METHOD FOR ELECTROCHEM CALLY TREATI NG ARTI CLES AND
APPARATUS AND METHOD FOR CLEANI NG ARTI CLES Thi s
application clains benefit fromU. S. Provisional
Application Serial Nunber 60/221,771 filed on July 31,
2000. Cross-Reference to Related Applications 2.1 The
subject matter of this application is related to the
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braze material. The tubing frequently receives a coating to provide a smoocth
surface. The coating is carefully applied because the coated tubing has controlled
tolerances. The smooth surface and controlled tolerances ensure that capillary
forces will urge the braze material to flow into a predetermined gap between the
tubing and the component.

5.3  One approach for providing the coating uses a plating process having a large-
scale bath and includes disposing many pieces of tubing in the bath. . A large-scale
plating bath may not efficiently use the plating solutions, increasing purchasing costs
and increasing disposal costs of the environmentally sensitive waste. Depending on
the location of the tubing in the bath, the tubing might receive a thicker than desired

coating or a thinner than desired coating. In addition, a large-scale plating bath may
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well be located at a site renote fromthe |ocation at
whi ch the brazing processes are carried out. 5.4
Anot her approach for providing the coating is a brush
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pl ati ng have a higher nmetal content than electrol ytes
for conventional plating baths. Brush plating
welPhe ieses aeaite\remate fioen tinrdatiomad MIfch tHe lBrazin processes are
conductive pad. The conductive pad is soaked in t
Cafféﬁ@@ﬂ? olyte. This is essential to achieve higher rat es

4 el dpORERE bt Btyidlod e BB ET BRGIPBHY Phaod e The
elecﬂktﬂj‘/tesh.ﬁse‘@i%f pagsh plalindihavd \higRee rr@‘ta[tétﬁn@lﬁﬁﬁhn @l@étrdlgtes for
process is little waste and acCeptable levels of tine

conventiogaliplating balhes SBrusbating piesepses eswlgwa carbon anode

wragigio grestiotée 280, ‘T Fodlis bag BRAAAn bfe Fectrotyte. This

is eBEEStia b chRVeMGhéMatddef Iﬁhﬁ@ idepobMbak Peesrehtis passed through
addi ti on, the opeéerator szt handl e harsh chem cal s

the gadiang 1 erartigleaanithe: epgratpranbs e pad sver mmsum t he

5.5 o iianeBeiBe bhusToERbh MatvSts it adte 84 §oeriBi evels

of tifses fIrai el ivi, Pré@eﬁm HEWEvaNMheatBLBES [sSlahBF-IfitefsiUe aal Vatiations in
direction o Ejllcants Assi gnee have sought to

techiique bi9ra OpPEAtPhEY pRYEtIneeasagheadiiitg!ty ok presisehnpemrolling the
plat‘r‘niquI id en%t%isﬁﬁsa ﬂﬁeoééb&%t d gt ﬁgﬁdlgsr%rgltn cﬁghﬁﬂz}élé’%ring

use of r1nsing Mﬁ er an

cledring landastshiageast magnnekyaraf rrideeahélmdé wiithl irgpetitive motion that
invention is predicated in part on the recognition that

cauges fatigusheanwhigh Mighidiausedrpetiive MONIPPIRIUAES: ng hi gher
5.6 TELAL 0‘?8]‘?1%;5);}35 eggls{ssefndd\'bﬁallngb@w\%ﬂﬁﬁg upbaf | {t{)ésd@%%{’rﬁ)él of

advan age use OoCa ar eas

Appliedntsalssignbahang soaghsto dévelsp agilating pestesataad apparatus for use
recogni zin that dedj cated cells my he gr ovided wth
hedlumiee

with Skl PrRRasEeRdnatRIPVISEGItieient usR P Llugienhse of rinsing
watSf SﬁHW&)éB@lﬁé%ll@é %E%%P@oﬁ?ﬁ%% ated wth plating. Is

I'cate I'n"one e i ment, recogni zing that
such dedicated cells pronote aut omation of the pl ating
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also predicated on recognizing that dedicated cells may be provided with flow
patterns that promote rinsing processes and electrochemical processes associated
with plating. Is also predicated on, in one embodiment, recognizing that such
dedicated cells promote automation of the plating process. In this context,
electrochemical processes refer to process steps for an article, such as etching,
activating and electroplating and other steps that pass a current through an
electrolyte. The current is passed between a pair of electrodes where the aricle acts

as one of the electrodes, whether as an anode or a cathode. Rinsing refers to those
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2 steps using an apparatus to prepare the surface by
renmovi ng contam nants fromthe surface with a rinse
fluid, such as by renmoving electrolyte fromthe surface
with rinse water. 6.2 According to the present
invention, a nethod for electrochemcally plating an
arti cle which requires at |east two preparatory process
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i ndexing the tubings of an array of tubings,
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dedlgated ceﬁl requiring the longest amount of time for carrying out the process.
6.5 In accordance with one detailed embodiment, the method includes indexing
the tubings of an array of tubings, each to an associated cell; moving the array of
tubings with respect to the cells, each into an associated dedicated cell; performing
the process step at the dedicated cell; removing the array of tubings from the
dedicated cells; and, reindexing the tubings with respect the cells by moving the
array of tubings together, each to the next dedicated cell, and further includes
removing from the array of tubings, the tubing which has completed processing and

adding a tubing to the array for beginning the method.
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renoving fromthe array of tubings, the tubing which
has conpl eted processing and adding a tubing to the
array for beginning the method. 3 6.6 In one detailed
enbodi nent, the nethod includes noving the tubing in
sequenti al fashion through dedicated cells for
performng the steps of electrochem cal cleaning using
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simultaneously flowing fluid through the passages in the wall that are directed toward
the tubing disposed in the center of the chamber under significant pressure, such as
a pressure which is in excess of ten pounds per square inch gauge (10 psig) and in
some applications is equal to fifteen pounds per square inch gauge (15psig).

6.10 In accordance with the present invention, the step of flowing a rinse fluid
includes the steps of detecting the presence of the tubing in the chamber; flowing a
predetermined amount of rinse fluid to the chamber prior to flowing the rinse fluid

through the pin and through the walls the chamber.



i ncludes the steps of detecting the presence of the

tubing in the chanber; flowing a predeterm ned anount

of rinse fluid to the chanber prior to flow ng the

rinse fluid through the pin and through the walls the
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Brief Description of the Drawing

7.1  Fig. 1 is a perspective view of an apparatus for performing plating including a
schematic illustration of an indexing device for moving a plurality of articies through
the coating system indexing and reindexing the articles with respect to the
electrochemical cells of the apparatus;

7.2  Fig. 2 is a perspective view of an electrochemical cell for performing process
steps involving passing current through the cell in a method of electroplating an

article, such as a tubing;



el ectrochem cal cells of the apparatus; 7.2 Fig, 2 is a
perspective view of an el ectrochem cal cell for
perform ng process steps involving passing current
through the cell in a nethod of electroplating an
article, such as a tubing; 7.3 Fig. 3is a
cross-sectional view of the el ectrochem cal cell of

7.3Fi Fig23 iskanosabectpridhvievi obtheSeldctbcttérgicabeaindf Fig. 2 taken
partially broken away for clarity; 7.4 Fig. 4 is a
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As shown in Fig. 1, the plating apparatus 10 includes a plurality of cells for
treating the articles, such as electrochemical cells and rinsing cells. The
electrochemical cells for electrochemically treating the tubing are represented by the
cells 24, 26, 28, 32. These cells are formed in the same manner and are each
similar in design to the representative cell 32. Cell 32 is shown in Fig. 2 and Fig. 3
and is discussed below in more detail. Each electrochemical cell 24, 26, 28, 32 is in
flow communication with means 34 for supplying electrochemical fluid, such as
electrolytic fluid. Electrolytic fluid is commonly referred to as an “electrolyte”. The
means for supplying electrochemical fluid has a reservoir 36, a pump 38, a filter 42
for the electrolyte, and, as shown in Fig. 3, both a supply conduit 44 and a return
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and is discussed belowin nore detail. Each

el ectrochem cal cell 24, 26, 28, 32 is in flow
comuni cation with nmeans 34 for supplying

el ectrochem cal fluid, such as electrolytic fluid.
Electrolytic fluid is coomonly referred to as an
"electrolyte". The neans for supplying el ectrochem cal
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circumferentially about the cell to form an electrode chamber 80 for receiving
electrolyte. The electrode chamber has a first region, such as a bottom 82 of the
electrode chamber; and a second region, such as the top 84 of the electrode
chamber.

8.7 The electrode chamber 80 adapts the electrochemical cell to receive

electrolyte and to receive a second electrode 86 of the electrochemical cell. The



circunferentially about the cell to forman el ectrode
chanber 80 for receiving electrolyte. The el ectrode
chanber has a first region, such as a bottom 82 of the
el ectrode chanber; and a second regi on, such as the top
84 of the electrode chanber. 8.7 The el ectrode chanber
80 adapts the electrochem cal cell to receive

el ectrolyte and to receive a second el ectrode 86 of the
el ectrochem cal cell. The 7 second el ectrode is the

secorﬁ‘ir éléét‘r@d@@d e Rrisleassiey prosesbedssudheas thebiubingl! &whidrchas the
the outer wall 19 and the inner wall 20. 8.8 The
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Qﬁg @9 on the operation being perforrred the tubing
twice %%? el ther the anode or the cath
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embt&ﬂ]rrfemnt sguwdl.ﬁ'gah.ibmg shagalt®d®s 'it enters the chanber.
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As shown in Fig. 3 and Fig. 4, the guide member is disposed in the electrode
chamber 80 for guiding the tubing 18 as it enters the chamber. The guide member
has a seat 92 having a tapered surface 94 facing outwardly in the axial direction. A
pin 96 extends axially from the seat and is disposed in the electrode chamber 80.
The pin adapts the guide member to position the tubing in the chamber as it enters
and is disposed in the cell to avoid contact between the tubing and the electrode.
The seat contacts the tubing at a predetermined location to ensure that the correct
length of tubing has entered the chamber. A proximity sensor 98 confirms that the
tubing is in its correct location.
8.11 As discussed above with Fig. 3, the annular passage 88 for electrolyte is

bounded outwardly by the housing electrode 76 and inwardly by the pin 96; and after



pin 96 extends axially fromthe seat and is disposed in
the el ectrode chanber 80. The pin adapts the guide
menber to position the tubing '"in the chanber as it
enters and is disposed in the cell to avoid contact
bet ween the tubing and the electrode. g at a
predeterm ned | ocation to ensure that the correct The
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con uLt 44, on re

red 388 iBbisris A el AV Risrarough i5E shikr ApCinprearss 1he stati

pre§§\d|r"e| Sthedow pROVIOIENERSG Be 5RRISWDIEFIsidP the swirler between the
di sposed between the diffusion region and the supply

diff ugieniragiopfanchibecs upply @P?'ﬂlegﬂaébegat)acmdhalSfuﬁdencm(pansmn of the

S BB bR ARG gBBoh b W tence

is npt ﬁﬂﬁjdj’;_@e@fmfdlﬁefﬂd)w prior to entering the swirler.
Di sposing the swirler between the diffusion region and

8.12 hel keipwirier d¥ne @itachied fe the perle®? phibesguide mesxpan8 dar
cen?érnﬁf_;‘ﬂw ﬂu:ﬁ&%éﬁBeF ﬁgm%gel[aur ﬁ?it% Hﬁan%lbgf;%bo%ecmm?hagga plurality

at unaccepta eénce 1S hot 1htroduce

of danted hblesf10Br0r Gpdringsie Thvihdies afddn angkt Witls hesbda td Beplane
seat 92 of .the _ﬁ&de menber 90 for centeri n% t he gui de
confRipng therpxis 8. elne belsadmprad Etegh or sireraigrentizl mp%ent of

Veucg&r.g@';héxéi?af%ﬁer&se@,e%@ﬁolg%gws P8 YeREralty almee%%.on

an angle h respect t I'ane™ “contarnin
thraughsth&. swiHer bodl etsenamrd)u@ theet eleairokyte passage @uijenen’aihe tubing.
to the electr te as

t of I
TheyabeioryerBal Bt o v @rF@r"é‘?FWék‘f’j? Gy R fp avoid other
disddHtPistibst :h%léﬁﬁdii{l@rccﬁi&@ ntragos @vﬁléﬁ bR elcatke QJf A& passage

passage adj acent” t he tubing velfocity is snal
of the elgpirical cavising troaugh dhe elecamtyte aﬂrgmeeembguumenm/rmvm the
swir%arh I%rdisposed between the electrode and adjacent structure of the
electrochemical cell. In an alternate embodiment, for example, the swirler might be
disposed eniirely within the electrode chamber or disposed upstream of the
electrode to such an extent that it is spaced axially from the electrode.
8.13 The return conduit 46 includes a collection chamber 108. The coliection
chamber is an annular chamber bounded by the wall 70 of the outer housing 66. The
wall 70 extends circumferentially about and is radially spaced from the housing
electrode 76. The collection chamber receives electrolyte exhausted from the

electrolyte passage through the exhaust opening 102.
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di scontinuities in electrolyte concentration which

m ght form because of the passage of the electrical

current through the electrolyte. In the enbodi nment

shown, the swirler is disposed between the el ectrode

and adj acent structure of the electrochemcal cell. In

an al ternate enbodinent, for exanple, the swirler m ght
8.14e The sapsechasnetural holas 1NDn TiHesedicdes poxléde bardssageror

m of the electrode to such an ext

refipR ¢ Eora i iebg Bl da B e BANGE et iien e nsiig drops o
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f
tubi nggg?é b axf)iﬁb?@gnd E'igeo BidBké B HRsy Rok @érﬁa&%g M ﬁ@uénﬁ

fromthe housi ng el ectrode [ eavi ng
electrods @61 Inoauqaiaateagebmalmemter ﬂ;\lampmmg niglet hamaeafcbowal shape so

el RS AERA 5o W BREL b b0 AR iboree o
mlsﬁll%ﬁm'éhﬁ beReNhe dhetisg ahaNRé had13n tRE predtrm @rassdiMmeht, either
nmovenent as the tubing is noved aX| ally into

the tapening:¢é4 oo thregiiciel meetbier Strursvider enepmiai@uiding ke tuldng, as

the 333 Hhepshd Ta Bl R nBfed B 108! Bl B e hBER 90 an

the@iﬂ@@%%ﬁmﬁrﬁsthé&@ opeperag: 1o @btate‘m@canmncmbv@haneome tubing
that t opening tapers in the axial inward direct

18 2% itRembaflectipciiegiical el torhlach cyHABHPCMEaRER fldhlé‘g and the
celi?ﬁﬁ@h'ﬁql ﬁpgtrf?ﬁlsbuﬁse@shgﬁ cﬂ'[: gent enbodi ment, either
e o

|ng e gul er 90 prOV|des nmeans
8. 16orAgm@tmeumowmmgmbmhmémmm noei |p$n QBSSPB.SEEINIGIBFIT length
el ectrochem cal cell B bot h thﬁ_}egw gltg r
sucgfat m?eore)%ﬂ@ R4 Cﬁ&“‘?fﬁt ﬁé“*&'aﬁ 1&gpiegeidedng @Oand
Acc‘if?ﬂﬁl Ve t‘-.‘ﬁl n%i né@@T:» K’(Eb&gstra}rﬁ Rt &S ﬁtdfhﬁe tubing
ec che ceI contact between t
whithli$ ajeadyl conﬁramecu lbyvihe guide giemizgrhén \ars:dleraataeembodimem the

gu@%ort %}{]I&lﬁﬂttrpeg%lg‘rggléie@ﬁgﬁviag%ggﬂnasg%ptg 0 suﬁ%tent amal length
that the tubing is centered in the electrode chamber and engages a stop which
corresponds to tapered surface 94 of the guide member.

8.17 During operation of the electrochemical cell 32, electrolyte is supplied to the
bottom of the cell through the supply conduit 44. The electrolyte flows upwardly into
the electrode chamber 80 with a slight circumferential velocity. This circumferential
velocity does not create turbulence but does block the formation of regions of varying
electrolyte concentration which might be induced by the flow of current through the

electrolyte.
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such that the opening 74 centers the tubing 18 on the
gui de nmenber 90. Accordingly, the opening is not
needed to constrain errant novenent of the tubing

which is already constrained by the guide nenber. In an
al ternate enbodi nent, the guide nmenber m ght be
elimnated by having an opening of sufficient axial
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corgkare{ipyaraRpauiaaTion bradns T s B reaipelin ot B.aypeted to
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0 be coated. "As a result, the gu menber does not
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|ntrodu0| a noncond tive terial
tne el orAng et SAE R erapich MR RSk el Pa iR smatier
thaﬁlae(ﬁb[jgg,lqmmcqgn igeh! is that small solution volunes are
usab for processing a single tubi E%E Thi s decreases
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andI |'r1]as a lower region or bottom 128. The supply conduit 62 includes a supply
passage 130 for rinse fluid which is disposed in the cell and is in flow communication
with the means 54 for supplying rinse fluid to the cell.

8.21 A guide member 132 is disposed in the rinse chamber 124 and extends
axially in the chamber. In the embodiment shown, the guide member extends in the
vertical direction. The guide member has a base 134 and a pin 136. An axially
extending passage 138 for rinse fluid extends through the base and the pin. The
guide member has a plurality of impingement holes 140. The impingement holes

place the passage 138 of the pin in flow communication with the interior of the rinse
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the rinsing cell. The rinsing cell is disposed about an
axis of symmetry R Fig. 6 is a cross-sectional view
of the rinsing cell 52 taken along the line 6-6 of Fig.
5with a portion of the rinsing cell partially in ful
and partially broken away for clarity. The rinsing
cell has a wall 122 which extends circunferentially

chamitert 1hhike @pesatiet corfdition, ahe tubiing 18hamposkAaboliteéhe guide
rinse chanber is bounded by an axially facing surface
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condition, the tubing 18 is disposed about the guide
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Thé livee bhpomlgemsnhteﬂumenmyabe slots hepétmivdrainege ef theeahse fluid to
rientation of the drain passage causes gravity to urge
the holtom pE e ¢hATMAPEL 1 ow downwardly al ong the inside of
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zmpgllﬁrér% %?( &tﬂ%gt h? oP \?égcipf{éb the rtlnoseetllqoqfvi.g ?\stvtf]i‘ﬁw Ehuebljn?eq”or of the
tubing, the axial component of velocity decreases the effect that splash-back of rinse
fluid impinging on the tubing has on flow to the bottom of the chamber. The cell
includes a circumferentially extending plenum 154 which is in flow communication
with the radially directed impingement passages and is, in turn, in flow
communication through axial passages 156 and 144 with the supply passage 130 in
the celi. The means 54 for supplying rinse fluid includes the supply conduit 62 and
the return conduit 64 which are each in flow communication with the rinse fiuid

reservoir 56. As shown, the return conduit is spaced from the bottom of the rinse
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The line of contact is interrupted by the slots to
permt drainage of the rinse fluid to the bottom of
the chanber. 8.23 The rinsing cell has a cap 148. The
cap has a hole 150 which adapts the cell to receive
the tubing 18. The supply conduit 62 for rinse fluid

i ncl udes other passages on the interior of the rinsing

chaeebdr. Aasmeanaep| e rehignanddasnay Bbus Abi dbremuni@fioflWith the
directed i npi ng{emant passages 152 in flow comruni cation
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axial conponent of velocity to the rinse flow As with
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basgach in fl ow communi cation with the rinse fluid

reservoir 56. As shown, the return conduit is spaced
8.2% r dawing:operatiom afthe apparatus 102 thehapparatusinayheausect by hand by

o4 ASALEH o T B ot 2GS HG2 WHnhG Boeraton
autGPETLElyeWith Geabord. | Ferexdmiple, fHoskebR8chdmRral ciNand e rinsing
8.24 An advantage of the rinsing cell is the controlled

cellanighe rach faye & preximity sersor, suehaashavnductivesessors 98, 158
whi?tﬁ)\%%?xgé ?h%?éij,?en%poq Y& ?%ﬁ?ﬁ m% g%éllt[pé)%gtlovr\ﬁﬁhﬁe %réﬂ. t'Ifi't% sensor
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emg&grator fatigue and elimnates conti nuous novenents b

menbeRinsUCHye s§epserswvag ugedwhichfitscntaingnside ehthe bousing.

. g i IR . . . ‘
The BRLIA ¥End5 830/ MIBP Bl 01t (PEL SR 54 By
usedrnis apdeifically betstosa siBgRbsHatmode &lﬂ@@ipgﬁlﬁ)g e tige fluid. Upon
appar at us P t he appar at us. maybe used by hand by }
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o0t AR AT AP et tmer
canragasn beg reactivated to provide rinse flow. The function circuit could be any
conventional circuit such as, for example, one that is solenoid operated with a close
center fluid control valve. The valve will aliow flow of water to the rinse system when
the tube is present and sensed by the inductive sensor.
8.26 During operation of the plating system 10, the first electrochemical cell 24
provides electrochemical cleaning to the tubing by flowing current toward the tubing,
that is, the housing electrode is the anode and the tubing is the cathode. In one
example involving the use of steel tubing and nickel plate on the tubing, the
electroplating fluid was a sodium hydroxide base of about one (1) to five (5) percent

sodium hydroxide by weight with the remainder as water. One satisfactory
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cell mght each have a proximty sensor, such as the

i nductive sensors 98, 158 which sense the presence of
the tubing in the correct position in the cell. The
sensor mght rely on conductivity or inductivity of
the tubing to trigger the sensor. In one enbodinent,
an inductive sensor was used which fits into the side
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IS zr??‘é{)ﬁﬁﬁtr {5 v\,ﬁ% #tlv%ﬂngggﬁﬂﬁ cﬁ?@? o éﬁ?ﬁ%b’l?@%e D&t Cri‘lﬁ{lng the
platig) géit. hydrochloric acid (HC) with the balance water.

Etching is provided bi%éfl ow ng current away fromthe
8.2¢ uﬂ?W@ﬁg Pﬁafatliog of the pleding; sy§tam d; thrimetiod mavebe used

s BEEREER 1 B CRpAy RS LN R BERBTROTIAT R, o

stepaiivichgie forohirgpars adralyroftdmehddlecu deltd ebdriecbedicated ghdrictthing a
for actlvtln% surface of the tubing for plating.
Y%A [qu'nemlcal

SiNgl@ Areef ¥ &88@@}9@ FoR MiaNt bgr e Afray Qlgiert

cel!é%‘ g@aﬁﬁ h?%(e)'r an dritfy HRUSERGLHRIFELT QIR ELYTR8, 8B&ind an array of
rinsing cells 48, 50, 52 as shown. The array of cells is disposed with the cells in
proximity one to the other such that their proximity enables relative movement of
each tubing from one cell to the next, whether the next cell is an electrochemical cell
or a rinsing cell.

8.28 In the embodiment shown, the tubings 18 are indexed to the dedicated cells
24, 48, 26, 50, 28, 32, 52 such that each tubing is aligned with the dedicated cell

which is associated with the next process to be performed on the tubing. After the
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tubi ng becones the cathode. One satisfactory
electrolyte is Sifco Selectron Solution Code SCM 4200,
Activator No. 1 which is about five (5) to ten (10)
percent sulfuric acid by weight; about seven (7) to
thirteen (113) percent amoni um sulfate by weight wth
the remai nder water. Finally, the tubing is renoved

protessist parferoiadion theytubing dhe ectagndfdabingslit reindexed edch that each

ol FEyed o he praiiely Afiebrbbings 3dedipdbe Sdpucindie finisned

| At |
e LTy S ar oo asher g, TRy Howed at
relaginelyr stegdy hate :pleﬂotmg:hemltal c&l!ghnﬁuhrmggmtmr eitactnolyté passage 88

at | system t he tho
and (S uheicel | g}yrkna'rtgr%ﬂﬁlis 8 FEPOR EREGAMOuB RansIvidiR supplied
o 164 SEIIOIRR GRlp R SPSRReaIRE, LELAESORIEMIE Ol of e
fluquﬁ:rrfezaum tabirg was I@sahanmmncﬁmf farid ayrheffluie s tawed from either
ht be an arr ectrochem cal cell
typS ! cg3ug50 gie awc&s.saﬁx 4FC MU Sng Al B@ePnLobUnsS Huid may
rerr?eﬁ‘n béoviRiHe %l%f@‘.e qt‘drh BFtIcE! | s 48, 50, 52 as
shown. The arr s is disposed with the cells in

8.29r oXidata prccmeslng déhvicen 62y sumincds & ltampdter, may briusetywith the

arrqyoafq:érc' rée‘f« 4%t | t’;hme%/g rﬁtq.?ew bé&‘éﬁnf@grﬁ]%ﬁrﬁ@n%ﬁ Og (\e»\l'ltlh the
cell§ Eﬁ@dgﬂ@]@@ﬁn@éﬂ cdiRldits 194, aTfi 'b?b\ﬂﬂe§ al dlatagprggeésrh% B&pability to

dirment shown, the tubings 18 are i ndexed
the géatingasystiemel 0. sThQMataaa(omslr@(ﬁem ey, beés pregratmmédito calculate

ch al | h dedi
e e st e
detéiginkbl thé thngdkt G{Jra‘ti@ﬁ df4|rﬁé @€ 886h 8l PTheUdTRsE 8auddiCeach tubing

tubing, the array of tubings is reindexed such that
to reanaiin at i dagic gelt wntil e feiog cequiring theengest pgegassing time

nasXfEIeLe BB Moo RehOaShy Beviod T P ulq Bropah a e

othéscéllsonedash proceselrabtived is sbr@d¥iohathus) the process may be
el ectrochem cal cells and through the el ectrol yte

auterpated witb@ssapiatad meuctiens & Fostiand maderiajScel |'s, a
598 ARG G R 6 SFahb AL i RIS redict W coraen

embggimeras tigreot, hesrwmw P WBiderstosd byfthusel of crd.aaﬁﬁsmumgﬂ garious
was | ess than one ounce of fluid. The fluid is fl
changgmirferArand iy detaditheal ol pe gnafipewgh@efe%pamﬁgtfw the spirit

anc{)écfb}:!é‘?ftﬁ%'él n%ds,ﬁ%ll%(%munt of rinse fluid may remain

e bottomof the cell.
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8.29 A data processing device 162, such as a conputer,
may be used with the array of cells 24, 48, 26, 50,

28, 32, 52 by being in signal comrunication with the
cells through electrical conduits 164. This provides a
data processing capability to the plating system 10.
The data processing device may be programmed to
calculate the duration of tine that each tubing spends
!ﬂﬂgfﬁi&g&@ﬂh@ﬂﬁgd cell which necessarily determnes

tion of tine at each cell. The device

causes each tubing to remain at its dedicated cel

until the tubing reqU|r|n9 the | ongest processing tine
Thas &dinsingicel ferripsiioRiecteoivte-framdhe £nd o addking.ghe dubingbeing
dispb8y Rithe HAfnG EOFGifderah doBPativecBRAiNGR WfctAorBiidbs:

process reaches its conclusion. Thus, the process nay

be alipusing baving arings shambeedispessd@abouhan axis o dhe heusing
505 BB 5 PG AL b MBSO A LR fces

int the aiaf diredtion wdhidhobdumds NMnmtemm nibert the siesethambiéemzavng a

ges in formand in detail

b?ﬁf@é&?%\}“@@ﬁﬁ% U\M ?‘%out departi ng fromthe spirit
and scope of venti.on. T S CLAI MED
'S 3 500R Pembeerie NG FuRly TG thpiole of i yhemBeb e the
osé}qngf a tubing, the tubing being disposed in the
rinsing cell under an operative condition, which
c 0 npa fisst sonduitfousuppyingrinsesfiuid to theginsh ahbmbedungeropdrative

ut an axis R the housing having an opening for

téc?"\?r ng the tubing and having a bottom surface which

f aceg sebdhd cohdait féH reﬁm'g(@éﬁri‘n@é‘ ﬂtﬁ‘fﬁ'ff‘dﬁ'n U dnafder DRder

chanber, the rinse having a bottom adj acent
0pd;ratNmC¢rmithcmlrface, a gui de nenber extending axially
fromthe bottom of the chanber toward the opening; a

whfeht therlding Hagla SRitydf '?ﬁsédg‘% Qllécpbgééjcﬁ&mﬁfﬁﬁarﬁlbgé’oout the

chanber under operativeé condi'tions; a second con

gride membsriang difested towaiddhe chambers whersie atirasirne ofisaist
prﬁp@% ViR ﬂBWrﬁﬁwQﬁ]éatldmﬁfrﬁéﬁd filke CW fHQdiF@:‘ﬁpg rins ﬂuitd

ssages di sposed cir erentl a
tcnr\raed tmuuggrm\dbesaldnuer@mveemmlqmmr d the chanber
wherein at | east one of said

2. The rinsing cell of claim 1 wherein the housing has a circumferential manifold
which is in flow communication with said first conduit and in flow communication with
said plurality of passages for supplying rinse fluid to the plurality of passages.

3. The rinsing cell of claim 1 wherein said axis R extends vertically and wherein
at least one on said impingement passages is angled with respect to the axis R and
in a generally downward direction toward the bottom of the rinse chamber.

4, The rinsing cell of claim 1 wherein the tubing has an inner surface which
extends circumferentially about the tubing and wherein the guide member is adapted
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passages is in flow conmunication with said first
conduit for directing rinse fluid toward the tubing
under said operative condition. 2. The rinsing cell of
claim1 wherein the housing has a circunferentia

mani fold which is in flow communication wth said
first conduit and in flow conmunication with said
plurality of passages for supplying rinse fluid to the

plural ity of passages. 3. The rinsing cell of claim1l
ta prdend Wt%té‘iedu%lﬁg yndersaidprarative rfqr@stqonﬁnaﬁwsmemlw exignding

ph&gE wWHidh Slteidd Forh T PSIRITR B th@&:ﬁﬁﬁ%ﬁah@ hé@glpﬁﬁambh

respect to the axis R and in a generally dowiward
ingpipgeINeryPassagasdHitesteddewaishihe inneh suifages tbﬁm under said
E{é}%tlvé &?Hd}ﬂ)ncfs} m ﬁglﬁ%ﬂhgﬁ li?.! MO fﬁ bOSurtdtR ehglﬁir@f'
nner- surface o RXt ends cireunteren |aI abou

t he tubi ng and V\/nerel n the gui de nmenber is adapt ed 16

5% ona 0§ Asihg b6 40 air R WAt 6o Rttt MES 3 dak® acjacent to

bettdre o€ thef chambieh anbamemim tife bdse rmbm‘dganallami dalxmﬂy extgndlrr:g slots
t t t
wRictre Cliturirererisany R e e et onar at e

condition for inpinging rinse fluid on the inner

surf ce .of the . The rinsing cell of claim
6V\/ner S Ngting Ee'h%flrlr-‘ﬁ%' M’i‘e%\?"bgg ﬂfﬁ?é%@rﬂpeﬁﬁ‘g f%ieF%'r‘H"@fsa'd
oty GieRABSId operhtivE RbRdifloh BRJ WhsRiM®e o'peﬁingrgﬂldésysaﬂ tubing as

axially extending slots which are circunterentially
thedubig '%Wﬁp‘?ﬁe@rfn&’fér"éﬁ"l‘ﬂa?d 6. The rinsing cell of claim
1 wherein the cell has an opening for receiving said
tubi ng under said operative condition and wherein the
Topenfmeethed gbdnsing @ tuhing feg removingunwaed gateriali sposed

Ich[)l‘erF eccfn'téﬁhﬁﬂts%&h th su&cfé%flﬂ?éjtu%f g&-ﬁg tubi ng

enovi ng unanted materi al nel comt anmi nant s,
fr ondlsm;smja fiasieg ol trhitow atrhmynicetierpwitls aregnduit tqmcsgpmiyna
J1:0nSi | i t I
ARSI 16 e iishd SN BTN GiHefho e uBRidnbvihg s
centeswinigh im:llddeba)assnyea dinentee to\hamltlbe oemer oigtha chambeeand

e Brle H GRuREPLT PRI, ERbBt VP o USRI cfimer

abottandixizoR] ongi t udinally in the center of the chanber
about an axis R, disposing the tubing in the rinsing
cell which further includes the steps of noving the

t ubi @gg@ﬁﬁ"&ﬁﬁﬂhg Ilﬁem% rﬁ'r)é,nigrl:%il i\nﬁfﬂlh fﬁnﬁmﬁélua&dth%%é&eéf

i ncl
moving the tubing relative to the cylindrical chamber and further includes sliding the

tubing over the locating pin through relative movement between the pin and the

tubing;
flowing rinse fluid axially through the pin and radially outward through the pin

such that the fluid impinges on the interior of the tubing while simultaneously flowing
fluid through the passages in the wall that are directed toward the tubing disposed in
the center of the chamber and flowing at least a portion of the used rinse fluid from
the cylindrical chamber.
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tubi ng over the locating pin through rel ati ve novenent
between the pin and the tubing; flowng rinse fluid
axially through the pin and radially outward through

the pin such that the fluid inpinges on the interior

of the tubing while sinmultaneously flowng fluid

t hrough the passages in the wall that are directed
toward the tubing disposed in the center of the

chanber and flow ng at |east a portion of the used
8r i ns&hg methpd ofginsingratubing of gl )l wherainihe steprfdlowingaa rinse

. T . : P '

sOpfQiPfichiies eS8 & ARG 168 plesPheR d dip Biehidin 1 oRariBer,
flowing & pradetetmainpd egwwiotofoinserselutiobitmthei ahantber priamtodlowing the
. i ' j Lytion to the
oo BHTE R St TR e PRI BERATREE' ¢ b ough

the pin and through the walls the chanber. 9. The

met hod of rinsing a tubing of claim?7 wherein the step
of flowng rinse fluid through the passages under
9pr esEhe methas efdinsing atubing of slaimi7nxkereinthe stepraf figwing ninse

i i . ten

ﬂ%’igzﬁ‘gg&% éhlé'r %@Squggéseéﬁﬂa'll e r%réégéhgé;nb@g&r fHiRG thdAMsel Rid through
the passages under pressure which is greater than ten pounds per square inch

gauge.
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