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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

separated from each other with some degree of force that, typically, results in



touch point. Touch points may al so be fornmed when a
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to the belt while the parts travel through the coating
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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

process, and controls, to some degree, the areas where the touch points
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process, and controls, to sonme degree, the areas where
the touch pointsappear, this systemis relatively
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feeding the object onto the continuous belt by a feeding mechanism;
positioning the object to engage a retaining member, the retaining member
engaging the continuous belt such that a retaining portion on the retaining
member releasably retains the elongate portion of the object to the belt;
conveying the continuous belt with a drive mechanism,; electrophoretically
coating the object on the continuous belt; drying the coating on the object; and
releasing the object from the retaining member.

[0010] The present invention also provides a method for the
electrophoretic application of a polymeric coating to an object having an
elongate portion on a continuous belt. The method comprises the steps of:

feeding the object onto the continuous belt by a feeding mechanism;
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feeding the object onto the continuous belt by a
f eedi ng nechani sm positioning the el ongate portion of
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@014] FIG 2is a top pl an vi ew of the continuous
Ithe'cdgims | ustrated in FIG 1; [0015] FIG 3 is a

side el evation view of the continuous belt, as
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read in conjunction with the appended drawings. In the drawings:

[0013] FIG. 1 is a perspective view of one embodiment of the
continuous belt of the present invention, releasably retaining an object in the

form of a threaded bolt and washer;

[0014] FIG. 2 is a top plan view of the continuous belt, as illustrated in
FIG. 1;

[0015] FIG. 3 is a side elevation view of the continuous belt, as
illustrated in FIG. 1;

[0016] FIG. 4 is a perspective view of the continuous belt, as illustrated
in FIG. 1;

[0017] 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;



formof a threaded bolt and washer;[0018] FIG 6 is a
top plan view of the continuous belt, illustrated in

wWO-R@6/02087¢ 0019] FIG 7 is a side el evation vi el DUS1008028757

continuous belt, as illustrated in FIG 5; [0020]

FIGS. 8a-8d are a series of side elevation views

illustrating rel easabl e retent of .an object to
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tic side elevation view of the coating system of

thé ptesent invention; [0022] FIG 9B is a top plan

\Joeweof theFlCoatisrgsidy si@mtioh vidve of thes emtinunusritelip s

l%é% is a perspective view, partially
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[d?@l?@bréﬂe@t irhERtibf; @ perspective view of an alternate
clanp for the coating system [0027] FIG 12Ais a

Heo2zkct i vdIG. &R isfa tapeplen vigye of heseaatinbosysiera ajéhe present
a paratus provided by the present invention; [0028]
nEn 'ffB is a side elevation view of the apparatus
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view of a deflector for renoving objects conveyed b
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the belt_a paratus provided by the present invention;
[showwy indrlg. 194\ i s a perspective view of the feed

96L8M shovm@_ N1 {§a perspective view of a clamp for the coating

system;

[0026] FIG. 11B is a perspective view of an alternate clamp for the

coating system;

[0027] FIG. 12A is a perspective view of the scraper system for the belt
apparatus provided by the present invention;

[0028] FIG. 12B is a side elevation view of the apparatus shown in FIG.
12A;

[0029] FIG. 13A is a perspective view of a deflector for removing

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

[0030] FIG. 13B is a side elevation view of the deflector shown in FIG.
13A;
[0031] FIG. 14 is a perspective view of a drive system and feed system

for the belt apparatus provided by the present invention;
[0032] FIG. 15 is a perspective view of the feed system shown in FIG.

14;



14; FIGS. 16 and 17 are perspective views of the drive

system and feed system [0034] FIG 18 is a top plan
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el enents is not provided herein. [0040f In the present
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invention, a discussion of such elements is not provided herein.

[0040] In the present Detailed Description of the Invention, the
invention will be illustrated in the form of an apparatus for depositing a coating
on an object having a particular configuration. To the extent that this
configuration gives size and structural shape to the object, it should be
understood that the invention is not limited to embodiment in such form and
may have application in whatever size, shape, and configuration of objects
desired to be coated. Thus, while the present invention is capable of
embodiment in many different forms, this detailed description and the
accompanying drawings disclose only specific forms as examples of the
invention. Those having ordinary skill in the relevant art will be able to adapt

the invention to application in other forms not specifically presented herein

6



the invention to application in other forms not
specifically presented herei nbased upon the present
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illustrated as a nethod and apparatus for coating on
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[0043] Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are reported as precisely
as possible. Any numerical values, however, inherently contain certain errors
necessarily resulting from the standard deviation found in their respective

testing measurements.



necessarily resulting fromthe standard devi ation

found in their respective testing neasurenents.[0044]
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tcmd ofamapaJtaecuis Rt zxaoypie beheredbetapjed iy e>dem thehplengate

5to R IndboiS bt e B Al onfio® Boub i eaet s

REriémplated tigdtan dujestaiag havatnhove thih todd elbAgateeortion.

di scussi on bel ow, the coating

[0048] For illustration purposes only, and without intending to limit the
scope of the present invention, the object and elongate portion are illustrated
as a bolt and bolt shaft, respectively.

[0049] As set forth in detail below, the Figures illustrate a continuous
conveyor belt apparatus that can be used to convey an object, such as a bolt,
from a point of origin to a destination point or in a continuous path back to the
point of origin through a coating system. In the discussion below, the coating
system may be an electrophoretic coating system. The 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

8



system may be an el ectrophoretic coating system The

belt apparatus nmay include a novable belt to which the
wobjeors7ar e rel easably secured for novenent weaTUS1005/028757

belt. The belt may be fornmed froma series of

beltsegrrents that are affixed to one another by neans

of cou devices to forma continuous belt of a
dRegPait sﬂE%ig@q@ affiked feppe @88&&53&! BgAND ef spURlR devicss o
S@Wf§80hmdé bérf‘?fé B%Sl%‘d fereftdl ?ﬁ%%@&%&ﬁt@@?ﬂﬁe of any

need not be of a uniformTle er o
acs=sireal leagtmayndiihe dflti seednads e berh tthabdltasdtmot be of a
ase obj e

SHTERBI IegOIT b nUTRBErdn b ASS B E S ShS Ehieanie-the et and
eé&%'a%ce?tn$§‘t%ifr{5, d&hvég%rﬁolléleaé@b%gcﬂssasaaﬂ@w L 28 @%H‘éd The

surface enbodi nent, the ass sur faces
t¢lip asdembliasainay icngtad&dobekamglmfetshafb@fdhediolibwhlah is a non-

THBeE slirock, Pt inbprrad, B CLRRRES i fsn otihedoiia
SIHE;Ifu@ﬁ@thh@fbdlh%ﬁﬂr{ee@yndt% |ﬁ@dnta%ﬂ@ﬂﬂ\aél?5ﬁ partitf the belt

novenen belt, and, accordingly, e novemnent
ofppaistushj Brarefargano fouchapaintshare areaielomitie ClasayA perfaces of

5 i the o Eabout Y Thg Mool ife REBLER fBoRTnaly,

cipeURYesMeKBbEIe, oiécts thataite Ritaehet e thie/ pelt} rla:ay bescontrolled
shown in the Fi ﬁ_ures bj ects may be fed to and

i Psadrivg sygtesnt @ecdrN@ %@%@mﬂané%e 8RY KgowRsYysten fir driving

t I
R4 Boh i dlis bl PSR Sents, Bl B BERIS HHE LS
fshmown rethel! Fiparesy @bj@efé i@l e fgditd@ndniaserey ifte the clip
p03|t| oned at a desired desti nati on oint wt

RGeS UsIRGANYK OF ey lRoWR PHET B Thgt Swgemﬁalfg%&ag@ fged
f: u
PSstoe BRI PRALEL. TSRS 0P SBSEATTYR e i
aby awiaficaionigugecthat trayclae pgsmonekd agaamsabdldasjanailcﬁn point

requi rred by, .the coati system..[ 0050], The enbodi nents
Jdainithe GORERG SYE R AapraRer hp PIBIVELAT ¢ Bakt of
sthe®eltdppirbRls 3?1#5 ﬁﬁ%h@né"ﬁi F&mé\l’é ﬁfr@@h' H&ti&PfroM e ¥ides of
nor e reasons I ncl udi ng: first so t heé appar at us can bhe
ubedaéltfoa pu tmseﬁg)fm@mm ing electical rgEguUdingoapabilityt, df required

gtye@ cal hea‘gl extrenes, or other adverse conditions
?Rﬁiw Y8 Moul d deteriorate or destroy ot her

"1%050 jal typRS enftRiMientst dederibed teréwaihie rh&(% b@r&fn@fructed
ird, for durability. Other materials e used

dremetainlass steel arerner able metalialieraative 1%?@ Oﬁ?sﬁréﬁﬁ)re reasons
including: first, so the apparatus can be used in a coating system where it
may be exposed to chemicals, heat extremes, or other adverse conditions or
elements that would deteriorate or destroy other material types; second, to
provide rigidity; and/or third, for durability. Other materials may be used as
dictated by the requirements of the coating system.
[0051] Turning now to the drawings, FIGS. 1-7 illustrate embodiments
of the continuous belt 10 employed in the system and method of the present
invention. The continuous belt 10 releasably retains one or more objects 20

thereto for subsequent treatment through a coating process, described below.
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[0051] Turning now to the drawi ngs, FIGS. 1-7

illustrate enbodi nents of the continuous belt 10
weegboysas i n the system and net hod of the presPOr/US2005/028757

i nvention. The continuous belt 10 rel easably retains

one or nore objects 20 thereto for subsequent
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RSB Wterichinr SRS fiTHBRT inipss steel
halh@@dH Blt 60N sBALH @Mhdrizontal CBARG BB if Balnder&iesd that
configurations, such as, for exanple, a vertical

c@ther ggnfﬂurahon%rswh %a@or@ammﬁ; gesicabeonfigyratien, or an

caPIRH EEnRAtA PR Vi ERDI efr ey Bl G Rrbare
[ M%ﬁiedﬁ@tm inchgedeniisin tA8 staye bétl’@;ﬁﬂetseﬁﬂmeﬁﬂorbd t
10 and may include a retaining portion 16 that, in an

o9 2hosi t | BRtaiRiAg ragmPer 32483V Pe Pegiionsd %P@Efm@@d. rRay
SRR DR HLpIRRC FOLIR Aerioolh L O PEAGre

tawmbu @lgjectZD incorder to fetainfabjeebdintal lselt 1@1 Relainihg member 12
12 b d | t
"Bk be A PRy 08 Shap&Ra A qot%%tréﬁam?@'a%fa%é’ﬁghc%%ﬁ oY 0.
(Rl
exbeoURHpRY ratamﬁﬂgzﬁ{énﬁm J oy hhg g@@é&&cl%ﬁ{pg B&ining

elongate portion
pmpebermaummr@almmg bertion 6 m%eaformmg ameeﬂiemdemarra)portuon

ek, e i, PaaBORapIE DveL fie ebnofle utibiZy Sfuat 2 when
08b]bBE2PIs3%8Pry BHERISOn bER 11D rRétalmngh%mB@r ndyeve

forned | eXi bl e corrosi on-resi stant conducti ve
nf@r@eda:f anwewh@@,t mpterial thateecyrely retains chjeel 20 to belt 10. In

e TP bR RS AnreSEn IR ERftER, Il o ik ey be

1drimay of acilaxilsie zobasP rpfsdistadticdridaittive nrretale dué® as BRiminum
strip 14 of the_belt 10 by fasteners 13 that extend

t B %ia@lﬁ&%féegk riRefaining mgm@%r 2Py beseeweddo beltil byany

SARREYEE i ] gl cf S AR kP13 iRl o
base plate 11 that is secured to the strip 14 of the belt 10 by fasteners 13 that
extend through the strip 14. Any suitable fasteners 13 may be employed to
affix the retaining member 12 to the belt 20, such as, for example, rivets,
bolts, screws, and the like.
[0053] Retaining portion 16 may be any size or shape that aids in
releasably retaining object 20 to belt 10. For example, and as illustrated in
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
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bolts, screws, and the |ike. [0053] Retaining portion
16 may be any size or shape that aids in rel easably

WO edoajozismgy obj ect 20 to belt 10. For exanpl e, BPOTUSN05/028757
illustrated in 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
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xﬁqjewt@%lnm rejaipongt emgag@ﬂamwm retaﬂmng peitietel G rretaining portion

Al 17 that ts. t
B B B e o weBingSbRid 17 et Rt Btsining,portion
Oi\aarroﬁqm% clodt8 hosHiohaearPbpaPpesitioR @vepthelSHer sbﬂgcé, Bf object
detail below Retaining portion 16 may be forned

%y asedescribed sudetatlikelowr RetpigingapPiion itamay e f@m@dtof any

A R .08 AP 16 et
retzfinglportiet 16 & flmieelt &l anivizgeniad helris T3mpatibkewithite material

enmbodi nents of the gresent i nvention, retaining
5bat fosms Tetaining Gremeaenl 24 I castrin embedimests At ﬂ“@sp@ﬁﬁﬁi

néjr:r{E)tn A@ﬁrﬁ‘ﬂ%g(ﬁ b{)ﬁﬂon HYofhedof f%l§ goﬁngsio@g%é%ant

alnlng porti

fszmjntjaghm} triziterkal esuch adalumietai on stgindesd stesl. 1Althaugh the
ormed of stainless steel nl n ortion 16.m
detaining perten K May bR anp@@ﬁaﬁ SRR har N ERIEINh Ognon 16

48 %%é&@ﬂta%@fé@%@ﬂaﬁﬁ%béﬁ% 16%Jf 0350%o0 0.70 mm thick.

retaining nme rectangul ar panel portion
t[pas4] ncl udasanathea‘tanbodnmemblaftMpm@enbirwedtlorm illustrated in

j t 20 0. As.ill
T A el bR anemwera s ey b 2 frbtang IS pdie Bogin et
ELBES bIrBRiNAG ORI NG 0 BT RiiANG e AETDR bAR10NAs

is integral therewith to rel easabl {nretaln obj ect 20
tidusiestted, refainingtpertior Abdaayrbatn thestaiimofrayflex rm portion that

ma rﬁgsnﬁs ri‘uérregadp Iﬁ'@ d‘ﬁ §m%)]e%9 g?%/n %lﬁ@t&; Feﬂ Qhér%wit%qgrrale]a%a bly
retaln object 20 to belt 10. In this embodiment, retaining member 12 may be
secured to belt 10 by inserting fasteners 13 through leg portions of retaining
member 12 and to belt 10.

[0055] It is contemplated that more than one retaining portion 16 may
be included with retaining member 12. It is also contemplated that retaining
portion 16 may include more than one end for retaining the object 20, such as,
for example, a forked or pronged end, having two or more branched end

portions, which extend over elongate portion 21 of object 20.
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menber 12 and to belt 10. [0055] It is contenpl ated
that nore than one retaining portion 16 may be
WO p@loesds Wi t h retaining nmenber 12. It is al SOPCT/US2005/028757
contenplated that retaining portion 16 may include
nore than one end for retaining the object 20, such
as, for exanple, a forked or pronged end, havin bte\rNBZ
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alum num or stainless steel. Guide nenber 22 nmay

sealvining os staipeps staabn GLide marnkee? fnaydawe@#r?d %o strip

secure er | r

G BRI b0yl 0035 bl i G oS FTRt. For
fe'?@nﬁ:ﬂé | quidd ni¥mbére2b aldy Ay bées@@rtEHBIS(smiJr@th)e strip 14
that extend t hrough the stri p

D&éh%h@ﬁéowaﬁ@n@ﬁ%( @@owsl é*ﬂ@tu %t@mféﬂuemfé thﬁeﬁ%@rﬂzzﬁ\ny
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P07 sugiviad efomexhnaipie, 2¥ets ) bdits, screise ahdithe tike.one or
ortion of_  whi

| nb
ggégﬂfegg 1 Morterieain PieSe Ik sude mamsors painay be ne
f
ey o g TR r Pl s
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Loring BanbersapenDRiangoyed uibg HRAber 28 dy Relyln g pair of

cﬁﬁhé nEmBEEg EFo%f@@%’méOéh@és Glﬁs@‘étecﬁ'gmdé/\ﬁ@n%ér 2t may be

portion of the gui de nenber 22 " ncl udes a

sm tipe ftgnp@fra pain of ardvie ﬁ@%’lgllmﬂf@fé@'ﬁr(ﬁ IG8i 140 oadn the form of
a pair of wedge-shaped bodies (FIGS. 5-7) wherein at least a portion of the

guide member 22 includes a sloping portion 24 having a decreasing height as
measured from its base 26. The sloping portion 24 of guide member 22 may
be in various orientations to aid in guiding and/or retaining the object 20
between the retaining member 12 and the guide member 22. In one
embodiment, illustrated in FIGS. 1-4, the sloping members may be in the
shape of a downwardly sloping arcuate ramp that has a slight upturn at the
saddle portion 23 nearest the retaining member 12. In another embodiment,

illustrated in FIGS. 5-7, the sloping members may be wedge-shaped
12



measured fromits base 26. The sl oping portion 24 of
gui de nenber 22 may be in various orientations to aid

w0 pooge@rsig and/ or retaining the object 20 bet WePOS1008028757
retai ning menber 12 and the gui de nenber 22. In one
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orce he "0 easeabl'y ref

tthé\@m‘ehmnm@tm ni ng menber 12 and the gui de nmenber
22. [ 0059] The gujde nber further include an
ilﬁeéhl ed sabitf Quﬁ@rmﬁ eﬁgztrﬂﬁY fLHﬁ'jﬁrHBC lugla gadndented saddle
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s 21,07 das ehiaet 28 beBhiled 2 el gEngBle borton, such
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belt 10 may i ncl ude a plurality of retainin

[0060] In certain embodiments of the present invention, and as best
illustrated in FIGS. 1 and 5, belt 10 may include a plurality of retaining
members 12 and guide members 22, with each retaining member 12 being
positioned relative to each respective guide member 22 to form a plurality of
retaining units 30 positioned along the belt 10. In this form, each respective
retaining unit 30 is positioned to releasably retain an object 20. Typically,
when the objects 20 are non-uniformly shaped, each retaining unit 30 may be
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
13



menbers 12 and gui de nenbers 22, with each retaining

menber 12 being positioned relative to each respective
w@oiodo2sesrtber 22 to forma plurality of retai nP@USIWS/628757

30 positioned along the belt 10. In this form each

respective retaining unit 30 is positioned to

rel easably retain an object 20. Typically, when the
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SH&%Je%ﬁtriu Is|o¥ vglrici)u. gl%te dobjects (e.g. bolts of differing diameters or
lengths) or entirely different objects (e.g. a run of bolts immediately followed
by a run of screws). For example, guide member 22 may be detachably or
slidably engaged to belt 10 so that the arcuate sloping members or
wedge-shaped members, for example, can be 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
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run of screws). For exanple, guide nenber 22 may be
detachably or slidably engaged to belt 10 so that the

chEApI! RelEh (Bat Faeeaaal Sra) LSt Bl 1 H tBeh aredcsttioned to
g\‘gh'bgﬁ/b'tﬁé ’COh‘%%Cﬁ'l QEE Ll & sHinces o @tg%aft@hs.a The components

I nation irectrons to receive erent sized
odnjudd be.sethesdrinipelt 10rhwihregdedhengagepoeTerio she brédilied Hbles

CRBHROTTER RS 1, AR, ST PPIeh  E W aiboree ok ot shovin)

f Jr-% f ' Lk
AEPTS i  RAEB S RRTS o, a ane

poskad tmigelt 10 at @edoue ladadions apongethedrank. var i ous

HoBERLS % o e S e Bt B e IEE  agehanie] theprocess for
P%c?a%‘pld@@act% RSari a@btreﬁhda@ﬁ@@eatm pFdtessUbERRDYIHE Besent

obj ect rthermore, tracks (not shown) attached to =
snvepionimayyneudewt igast commiecirica areundingimerbey 28 positioned

S0 RGP TR A5 nc ok r%he i of b AEfitTe
Ipostioriitaldng Wetni 0 fice e essatistictenaironad 96t Beteldéritsl
an el ectrophoretic coati n(_:i process, belt 10 of the

FriesEdn thepeaaessn Yihgn iemlaxrd, sleqtdealigrenediapdaempess 28 may
R N A R R e

p@ﬁiniigg?admﬁoﬁgldmi gqidiélmemhesi_aﬂ.e_lmceﬁaﬁnﬁmbb@imen\’ﬁ] of the
ground Tor the electrical clircult In the prqcess. en
SHFEFBYER eIt AN 'llaﬁ%@ﬁai'ﬁ&%me% grabindipoggembers 28

prﬂégteia%%‘é é%?e%cgﬁéﬁyg:%nahétii\fé détPhr tﬁ%{ﬁa%% %}%ﬁé& kd one side

opposite one or retai ning ne gui de
nefrahep 122f belt 1eand positiohed direatiys oppogiteeome es bath of retaining

i ti , d. il trated,i the Fi ,
JPETRET g R e mempe] 2.2 BEv:RF BrlnIRss by the same
cra8dnetd Y@,f ijcghﬁs %et%?ﬁsé@ﬁi seduré 8644iRAg nSerPBEr $2 4RdRr guide

strip 14 o and positioned direCtly opposite
onember Batth tae bekt2dl. nFagjenenstsd mag alsel bgdowaedofba electrically

A58 G55y R APTp RS B v
?gﬂ;'/vgf/z% %'E\)/%ed MRSTRRIChARish®, droendifhim@Pbelf238 eBAtatt Bleast one

e formed of an electrically conducting ]
reareponant of i cagting sysiews such aeithe Ariye meenanisrsoas Hascribed

T, b JBEL AR p U LYo rochen s aroundin
[0064] Turning now to FIGS. 9A and 9B, the continuous belt 10 of the
present invention may be employed in a continuous coating system 50 that
may include a drive mechanism or system 60, 82 in operative engagement
with the continuous belt 10 for conveying as an endless system through an
optional pretreatment unit 70, coating unit 74, rinse unit 76, and drying unit 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
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conmponent of the coating system such as the drive
mechani sm as descri bed below, to electrically ground
Wheiob/010878 [ 0064] Turning now to FIGS. 9A and 9BCT/URM05/028757
conti nuous belt 10 of the present invention nmay be
enpl oyed in a continuous coating system 50 that may
i ncl ude a drive nmechani sm or s%stem 60, 82 in .
oPEiRgi V&Y Ap BFRGASSRE L MITNRBIE GRYISRNEDYCBR plECTBPBEtIc
CONVEW : :
SRR R ik BECH RSy T ep eI AR ok tive
guuipdsgs oglyyant! vathouCodendigg 49 Hedimitl enphopadiculart he
present invention may be any_el ectrophoretic coatin .
SSPaRmH: E-aaigUELR SUEier 80 0B) DECESere g usiated in the
r | . .
S e R it (il RRETEY b et object.
d0068kses. Althdumigthearhjecis 0 may s mbausihofadorrddithe

ti be,. | L int t . .
PR bk D, Y eeRu s tinpcus ooy i arssant dupention
itzbi%ﬂ@' MR bbjEict fRedity MBEhBASH SR faF reReRaH, Bidhting, and
t he conti nuous system 50 wl| be described and
i fepdinorehjectsita bereoated. mlbe faedisg evechmnigodia fypigally includes a

ti t £ ' L1 bj : 065
TR 1S B €83l Ry R0 38lsBi.afy M BEC srrdionvevors
CER 9P tainBebitingbbjédte @M tHaHOpSerc®RIN Agtredfitiyd8ue to a
of the present invention typically includes_an object
fRieluagaieicaidhe Heitsid), esrdasstbed imgetadraelowi dde eaiyeyors 56,

f ' ' d f ' j 52
oS A8 S rtBnaPaRe: sych fe; RN L 1

| cornlegbr, @bgregih soRleyand phatforat comres/ot,cngrnity cobbey®9 and the
for transporting ob%ects fromthe ho [

( ! er 54 in a .
thkﬁeaTh%eeaiu&@e@Ba il @%mu?y %'@Pr\'ﬂC'HEgtaH‘é”W@IPPOQ@,305%'19
3¢ i 0. ' . . T .
S St e he RIS 1T SR BRGaR eEfo TR 8 ne
aoljetts maybeenmspartet diom deneeyneyor &6pirdo floe oontinuous belt 10

s , ity ,..and t Jik Th .
O B P R Rk ooy the
%&éﬁﬁngéﬂﬂicﬁ?n%§ BN O AT Wﬁ;ﬂ %Bﬁmqmtﬁéta‘?t, bh rﬁé}ﬁbe

same, general, direction so that the objects may "be
tassemded &oni vanousheorvaniionsl ha@earnsortingeand convering

belt 10 i I [ . di ti,on. The .f '
TRTRaTRT s SOE bRl T RetnS AL podeiis G i eg ot
adifitablabolt Roper, blsR@dktet Bnd MR ltaddNve9br iR hARIsARSHEb! ed
fromvarious conventional hopper, sorting, and

cemier¢iglhcavailahéntrem SpecteymarfitemationtGampansdivarpai o
q\‘?lic%?gaatn?dlt iissc&\tgﬂ'nrp?eﬁgs thtq}atr'rous object feeding mechanisms may be
employed in the present invention such as, for example, a bolt, screw, nut,
and washer feeding mechanism.
[0066] Feeding mechanism 52, and, more specifically, conveyor 59
may feed a plurality of objects 20 onto continuous belt 10 as a streaming
queue to a pick-up point at the belt 10 by methods 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 conveyor 59 is along a path that is in general
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suitabl e bolt hopper, bolt sorter and bolt conveyor

mechani snms are comercially avail able from Spectrum
wa@\adoeEs7on Conpany, Livonia, Mchigan. It i s PCT/US2005/028757

contenpl ated that various object feeding nechanisns

may be enployed in the present invention such as, for

exanple, a bolt, screw, nut, and washer feeding

AEREIRTS ANd YtERse R A ikye At FRIAINGIE BEmiadl2 AR belt 10, or
fb'n%ll§%dléie nSHINEY &5 |{5§re!§%}‘i feed a plurality of

cts ont 0  cont T Ruous be 't 10 as a streaning
CI()G%] to a As bkstiflupieaiat imFIGBe8beldd, Whdmycorginbods belt 10

k to t f di th t
DBeER ORI Giey 2 S lesBNpr At e HhabQuion ALl BeRive
Q:E}bé@&% ﬁ’@h‘?@edri?r% ABchSSsFEY, eéfﬁfpéf%cu%rlzlc%ﬁge eacg) guide

i's in general al i gnnment and engageneht Wlt
ratfjectrRhtpvardiretainiag omerbber 12.0 Asadisoystsiedratidve, gyidiedeember

e gatudg. oF GRERRS, 8%855@%968%@%%‘E@S&E:@ge-
NEERY rAémbRid Bifat TRETREE a Opmg pRRidPSL ‘h'a@lhgda Hécreasmg height
recei ve object 20 from feedi ng nechani sm 5

Py meagliead fomdraaey2i. 69jac 2§unay b@kﬁ@wr@bﬁ@mﬁ@edmg

5 g P SEERE mefonsd o AU RRnBE 2 B SRR hgrion

Fidemaeaee shaseptdBrdIRimelinglobjdtt Radevars Pét@lrmg
portion 24 having a decreasing height as neasured

Rs@bes. | 2d5pbistin 207ineed Depari wem@dfwm%@aeﬁg Ba, B5). Ifthe
G2 3Briign BROpRER 8 1Rt B pIBRS 22 B form of

cdrenaiel sl@?mghjaembe%)ont wela]g@l-shlapad gnergbemﬁeec? lﬁacyas batat least

|S|nacose or artia cl ose osltilon Fl

giyrtialjy retaiged, 35@ ﬂiﬁ)ﬁ"?%‘ﬁs g t%jegmg pp@l@@ritp&.{ewae
rﬁ@ﬁﬁ??@@ﬁmﬁ%feﬁc Wl%h@%{%«é&fmﬁr&é’ﬁﬁﬁték hEG. 8¢, as

S or we aped nenbers, each may at | east
pabjéectd is crrmmmelmblalbag geake meenkdrriy dbjent mlmmamagaiaming

S8 BT T S0 P e e o
%%@Sﬂ c& 2P BotaL ity THRIMSS bI%Qreté?ﬁihﬁ_&iorﬁ’&q %0 %g§é§ retaining

retaining portion 16 of retainin
qartienl 16rtompeni (@ the direntiod gl dls¢ arr@w) thie,seccert@‘ tbe object 20.

Bhbhe QoM H2B [t oAb I N BB Pt Brtace
Qireb h6r eidrivdied bBject 26 & Rircly bpén ebtaRfitg BBrtioHPTa!r mem.s

nd portion 17 of retaining portlon 16 may provide
anannenmﬁguanyn@ mgraber 12 and retaining portion 16 are forced into an open
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 (FIG. 8d). If the
retaining portion 16 includes saddle portion 19, retaining portion 16 may be
lifted over object 20 until the outer surface of the elongate portion 21 of object
20 is positioned to be in alignment with the mating configuration of saddle
portion 19. In like manner, guide member 22 may include saddle portion 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 fo assist in retaining object 20
to belt 10.
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area for channel ed object 20 to forcibly open
retaining portion 16. In this manner, retaining nenber

wda 2o0a/0208ret ai ni ng portion 16 are forced i nto aPCDPEIV05/028757
position, such that retaining portion 16 extends over
object 20, in the manner of a spring clip, to
rel easabl e retain the object 20 to belt 10 (FIG 8d).
| K0ERE 1 et al MPiRgIpdhe inbeserd InvRatigRdRClydas pelw@iity @fetaining

uﬁ‘?"f@fﬁé@o%‘?deﬁaéﬂ*ﬁifﬁéﬁ’é%a%@? RSP EonRldS ne o0, it
oggertetdiding meeshén Thpdsitiondrbralative iogeasiespiettivd feide

b 1 B o . i
t HFSO USV\PB%‘MBH%?EI&? b0 | &r@ce‘% ?ﬁ@ retain an object 20,
con e ou ongat e

atlon er sur ace of
pas dlscnsgedabb\/@,k@sems 20 ftam dssding menl‘ra&nsmrﬁ%g Obj ect

2&9@&22' 2‘ %%{%rﬁﬁg{a}g-rﬁf C@éﬁ/ rﬁ‘%ﬁgﬁ %ﬁ@%mé@éﬁgrﬁé&e@g
I
TR deSeRBIdRE 4d ARER GLAD BEARY Mt il Ilpodtidh each

reta|n|ngrre er 12 pos ativé to each
r@sjpe’cmG) indo mgagerr@mbmthmmcresloem\@ q@tlammigu unit 3 in the same
s_30. retaini u i
S5t el B A ar g nb Brdini T B3 PR Ao Hpisfted. For
aéké?ﬁ[bI@CWhé@l tha Dbt Q0SS @AhpleR) b@S ddchiolf 8GR in the
feedi ng nmechani sm 52. [0069] Referring again to Fl

gstainmoomit d0suRhthal aashvisaskofsmaieiespecivmbaly isipesiticned to

oy Infetrtin SRR TRIEY PO 182l teBEhid (2GS 52 may be

rlatcﬁio@emlmﬁalﬁ?@ménﬁ élﬂ:hstha’ﬁa Insit €& bbféict @4t b® dr@spedlinto a
Mlacent retaining unit as previously illustrated.

legliamping, (n%@apww@rvose@wegdoacg gt w.ee‘aa@mgtmeef;]amsm 52,
ﬁ%g{f‘mggc}zmﬁeagﬁé fde{b%@ Bedlt H’tﬁe{ f= %'g??tewlsfo éggé uc

each T éspective 'oned
t[@OBG] int h,és Sa)[m:ts RAarefed fnenbmletilr@methnlsﬁ%zhﬁo

oA oA W g BAInTRY ik SO G IORE Sa 1O, the
Cl‘é'té 864 b8 d‘t'é“triavélné?%né ?%ﬂ of b Fief ﬁﬁjl G&lt }?GC({ffl\}éH @/ bhGe

|ng chanismb ing a voi n the
bmechamlamﬁ@ antiar &2. shie diivesmegpagism FOPFDmaAsbebj eperative

f f j 52 t | |
AT S DR AT b e o
bsttitnakd skﬁlhﬁ‘ tlﬁ@bﬂ' §l§?<91 a8 f@Péﬁar‘nbﬁé’ By cﬁJnQBHtlé‘néﬁéBk 8hd pinion

t he novi ng b, driven by drive mechani sm 6
fgagensent, qfh@ f@eutmdﬁmahawn@@neetdm:u@ei beiow to provide

OrRS&&HeMFto the belt 10 and, consequently, to the objects 20. The speed of
belt 10, as conveyed by drive mechanism 60, 82, may be at a speed that is in
operative association with the speed at which objects 20 are being fed from
the conveyor 59 of feeding mechanism 52. Although the rate of travel of belt
10 through the coating system 50 may be at any rate, continuous line
production may be at about 18.75 feet per minute (5.72 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.
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engagenent with the continuous belt 10 by any neans
known to those of ordinary skill in the art, such as,
wo orocmx®npl e, by conventional rack and pini on PCT/US2005/028757
engagenent, or in the translational arrangenent
descri bed bel ow, to provide novenent to the belt 10

and, conseg}l\Jently to the objects 20. The speed of
hedtilio cdiseoyeat! B0, WhemibeHuarsss o cogting eiied0 is

e da BT o UR banee PeoBsarictfef B Wahabattig ddting
GPOVE0 beh 9 00dF the gt shtTRedidina e p thelidd am@et bhe etettical
of travel of belt 10 through the coating system 50 nm

@éomdla@.mrab@r 28 0mng mmaélwa plaraliny gl graLneinginasebers 23,

A i f . e s
%@%Hfogl i nsbélggg t$ %bﬁp‘t]ééé"g?tléefggﬁ @%Lﬁ{dsffg?ﬁe T\ SUHEN circuit in
anp prodeset elacotdingiynebeise (Ave mm)haarmn 160 Bamomey@thé belt 10,
center, allows for proxi mately 150 objects
e grsinding mmbersr%%wltm@ c%@ﬂ%gld@yéf apééfmed of
%@ &esfi ggweomaﬁgcrf@ Rl MRaPriae eher AE Afdt M least one

1S an e dre c coatlng process,
zmm?[mr@neof coaimg)systtemﬁ@: sath ag, for ezasyple, km:irhoﬂg@obrﬂrrve
e, at. | east

th
TR B0y By Rl G0 st s e BEIH ), GEEerpR] Sssembly
gaééﬁluédybéréwgmwbnasa? HP&GsdeB. positioned on belt

to ensure sat1sfactory ground for the electrical
d0OZZj t i n Beferepdepesiting peatings eythe swrdacenef tbeusr@sirale it
mech ni sm

conveys the belt 10, ..t he aroun
0P sospssanydp PRV S g malieliath tlse e R
ftﬁér@@h@fclé@nrﬁb%}ﬂ/d)rc@édréaﬁﬁgdh‘@bUthré\t@tﬁlrfa@Je |Aais regard
ride over and contact at |east one conponent of

epsionagprefreatmesouriti €@ may, mr:brdeea( glegning W@mothgt prepares the

ShrEEp TR DL o (Gt IR e SO BLL R B be

idisetidd bwaay pHesical &Oariémusglf ipeand Rnowntin rmge efabuclyason

the surface of the substrate, it may be necessary to
eraiweatgﬁdmth@rsuﬁﬁéﬁprh@ ﬁ;etvarcak. (FH9HtRg sygreasmg with

Suﬁrﬂ&%l}ﬁ,ﬂé‘\@%l&&ké 8f aga@& F)rgafgléﬁtssﬂ’ﬁ?taréf"%llﬁown

ace I'S regar rona atment unit
eyhosecskiled m thleamlsu@hmc&mmhaetasmeam asd sbdium hydroxide.

e B axamelen o suith s aeerig aRp ki R RKLEEN® 163
m| o WIE@ENWI s?htaﬂsecl%herss %B'Eh BPWARANAR! Ghh¥rcially

the surface as Is t plca
czivadablag‘mm dtR@dndustries,Hnc.ooiRRittsbarighy P@masylaalhle

%5%1 ne OIS %Iw(?r'ré: oCrllr? ?Qh B : tﬁ%%?eteic’mﬁg %%ep?rtﬁe \éﬁrfacé( St
substrate may be rinsed with water, typically deionized water, in order to
remove any residue. Optionally, the metal surface can be rinsed with an
aqueous acidic solution after cleaning with the alkaline cleaners. Examples of
rinse solutions include mild or strong acidic cleaners such as the dilute nitric
acid solutions commercially available and conventionally used in, for example,
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.
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to those skilled in the art, such as sodi um

netasilicate and sodi um hydroxi de. Non-limting
we@nokm3s of suitabl e cl eani ng agents incl ude BHEVEIOREFZNS757

(r) 163 and CHEMKLEEN (r) 177 phosphate cl eaners, both

of which are commercially available from PPG

I ndustries, Inc. of Pittsburgh, Pennsylvani a. 1L:IOO73

AOPY 6hi ng, BPtipRaIlY, arhosPheksbeseaRIFitpadmep! OF fenversion
Séﬁéctiﬂgﬁay %éelgggtl?’ééﬁég)t il Retie Q.?osgﬁefﬂé’.e§u%bfé \%ﬁigﬁ@ate

typlc water, 1 n order to reno
r&sivension Cpatiog abinpositivasimtlatie shodealamwemin the arni,rsmet as zinc
W th %n aqueous aci djc sol uti.(gn after cl eani

. ith
spelsh iRUORRA Mot Ry NS! don, mangasisset FERUM,
i i i 4 _ |
JPRHES UM offedtial LG BRbLHHfai L BRM SRR a@dddtibed in U.S.
draleabNoend 783887 ans 5@8&989;@4‘,9@%@%l 8,238e08 and 5,653,790.
i1 S %idﬁﬁgéﬁ?%ﬁ?étk@h%@gﬁ%@'sﬁ SenHaeHP Veds &% andor
ViEreREabthalitj8kts XPOSHe (ssithfo e fefebfnénthidi70 prior to

tenperature or by passing the substrate between

sheieg gbargesl fos cpatiiain et damtiagl unit &.pAoy pinving andéedoreheating
PR REPAIAT ke Bt ARIRELRe SR BeaRuBEeR TR trdhatment

aadt TOGLRPNERORIr eixafthlé, NAfrafe, ERns@nkaesm, adtinidfadstion,
such as zinc phosphate, optionally nodified wt

reQwertion ripductipm gadcambipaiienstereely nla arrﬂtr@\atrgéabumit 70
| . cet : . .

ARFu s BE RBGaGy P4 0SRATL bBHEnGhE APGIF|CHing Roldicn

SerApRyBA6 and 5, 653, 790. [0075] A drying/ preheating

mechani sm may. be enpl oyed to dry and/ or preheat .the )
dBP26! s 20 Fliowiag thi Qb ienal Qisheatiens Siade AKepion i antering
y . . t or . . .
LG, ) QBAOR | iR 0 Ay b2 cHifofaBY e onductor
tFhsElexkiiddl edrrent ishappdiet amegnépolanipl ogedcdnduickar 72 to the
retreatment unit 70,. such as for ex le, infrared
oGP asdion batban in e @pRosts ol fegranduiive beit 10,

[ j igratj : t;
SIG O (PE SIBRIZIA IORR drOGRP0T thE o RER AR the
wbjetteseans ag aveletirode dypically the ¢atbade, iRan electigal circuit
P ERe g e R FbiE Sl badefBleciRde b sRsigy fdn
Cé'tﬁfé]ﬁn@ é?&ct?o&éﬁ@éhﬁbl@fcoéﬁng@oﬂ%déiﬁcﬁ{ current is

SBBI ied on one polarity fromconductor 72 to the

&7l odepdsenemlly batthe arecess eftapndyine dhe elestpdepesitakle
téb%tﬁ&?ﬂm‘é%&d’e%d%ediépér@lon of the electrodepositable composition is
placed in contact with an electrically conductive anode and cathode. Upon
passage of an electric current between the anode and cathode, an adherent
film of the electrodepositable composition will deposit in a substantially
continuous manner on the substrate serving as either the anode or the
cathode depending on whether the composition is anionically or cationically
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
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and thereby to the object 20. In the process of the
present invention, the object 20 serves as an

web@ee@de, typically the cathode, in an el ectPC€T/EB2005/028757
circuit conprising the electrode and a
counter-electrode that are imrersed in an aqueous
el ectrodepositabl e coating conposition. [0077] ]
warierial.| Fleciradepesifipnisogstiadly c@pped PHEEt #eonstant voltage ranging

| . I . : . ’
A5 BAEREE 0BT s bl 0L 5] Tt cBfons
Gemsig is wblidlyaeifkes tabovali |y ampedehi 6 ampdesarest square foot
cat hode. Upon passage of an electric current between

t(he-Bdlieotft! .aminperen e sauAremsta e ntl the CRatNg m?éerigYe used is

SRBHE TR | O SRmOT AR B BREC el i costing
sasierinbussd & ¢dtpnid, itee belbd@ issuppled eith @deatiteie obang.
on whet her the conposition is ani

d8078hi cal | GoRingCNb b FoRY cAHpE aﬂ%@@éé?ﬁ%@@% cPghne
;{ﬂéfe@gf td?ax)oir@%p@(wggv&%l ?@g?g%ft&%gé%ﬁy chity 8s %eﬂnbtﬁé}a[ank,

age may ependent on the size an
smapie pafsittdmeddbjoeat al?0r bdrior ohbbjgctsa?@l relbasaipp Irétached on

38 belt < e Baatina, 14155650 iy, 480 eI B5rFoigfien Sem
§ﬁéﬂ§ﬂov@§ﬁué déétiﬁ@'ydn\éteﬂtflﬁmgieﬁﬁ%@% ggatraqélgﬁﬂ@o velih Sluidur r ent

ensity Is usua _ [  anpere and 15
agpamesicetion s duaretedtoaphorelic goaiinglenit MeRyhpempioysstin the

square neter). |f th [ ter] . '

3rohrel phatie pestag S E Bt eRRhEik Ahtdtt Siich e, for exame,
drpélgetronbssShcn tdnkl BAd €9alikelg Agaldtiaiéd theGobsing unit 74
cationic, the belt 10 is supplied with a cationic

dneludes ancdediodepgesitiog taAkt 74 may contain an

odeposi I er i ; i ;
ABEPT 21'°F i SRcfiofgits th PRMEENRbogHER Ml Yhibloved in
aafk as dmesérbodigtbrit on traietthddof thequesemtrinedntion, @atisnay
20 rel easably retained on the belt 10. The coatin

SPIRRIESA regljous Boaenpisepreed iBan aareRysoRedjRe Hheigsinous
) I i

R EReS B AR en U oo ot e
LHHi(b?iUEa]edteaMpBMG coatih$ eonputsitiomg os, asoiattypigals pstationic
50 o he present invention, s as, for exanple, a
FletodrRasebi Giating emeailiarhe! e pevmer FEeEbrSodiBble
tdRiRG Mok it typtaliP ebRAfR e reA@rbr | §idib-containi
t antl.ﬁa[ O%%eyéﬁ:gc?r ogggogi t1on batrﬁ@gﬁ‘ogiﬂbo%on aining
rayiclresiengricg edring agentin&ving fomdiopabgoiupsreactive wih the active
rnsthds of . the present invention, and may

ydrogens of the ionic resin.
[0080] As used herein, the term “reactive” refers to a functional group
that forms a covalent bond with another functional group under suitable
reaction conditions.
[0081] Non-limiting examples of anionic electrodepositable 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
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conprise a resinous phase dispersed in an aqueous

medi um The resinous phase includes a filmformng
wWoe@an2s7€onponent whi ch can conpri se an ani onPCT/US2005/028757

el ectrodeposi tabl e coating conposition, or, as is

typical, a cationic el ectrodepositable coating

conposition. The polyneric el ectrodepositable coating

OBl bR dryipucl onserRiri ingeia iy ot Bpipe il digappoxilic acid
radfinehek"anl e ROl FRUBHAS Rrv il dRi st acid
odr drteydridei and 88y Bddili6ASIA)nsAtunased muelifging, mblegialewhich are
"reactive" refers to a f unc_tﬁi{kﬁnal géé)gg that fo

CHREEFRA0ke il Rl sR FURTHIE ere N ablesabparigly neliralized

P o8 Rl AU RIS of AR sarb Do bics,
amgzadsiaied oarboxglici deididrakat leasipones othgr athyegebllednsaturated
R Sk RS RRRSAS A ROk ARG e o o
SAiib@BhAnb@Bstvshit, RO Achidé REREANRBLH Aik &R bhiGn

ositions are basesol ubilized, carboxylic acid
camirei-aidehype rgsier et soothesignidric etleminodepospitaile cesin

adduct .ﬁf a_dr jng ai l ,or, sem.-dryvyin faw id ester
WSRPasipR SPIRHER xRy §SisTS 26 Ay arnaas polypl, fhese
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nbte 7Hiang eadt €0.iliaes e th Gikeragid functiceakipelymgirs gan also be

DL RSB RES AEANChy bEGS i A pomers s

urealell Rbefn ta tiseeydiiltedoiei the artinsat ur at ed car boxylic
acid and at_| east one ot her et hxl eni cal Iy unsat ur.at ed

n908REr . veBY aweaalled” sumeapt thak e pelymasds st Rsiegtially Tree of
%gé‘ﬁrﬁdn’\ﬁé%m h%%@{ibﬁﬁ%j@ﬁs%éﬁwﬁgh ARRLARY iﬁ%ﬁé&{a%le

i.e., a I'cl'e contalning an al kyd resin and an
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substantiall'y free of crosslinking and has an S

i dispersede ov patusiiied/inmalerdiTdeovated dispessiblg resin i cationic in
nature, that is, the polymer contains cationic functional groups to impart a
positive charge. Typically, the cationic resin also contains active hydrogen
groups.
[0084] Examples of cationic resins suitable include onium salt group-
containing resins such as ternary 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
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solvent. The intrinsic viscosity of a polyner is an

i ndication of its nolecular weight. A gelled polyner,
wo@roobloz08et her hand, since it is of essentiall yPCT/US2005/028757

infinitely high nolecular weight, will have an

intrinsic viscosity too high to nmeasure. [0083] Wth

reference to the cationic resin, a wide variety of )
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those described in U'S. Patent Nos. 3,793,278 and
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tertiary amne salt. Such resins are described in U S
H2atent NRod.943, 3R, 165; 3, 975, 346; and 4,001 , 101 .

PDOBRE". | NS AR APLRF GRS G Y BS S AOR B Peten

dflo phH 848661 ahrs DERO SPNo NRTY 7 G0 5sestoinel asgd @i the £atiokie resin.
as those described in U S Patent Nos. 3,663, 389;
Pegidesthe e@@g/@mmr%oe,m%@%gtesmm alse pg $‘%}?Cted from

he ahove. v e o i &g .
DA AERETS Sor? 86 e Bty h 1. 80P Mge, 3,455,606
| ek § 828t 15 7C uhlisogcatinit reshiewhinhcguapatia traasesterification such as

bl ocked as _descri bed jn the af nti oned U. Pat ent, .
Seabeuan ESeoran REPIBEpG: LA Taskbn dpefaRLyher, Cationic
: [
OB RAR o a2 S MR 235! Pt
dve-4,08H@32tarcherpesd t iAdssusafubiegbe idbsxiradepdsitablPaoating
134, 86

RS o PEdRSSRIGYHaon #1E 1SR posTRR LRy Bsins that
AR LTIMAGEFocsstotdery Bmirehrsipad Sudhiesins are described
in U.S. Patent Nos. 3,663,389; 3,947,339; and 4,115,900. U.S. Patent No.
3,947,339 describes a polyketimine derivative of a polyamine such as
diethylenetriamine or triethylenetetraamine with the excess polyamine
vacuum stripped from the reaction mixture. Such products are described in
U.S. Patent Nos. 3,663,389 and 4,116,900.

[0087] 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.
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cationic acrylic resins such as those described in
U. S. Patent Nos. 3,455,806 and 3,928, 157. Al so,

W@ 2106028¢8 r esi ns whi ch cure via transesterifi cBAT/U82005/028757
such as described in European Application No. 12463
can be used. Further, cationic conpositions prepared
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[0091] The aminoplast curing agents are typically utilized in conjunction

with the active hydrogen containing anionic electrodepositable resin in
amounts ranging from about 5 percent to about 60 percent by weight,
preferably from about 20 percent to about 40 percent by weight, the
percentages based on the total weight of the resin solids in the
electrodeposition bath.

[0092] 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 1 to 15, or
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al dehyde enpl oyed. Preferably, these nethylol groups
are etherified by reaction with an al cohol. Various
w@bwelozi83s enpl oyed i ncl ude nonohydri ¢ al cohol SPCT/US2005/028757
containing from1l to 4 carbon atons such as net hanol,
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exanpl es incl ude di phenyl met hane-4, 4'-di i socyanat e
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ARL AT e ol REPRF DS O socvenate
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giesiNnGientuitethe catiomiG easdy Bnameunisdapsing-emy| weight percent
RBle5PNERN bERBARKHbferably from 5 weight percent to 45 weight percent,
based on the weight of the total resin solids present composition.

[0095] The aqueous compositions of the present invention are in the
form of an aqueous dispersion. The term “dispersion” is believed to be a two-
phase transcoating, translucent or opaque resinous system in which the resin
is in the dispersed phase and the water is in the 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.

[0096] 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
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Hi gher pol yi socyanates such as triisocyanates can be
used. An exanple woul d include
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[0097 El ect rodepositi on baths useful in_the nethods
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general | g rve h rogen-contalning ionic
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monobutyl and monohexyl ethers o ethylene glycol. The amount of
coalescing solvent is generally between about 0.01 and 25 percent and when
used, typically from about 0.05 to about 5 percent by weight based on total
weight of the aqueous medium.
[00100] As discussed above, a pigment composition and, if
desired, 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
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[0098] The el ectrodeposition bath of the present
invention has a resin solids content usually within
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total weight of the el ectrodeposition bath. [0099] As
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retaining unit 30 on the belt 10 nmay be positioned to
resitisety apilthe Class A surfaces thereof.

[00103] The coating unit 74 may also serve as a reservoir to collect
excess coating material from the exterior surface of the object 20 as the
coated object is carried away by the belt 10 after coating, to prevent waste
thereof. In this manner, the electrophoretic coating may be deposited upon
the object 20 to a desired thickness based on various factors, such as the
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
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retain each respective threaded bolt in the sane
|ateral direction. As a result, each bolt is
w@omeeesmed on belt 10 such that each bolt heaPlCT/HS05/028757
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= %r%posmon, e.g., “a cured composition,” shall mean that any crosslinkable
or co-reactive components of the composition are at least partially crosslinked
or co-reacted. In certain embodiments of the present invention, the crosslink
density of the crosslinkable components, i.e., the degree of crosslinking,
ranges from 5% to 100% of complete crosslinking. In other embodiments, the
crosslink density ranges from 35% to 85% of full crosslinking. In other
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
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[ 00105] The coated and, optionally, rinsed object 20
may then nove through a drying unit 80 to dry the
wae o@biomg7sleposi t ed on obj ect 20. As used her ei PCT/Ei82005/028757
terms "dry", "dried", or "drying"” is intended to
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el ectrodeposited coating is dried by driving
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ﬁ@]%.vglqmﬂbca&aﬁ@gwm&%@p ceasslinking i thavroating.

aly e .
AR oGS S B 5 wric
cairessdefuikn diwm'dtlyodxf of ’l‘rfeeprbsémnwéntmanermsplmd under

RS sueb Pt ebasieptal BRI S PasortiseAng a dried fim-

CHERFELOSITION b1 kPPATRY: (o6R1Fo8 firblicfop iy rom
a8l ty Deldi mailse( 15isio 20238 umiethmetees)safipimed spom e Class A

noupt ed t? thE. Pgé mer Laboratories MK Il apparatus,
aors AditheRAIES nmeasurenents are entered into the

Jorust oS Ay T Ko L ngse e ety oy o
sapnlied coating may be employed, such as for example, infrared, electron
beam, actinic radiation, convection, induction, and combinations thereof. For
example, drying unit 80 of continuous system 50 may employ heat treatment
to the coating by the combination of infared radiation and convection. In one
embodiment of the present invention, after the coating has been applied by
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
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force of 0.01 N, and sanpl e neasurenents occur every
two seconds. The node of deformation, glass transition

w0 eopp@e@rsir e, and crosslink density of the sanpt’BUSZN5/028757

be determ ned according to this nethod. Hi gher
crosslink density values indicate a higher degree of

crosslinking in the coating. [00108] Generally, the
ePalty @é@p@gm%@f’@ .cbat n@@;r@@iﬁﬂ@sﬁupﬁﬁa@smu@h agrc@nductive

U361l DSSTEERC R ek AR P Y BP0 an

c@@péﬁw@iﬂem&ﬁ bag, bﬂ‘fh@gaﬁlcdtar@mbétrétﬁ rli’na@éﬁmmnployed
rangi from0.1 to Omls (2.54 tqg 25.4
éﬂit er si ORg @mhqdlm@ah@fdh@ Rresentdnygntion, agpolinguit 77,

ofodtfaden SRR b BRI err Pithag B8

Sh®$ltl(elubﬂi aftehtheadr/ingfurdt §0 ity lavker the pémpdratoat dhigeralyjects 20
Sl s i o ool
Mﬁ!%gi Qfﬁ‘né? %gswn Bokr 85 aflb letéﬁlétve%hl?fagd

us sys may errp eat i1 oatment
ctmﬂpergtm aiek megnisingatfram, imfrev(afrml@diaomltat"i&)@()@ﬁdnin (81 to

[ RUERE oFBmaieiey THREREARFRiowE Hoftan e surge temperature

ebﬂﬁb%t%@ﬁ@%ottb%IOWH403F‘(Gﬂ)‘@|} RETEHiGi¥NEY, éa&ahsm@mathe
el evat tenperatures ranging from900C to 4300C for a

pllpieds 4 mgay ge fanaptoped efen doge vait dhdnd kefoes dating ehig 80 to

A8 UL O3S (P Sarb i el 2 PRina gpaing anc

apisit todHe obigitn @0 ety $anssordDiHiesgm e Oy RO,

sufficient to obtain a peak _netal tenperature ranging
fH&h1dboor ABesexiing dndocuni Stsaupassiog thieHohdbaoptienal

S%’cgcg i Igé%rﬁti?? mggtéﬁo%gﬂ t‘eYeeasréﬂrfrdFﬁttﬁé bk 10 I%lydmanyg Lor

nperatures nay be

aautodened theats. I&aﬁble releasmg m@arﬁ&mc@@@tgr@uiwdnven means
npl oyed. [001 10] In on

strate
WB%’Eﬁ"Pr@ﬁttﬂaiDG tHQ 'ﬁﬁ@@éﬁk’eq Aveng Fitﬁﬁ’enﬁ'“gd’@l‘@ﬂdn%ﬁown) the
7 I
Tl A 712, 5ALT0 SRS B MRS iRl korgefg i o
drejeasp elamh olgect 20 fromeeachn Betammganmmbeaf &, subke tiedd retdising
20 exiti un| 80 faor
s T h A BInst Bpion 6 2 reypres) dhelfosed onpartally
béig¥ed pusttioRLIIeEhsthed eﬁﬁbét‘ﬂh‘neﬁt’!aﬁé‘%%%e‘é%h@éd Wdé!é‘ﬂ pelow,
tenperature, and may range from for exanple
1shjecs 2Q mayrbe( ®leaseddramrhed) 1iby andsiflestar g[y@ eﬁer ;he belt 10
t hekgs ﬂm?et%lr gollg aseg %nsducrofa & oE)JenPE{) ?'rtlay fhen be deposited
in receptacle 84 for packing or for further processing. Continuous
conveyance of the continuous belt 10 returns the closed or partially closed
retaining member 12 back to the feeding mechanism 52 for receipt of another
object 20 for releasable retention therewith and coating.
[00112] 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
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of the objects 20 to bel ow 1400F (6Q0C). For

ef ficiency, exhaust fromthe blowers 77 nmay be
weegboysas af ter rinse unit 76 and before dryi nBCT/OR1008@28757

to aid in removing excess rinse water fromthe objects

20 following rinsing and prior to the objects 20 being

transported through the drying unit 80. [001 11] After

exiditiong! aeglingand drvieg uais ipHieseerfincns g 3thdescribed above,

e e I N S

Sdicitiplatinelse as b uifiag ®bjgtt R0dRraigtiva tymibination ofeaating
wherein as the belt 10 s conveyed over a di spensing

ﬁwg@m éﬁdwwﬁo@dlmtronmew\;e ﬁ@ﬁtur@FIOP éthyRing on mose R
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SIS 08 et b LS s S B o BB P3G st
tﬂmatAdic&irdingiw thereabenptibh ca‘rtﬂe rettngispstepo 50 set ihtraaieove is
il e e i i
Ttl ften (%’dj jiog lﬁllt%ﬂ? TBYpoBf fl'géegﬁrt%%%ﬁt fn‘i/@ml&ﬂ t 10 by a

or guide after the O makes its return.
'[ﬂ@’i 13 easddGhd 0dotradhiohp sbowdnathgr eméndiveent, belt 200, of

AR 3Bk e RSk S0 AR B S shBtn e
%%Itgh‘lem 209t lBé]ﬁsé eﬁis%ﬂd H@éérﬁrﬁécﬂté’d & @é@ﬁj other to form a

ali ni ng nmenb back he feedi ng nmechani sm 52
foelt 296 (siept FIG. 1@&aiehk€bb?|é§’tﬂ92®4 ﬂbbeugoea’@a{m%useoﬂ by belt

Rl kBl 20 £0%h 52 Rolb i dopEbr SHABRIA I

Qﬁasﬁﬁﬁildm P@ln@ E'a@ﬂ's% ARt 209 rﬁé(?betd@amllfaﬂm@}@bechnst$ucted
conte ed t hat rmre that one coating

@é;s@@n g stﬁeltcﬁ@n@ﬁ}@aor@@lorﬁ@&%mfr@n@uct% n@’f@ﬁ@}rfé uniform

AT hpuRinr AT TEER, 25 HERPEUTRef Beffiehf 20 oY define o

@éﬂbemﬂ 1Byl §@amﬂnrndedOpé1ﬁngs 200 Mher wimdong 210 may
coat ed objects tf%gﬂlégh t.he coati ng s%/stem 50 one
t

B6Nee RBEIOY iNeRrEIO lowdng pyrpases: hhiomesipize dwish r’aaddww
i e g{ﬁﬁg %%Pg?@;m%ﬂﬁw é%de:‘]%’rt%pgﬁb %@P&W’Z@@ through the coating

rsys&imp?)“tophwmatzedhecmmburg of gaitfans of belt@90dpireduce the time

SHRREAIe ) BBl R i L 8 b0

I5id W?&Sét ycj rin%ﬁ‘[g atd M@olm‘g SbjEES @@dséa‘ursa% Byl ngt 88d 4) to

coating system I S not |ntendedto limt the
gropided rrteiaesﬁone&rerteethwfdheuooanng BySER)'s frevgsvmg@mve cog to

tehnrg%g%rbejlg 2&61 and %ﬂﬂnhr%rotigrql?ﬁéj icgﬁtri]rt\UOUbsetl)etlt 388 O?]fthe solid
surface between the windows 210 may be 7 sets of 2 evenly spaced
clearance holes 211 that allow attachment of clip assemblies 202 to belt 290
with suitable fasteners. At each end of each belt segment 201 two holes 292
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
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the present invention. FIGS. 10A and 10B illustrate

the standard length belt segnment 201 . Belt segnents
wQomesmeg7de connected to each other to form a PE/USBBD028757

(see FIG 15) that, like belt strip 14 of belt 10, nay

be used by belt 200 to convey objects 20, such as

bolts, froma point of origination to a destination

pBf tﬂmeftg&ﬁ%t@%rg‘i@e@rﬁam bRty 0RTR Bavited leagthand kpeventually
CRMSE Hieked 1&8p ?F 8{; iyt usggefﬁeés Hé 3&9h ?ﬁg cpating system.

corrosion-resi'stan Ve nateria
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(e EefiBoriadn Lbcserifly 265 fiings clestanso fokRit g that may
apél afdhed Wltﬁ%ﬁé cléHrQHé’é‘ hBRk214%h e Bed Sé@ﬁféﬂ?é %6’9 Glip

rinsing and cooling of objects 20 secured to

aarbemblies #tbandbel segments 801 rhey be@tymmetrnlabdmms agd thus
SUToFRleRg Rl fh e fieble B0 cRReitnd elp P s alioned
S\Ni‘tfﬁ aeh gk 20t g [Mh RD8WMavIAEOhRNh ré8ddd ﬁ@le% ZUBaZnay be
evenly spaced cl earance holes 2 11 that all

adligaskniEn ther cleprancesiales Ril ¢ of belt segmepnts 2@9 @rwihswnopos:te

e REWhel e BB 202 i (ARAH RbIPLeGABH: DAL ' AYRATBRN 204 with

s@mespandtﬂgacleamlmaﬂﬁewM@W e plred @mthe |H9Id%$of2;ﬂ§ 202
all ow two belt segrrents 201 to _be joined tog

ubﬁtw&ea thespddies §n%hgnqwltb@éearaap@ hptﬁSrR'lZzoaelt joint 204

ey e TR R A RS HsEd 0P 30k D8 B B om
j surﬁmdz dgfdhefdint 204 te ceate aaebad;s |n2tﬁ@ hfdyeofdeint 2€4. This
JGREPH AR B DL RcAA{OT) ae o 207 s el stip metal
[9Q%E8h a%ﬁlf R \M?\giomﬂ) foocr%fé a %Pﬁusipﬁ}lth tﬁQ Q@H@Hﬁe of the
200 may 1 nclude a clip asse

dmibwgmeechQ)’f and e be‘etsmsnféleg 268 dTHeebelt segment 201, cllp 202,
i.St cond ive ter

355 25y 8hd HeR ST 24 SRALHS therbrafered. Biinsler Jaidd 16T Sample,
NRlEEs AR R Bedd Phﬁhtfé“rr@éh?h@' é&ew§2%9w|ltﬁ g&rrdtedividshers
coating system Cip assenb é01202 defi nes cl earance

hefiGdsingered H@mug’aﬁh@@mram b t204aref heligaind 204, thevegh

SieiPe elels e Tna) SALy HobleReB IRk G idfes 205
tdfugg 203. This procedure may be repeated to add clips 202 to the remainder
of the belt segments 201, as well as to join adjacent belt segments 201 to
each other.

[00115] Referring to FIGS. 10A and FIG. 15, clip assembly 202 may

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
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error-proof regarding being affixed to each ot her.

Once the clip 202 is aligned with belt segnent 201 , a
wo e@eA2B7havi ng two t hreaded hol es 203a may bePEl/U§008028757

with the clearance holes 2 11 of belt segnents 201 on

the opposite side of where the clip 202 is resting on

belt se t 201 . Abelt joint 204 wth correspondi ng
Fics Eer@eviRs Bsetmarangpt, gor prafoele SRlts @8 tprke pellgesembly
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1 ps machi ne screws 6a wth serrated washer
20B/eyapee vé ot r?:Odhgwghnfémem@@ngrayeterml ér@ezmm@mf dm 202

1 g8 g R el § rRaERRE Rlpg onBbimartig Bhgsure of

Thbis 20t®epliL cBtiMeproRReadLd to add clips 202 to the
remai nder of the belt segnents 201 as well as to

j 40 18hj ac eﬁ?feb’éﬂﬂ te Eifasni tA20d B daassist el 20000 traveling

ol 0 R T AP By R o
2\ia’hands dhereof hendied engtieyed alongehdeatiRisy. Bhsic btyguide 206

be, jtself, a retajni n% ortion or an arm portion,
vt Re Hggd @@tprﬁga@f@ﬁén A4S A1 ard @ﬁrhee Msﬁti iR gopiNgtion with

té\‘?otﬂ? §§§er39l U8r f RRAYHR Ve %%r é?le?d ﬁﬂloﬁ%%r assembly to

manua oper At ed system SPh 0 one
i alleivGit tdﬂmtﬁmnbmtfuﬁmdcd)a:tmgrsgsm Bej’r glﬂadembirap 200lis ®ne

20 t th bel assenbl 200. olt 20. contacts
 Reraple 4t Goktnes desiom ol Base oS 0B e inGomortset into a
2

o AesRR. ﬁ%ﬂ@%?’d%%?ﬁn?fﬁﬁéﬁ'éﬁgﬁgﬁg?ﬁnf&iﬁb?ﬁs?ﬁ £

bmrposeeg pbduradiity andtrigidityablibekheb ohategidistroay bearsedh eBeIt

d h ddl 14. As
ratifle 2DR¢° Romlivnes 167 Bated BRn3BH0H Gkt BB g to
| Acopthy@stesthanfledhrightoad BatsegRherR | fFEVéI&hFdi@h the
of the elongate portion of bolt 20 and provid

sgide 20Brin af mapeet that iearlipsni)2 arptoaihei udsideivd gslaimm@ as
Zrbwit B BRESTF2A 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. Pins 215 may be made of carbide or wear resistant material that can
withstand the friction of the edges of belt segments 201. The upper and lower
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 typical %2
inch diameter, 4 inch long, hex head bolt with course threads and a captive
washer shown in FIGS. 12A and 12B.
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conveyance of bolt 20 through the coating system The

design of clip 202 mnimzes the contact points on
whoios/02B878 0 al | ow for the maxi mum exposure of BPOT/USR05/028757

to optimze coating processes. [001 16] Referring to

FI GS. 11A and 11B, to assist belt 200 in traveling

throu h the coati n? system 50, a@/ number of standard
bl 14l desRetmrine 1o B¢t i| dnenchbiRdielhagpasatusf by

| t C d
e SRR em e e My 6o SRR A oBISER SRper
V\agstemmylzmerm@ semiloy twoscrdpersi@d Bdhaiceuntipeously contact the
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' BERBBRRSIIRHRY AATABE €U0k BSOS & LHAUESHE bel

seg nts 201 t Segments 201 travel rough t
gwgmemBQMndca nobdistadgehetbudikde und@stheqze%wetexertled on it by
o%tsi de o i de 206 as shown in FIGS. 12A and 12B.

ﬁ ‘be installed in guide 206 to reduce drag

a@ of RERSIRE howsRIFTESR. %ﬁ@énaa 3théﬂédstav%u|de 209 acts to
oug gU|de 206 Pins 215 may be made of carbi de or

veapturecliestrass manker piece whthe tataipinchmeaeridie by use of a low

o0 IR LR L BB R SR sl ToloeB TR ek g ne L obREF 20 0

agillcvin i lve disenglblbeiram rtre@ew@lés@mmﬁ@mpoﬁomhhe@bﬁ apparatus
bei ng conveyed bY belt apparatus 200, such as a

1940 and intoigeemalesadparts bin phether GRUCCHiRBANMERI bol t

urse t ghet
HOd 1887 S THICY SR B 1 SRR e YRR 40P I8 aTlbe uged to
%tr&\xﬁhé rr]thimanacrcslftemt$1eg 0elt ;apparalrtu*s uoe?ra)etm;mmatmmhbnbl:nythe
ich may be made of tool, stee er, asse
g‘gulﬁy hé’mﬁV@!Y/ ffrW@ 8 %{Bé@ Is figsciped @65{' R\Qo@éf gpparatus
CHH a it
200 e PLoddle FRSRlorman mal inaGas B pegl A7 4 divp wheel
n4a@2 ebalt femtmcst@mrémzﬁt laybelbtenisoning aysters 4B anol 2dsfiector

nt| QHous el ectrical ground as the scrapers 216
y foreign material fromthe belt segnments 201

t 129 cumubaye el 402%5}5 PhothtEQdh! NEuiRIHIE 86 Bport 424
B@Pt EI des 206 may be af |x2d ?o stri ppel#I assenEPo on

2$13)nocgt 4ok fardatin @nbt@plttranslatlon and for rotation with respect to
support 401. Wheel 402 may be rotated by any suitable motor. The ability of

wheel 402 to translate allows for adjustment of the tension on belt apparatus
200, and for detection of belt breaks and jams. Teeth 410 defined by drive
wheel 402 engage windows 210 of belt segments 201 to provide motion to
belt apparatus 200 and the bolts 20 releasably secured thereto.

[00121] 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
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segnents 201 do not di sl odge or buckle under the

pressure exerted on it by the scraper 2 18. [001 18]
wRedoetozdsmgy now.to FIGS. 13A and 13B, defl ect or PQUUS®05/028757

209 acts to capture the cross nenber piece of the

retaining nmenber 213 by use of a |ow angle lead-in

219, which results in releasing the force against a

oy testh 40 6taf aanotating guide véesd Ad4ghak mesnbenaouaiag feg rotation
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apblr arpgingdoaged eivoting JaneHe 422002y ba maunteyl fupeeport 420,
NNl a6 rph RO R0lio A AHlaRbef 21 diftng Bt are
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The abili of eel .402 to translate a for,

T8s@ks b8 shoy HARELE et SRS lBaBla Y Fop@vids fpr better
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defined by drive wheel 402 engage w ndows 210 of Delt

e
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AFals By To R icabol B2 ol Wi kLN Cayre Bt 424
faetigheb] £02 fo #8nsiatechyiastipbtghelPnaticcyiatier @0@nslopied 406
a feed ranp 412 that is nmounted on support 401 and

i towarg tensiongt4PG% bf adedt reak ecgHis, dig pasymatia sylinder of

¢ ) Y : . _
(7 RloBBL a0 BR R BpR e ol LB 0Pl i onsoner
W Iddithdrivasensgndess maynibe prévided @3 déieehthesatriprenal

sui tabl e supBort 418 t hat my be nounted to, support .
Avevemenhot wheekdiZor emndhd 24 sadispage apesrtionef thggoating

t pport 401 . A spring-I|oaded
%&%%%ﬁgﬁ@%ﬁté&ﬁﬁ%& nmounted to support 420, and
n@P128Fi st Refeprisdnimbj@S1 32,0138t B4, r&X, 20ranu? hyeddflector station

b o Bl PR gl B SERER o8 aaoing
hebbc?2B58R®lies 202. As is described above, objects 20 may be pushed
from retaining member assemblies 202 by ramps 219 of deflectors 209 as belt
segments 201 pass through deflectors 209.

[00124] If desired, system 400 can include the splice unit 500 shown in
FIG. 22. Splice unit 500 may be used to align replacement clips 202 on a belt
segment 201, and to join to each other two belt segments 201 using a clip
202. Splice unit 500 may include a base 502 and an indexer 504. A plate
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
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known in the art. Preferably, the belt tensioner 406
is a pneunatically operated system manuf act ured by

wWo-e®b0208@ Co. of Germany. Belt tensioner 406 negT/a8}005028757

the position of drive wheel 402 to provide for better
operation by exerting a controlled force by a

pneumati c cylinder against the trans|atable support
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3&e ‘éqggpgﬂé%e hﬁ? ﬂg% fhé@é‘ cGé‘t’édP{%‘J é’f@?&@ Qi B%ered,

controntin ne al nst orce o
tU}eredasmsa’m@sretalmmg ﬁlnese lobgaotslin a flpxbdcp@sd-nm; cmtwor more points

SRR 48 B RUTPben B BEk Ao B HEStaIbo coating
%H { eCl‘é'é‘stA é@@aa@isqﬂoré/@ﬁfbrﬁ%ﬁ& %ludé&@gs HBERXS thaP4

in place. I'ndexer 504 nmay define three
rergvistis girioo mst Gg@dingdeshniques.

[00126] Whereas particular embodiments of this invention have been

described above for purposes of illustration, it will be evident to those skilled
in the art the numerous variations of the details of the present invention may
be made without departing from the invention as defined in the appended

claims.
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and 510, each of which is shaped to receive a |ug 203.
Regi strations 506 and 510 are used to receive |ugs 203

W ba@b/o208e8 al ready nounted in place on a belt SPONES1005/028757
201 . Registration 508 may be used to receive a | ug
203 that will be nmounted on a segnment 201 (if a clip
202 is being replaced on segnent 201 ) or a pair of
a\/Mﬁ@JeﬁCb@\gW‘Eﬂ{J@ZOl (if aclip 202 is being used to
join two segnents 201 ) to nount a clip 202 to one
segnent or a pair of adjacent segnments 201 . Thus,
inser tA riethodeithediéctepphoratitiapslitatiog ©f 2080limeric coating to
registrations 506 and/or 510 ensures that a Iur%l 203
iafs@Rieeidha\ing apelPrezignastios 08 aFentinyeug hefneamprising:

properly, : [ | t mﬂﬁ I ] 2
has been untlﬁﬁﬁgk@gﬁjgﬁtge%@%% o%. ! E%fg#é#ﬁ%p
peesging meawest engagingdihs centmsmussibelhsach that 2Glebaining portion
surfaces .of objects to be coated at high speeds .
(O BagR RS Mbek 5 IRgS Y é%@%%@%é]?ﬁ%at@&m@%w fhgeobiect
thike HhBRt those coated surfaces will be marred, by
rel'easably retaining those objects in a fixed position

at one or nmnvepivigihs continbeusbek @ithss drve mechesisnaprand
the object. As a,esult the deposited cqating,on the .
Cass A Surqlg%téo;?l%orﬁﬁf]:%lymaﬁlggﬁﬁgﬁgjqq%gp&ﬁggOﬂgggoﬁs beit.
defects than previous prior art coating techniques.

[00126] Whereas particul ar enmbodi ments of this _
iZhventThemedived peelaina ds vhierein the pesitippingsiiepdedizedncludes

illustration,,. | | fle il '
st ir ot Betles g Y pERIbg R HESEERg S Ay mhober
RErRERIHg ihHeVeiHtinebuB®eltbsuctatiat the bbjetct Baphadsably fetained
the invention as defined in the appended cl ai ns. WHAT
Iteergbstwe®N 1 S: 1. A nethod for the el ectrophoretic
application of a polyneric coating to an object having
an el ongate portion on a continuous belt, conprising:
msi t iThe nethddobbliaim 2, nheesipdbe pasitehaignétep fortindseincludes
t he_retaini ng nmenber, engagﬁipng t he coqti nuous belt such
tpesitioningtha ehirgt AGRInsiuA SRING ROTtIgN At the guidepgmber, each

(AT FLRLTY B SARQPERR RUIHA ARcflodity icts
dnessured flamiitsrhasan dne lhavingaishgeate st didight cearésighe nespective

objt ect on the conti nuous belt.
retaining member.

4. The method of claim 2, wherein the positioning further includes
positioning the elongate portion of the object in a saddle portion of at least

one of the guide members and the retaining member.

5. The method of claim 1, further comprising releasing the object from the

retaining member following the coating step.

6. The method of claim 2, wherein the positioning step further includes

positioning a plurality of objects to engage a plurality of guide members and
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2. The nmethod of claim1l, wherein the positioning step
further includes positioning the object between the

WO edoajozismgy menber and a gui de nenber engagi ng PEEUS2005/028757
conti nuous belt, such that the object is releasably
retai ned therebetween. 3. The nethod of claim 2,
wherein the positioning step further includes )
pEEANINSHMSENRaTs, eagletatainge memberdedig pgsitoned splative to each
t . . | e
o SpReh e gTRENRemLER T et BRI RBAHE s Rostigned slong
f thenbélt, eaehsespadtiyehavainimgiurst lggieapestiioned gbtrelpessigigtretain 2
the respectjve retaining nenber. 4. The nethod of
cﬁﬁpﬁp@ﬁBREEPEin t he positioning further includes
positioning the el ongate portion of the object in a
saddl e portion of at |east one of the guide nenbers
and t héhe etethodg cledmb® rfurtber ddraprising pdsiioniigiia dbject to be
further conprisi.ng rel easi he qbject fromthe
- EeRsALN, Bs SN faf FBlISIg AL g step. 6. The
met hod of claim 2, wherein the positioning step

further includes positioning a plurality of objects to
efigageThe phethadiof glaiin Guihkreinesde etainihoeypit isi pagitioned to

h e b bei b q
By 364 PrelisaleRPE= RO RN ges P or m
plurality of retaining units positioned along the

belt, each respective retaining unit being _Ppsi ti oned
t8 rel theamthod of glaimB, vdwietn each sipiaing umit isTmsitioned to

ool e BB A B RO R A RS, o ©

direction. 8. The nethod of claim?7, wherein each

retaining unit is positioned to releasably retain a

391 ndf he #1tBPe f gadmsb MhesRINGFagEtaipjnecinit ig. pomtioned to
Al . | .

RABRALAL AR 1Pt SISy e bt ppron

a shaft portion of a bolt. 10. The nmethod of claim9,

o e SR Yk ol BRI e s
DRSS9 nd PEISI B nEPaciang HuioRs B fbrS B
pslepingqrartign hheinga decreagimigrisgight ad measygraubiromanbase of the

t he guide nmenber, the sloping portion having a
RPAE I MEChei ght as measured from a base of the

12.  The method of claim 11, wherein the guide member has its greatest
height nearest the retaining member.

13.  The method of claim 11, wherein the guide member includes a saddle
portion that is shaped to conform to an outer surface of the elongate portion of
the object.

14.  The method of claim 2, wherein the positioning further includes
positioning an arm portion of the retaining portion to releasably retain the
object between the retaining member and the guide member.
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gui de nmenber. 12. The nmethod of claim 11, wherein the
gui de nmenber has its greatest height nearest the

w0 edoajozismgy menber. 13. The met hod of clai m 11, PEITERM0$028757
t he gui de nenber includes a saddle portion that is
shaped to conformto an outer surface of the elongate
portion of the object. 14. The nethod of claim 2,
wherein the positioning further includes positioning

ar [ ret.ainLng [ 10.releg ,
el mpeio B ol LE MR R R S AR netal
guedterenber. 15. The nethod of claim 14, wherein the
armportion is a flexible metal nenber. 16. The net hod
of claim 15, further conprising adjusting the arm

ti 7 i ji : -
PRt g T 6P BRI S R R A bRl % B portion to
akledsabip rBizinihe objett bebvesmiiEoratainimg memide and thaddlide
portion having a shape that conforns to an outer
JUe - of the elongate portion of the object. 18. The
nmet hod of claim 1, further conprising adjusting the
retaining menber to releasably retain the object. 19.

The nethethediiod bhclmira, 14, wihehein the@pmi pirtign éxtludies sisaddle
electriical contact w.th at |east one electrical

PSRBT RS S BRA P BT HE g6 L At 0L Tiseplongate
Zbrtidhof Rt bigiecpf claim 19, wherein el ectrical contact
is mde with a plurality of groundi ng nenbers spaced

on the belt. 2 1. The nmethod of claim11, further

e ¢ D e GE bR e, AR ool g GuERAhy B Salind
whernicn td helehsslsly ngtairetheasivjeon. i ncl udes a hopper for

receiving objects to be fed. 23. The nethod of claim
22, wherein the feeding nmechanismincludes a sorter in

R el HEnRIa BT EAI . ot ch ol e SRENSha Biedhrical
i cordadtesitiedt leashomd ekechriddl gfaadlimy nemsbampeeitiorsrechor the

feedin chani s and a washer
continuguggen. m

20. The method of claim 19, wherein electrical contact is made with a

plurality of grounding members spaced on the belt.

21.  The method of claim 1, further comprising feeding the object onto the

continuous belt by a feeding mechanism.

22.  The method of claim 21, wherein the feeding mechanism includes a

hopper for receiving objects to be fed.

23. The method of claim 22, wherein the feeding mechanism includes a

sorter in operative engagement with the feeding mechanism.
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feedi ng nmechani sm 25. The nethod of claim 25, wherein
t he feedi ng nechani sm conprises a bolt feeding
wore@aanisssn 26. The met hod of claim 1, furtherPCT/US2005/028757
conprising pretreating the objects prior to the
positioning step. 27. The nmethod of claim11, further
the objects follow ng the coatin

E%BT | %3 ngtré%i n I@l?dmcﬁz,Wf@fﬁinlt,heffﬁ@@iﬁ@_r““@@?ﬁi‘ﬁ@@iiﬁ%QIGCted
SHORTE A D6 Rl e ek i MSERENS R 0] e

dieedimpingrbanisncoati ng to an object having an el ongate
portion on a continuous belt, conprising: feeding the
obj ect onto the continuous belt by a feeding

%.ha”i'ﬁ@mé’cﬁ%gﬁf Eﬁiﬁlﬂ%é hheRBinGhE f%%diﬁ@%@c?na%smﬁ%nprises a

retaining ne e rétal ning nenber ~engagi ng

clarit famging mMeshbnisoth that a retaining portion on the
retai ning nenber releasably retains the elongate
portion of the object to the belt; conveying the

CoEL | MPRE ndiRbd ofclalind) | SUHNE CRAPAAIASG Pretreating the objects prior
el ectrophoretically coating the object on thg

dertherpesitionied stepdryi ng the coating on the object; and
rel easing the object fromthe retaining nenber. 30.
The nmethod of claim 30, wherein the positioning step

f2r .t heThé RedtHde of BREH U, ARG ddeplhg atyiRg teebjcchefollowing
retai ning nenber and a gui de nenberengagi ng the
dbrtGoalBOSIBRI t, such that the object is rel easably

retai ned therebetween. 3 1. The nethod of claim 30,
wherein the positioning step further includes

[R&i t i Dime neethod af olajmrit, furtherf cangriging alimhd thepedatirNoh the
r I,easaﬁl y.retain the object between the retaining
ré?i%%trfc P! eq@rtag §isfher . 32. The nethod of claim 3

1, wherein the positioning step further includes
positioning the object against a sloping portion of
12t guh dectitedifer thetiecigrphieetie applicationl aidi pgymesic apiatigg to

loe?r%r gbj%rc]:t ng\\//ikg%naelgr?é:étgap%rﬁgn gﬁiaggént%%ous belt, comprising:
feeding the object onto the continuous belt by a feeding
mechanism;
positioning the object to engage a retaining member, the
retaining member engaging the continuous belt such that a retaining portion
on the retaining member releasably retains the elongate portion of the object
to the belt;
conveying the continuous belt with a drive mechanism;
electrophoretically coating the object on the continuous belf;
drying the coating on the object; and

releasing the object from the retaining member.

30.  The method of claim 30, wherein the positioning step further includes

positioning the object between the retaining member and a guide member
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measured fromits base, and having its greatest height
nearest the respective retaining nenber. 33. The
woredooenses cl aim 3 1, wherein the positioni ng BCEPS2005/028757

further includes positioning the elongate portion of
the object in a saddle portion of at Ieast one of the
gui de nenbers and the retaining portion. he
netgRANS e Fanipuwus, belheren Hﬁiﬂee @@ﬁth%relﬁ@saﬁhé petained
f et twie gﬁludes positioning a plurality of objects to
engage a plurality of guide nenbers and retaining
nmenbers, each retaining nenber being positioned

er to form

pftf‘él g ep R R e Pl S b inciuces

B8 b SPPBEHIHFo % MR PO AR EON At
rm_jbo’cbetfi\/eelnathmréta]ning unérhber andnhe guidg mesibkrroni ng

the objects to be releasably retained in the sane
| ateral direction. 36. The nethod of claim 36, wherein

ezeh reh@indtA8d WiclaihS P AHdrERNRE do%.trow.r?@%@m;hefr ﬁnigﬂjdes

a cylindrical elongate portion of the object
nieediteniog the abjectagainsba eio'plwphrtmwt@ﬁthemldmntenhmr the

0BG rO0TBet Ml T Monfod Baftich B Rle deBanG g s

wheasideReh ifsshaid)laRd HeMirdg it$ gt HEigitk nébrest the respectlve
rel easably retain at |east a portion of a threaded

petaintg EMBeE. shaft portion. 39. The nmethod of claim
30, further conprising establishing electrical contact
with at | east one electrical grounding nenber

B&i t i Dhedhathod be climtdNudieseinahe poéﬂloniﬁ@st@ptfbﬁﬁephcludes
cl aim 40, wherein electrical contact is made

pww%@mﬂg the elongatripadionatiiae ebigshiea saﬁldtemorben pf ameast
coating is

cure Lﬂé@g@%rgg{al%' %%/dgﬁea%gﬂ H)edljggrét ed objects

after the coati ng 42 A method for the el ectrophoretic

Ii tion of a ri ¢ coat to. an object havin
ol ohaietes o BRI 51 Wi 08 heSHoninG LeRpvribegotides
f;f‘c?éi’ﬂ&g BEIGRI t '
f eed|l ngnéreg%a%l @r;r%) f %‘gél&ts itggn ga%r?;b'gr%ng gu@oérrf}ergrt]) e(r)sf and
tretainigenentbersyeachaetaining member being posmoned relative to each
respective guide member to form a plurality of retaining units positioned along
the belt, each respective retaining unit being positioned to releasably retain a

respective object.

35.  The method of claim 31, further comprising positioning the objects to

be releasably retained in the same lateral direction.

36. The method of claim 36, wherein each retaining unit is positioned to

releasably retain a cylindrical elongate portion of the object.

37.  The method of claim 37, wherein each retaining unit is positioned to

releasably retain at least a portion of a shaft portion of a bolt.
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retai ning nenber and a gui de nenber engagi ng the
conti nuous belt, such that the object is rel easably

WO edoaiozmsds t her ebet ween, the retai ni ng nenber apdI/UR®05/028757
gui de nmenber positioned to forma retaining unit on
the belt, the guide nenber having a base portion that
engages the continuous belt and including a sloping
portion having a decreasi ng hei ght as neasured from

[ ba 0
t %g'r el ﬁ%é@%o?g‘@ﬂeﬂ ob ect Q%(yﬁt %%iﬁﬂ}%m & %éé't%hed fo
mealeasaldn detahneairleaan mpnguommﬂaemremd/pqnmg dfhhe shaft portion.

continuous belt with a drive nechani sm
el ectrophoretically coating the object on the

coot i n'qiﬁéﬁinélﬁbﬂ’of%iéﬂ‘nnﬁ) tfﬁﬁh@rbd:cﬁﬁbmsﬁﬁ%sfaedlgﬁﬁ‘l'gn&e&lﬁ%al
object fromthe retaining unit
contact with at least one electrical groundlng member positioned on the

continuous belt.

40. The method of claim 40, wherein electrical contact is made with a
plurality of grounding members spaced on the belt.

41.  The method of claim 30, wherein the coating is cured on the objects by
heating the coated objects after the coating

42. A method for the electrophoretic application of a polymeric coating to
an object having an elongate portion on a continuous belt, comprising:

feeding the object onto the continuous belt by a feeding
mechanism; ‘

positioning the elongate portion of the object between a
retaining member and a guide member engaging the continuous belt, such
that the object is releasably retained therebetween, the retaining member and
the guide member positioned to form a retaining unit on the belt, the guide
member having a base portion that engages the continuous belt and including
a sloping portion having a decreasing height as measured from its base, the
retaining member having an arm portion to releasably retain the object
between the guide member and the retaining member;

conveying the continuous belt with a drive mechanism;

electrophoretically coating the object on the continuous belt;

drying the object; and

releasing the object from the retaining unit.
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