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[ 0001] The present invention relates to a nethod for
coating objects, and, nore particularly, relates to a
conti nuous nmethod for coating objects. BACKGROUND &
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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

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



of the conveyor. Additionally, even if no contact is
made between objects 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 least, the touch point provides an unsightly
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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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oper at or mai ntenance for |oadi ng and unl oadi ng the
belt, belt exchange, and waste managenent. [0007]
Accordingly, it would be a welcone addition in the art
to provide an apparatus and process that can
materially reduce or avoid the shortcom ngs in the
prior art, inprove coating efficiency, while providing
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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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a gui de nenber engagi ng the continuous belt, such that
the object is releasably retained therebetween, the
retai ning mnenber and the guide nenber positioned to
forma retaining unit on the belt, the guide nenber
havi ng a base portion that engages the continuous belt
and including a sloping portion having a decreasing
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description of the preferred embodiments, will be better understood when

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;



FIG 5; [0019] FIG 7 is a side elevation view of the
continuous belt, as illustrated in FIG 5; [0020]
FIGS. 8a-8d are a series of side elevation views
illustrating releasable retention of an object to the
conti nuous belt of FIG 1; [0021] FIG 9A is a
schemati c side elevation view of the coating system
pres v,
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[0025] FIG. 11A is 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 beit apparatus provided by the present invention,
[0032] FIG. 15 is a perspective view of the feed system shown in FIG.
14;



feed system [0034] FIG 18 is a top plan view of part
of the feed system [0035] 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; [0036] FIG 20 is a
perspective view of part of the deflector station;
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Invention, the invention will be illustrated in the
formof an apparatus for depositing a coating on an
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invention will be illustrated in the form of an apparatus for depositing a coating
oh 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
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Description of the Invention, the invention will be
illustrated as a nmethod and apparatus for coating on
an object, such as, for exanple, a bolt, having an

el ongate portion that is cylindrically shaped, such as
a bolt shaft. It should be wunderstood that the
detailed description in this formis only illustrative
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the doctrine of equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.

[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.



[0044] Also, it should be understood that any
nunmerical range recited herein is intended to include
al | sub-ranges subsuned therein. For exanple, a range
of "1 to 10" is intended to include all sub-ranges
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orms roma series o
scope of the present lnventlon, 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
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8 segnents that are affixed to one another by neans of
coupling devices to forma continuous belt of a
desired length. The belt segnments can be of any

desired length, and the belt segnents that formthe
belt need not be of a wuniformlength. A nunber of

clip assenblies nay be affixed to the belt and act to
a r

mg%frgéptesqtﬁ%fbe _ alﬁiﬁ%& ﬁ% PPQQE'SQ@% egné ‘3? E&tﬁ@ﬁgf&&lces to

eformpd eontingAf belbdf & Beshed lengtifi Thelbeltasegmentﬁcaai)eﬂof any
surface. In this enbodi ment, the C ass A surfaces

tﬁ%‘f"'[ﬂﬂ length, ad the heltsegmants thatdpm ﬂf’i%@&“ﬁ'@?‘jkf@t bﬁ of a
&P*L IeW'gm1 ﬂrﬁﬁ IIOfcail tfi8ehtibs tg the belt and

noto 0|nsare creat donte
saa:tftacemeepf retalire dtmk/ey band rededsd objepiscasaans whehe required. The
movenent of the

d, di | t t
PR edonSles ey Rantact J0h examnEy 4 S hehol L8 a non-
Cerﬂsg% bﬁﬂ‘ac@ylrﬁth?% oa)fﬁéﬁt”}heTbPasgrA Yarfavesd Sﬁ!héadbitbe

any known stem rving known conti nuous
cionlushng thg;lmlbalaaft areed: natahe inecaptactivéth e part af tlhes belt

shown in t ues ects may be, fed 10 d
Aoell | ererdlE! B9 ot EShi MR R i Clis gurfaces of
kﬂh%VtSblt’Jlby fHe Bélt aEQ@I‘ét@é’ STRE®novensehticEthe bERedhd, Btebiihgly,
is shown in the ures. The objects nay be rel eased

f thermerement géthetgbjacta éhatea;rﬁcatt@bad do ﬁm@\bewaw &e controlled
d

Bn BB sm; MBI /sta AR Bnf RoBhn sthih for diing

pmdwmbonﬁrlanélt eppasyat uystemi: fov itadanases of mertgpemat is

Skt o D S e et o th i
Tﬁ%@gﬁﬂ%ﬁég usih ahggo!ttzi'riﬁ? no@ﬁ gﬁ'lg\fmaftﬁaéﬂ r'%g?/l%ﬁeﬁ eRsuitdBR%ked
csystemus tshdwnfmdhe figures ebhexbjedts onaybé eecleased a‘bhetae clips
7B} BlacHek i R o 258 RURRES S %20 dehFGT B
S\Xtﬁhiﬁﬁhé’%%hﬂng%gsw Rescpxparsststid P nfdyass emlpfoyddeas a part of

extrenes, or other adverse conditions or elenents
t thet belbapraratissand funcloos teleamevs fareigarmatieriroat the sides of

oot R BERGqsssror fip B Ao M rofding ceablf. s Bauired

buytﬁtecégmggmnts of the coat| ng system [0051]
Tur ni ng nowtothe dr aw ngs GS. 1-7 illustrate

k30581 nent sTheembrdimgnts r@egé’pqrem;h@rmpbpgcpqnatryﬁt@d
SHS BRI, Shef B30 ol PASG1L B9 ol rore reasons
oinchulirtgy: Fiost, 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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thereto for subsequent treatnent through a coating
process, described below. 9 The belt 10 includes a
belt strip 14 that is continuous, i.e., it is, or may
be, attached end-to-end to forman endl ess | oop when
positioned on a drive nechanism described below. On
belt strip 14 may be attached at | east one retaining

. he £ : d I
"I B1 jnBkibs Wb B4 PR lirpa M 2F)E or may be.
t attaoereak endk to-and ta forch an endlezsdoop athed poditioriddeon a drive

FOPHLASH dS2Enb TRl ot it g ok bevatrbed tigastono
L tgt?iﬁmbmbérﬂmm BRI @ naf BL POARS 8 &%) durabid ARSI known

] s shown in a horizontal confiduration it is
uindbe sxriofod withatandinghthe tempergtures and conditiohs asso€iated with the

CSTbraRotfnd EBbiEeL LRl Bhn s Tl Sorroson
feQistaMiaionauetive MatbridICRA SakhdIO Sl A sYifless st
scope of the present invention. [0052] Retaining

raiirughibelhdl inshewsiin pdwsigootal senfiguretian i iswpderstood that

[ -l i rti h j .
S8 B 4 DB BByl Wi o an
odiritgled iconfiguration oibjag e efiployeteind that skt miodifitaitionsiaes
12 may be any size or. shape to aid in the retention
Jptendeddgjhecinchuded within the scope-at thepigpert inveRtiomi ng

12 . oy ‘ o
TROBE] i egteing bR 894l H Db o SRP10'ahd may
drtledeedredainingoparition 16tthat, iman dpenpeesition rwabl exertvpressure

t he .el t orti 21 .of object. 2 j.ect 20
R o A0S I S 556 g 1
"My PR ardyPsise ér %ﬁa?gl‘% glﬁfiw tlaérilétne'ﬁﬁbﬁrdf fhe bﬁj%bt 56%'beItY1 0.

retains object 20 10. certain enbodi nents
df oneéxarmples eataining/member 12 mayibe a gpriegdeadetclipatypedgetaining

iBpiReavig e e ARRGRE R GETpih 28 bn Eligifed it portion
Rebtiayise pesihenabié ovay tHeeeloagateasbrtion 2al ¢f cjed2eRbten

manner _known in the art. For exanple, retaining nmember

190jRet2Q sdroery origated on belt 191 Retaining maseheret? meythee
(RiRa o el repferithtetty et sBBLEIFFials deld 2R 10, 1n
ecgrtaiy echiioatimehfs of the @resdraiimverdions ratainiri2mentidre! elaly be
AR i 2 TS LORPE RIERS W GITOHCReS FJeRAL. S99 85 Buminum
2% SR, RSl otk B B0 By
manner known in the art. For example, retaining member 12 may include a
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
10




FIGS. 1-4, retaining portion 16 may be in the form of
an extended armportion in the general shape of a
"Lazy S" that may be attached to base plate 11 at 10
one end, and positionable to extend over the object 20
at the other end. Retaining portion 16 may include an
|ndented saddl e portion 19 that may be shaped to

é?(& rﬁ:ﬂ@ogﬁ?ﬁﬂ% %‘ t0 Bkt fthé”é ?c‘t g? aW'ftﬁé‘ otHd®nd,

r sur e e onga porti obj ect 20
tmetaaﬂngbortmrr (2] mbbhadeestmmdentedo&ackﬁe pattion 18 thedtimay be

G S S Bk 5 et Ry e 2087 B o
he éi’@rhéat%%orﬁd&ﬁ?%ﬁg P20 b %@s%?lmi%‘feé%%bl@réi@iﬁ“@(object 20

arcuat e-s or retalnlng
dpl beltdt0. cAlthgvugi’hﬁmesbdcﬂe pogiare] Honay beany sbaper gobfigyration

S TekiacB B ot g iR 0 5556 BB, RRE4AA BBlany 10 may oe

PP EEhRX ér@uaf@&ﬁéﬁé@&e‘h%éﬁf@ﬂretéﬁnr’@ad d hﬁdﬂt%ﬂi yishapuede
an upturned portion 17 that acts to t retalni ng

Riongate porBom raupehaasa boBehedis pe |tlbﬁtratsedanT@ g@ﬁlsbtssms'mning

et 25 teial pRGRREpe it if s ilng BRLRFC s Eing porton

a1y mdﬁ:ﬂheﬁincﬁlﬂé av UPtu‘rﬁéd peHims #bthat raetsﬁid’lifh@t@lh}ngcmmon
20 to belt 10. Typica retajning portion 16

116 from atlogedinasiion rambper PeSitigRIVES the,pyier sHEace of object
g@dg‘# %scrﬁ)gatln tt:l%{eﬂFbéIS\'ﬁa'F@étgﬁ'n ?'Bﬁfon]’l?ﬁ mid) BeEfdrfed of any

resent retarning
Poateriah sﬂnﬁable f:bpnreltmisamﬂy eethining dbjectc20 tobelbnOr él'ypmadim

SRR nOATHOR]B I+ FRmekoha FA1gORe! B FOTEPAHRS bRy material
St\"l'af fhhi r%iﬁ:ﬁiﬁﬁ%émbWQQ NRcaH3INemBBAIM& s b the Present

formed of stalifiless steel, retaining portion 16 nay be
cmaentlcm Oetainingnportiark 16 ig fmmp ofra Heribipcoresinidrasistant

t. | |
Pl R, SY57 e b b Set el Bl o,
tfeddiningsortes s G%Egbél dHysLiRBId tHicknE@s! whah Cilelarhlng portion 16
retaining object 20 to belt 10. As i || ustrated

rlétfal'me(h gf §'f@ift|6%ﬁf1$tﬁel rratainieginertion: 16 o3y be 0:5Q 1a:8:7F rem thick.
BpT L1 Ot Aline PEBRH SRR #a?éé&d?%@%ﬁﬁlé%s?ra%@

egral erew r el easa fetaln o
t DiG&l 5-71 ﬂatailnihg memnisarbiimag e a r@cttangltulag panehmrtidﬂ that

b & Bk s b g A 20 (BT s
O i, 30 5T B ey FReAIaay ghion
nextonds frdm rettalnmgalmemt:mrftkamﬂ it iategrabtherewith to legeasably
retain 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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portion 16 may include nore than one end for retaining
t he object 20, such as, for exanple, a forked or
pronged end, having two or nore branched end

portions, which extend over elongate portion 21 of
object 20. 11 [0056] Belt 10 may further include at

| east one guide nenber 22 engagi ng belt 10 When

Tenbe ' L .
10 Befi it Pl AR el Bl o iide derhber 22
réhgaginglweﬁcm Mr@fncgmd@manbarm w;bmsémt refaining megaber 12 is
portion 21, therebetween. In this form

neagtienable salatiye teauidemembes 224p reieasablyi rﬁi@\@ Obmgcf 2Qand,
hiche FRRREIY 410 pIdRYRE pURIE 1, HRer@Btiorih i orf

asabl’'e 'retention of object 20
bﬁtabm'fg iensbet 1224ad guidg mentber 22Xorraraoretamingoenit omlrpd

EP LY cBs e RZcmaY o8 Rl Heh 8 SDAES T 81 inthe
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In certain e odi nents of present
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gﬁ{éﬁ?ﬁé[%;se@ ﬁpiggnqg elia “h ngé%hgﬁ]l&lgrv? Bg[h%ﬁ%enal that

SﬁﬁH‘fsef%télﬁlngtmémbePQQt 1A RettdirPémbbainkents oﬂh@prmm mventlon
secure mannér known to those in the art. For _exanp

ggHide member 224s fernethota somg@nzesﬁmt coadystive @é‘t‘?"@’ such

: %gta?l&bwﬁ%é{ ﬁ%&'ﬂé%e?%gs Ip %f‘ﬁ%]rgﬁe @‘E‘Vf‘%ﬁ%ee&ﬁ@a"fe strip

f pottireTs oftng et e0py ergddcarahfdnner kaogmtd&hmrtmﬂwem For
to the belt 20, such as, for é n;ﬂg rivets,
ase g8tth

sexample. ide meMbar22 maysave 58 Sepired tathe strip 14
1of theglllféos{’ 0 Wfﬁ%er s (H&%PBﬁm? ﬂwa‘t'&ter‘fd’t"h%t?ﬁh festip 14. Any

nmor e sl opi ng- ne east a portion o
asuﬂiatoie éastengrslmagme emplwed do affix therguide mexsker 22 to the belt

nunbe sl o nenber
o7 Syetiad fhr Geamele, dves bills, TorRacand ke oy
s{@eos79 ”e”%rlﬂustf‘:éléd WFRPS% Tdf@;iilcfésmbmﬁeﬁﬁ 2atfgy be in the
gui de “menber 22 nmay in the formof a pair of

afaronotore opmeage mmm sgrabers, atleapt %IPOWQP[ elevhighhasta
air__of wedqg

" dBBleasto WRRas FREFL-EE s brg, AJaoHa AR Bl o

S kRipim riepfbére nay b Bmhplgyed, dRAde asmige22 gidy iaslude a pair of

measured fromits base 26. The sl O{JI ng, portion Zq%%‘%

g§|%‘9r§1%‘ébef§2 Fresexaptole.anhas dlystratete guile HEE rgay be

| | f

-y A o SRS LR RS RS, Pay A o
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



enbodi nent, illustrated in FIGS. 1-4, the sl oping
menbers may be in the shape of a downwardly sl oping
arcuate ranp that has a slight upturn at the saddle
portion 23 nearest the retaining nmenber 12. In another
enbodi nent, illustrated in FIGS. 5-7, the sl oping
nenbers may be wedge-shaped 12 nenbers 22 having their

forms t%e re%m | ng %{é@%d%%ﬁ% 'ﬁ&'{%e’ 12 that

nfeminsrthe fretdiring unitS0nenber 22, vvhet her arcuate

- shape or ot herw se, any suitabl e
L F0BBCo" Faek siomingmenier e SHide.Meltie) 2 nietherearcuate
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two individual threads on t eeongate ort|0n2
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eporiont gt thaowhéntthe pbjact 20 isgasitiopadlonrtheyuiderthember
force when the object 20 .is rel easeably retained

b2 aldeastirpedion ol iSRgh rieRiag membekmay e igined hefween the
Zﬁlfeé&oé%eg(]ﬁngélbgﬁﬁﬁgz Yo ?ﬁo\{i@é( m?éa tBRS re‘téﬁglntédl‘c’)r@when

i ndented sa ape

rthembgect 20nig rbleasaablyrmtam@d betweayuihat nemlnmgl mémbehd2 and
ter urfacg the el ongate portion 21 of the object

2 ﬁ%"‘i@@%’f‘ ®h22+ el easeabl y retaini ng object 20 to

0‘59}0 A ThE dald %nﬁ%ﬁ@ﬁnﬁ?rﬁfdﬂ%\' inSludBYan iRBeARRY saddle

ape or confiduration to secu y retain the object
2@0m19nt2€ﬁethbémay1lm shapethiceregeivei, and 2@ insymiating coofiguration

SN AeE 4P he clorigiie BorIEE F on Y bEiBBLAY I gpsist in

Pl dstiablys retdi &thed to Bélt ﬂob@llfh R thé lsuéalb dtflen 23
[ 0060] Inﬁcertng;@ﬁo%ﬁbodl rgants of t Dt:grese Portion 23 may

i PR anYisbape Angontigwadion to spoureharaiainitie phEst 20 tgithe belt 10,

ek B, 29645 B gk g sEbal e T HiEposte
beortign adosﬁ themmttmltatbe/&tamed&@h oythadiricad] ielohgerte pertion, such
nmenber Iuréllty of retaining units 30

p%%Ptﬁh@ %@@h@st'ﬁ'é& In this form each

FRRBOFt i V€ 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



retaining unit 30 is positioned to releasably retain
an object 20. Typically, when the objects 20 are
non-uni formy shaped, each retaining unit 30 may be
positioned to rel easably retain each respective object
20 in the sane lateral direction as an adjacent
retaining unit 30. For exanple, and as illustrated,
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S. 0 t e coate j e 0062
‘n‘BPE?‘é‘H PR3 NGPre F'é 4%@%%@&“ the Class A

'%Hés%the%ﬂﬁte@otﬂggt? of the belt conponents, such

as retaining nmenp , retaining portion 16, and

gwoae] menbelt QQontea;plaieddbatainmm@dimntseafsme present invention,

e acerrent ét!t asocnte atec@qthat thE bgﬁt taini
8ha1YS ofife Be SBWQPSB e SHAY S S5\ @'Y MRSt i< retaining

r@d:maﬁal@l ﬁnﬂ%é‘n@%@éﬂ'@z Qhay BE et Habie for el reprement.

single belt %/.'bee npl oyed on a production |Ine

tl icalap canmp!a&cb ajtheg belksompongets By e adjusiableand

fﬁisnﬁ&ﬂ%[me f% r&egaecﬁ P%aﬁ'{ S’lﬁgéﬁac N ﬁ@ﬁﬁ& Os"i@ﬂ tbgga smé;le

dsels uD sinbée @mployed ohaasreducticr IKEtd coutsa Sériewss different
SI zed obj ects (e.qg. bolts of differing dianmeters or
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2@?&% I’oﬁﬁegéﬁ‘?@ﬂléf n%rﬂlehgéﬁﬂd b@’reﬁg&%{g 8!: Blﬁ&%ﬁﬂﬁﬂy elfffiihated
between runs of various sized objects (e.g. bolts of dlfferlng 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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slidably engaged to belt 10 so that the arcuate

sl opi ng nenbers or wedge-shaped nenbers, for exanple,
can be independently adjusted in a l|ateral direction,
in a side-to-side direction, or a conbination of
directions to receive different sized objects. The
manner in which the conponents of belt 10 may be
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[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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present invention may be enployed in a continuous
coating system50 that may include a drive nmechani sm
or system 60, 82 in operative engagement with the
conti nuous belt 10 for conveying as an endl ess system
through an optional pretreatnment unit 70, coating
unit 74, rinse unit 76, and drying unit 80. Coating
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mechani sm 52 enpl oyed in the resent invention may be
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FRImARIcy L0flple (hESL 8B Ly HubhaBGR b Lict,
Michigan. ltis contemplated that various object feedlng 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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enpl oyed in the present invention such as, for
exanple, a bolt, screw, nut, and washer feeding
mechani sm [0066] Feedi ng nmechani sm 52, and, nore
specifically, conveyor 59 may feed a plurality of
objects 20 onto continuous belt 10 as a stream ng
queue to a pick-up point at the belt 10 by nethods
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obj ect 20 contactlapga the flexible retaining portion 16
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position, such that retaining portlon 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 saddie 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 to assist in retaining object 20

to belt 10.
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of a spring clip, to releasable retain the object 20
to belt 10 (FIG 8d). If the retaining portion 16

i ncl udes saddl e portion 19, retaining portion 16 may
be Ilifted over object 20 until the outer surface of
the el ongate portion 21 of object 20 is positioned to
be in alignment with the mating configuration of
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movement to the belt 10 and, consequent!y, 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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novenment to the belt 10 and, consequently, to the

obj ects 20. The speed of belt 10, as conveyed by

drive mechani sm 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
mechani sm 52. Although the rate of travel of belt

t h the Vi

I oo AT BB RS, Wit Bioctss %’Cﬁ%“@s‘)?ﬁcsm s

pan ehmmmotéuﬂé’oatmgepmcees smchuis&an elaumdeﬂomgbty coatmg
positionjn each obj ect 20 approxi [rate y 1.5 inch
Ef@eéﬁ) bel gégﬂf the prRsedhinventign ieludg atdaastgie electrical

" BB itinibelth, SRObRalE B BB ol dtouhiifThembers 28,

apositionedhen bieite] Q)tooemefa)satiscﬁmtbryggmundcfor the électrigal circuit in

hﬁeﬁér{oﬁggggg I C t | nqqn'% (?rgc)\%g%gg@amgg] 608582 genysys the belt 10,
pfnésgmunumgembh%rm bositigAed Bh drféaééle%ﬁﬁeﬂhﬁférfd foed of

groundi ng menber 28, and tP/ pi cal a plurality of
gaon lﬁl@ntngallyecmmttstmg matgoai mayh@dae oveband cantacbadassh ene

G BRAEA ol 30 45, 4L 6 b e

SrhexhavRYs 60182 st gd@e (déékﬁllﬁﬂ%éldw Mrigerdseraséembly
positioned on one side of belt 10 and formed of an

e(@ﬁcﬂbéélhe!m@owa@ﬁtﬁ H@%Q@ﬂ"@ﬁd may ride over and

SR o) Beigrk iDsithQTRARAGE othEUaiald NS Elbetfbte. it
?g‘gé‘ﬁ zz?sk;;*mssfﬂg;:?t‘ﬁﬁf*iw mﬁﬁmﬁzgﬁ' e?m"
pHYSPUIkIK SiRaning,gn @ﬁe@%asmg sy pce.p I this regard,
S HFﬁél‘ieﬂ;ﬁetréé dRY nlﬁeid‘ﬁ\%?%ﬁﬁ%e Ta%l% % %r\{%féh? HHHR prepares the
matte oro

omt net al surface Yy cl ea I Ng
aaulrrfme dtetgleedqectg'za foe coating.r The swiafceaxi the substrate can be

d 70
CFBRRPN Yl i PERUIneals kg Hotbeptt sich &
Ohie%ﬁbn%%u{f abrading tﬁé}suﬁé@a 5Hdsas typitall BieaRingfddgrbasing with

can be cleaned by any physi cal or chenical mreans
k ReINeraially @vatlableakaima@r aeidie glsaping ggems dbatrarerwell known

o4 1258 Rt 8 b B s sPHRRR LSRR bty hycroice.

Ine or eanl

aglentan”tlhgtexal‘rfplwa siitabie cle*anlﬁdwgéhts lihdil sl CJHEWIKEEEN® 163
art, ql_xéh as sogdi um net asi licate and sodi um hydroxi de.
I

Naﬂd M%%&aﬂﬁ?@g%ph%tmqlw%rscb@amfrvg\la@@rﬁ gommercially
Pastlh LRI, L0 SR IR

[0073] Following, or in lieu of, the cleaning step, the surface of the

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.



avai l abl e from PPG I ndustries, Inc. of Pittsburgh,
Pennsyl vania. [0073] Following, or in lieu of, the

cl eaning step, the surface of the substrate may be
rinsed with water, typically deionized water, in order
to renove any residue. Optionally, the netal surface
can be rinsed with an aqueous acidic solution after
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and/ or le in the coating unit 74, Objects 20 may be

chaddereby ta the nbmt 8p. Irthe pragess iof the piaseshinvestion, the

o PBleF 8038t A Biscodel RETNANE Bingde. Wah Hrtyq! grout

t Bompoigidchievdtedtfdde 3fd a colmtdérsectpydé that laee &hmsecﬂm an

In the process of the present invention, the object
209Yepyeslesfrodapesitable 6@@““9 9W9§¢'§?nt he cat hode, in

2Rﬁ@ft g: gﬁ?’?&éﬂjﬁi hecgf&bbé 'of‘ggé@ﬁwﬁeﬂh‘é%lé&?@déﬂ%téble
coating, the aqueous dispersion 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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aqueous el ectrodepositabl e coating conposition. [0077]
Cenerally, in the process of applying the

el ectrodepositable coating, the aqueous dispersion of

the el ectrodepositable conposition is placed in

contact with an electrically conductive anode and
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the like. As illustrated, the coating unit 74
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[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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el ectrodeposi tabl e coating conposition. The polyneric
el ectrodepositable coating conposition typically
conprises an active hydrogen group-containing ionic
resin and a curing agent having functional groups
reactive with the active hydrogens of the ionic
resin. [0080] As used herein, the term"reactive"
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ahigh motegjarpyeighh ydll have andninpaie: visersitytthe high tonmeasyre.

IS | Ml e R 5 2aPadh S wilF vty of cationic
spbiyendrs afb&knbWhrdrtséan e 1eediih YheotomppsitipAs of tise mvention so

indication of its nolecular weight. A gelled polyner,
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g by RABnBBIF Y M Balr Hddr bR s catonic i
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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[0083] Wth reference to the cationic resin, a wde
variety of cationic polyners are known and can be
used in the conpositions of the invention so |ong as
the polyners are "water dispersible,” i.e., adapted to
be sol ubilized, dispersed, or emulsified in water.
The water dispersible resinis cationic in nature,
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cationic resin. Besides the epoxy-am ne reaction
pp@mmﬁﬂlons¢§eweédmmlwmm§h beses such A gigscdbed imbUdS. Patent

a | ,i
"Bl 475854 Bin Sl AQBIBSARYS P Sck P iabl Bkng

\Alconiposums\df@hé pfm;eemr%ntmﬁ aré toseusdsifviely deagiedbedins that

i n European Application No. 12463 can be used.

FGPRIAN Prigiary gndior secondary amine groups. Such resins 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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conpositions prepared from Manni ch bases such as
described in U S. Patent No. 4,134,932 can be used.
Al so useful in the el ectrodepositable coating
conpositions of the present invention are those
positively charged resins that contain primry and/or
secondary am ne groups. Such resins are described in
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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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i sopropanol, and n-butanol, w th nethanol being
preferred. Am noplast resins are commercially
avai |l abl e from Aneri can Cyanam d Co. under the
trademark CYMEL(r) and from Monsanto Chenical Co.
under the trademark RESIMENE(r). [0091] The

am nopl ast curing agents are typically utilized in

SRV Oibe S eddiey i e JuihE6AuERReMdYEStribed in U.S.
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twbuansclidié $W1%ﬁétl'{a'ﬁﬁl4 4 Anglistbyagal®. Xltdcmlate prepolymers
thereof, p-phenyl'ene dii socyanate t et ramet hyl ene %nd

h&&lapﬁhrﬁiﬂ uch as ng@@g@mbglﬁgol and trimethylolpropané and wit
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t toi Gﬁawmgmpprwﬂnmemrabw frédm 5 weight percent to 4% 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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pol yneric polyols such as pol ycaprol act one di ol s and
triols (NCOOH equivalent ratio greater than 1) can
al so be used. [0094] The polyi socyanate curing agents
are typically utilized in conjunction with the
cationic resin in anmounts ranging from1 weight
percent to 65 weight percent, preferably from5
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addi tives such as wetting or dispersing aids.

Hydiecasbiens Aleohals esterse 6thess and ketanesanthe prefarred coalescing

So8ore 1 A0SR A4 SEEF 3l EBents

ehclode Eipposanal osutaadlh) 2eéthyihexandis sophbromteion has a

resin solids content usually within the range of

SBRMIOxPPerianane stoWRne AN RIPEHENe K 2 themenaiyht
Hhondbutfl £1d FRABREI EtR&rs i idihylene glycol. The amount of

coalescing solvent is generaily 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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[ 0099] As aforenentioned, besides water, the aqueous
medi um may contain a coal escing solvent. Useful

coal esci ng solvents include hydrocarbons, al cohols,
esters, ethers and ketones. The preferred coal escing
sol vents include al cohols, polyols and ketones.

Speci fic coal escing solvents include isopropano
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[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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washer are nore easily coated by the coating materials
in coating unit 74. As the belt 10 carries the bolts
fromoptional pretreatnent unit 70 and into the
coating unit 74, the belt 10 nmay be rotated, for
exanple, froma horizontal position to an angled or
vertical position, or froma vertical position to an
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i's |nten to include
a composition, 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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and curing. In one enbodi nent, the el ectrodeposited
coating is dried by driving substantially all the

sol vent and/or water fromthe coating either by
evaporation at anbient tenperature or by forced drying
at elevated tenperatures (for exanple 150F to 800F
(82C to 426C)). The term"dried" 1is also intended to
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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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density val ues indicate a higher degree of
crosslinking in the coating. [00108] Generally, the
el ectrodeposi tabl e coating conpositions which are
useful in the nethods of the present invention are
appl i ed under conditions such that a substantially
conti nuous coating having a dried film thickness
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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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prior to the objects 20 being transported through the
drying unit 80. [00111] After exiting drying unit 80
and passing through the optional cooling unit 77,
objects 20 may be released fromthe belt 10 by nanua
or automated neans. Suitable rel easi ng neans i ncl ude
gravity driven neans wherein as the belt 10 is
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engage belt 290 and put in motion the continuous belt 200. On the 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. Ateach 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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200 to convey objects 20, such as bolts, froma point
of origination to a destination point. Each segnent
201 may be a band that may be constructed of
stai nl ess steel or another corrosion-resistant
conductive material of uniform |ength, wdth, and
thickness. As illustrated, belt segnent 201 nay define
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hm bait shasmert2D". ww@szww thhfﬁadﬁ‘é Polascgiammay be
ARG} LRSS )8 217 o Shen FOYEN hShooste
Pbldel mfpehermetbbldlp Mrls\nestﬁ@ﬁm bett lsegmenhﬁéd vabélk jaint 204 with

- PoHEsPaIdal CraRaneR halbaialaY BRgiAceHan i inside bfclip 202
eb@g&@éﬂ the édm@@. mla?ra%ci.tghea Rwifh clésﬂsfjdc@;tﬁﬁlés bebt Bt joint 204

nee by t e coating sys Ref erring again
t nayl IGavel fnar indepral a2 98 asdzﬁl@ that/pioteidedclow tae ppttom

- SRS B Bikriol 200 B e e s Bies Th Bk Bhar bl i 0. his

Mpé&ddsPerniils tﬁemgaihlt 20282 fitByer ¢ipc202and the s Btrip metal
retain, conve rel ease objects 20, such as bo]ts,

abehuern AbY t\mg WI@W% 8ifita @T%ﬂ@taeﬁ'ﬁﬂ@l ‘ﬂﬂhﬁ?eweﬁ%fs@@?f the
T e
amg?m | gred B j(ﬁm@(]mh'taymnnmfas@@mdrmgeﬂher using, for example
5 D SVRGORTToR BAnT AR e ERCh o SEraEo 54 WHBGPriated washers
RSRDTApIA] oS e Bt dted bt of B M o g
h@lmaadaholfesk%llz argb3 it nard foadllytighteeed o $hreaded holes 203a
of lug 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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side of where the clip 202 is resting on belt segnent
201. A belt joint 204 with corresponding cl earance
hol es 204a nay be placed on the inside of clip 202

bet ween the saddl es 214 and aligned with cl earance

hol es 212. Belt joint 204 may have four integral tabs
298 and 300 that protrude bel ow the bottom surface of

;gp’ j;% May294 uk8d & E?és%nf‘ fbﬁéﬁ%ﬁplé‘ plolts 2 Sth@fbsg'tifa'ts%mbiy

recess permts ol nt
0260. As qﬂadmliolhﬁﬂ cohtacisriiid pm—loadedmetaimn@mambeur 213, the force

t ' 210 t { ' fl h th t ..
L Rept P40eas et Fndiatd wepsg thatisu B staining
| perA s 210 méfdé pﬁﬁﬂéﬂeﬂéwﬁﬂérd ﬁiWé}d%ﬂé belt'éé@n?&ﬁeoqn @hich

belt joint 20 hen fastened et her "usin
f aows hefl|29 to amrttwwq&andle%ﬁi agalns itpe saadies 4. Asthe

* FetBlipd PR S RGP 168 ThS0ad e, T 88 shape and

t DpRiEsEd ehtl SO2easRpAEAR tRaLorthe olddgatapdriiornat bMt 20 and
tightened into threaded hol es 203a. of lug 203.
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saddl es 214. As the retaining nmenber 213 returns to
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ng{ﬁ%oegrﬁfé% RURrRY ot the cfips 2D2dre 29 thePoBRIdbZGUide 206 as
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. 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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[00116] Referring to FIGS. 1 1A and 11 B, to assi st

belt 200 in traveling through the coating system 50,
any nunber of standard belt guides 206 or variations
t hereof nmay be enpl oyed al ong the pathway. Basic belt
gui de 206 can be used as presented in FIG 11 B or it
can be used in conjunction with another assenbly, or
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18Bbpdtehb® $6/%otH Yt AP 5(ich, tdhd 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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capture the cross nenber piece of the retaining nenber
213 by use of a low angle lead-in 219, which results
in releasing the force against a object 20 to allow
it to disengage fromthe saddl es 214 and drop fromthe
belt apparatus 200 and into a conpleted parts bin or
ot her coIIectlon devi ce. [00119] FIGS 14 and 16 show
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fed into clip assenblies 202. [00122] Belt tensioning

s%&t@m b theadrivesyitgms4fQ.abl e bel t tensioner  known
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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 beit
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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operation by exerting a controlled force by a

pneumati c cylinder against the translatable support

424 for wheel 402. Belt tensioner 406 al so detects

belt breaks and jans. If a belt jam occurs, the belt
tends to cause support 424 and wheel 402 to translate
agai nst the pneumatic cylinder of tensioner 406
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%38 Al beeflgRed E%ﬁ%ﬂa lérrfsﬁﬁﬁg Qﬁatt%ﬁé%oﬁ%ﬁtégtgmpﬁ:g? 202 has

Ich or 35wt springs may be nou
bbesn muilmted irclhe praper focatiobase 502. Accordi ngly,
i pdexer 504_can be ved .t o d a confronting belt
LA o1 TEE Brese i En bR o s R At he il ,
| oGSk oF dHj8ats to belbatéd it Rightstiledsahfoughe/®idus doating
exanpl e, a set screw (not shown) can be provided
t RFasegRes. whilecrpdusingf thediskfthaibihose coatad siwbaceas wif be marred,

o8] Pl T Fetplfife T otmEEs (Bt gt SHEEPngd boints
ean the@homGlads Rssurfaeedn hersisjetty Asaa Iresulf 8 deposited coating

Regi strations 506 and 510 are used to receive |ugs
208 the SHass A sgrfaga iy Mese Mnifarm @ngd ineludes, Tessislatects than

fﬁ% %ﬁiaﬁ%%ﬁmﬁu@ga may be used to receive a

[00126] Whereas particular embodiments of this invention have been

D]

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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nmounted on a segnent 201 (if a clip 202 is being
replaced on segnent 201) or a pair of adjacent
segnents 201 (if a clip 202 is being used to join two
segnents 201) to nount a clip 202 to one segnment or a
pair of adjacent segnents 201. Thus, inserting a
mounted | ug or nounted lugs 203 in registrations 506
an € that a lug 203 inserted into
regbgé?i%?%ﬁﬁﬁﬁﬂgiﬁnl| be aligned properly, and
ensuring that the corresponding clip 202 has been
mounted,in the proper location. [00125] The present

i nvent i Binaihog\iar thecelsctrapharelie applicationsef anpolymerigapating to
fven o (
0 aR BoRet habfloh €8ALAR Bdribh 9 2 BRI RokefieR

coat ed surf apesitionihg the object txlengdiye aebrisiag hyember, the
retai.ning thgse objects in a fixed position at one or
oieLAINPEMBgE SGeSHGH e ceEEnUPUs belksush St aetaining portion
0 . . . .
e i or BGOSRl ATAISH  poin o
ded aen<laraA syfaos afithe mhjent taithe belit i ng t echni ques.

00126] W t] | ar, enbodi f thi .
veatt on PecaeBRid thealingaus el Tt s e Mehasisge: and
illustrati 0%Iebﬁoﬁﬁdkti@ﬁlﬁé@a@ﬁ@ttg%Q)tbi%b‘??glttﬁbido'nﬁﬁu?ﬂﬂbelt.

the art the nunerous variations ails o
present invention may be nmade w thout departing from

e PR R A bR BB o B R Roluces
el msiticrhg tes bbjeaPbétwain the refaifing PhemMiBer Snd B3JUIRE mMdber
an obj ect having an el ongate portion on a contlnuous

bNTAGING A eontipuoUs bei; sesh Hipt theobjecbistrelansablyagtalned

r ehatdydpgedgoer, the retaining member engaging the
conti nuous belt such that a retaining portion on the

retaining nenber releasably retains the elongate

pajtion_at a _point on _a non-Class A surface of the

oﬁ-e_ct e mﬁéﬁf_bif){ clayp 2y whiergjn the PesiiPrgotiep fetthenineiydes

a A . .

BT OEE ol £LGEPRIRG 1) bR, can
clguide memberiochudingsa stoping portiog vy & decheasingbeighieas
pasitioni t he obj ect between the retaining nenber .
DA g dbmdRsaRe ahd Ravig Hh dretiat naias S9aE 1 rRgpective
t hretairhiRg rAéNBeF. i s rel easably retained

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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t herebet ween. 3. The nethod of claim2, wherein the
positioning step further includes positioning the
obj ect against a sloping portion of the guide nmenber,
each guide nmenber including a sloping portion having
a decreasing height as neasured fromits base, and
havi ng its great est hei ght nearest the respective
f P
étéi&i‘i theli ng gach r e-ltgﬁurﬁ{ri%gi%é’r bpegllé H%iﬁoﬂé\@fél‘étn% to each
er&amtme poide mendder td éombpemmrality ef retalaihg Lpntstposmamfed along

t t he ers and the retain
S ‘epchTRsPasRTsTRING UITRAING PRIoBRd (6 ApPRSRAIY retain a
I pApRetitd obfdRtobj ect fromthe retaining menber
follow ng the coating step. 6. The nethod of claim 2,
wherein the positioning step further includes

posi tigpin nl ural.ity of, objects to en e a .

ofur al 105 "efgid eaiin b diher tompsing masiGRDG ihaehiect to be
em@agaaﬂwétam@dﬁﬁrm@sah@ iagerapgirédtioped rel ative to

each respective guide menber to forma plurality of

retaining units positioned along the belt, each

B0 a8l B B Sk pionss o

ofeledsably fetainua biaiﬁtdrmnabhgaprmahtdfm BBjeiche obj ect
to be releasably retained in the sanme | ateral

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

t [ v i
(8% 2 O b o A SR ot RUSERRPY B o
mestiéashbdy rethini ah |8astvéhporion afacshafepartionrd apolt. i s

positioned to releasably retain at |east a portion of
a shaft portion of a bolt. 10. The nmethod of claim9,

\Mp@r el The #sdthb8 TR clHiMD, WhdrelrSe &5t uﬁiEis po(fit(})ned to

rel easably retain at |east a portion o
paleasablvretaineatdeastia portionef a thidaderhpomiontod dhe thatt aortion.
2, wherein the positioning further includes

posi tioning the object against a sloping portion of

t he. guThe mathbe of cldird 2, Wiireinthe Pdsittihimpilther dncludes
decr easi ng hei ght as measured froma base of the

gRPZtonig ObiPEt agaieshasiaring pogion oh the guideemeimbarhthe
; e?gﬁigfi}’cim&ﬁ rrgeﬁig 4 Sedet@ngHeightidMeadGAFHbm L Base of the

guide member

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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13. The nmethod of claim 11, wherein the guide nenber

i ncludes a saddle portion that is shaped to conform

to an outer surface of the elongate portion of the
object. 14. The nethod of claim2, wherein the

posi tioning further includes positioning an arm
portion of the retaining portion to releasably retain
the object between the retaining nenber and the guide
menber. 38 15. The nethod of claim 14, wherein the arm
pd51 i oifhesmethbbafickHie 1 tvethereiretieearm pértiohtis anfixitsid reétal
claim 15, further conprising adjusting the arm portion

t B'eMR¥leasably retain the object between the retaining
menber and the guide nenber. 17. The nethod of claim
14, wherein the armportion includes a saddle portion
h?:ﬁj nlgThe shethedtdf a:talmo‘lﬂfg cimr‘:lsent ak:)braprmug Qﬂjl.lﬂ‘lﬁlhgéthe r?u? portion to
t e ate rti.on,of the o 18. The net hod qf
cTelpgrably Felfin e QbiRe) et 42 tRiIINg Fiehatand feguide
NRigpshert O rel easably retain the object. 19. The nethod
of claim1, further conprising establishing electrical
contact with at | east one eI ectri cal groundi ng nenber

T m 165 Satoh B cifBCid. MiHFein feiam peripandlipena sadie

PhatiahiHawirtf a haps $hatcdiromRes fo SPBGRH srfabB®f iR blo late
The nmethod of claim1, further conprising feedingt

opprEien G obiest- continuous belt by a feeding
mechani sm 22. The nmethod of claim 21, wherein the
f eedi ng nechani smincludes a hopper for recei vi ng

ob.ect The endthod of cladd. 1, Tineherddiagrisihg adfisting 2he WaRirng
t he feedi ng mechani smincludes a sorter in operative

g Arelgpeably ratain the PReRechani sm 39 24. The

nmet hod of claim 22, wherein the feeding nechanismis
selected fromof a bolt feeding mechanism a nut

f t&di njherwdthod ofrclaimd , durteerhzompiisieg iestabliehingrelsctrical

contact with at least one electrical grounding member positioned on the

continuous belt.

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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25. The nmethod of claim 24, wherein the feeding
mechani sm conprises a bolt feeding nechanism 26. The
met hod of claim 1, further conprising pretreating the
objects prior to the positioning step. 27. The mnet hod
of claim1, further conprising drying the objects
followng the coating step. 28. The nethod of claim

1,55urt I Si [ L.ng on the .

siphor P66 ARG f 2t Wb PpS9kHRY Al i slect
t hizorel ofcd bolpferditg Methahisp@ta Aot febdmoNRkENEism, aRdtd Washer
to a_n obj ect having an elongate portion on a
coREARSLTSCRANIEM. conpri si ng: feeding the object onto

the continuous belt by a feeding nechanism

positioning the object to engage a retaining nenber,

t h25. r eThe methodefblaimedy agiengintthe feedihg muettaanisth tcomprises a
suc@ hat a rebaini ng portion on the retaining nmenber

r PAULISONND MECHARSM he el ongate portion at a point on

a non-Class A surface of the object to the belt;

conveyi ng the continuous belt wth a drive nechani sm

el 2&t r ophe mathedof glairodt, furtherconotmjisiog poatredtimg the objects prior
contt'bnuoui. belt;, drying the coating on the object;

and P& PLSLIONY H€Pobj ect from the retai ni ng menber .

30. The nethod of claim?29, wherein the positioning

st e;) further includes positioning the object between

t el .r et Bemeshee ebelaimd furthern epmprising drying thegbigcisgfollowing

t : belt, such that the object is
re 82@%@h§%?%$ai ned therebetween. 31. The nethod of

cl ai m 30, wherein the positioning step further
I ngl ude_ls positioning an _arm portion of the retaining
pofd-i on! e Mathed ehslaim e figther:eoanprising suring theepatingson the

Lfeé‘??gﬂ@g%‘?ﬁgaﬁé c%lgﬂnélgfepgm de nmenber. 32. The net hod

erein the'positioning step further
includes positioning the object against a sloping
" A9-udiA Sﬁ%ﬁ\gﬁ 6%?%%%%&% TR gﬂal%gétigga?‘a@angtﬁ{ﬁ@eﬂsicgﬁting to
ﬁ:?nggtsj%%gg§gg{; ra@hr@gbbggt%ﬁigﬁeﬂ deditiious el B8MpFising:
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 at a point on
a non-Class A surface of the object to the beit;
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.

30. The method of claim 29, wherein the positioning step further includes
positioning the object between the retaining member and a guide member
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retaining nmenber. 33. The nmethod of claim 31, wherein
the positioning step further includes positioning the
el ongate portion of the object in a saddle portion of
at least one of the guide nenbers and the retaining
portion. 34. The nethod of claim 31, wherein the
positioning step further includes positioning a

e ctrfolS e SOBT M 8 oHleBl < eigtaBieaipes
betheetmteethoned rel ative to each respective gui de

menber to forma plurality of retaining units
positioned along the belt, each respective retaining

umdi bej t .
Fexhect | aRRRb8 bPeRin'dD, LAEARTHe bpSBbA do furtheninpludes
c grqaiticing apcamt pention@f tine rethining porction toeeleakablyabtain the
retained.int ne.l ater I dir i 0 36. The net hod
oropdHntagen e ARG oot iy GHide EmBBS: | oned

to releasably retain a cylindrical elongate portion

of the object. 37. The nethod of claim 36, wherein

eaﬁﬁi r ethe matlodiof clair Sﬂowrlei'ejnéue positioelngasiablfyrther includes
rtion of

D Aqbitriha e Shiel: ATHAHCE spirh A0oh et biiedhefver, the
r ejLAd@ nigmbéer ’hclu‘éhrﬁ?é 'sidpiiﬁigaﬁoﬂiém I’iéi)u@é@i@c)’eésﬁiﬁ@héigﬁ as

| east a portion of hreaded portion of the sh _
pdheasired femm Iwiilasieeﬁn@@aymgdte‘agﬂeamt heightii@iarest the respective

Fg.gge[ihiﬁhr}ge'e]g%f\bl ishing electrical contact with at

ri cal groundi ng nenber positioned on
the continuous belt. 40. The nethod of claim 39,
contact is made with a pluralit

mherei el ectri y
of Q;r om I',R;ﬁﬁ@g lairg Qacyaiewnttlp@ pgsitipningsteprfigrther includes
R @%i'%ﬁétgt 868 o 11 S0RERELA Gaddie Tt Bfat teast

c aatd ofthe4uideéAmesh thard afrmrthehetaimiagtpwﬁrhnr etic

application of a polyneric coating to an object
having an el ongate portion on a continuous belt,

CEr i St H&metﬁ(ﬁfgf Adirh '3‘? fRefSH tﬁé‘PBsMBﬁm@?ﬂéb m includes

belt by a feeding nmechahism positioning

pnmsiltmmum atniwabm dcxbiex:ts\t@engage aq:lunahty@f gmdeenembelrs and
gyi de nmenb en aﬂl % t.ne con ous % P
retaining niem ers ining mem er eing posmone 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 35, wherein each retaining unit is positioned to
releasably retain a cylindrical elongate portion of the object.

37.  The method of claim 36, wherein each retaining unit is positioned to
releasably retain at least a portion of a shaft portion of a bolt.
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that the object is releasably retained therebetween,
the retaining nenber and the guide nenber positioned
to forma retaining unit on the belt, the guide
menber having a base portion that engages the
continuous belt and including a sloping portion
havi ng a decreasi ng height as neasured fromits base,

t [ D [ Al L o

P oy Mol B Beim 27 L8R iR BBiihing s mesiigped to
a refeasdbhsretdinainéfsta Poriibhof athredddagiorien of e Siafdortion.
menber and the retaining nenber; conveying the

continuous belt with a drive nechani sm

elgetr j ' W=Ye . ,
coR o RehfEhd of Yalfi, fituichtaiiing BRteblighing electrical
beddntactrwith at least oge elestidy] geduridingmismberepadiionl on the
unc':c&ritinué%s belt.

40. The method of claim 39, 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 continuocus 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 am portion to releasably retain the elongate
portion at a point on a non-Class A surface of 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 bel;
drying the object on the continuous belt; and
releasing the object from the retaining unit.
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