nunber of standard belt gui des 206

orvariati ereof_ my be e ed al ong, t ] id
206 can b&%@eﬂ as ;F?f&?\elwgf%%lwf%é%efi‘%“ﬁ?ew“ %an| eyeuss |r?14g§hjhu%glt i gn
wi th anot bapnas Aoy bofH liritsd BaRbiation 2and fori rotaplopowidh esbpiect to anot her
assenbly to allowit to function with the coating system _Belt guide clanp
205 i s oneuprarpild. oVheel 2 mayds miated huany SHE@%'%’G@*@& Egé @ﬁyﬁ’

| ncor por at.ad, § nha 18 e A& 3 Gs GELGiuSREIRGIRE 1IRASS BhIbercIpuratst ed from
S5 rposes o ci |W

t ool steel ( ( urabrlity and rigid ut other materials may
be used. Belt agdifded@eetibrs ofbateblatks 4id e ebeeiht4 O defisckly dfiveinel s at

through t NVGSUAGE TSGR WEIRRA0 QTR THENETS 20 CloP By B BOTRE fbut o1 do. of
gui de 206 ag apparatus 200 and the bolts 20 releasably secured thereto.
[00122] Referring to FIGS. 14, 15, 16 and 17, feed system 404 feeds ..
- objects 20, such as bolts 20, to belt 200 along 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 tensioher 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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shown in FIGS. 12A and 12B. Pins 215 may be installed in guide 206 to
reduce drag and wear of the belt segments 201 as they travel through guide
206. Pi nswdbboemryssbe made of carbide or other wear resigcans2ovaies7ea@l t hat
can withstand the friction of the edges of belt segments 201 . The upper
and | ower ends 306 and 308 of guide 206 may be cut at an angle to allow
unrestricted passage of objects being conveyed by belt apparatus 200, such

as a typi ' ' ' . I j
threads a ﬁhﬁ}éa%%%\?gb\%a@#%tes%gﬁqh Eﬁ@n@ﬁé&?@ﬂtﬁe@é&n%%@ ﬁ%i”sl?gf erring
t288F| \AGE_- E}cﬂﬁa@ﬁ%né@ﬁgr 146?1 Iﬁ@lbalt@m?k a6furspthei prdundaticc@indapef assenbl y

, I ch may be nade of tool steel. ly 2
_s;:r ?per sI ﬁ@;@ﬂ%&“%ﬁqmﬁ&ugl’?h éeﬁg%Agﬁ[ﬁpdg%égﬁ‘fdza%'ﬁyg%m@%&e l 1(:) yZE)\i\Das
| rave f | t ; h
directly ? gbt A@‘é;&@?ég%sr%%gfiﬁs oﬁéﬁs%%ég'dﬁ\@%gﬁgﬁgﬁeﬂﬁﬁn?gl atg£ gﬁngdas

t he scrapencveéntrafivaives!aldR drosupipgrt 424 and abase opetationbefithe segtmtit s 201
t hat accunul at es arstha resul t, of coating process. Belt guides 206 may be

af fi xed t §YSEM P %Qé‘@ﬁﬁb@t%ﬁﬁ‘po ensure the belt segments 201 do not

di sl odge ¢ kl e ygdeidd® PICS S 1Breried 9020 ishdy  Ideflesor aption218.
[ 001 19] &e??r}ﬁi ng now to Fl GS.” 13A and 13B] defl ect or ’gui de 209 acts to

capt ure t HO8amay bermobrieddpetwpoft 4Hetorremave eRjedisikiromnditby use of a | ow

angle | ead-in 9 ich results in,releasi ' . 0bj ect 20
toal | ow i @Sﬁﬁwﬁgﬁﬁggg F15 Stcﬁ'éeggggl\lé’sgé%ggaéndd]ﬁ@{yg%gﬁ P iﬁéh)@lpt J

appar at us 5288mdNeds 200herapare b ¢ ef denedtersi20 as beltrsagmaits 20t ipassdevi ce.
[00120] FIGS. 14 and 16 show a drive system 400 that can be used to control

}:_he rrotioﬁhr@lllgbidﬂﬂéﬁlﬁcff%élzcogappar atus 10 or belt apparatus 200. In the
i gures, r, dr syst i i dr i i
IR S oD ST S i oS

200. Broa rive SysS supp , a drive wheel
402, a bolRIGf eed SplistamitBD mmylss usedtosalign replacestent Aips,202neh a hedf | ect or

thit |O(r)]n 4os,%gngeonqc12%l1], aﬁ!ﬂitx ?oi\r,l\qg %lacﬁ %%he%obt?elpgg&ﬁqggtsoﬁbﬁ ugiHhtaaafpe support
202. Splice unit 500 may include a base 502 and an indexer 504. A piate
506 may be mounted to support 401, and base 502 may be mounted to plate -
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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support 401 for both limted translation, and for rotation wth respect to
support 401 . Weel 402 may be rotated by any suitable notor. The ability
of wheel W02oda208sans! ate all ows for adjustnent of the Pemaiscovsomsdel t
apparatus 200, and for detection of belt breaks and jans. Teeth 410 defi ned
by drive wheel 402 engage w ndows 210 of belt segnents 201 to provide
notion to belt apparatus 200 and the bolts 20 rel easably secured thereto.

20, such deOBBPIdSB00 plipriopureyBte paagehseRed sREEdeaRatt Pl %on”
support 4&Gbganitl bet slRjniedf Jﬁdpwl‘y Jarabeesiringhat theacryrrespdmluh@cmam hiashi on.
hj ects 20 may be guided fromranp 412 into clip assenblies 202 by teeth

416 of a meatmﬂgnt@dﬂaéhavﬁwerdma’f%t nay be mounted for rotation using a

sultable SURPSET 4LEHiosHRY rhEnIEN Bl biedBBRhactAd GiBsany suitabl e

fashi on, gui at may a rmunte to support 401 . A
spri ng- | oatefdcps vbbbjegtd torige eod2d atﬁygrbepeeximﬂﬁduglmvauptps)coam@, and may

t t h obj ect t t 213, as_t he, bol t fed
b cl 1 dosenge) Whls pesucing fas o plia: Medr Faipr St Wif 8 Mafede
sui tabl e hgl fo1d 08| ?ém!f@gfﬂa sbbbidtes fH 4 fixEd pbstivhl at.oridér etd pbiatsi oner

406 is a p eumatlc at ed system manuf actured by Festo AG & Co. of
Ger many. aniﬂlﬁetrmlsClassrAsoa’amoadh@ugbjetcheAﬁ@srelSUBnthﬂd%ﬁQ&ﬂ@d\MfP@@ng402 to

provi de for on exe. || a pneumatic

cyl i nder ({;'atsﬁ 'iqﬁﬂ 'ﬁt'ﬁ ee”'%'fﬂf g‘ﬂgi{‘f’m%sﬂeﬁggjé&%%%el t tensioner
406 al so d@é@i@gg pb:@?brttlifdé@ihg tadehihass. |f a belt jamoccurs, the belt tends
to cause support 424and wheel 402 to translate agal nst the pneumati c

cyl i nder dP0123fki onéNhaums pavicdlar eptiasiaentsad thissingemiian h%‘f%ﬁﬁe'@)ccur s, the
pneumati ¢ féolsr%hpgﬁ SaxlbgplgtrfWB?n é?@H‘st?aﬁ’@A Gt Wil RYSRdSHPRS O@bsé%ﬂlllé d vheel

402 away f er case, sensors may be provided to
detect t hanahearithb nupvsroas vadbtiomeef théGRtaits eiﬂhpqrr&séﬁﬂnaemtlcnemg

operation of the coating system an rive 4 00124] Referring
to FIGS. lmamagsayithout ngQa"tm A tgeinveefgpﬁe%st tgﬁ appandsd

claims.
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408 may be nmounted to support 401 to renove objects 20 fromclip assenblies
202. As is described above, objects 20 may be pushed fromclip assenblies
202 by r awp=o@l2essh defl ectors 209 as belt segnents 201 ppaas2a0snesrghn

defl ectors 209. [00125] If desired, system 400 can include the splice unit
500 shown in 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

segnent s i KPa?202. Splice unit 500 may include a base 502 and
an indexeﬁﬂéﬁiﬁéxgﬂﬁgﬁgb§§6 may be nounted to support 401 , and base 502
may be nounted to plate 506. |ndexer 504 may be spring nounted to base 502
in any suitable fashion for limted horizontal novenent with respect to

base 502. 4Pr ef wgﬁl HQ% §te&ﬁ'ﬁ§r\,\ﬁ5%‘f@tr Horétf Apstafibnidia ﬁcﬂ?&heﬁérface of

base 502 around Ich |ngs may be nounted that bias
i ndexer 5@datiwgio &n ob]do:ahawﬁgan dlongatt p@m;an, ¢oripKReing504 can be noved

t d f t bel t he,f
then locked i n_pl ac8 SYOGRpoR. et ENAVIG p skt pRe EgiTpl dipiBeL "Se; ™
Screw (noten%g@@)(hér@ﬂntﬁetﬂérr@t’élﬁ% ﬁ]@ﬁw&khéllhlﬁng%afetémr igh splice unit

500 whi ch n rotated, |ocks indexer 504 in place. exer 504 may define
three | ug postiosed 4o relassaug relsisthenelopgate Mbﬁn@lf “W]PEFPC tothedhrld to

bt are al roady moBibe TROBRGRET BoRNUNT SndafeBRoW MEEEMIRITS %o0s

may be usedijit angeceive a lug 203 that will be nounted on a segment 201 (if

a clip 202 is being replaced on segnent 201) or a gair of a(}l{tacﬁ% segnent s
201 (if a clip 202 i@ Qi@ﬁ?tﬁ@f)hﬁéﬁcﬁgai"ﬂﬂ Hnl‘:\bﬂ)oe%@w EHI8geME WigldiRt a clip

202 to one seg ir of adjacent segnents 201 . Thus, inserting a
nmounted | ug or %hn@ﬁ%gs 203 inregistrations 506 and/ or 510 ensures that
a lug 203 inserted into registration 508 will be aligned properly, and

ensuring that the corres din 2 has been n ed.i t,he _proper

| ocati on. 4-0012d)e %@erﬁrogiar\'f“ ?H&@ﬁ@ﬂﬁﬁegpﬂﬁ%%% legfu'ﬁ]ﬁrﬂn d?%gp(} gss A

surfaces ‘i’éaalan%célﬁdé thdtfbsPRLEeEnghgd He shRREBUS MR dBlehstusngoating |
retaining member positioned relative to the at least one guide member to :

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.

5. 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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processes, while reducing the risk that those coated surfaces wll be
marred, by releasably retaining those objects in a fixed position at one or
nor e poi Nwe 2006/i2b8senon- Cl ass A surfaces on the object. ReTasc@swobi72ot he
deposited coating on the Class A surface is nore uniform and includes |ess
defects than previous prior art coating techniques. [00127] \Wereas
particul ar enbodi nents of this invention have been descri bed above for

purposes of illustrati i ] . eV . t i KLh the art

t he nuner bus vﬁ?fﬁ%ﬁi%?la{rﬂ\g’w&eggllnsgéocgﬁaéh%rge@gﬁﬁ qﬂr%ii}ledr?? ?oﬂr? may be nmade
wi t hout depaasdbg rétarnatlibast anpenionast sthréeded pdrtiom dftibe spplimdeibre! ai ms. WHAT
IS CLAIMED I'S: 1. A continuous systemfor the el ectrophoretic application

of a polymeric coating to an object having an el ongate portion, conprising:

a conti nugus b% H}ﬁnggh@#ﬁymrﬁﬁﬁga&qeﬁ%r{eﬁ%@inqgngg,nfﬁ@rud@ggaged

therewith, the bétsé(lmn er I nc Ing a retaining portion positioned to
rel easabl ¥ sigsing pottivn khving atdegreasingheighttadsemebgered framtilsdasel t ; a drive
mechani smin operative engagenent with the continuous belt; and an

el ectrophoretic coating unit in operative engagenent with the conti nuous

bel t. 2. ghe SyRLamfim of Bjafn's, WRIEITnENA 1EaSdraqude bRdmbbrnasits | nCl udes

at | east one gui er that engages the continuous belt, the at |east
one r et ai greajestemdight pesest theadtaivingtmembes t he at | east one gui de nenber
to releasably retain the object therebetween. 3. The systemof claim 2,
wherein the continuous belt includes a plurality of guide nenbers and

retai ni ng1aENDEhS 5\ R86GH i aTRmseirnasichsomslof ehelt juidetmetnber nadpect i ve
retaining menber to forma plurality of retai nir&% units positioned al ong
&

the bel t, eaabletainipg cnernker inckidesriySadile Posian el eaMBMEdPALAMIPY r et ai n
one. obj eC%'u[f%CeB?%esgﬁhgmeoﬁorﬁbﬁ'oﬂl’?’e o%%{.e' n each retaining unit is

posi tione

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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rel easably retain each respective object in the sane |ateral direction. 5.
The system of claim4, wherein each retaining unit is positioned to

r el easablwonredsaizossa cyl i ndrical el ongate portion of thepojusedosés720rhe
systemof claimb5, wherein each retaining unit is positioned to rel easably
retain at least a portion of a shaft portion of a bolt.7. The system of
claim6, wherein each retaining unit is positioned to releasably retain at
| east a portion of a threaded portion of the shaft portion. 8. The system
of claim2, wherein the at | east one guide nenber includes a sl oping
portion hayi ng ThedRetaasf tihiimel 6)Mhasimhesatieastforentormpohersds 9. The system
of claim8, wherein the at |east one guide me&_}ber has i.ts greatest height
near est t Reskienad e kg inelgsdrical pontagh withya plia VQfI%@W%?g\RéJ%F‘@?W at | east
one of ea i r and each retaining nenber includes a saddle
portion t%g?‘g%%%ﬁgrﬁr%g%ﬁb an outer surface of the elongate portion of the
object. 11. The systemof claim2, wherein the at | east one retaining

menber includes an arm parti.on positioped tq.releasaply retain the object
bet ween t A8- ar MsoTysteR Aipifhb \/&teer@gh@p ?9‘?3'“@&?"8 ’”ﬁ&%@r‘a_n 12. The system
of claiml Ct%?ggﬂ‘\?ﬁ%a%@sﬁ%“i‘pn is a flexible netal nmenber. 13. The

systemof claim erein“the armportion is adjustable to rel easably
retain objects of varying sizes. 14. The system of claim 13, wherein the

ign i d ddl. i hat. . f
the. obj ectd: 15 Thrmatgaamiam bitahenconRtise e hleet Relhd MeRhadishl *o7
menber i s jadpbugdtRBl éhddpentimantbing dortialoudberct s of varying sizes. 16. The

systemof claim1l, wherein the belt further conprises at |east one
el ectrical grounding menber positioned to be in electrical contact with at

at Teast e componeiem & Bt IF eI SRR B Rl 1L R 2

at | east si {i’'one n el ect contact with a
pl ural ity jedlugeenbipper feneeerirgpatgedtsdo behfedbel t .

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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18. The systemof claim 1, wherein the coating unit includes an

el ectrodeposition coating system 19. The systemof claim1, further
conpri si myoanaukpsset feedi ng nechani smin operative engagerosedosoedzbo t he
continuous belt. 20. The system of claim 19, wherein the object feeding
mechani sm i ncl udes a hopper for receiving objects to be fed. 2 1. The
system of cl aim 20, wherein the object feeding nechani smincludes a

conveyor in opekat i e te W : - tiglous bel t.
22. The s;?gtem%g‘]% Sé’%ﬁ%%ﬁ,%%f’efpﬁh ﬂ%érﬂgflggg%fe%m%h?@c ani slm is selected
fromthe @hgugem@ﬁﬁh/&hitﬁéc@btiﬁgmitl f eedi ng mechanism a nut feeding
mechani sm and a washer feeding nmechanism 23. The system of claim 22,

wherein the object feeding nmechanismis a bolt feeding nechanism 24. The

system of gl ai , r.1.G rd S : Aol rative
engagerrentz%\'/vi t hr-‘qht19 he Spgeré I r%éiHrrﬁ’h%ﬁhéﬁ?@r?EF@#H?E%?%&%'P%%4, further
conpri si ngogitipast in cosenumicatiomwithehecbatnguggenent with the coating
unit.26. The systemof claiml, further conprising a drying unit in
operative engagenent with the coating unit. 27. The systemof claim1,

further c ri s i j ' fora@®aditim comuni cati on
with the ?dgz;ti ?gégsﬁge%g(g%‘%lﬁgﬁ@gﬁgfgpﬁgfﬁg?%? f%)éf]t her conprising a
st or age urmiommunicationnitbdhemoabinghinithe coating unit. 29. The system of
claim1l, further conprising a recirculation systemin communication with
the coating unit. 30. A continuous systemfor the el ectrophoretic

appl i cati g, of ThePQ)XERN HfCCISIRRY | filthbp campebingcd réwrculaioarsystengat e porti on,
conprising: an object feeding nmechanism a continuous belt in operative
engagenentcommunication wéli thg coating unit.

30. 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 in operative engagement with the feeding
mechanism, the belt having 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 bel;

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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mechani sm the belt having at | east one retaining nmenber engaged thereto,
the retaining nenber including a retaining portion positioned to rel easably
retai n t hwoebangedse portion of the object to the belt; acurise@smesrd@ani smin
operative engagenent with the continuous belt; an el ectrophoretic coating
unit in comunication wth the continuous belt; and a drying unit in
comuni cation with the coating unit. 3 1. The system of claim 30, wherein

t he conti nyous t further | [s engages
the cont i Highe Bane oPheER wlintdfefhel & Rinbe putdIO o TERRRAGLER, PO Ve
to the at phgasShe®BRNGUhEDNEBRER réspactive asining ueitaositidneddbj ect

t herebetween. 32. The systemof claim3 1, wherein the continuous belt

i ncl udes relphsatdy retgingdng)abigst.menber s and retai ni ng menbers, each gui de
menber positionedrelative to the respective retaining nenber to forma
plurality of retaining units positioned along the belt, each respective

ret ai ni ng3@ni t TReystern of cladmr3sl, edwabinyeactt mtainmgeunibjsquasiti@®d tPhe syst em
of claim 32, wherein_each retainin 0Si Ei onefd.to rel easably retain

yeac |
each resp&ieagablyFpta ea f%%ﬁﬁ%gpét%%ﬁhse R {35 HEClqe “syst em of

claim 33, wherein each retaining unit is positioned to releasably retain at
| east a portion of a shaft portion of a bolt. 35. The system of claim 34,
wher ei n eaddh r gheisysten ohictaiins3Goshareimeath wiaigingagribisyposdioned &t | east a

portion of a threaded portion of.the shaf t] . The systemof claim
30, wher eiplepfRbIyEptRIN gfrlﬁﬁﬁfa@&ﬁttﬂq gfe%sa?fttlpg@gqn (g{r:aebé ectrical grounding
menber positioned to be in electrical contact with at | east one conponent

of the system 37. The system of claim36, wherein the at | easf one
conponent 35 pddietsystarnd of claie 34 véerein pach retaimngcunivs POSNISTHA ity of

o ouncl v gECEh5 BR b RRGF PRehF e ool BT HEHEUER St %0

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 pluraiity 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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el ectrodeposition coating system 39. A continuous systemfor the

el ectrophoretic application of a polyneric coating to an object having an
el ongat e wonveaosseonpri si ng: an obj ect feedi ng nechani auU/B2@G6HMR87DUOUS
belt, the continuous belt including a plurality of guide nmenbers each
havi ng a base portion that engages the continuous belt, each gui de nenber
including a saddl e portion that is shaped to conformto an outer surface of
the el ongate portion of the object, and a plurality of retaining nenbers,
each retaining nmenber positioned relative to each respective guide nenber

to form azpl uralédntindbus elysien fig thaiclsctipdiorétinashlivbtiog of Aepdighericeach
respective retaining unit positioned to rel easabl é retain an object, each
r et ai ni ngcaaiing:to aaebiegt haviaeAnRIPhpate RYtiPR! eBRBPNIr et ain the el ongate

portion of the obj eéh &E%&qggdihgqng&“ Srgerrber and the retaining nmenber; a

drive mechanismin operative engagénment wth the continuous belt; a coating
unit in conmuni cati aercomitinhotid beltpihici condinsiobs lbelt inclddiagdr piunglityieft i n

icati ith th ti it. 40, ti t f h
Gl 661 T ophGHE BORRATF 361 GAVED & Dase pheiar el BnPRUY BISEPUENME B ng an
el ongate parf Pite R ThdIAding ﬁé’dic%tpcirﬁ‘@mﬁéﬁ iSTERA5EH B torFofiANG iafuous

belt, the continuous I ncl at ‘| east one guide nenber that engages
t he conti outersusiaice,of dme elngata portioneofitbe abjgaigantapiurality ofdetairiapl v

retaining the elongate portion of the .object to the conti d J L, a
drive mecHINBRIS: ﬁ%S%&e q'%”&fﬂéﬁeﬂ%ﬂﬁo'{ﬁcﬁ?l?t&? {50%%9?}1{?3%8%@? Q;ﬁ'd% coating
unit 1n ORGERAbENR %@?MItyMPé’taErﬁﬁg A posiaoaedaldng thedelt, daghng unit in
operative engagenment with the coating unit. _ ]
respective retaining unit positioned to releasably retain an object, each
retaining member having an arm portion to releasably retain the elongate
portion of the object between the guide member and the retaining member;
a drive mechanism in operative engagement with the continuous
belt;
a 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 of the object to the
continuous beit;

a drive mechanism in operative engagement with the continuous
belt;

a coating unit in operative engagement with the continuous belt;

and
a drying unit in operative engagement with the coating unit.
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