19 JAN 2005 METHOD FOR ELECTROCHEM CALLY TREATI NG ARTI CLES AND APPARATUS
AND METHOD FOR CLEANI NG ARTI CLES This application clains benefit fromU.S.
Provi sional Application Serial Number 60/221,771 filed on July 3113 200Qa05
Cross-Reference to Related Applications 2.1 The subject matter of this
application is related to the subject matter of U S. Patent Application
Number (EH 10268) filed on even date herewith by Shallow et al. entitled "
Met hod And Appa™AElEED FEIR BléaG TRBOMMERMCALL YITEREATYNGARTICIES AND
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apparatuses used for plating processes. Background | rimation 5.2
exanpl e of hol | ow arti cNewnbaycRG/BRMG 70| fiked ng Judy Blip20@D.used in the
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urge the braze material to flowinto a predeterm ned gap between the

tubing and the conponent. 5.3 One approach for providing the coating uses a
pl at i ng Backpeimdeithadneentitrge- scal e bath and incl udes di sposing many

pi eces q-f CBHBEPE' ilé'l the bath.. A large-scale plating bath may not

effici entgl-y—use—kghe pl ating sol utions, increasing purchasing costs and
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Background Information

5.2  One example of hollow articles requiring plating is tubing used in the
aerospace field. The tubing is used for flowing fuel, lubricating fluid, hydraulic fluid
and the like, typically in high-pressure applications. The tubing is relatively small in
diameter (less than one inch) and is typically joined to a mating component using
braze matenal. The tubing frequently receives a coating to provide a smooth
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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wel |l be located at a site renote fromthe |ocation at which the brazing
processes are carried out. 5.4 Another approach for providi ng thel§oHNi 2885
is a brush plating process. The electrolytes used for brush plating have a
hi gher netal content than electrolytes for conventional plating baths.
Brush pl ating processes enploy a carbon anode wapped in a conductive pad.
The conduct, i v d . i s soaked i he el ectrolyte. This is essential to
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t he pad gadliei@the article as the operator rubs the pad over the surface.

5.5 An advantage of the brush plating process is little waste and
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efficient use of rinsing water a may be 1 nstal wor k ar eas.
Sunmary 96 | nkedvantagielofithiedrush eldtingrprosess sdittanadte angacteptabldvels
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associ at .t | I redi cat an, jn gne enbodi nent.,
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process. cduselstfatige® ah@x4hich ehight caserdpedlivd hivtRwSARiriesf er to process steps
for an article, such as etching, activating and electroplating and other

steps t haf paAecdngly. seientistoand eaginegreworkinguaderthe deetion ofi s passed

b ' ] tigcl f th
el cot r odSEPRANLE R FoRELTRRESIOR fo LBkl iefif RifonsTartlFastaliiocess 10
JAN 20035with such processes that provide efficient use of solutions, efficient use of rinsing

water and may be installed in local work areas.

Summary of invention

6.1  This invention is predicated in part on the recognition that using concentrated
solutions of the type having higher metal content for use with high-speed plating may
advantageously be used in local work areas by using dedicated plating cells. ltis
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 article acts
as one of the electrodes, whether as an anode or a cathode. Rinsing refers to those
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| steps using an apparatus to prepare the surface by renoving contam nants
fromthe surface with a rinse fluid, such as by renoving electrolyte from
the surface with rinse water. 6.2 According to the present inventidr JA 2005
met hod for electrochemcally plating an article which requires at |east

two preparatory process steps and a plating process step includes the step
of providing an array of cells which includes el ectrochem cal cells, each
el ect r ocHIBRF &INGan [Epparatys de areparedhe sudade byrreaiavingcontamigaatssten thae

o1 ect r ok BB FR o o 8" ralrbud SRclPuls Foft e Fedbey inss™

el ectrodgatext t ached to the cell and being of a size and having an interior
for receiving a volunme of fluid connected with that step which is '
appr opr i &2e fHecergingtaifeqiresentanpeniiens @ methg fon electioutleeniaally platingtart hat

[1: the,. di t | | d dedi.cat ed | ectrode f d
oyt he api il AR of st fud Prindtaly S acF S o158 g APEIBREIccRS at) ve
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the dedicated cells. 6.3 I'n accordance wth one e d
i ncl udescelisogpely eteciwichenied! ced daing dadicatedter dnd comigiriing doringes stept tep

hr ough | | f the dedicated cells. 6.4 |
hecor dart e SaR 400GaS tar e ERE buf G fop i e 0BABE Ariceeathov ng. an
array of elbolbbstusmianoenhadhba finstidlicdts cadicirl ReanealdySars Bidttidyal

single tubing is at each cell as the process steps are "being perforned and
wher ei n atachegrtarthefedfand heiag f agize apdihaxinglar interidsfosretaivisy avokime o

t he duratdr | . e di.c cell._requi.rin he | ongest

amount | of" 1 8ophiSiahirt 13t SRS wRRRs GRpTGoriit sof GRibl I ME PIgHRSone

det ai | edsteplopch singlle attitte Hethaodeilntbeudss of BEEMNS thé el audbdii @ddiedtedl I ay
each to an associated cell; noving the array of tubings with

(r)fes:)ggjc ”%ééarme frmed by thanatigles andl, Sythariinelvdes dp stepeef rn@vin? artietesr ni Pg
the "o eEveYBRnRlestS SuCR M SRloRCaiinid DKL T8stiiefid) Bsilion WinLOB3ne L 5y

novi ng tdedicatedaellef tubi ngs together, each to the next dedicated cell, and

further jncludes renoving fromthe array of tubings, the tubing which has
compl et RiSpr JAARSOFRATR W QP RIMBOYANTyheneRocnE kyles dlovieg Arvainga ofe

met hod.  sejution for performing the process step through the electrode of at least one of the
dedicated celis.
6.4  In accordance with one detailed embodiment, the method includes moving an
array of tubings sequentially through the dedicated cells such that a single tubing is
at each cell as the process steps are being performed and wherein the duration of
time at any dedicated cell is at least equal to the duration of time at that one
dedicated cell 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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3 19 JAN 2005 6.6 In one detailed enbodi nent, the nethod includes noving
the tubing in sequential fashion through ded| cated cells for perfpg njiAR 2005
the steps of electrochem cal cleaning using an electrolytic fluid, rinsing
using water, electrochem cal etching using an electrolytic fluid, rinsing
using water; electrochem cal activating using an electrolytic fl ui d;

el ectropl ating using an electroplating solution, and, rinsing using water.
6.7 In ohé palntonwdetailedterdbodintent tthe reéibodriocibdes cwving twniubingm ution is

b th 1 id ; 1 1 | ut
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anp- hourq{s,gcon he vol une of rins consuned between dedi cated
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requiri r@e&l‘i‘@plbﬁﬁg%ﬁhtbh”ﬁn&%éhﬁ %n% ‘9% (the flowof fluid and current
C

to the other cel as appropri ate” on e process step being perforned at
a dedi d&¥ed logine partlculmlemrmmmem Abe @letitrophemitdieigardag sbiutienisc bade
t he, tubing i n a chanber having

t f b I dj
pacbages B ebNaRl R E vt T aftvRg Flidit SRS as AndaraBoniber

ext endi ngiRxé; addd/tﬁéblébﬁﬁﬁlﬁfng %Bﬁntﬁﬁt@qurclfélg‘lélﬁrsoid}@nUd' ng the steps of
sliding the t'ubi ng over the guid rinse fluid

| ongi t udd-Ral |y ane delgied I&mlmdtmentréhbemetand lmcaddes Lginguet datadpriocessigh t he

d t d th t the t b
vhi Te"Sets ShASGIT isthgtef of B Palailhing Spadus & aslienistiaaly hae
are dir aghie nﬁ@M@é@'detd?ﬁnrﬁlHQltrﬁ'@aﬁ‘h;&ﬁ@ﬁ%dcdd%umtﬁj ceRlwiudk dfthsgmpger under
significant pressure, such a pressure which i's in excess of ten pounds

per squaisumas @%‘H‘@ef‘(Q@lﬁ%tleg)e@ﬁéqu\emlg@'r@l'éppﬂ@ d@terﬁn@ngstheq:lmmcatedh )
fift d t,h t
b esent. S BRo PRy L REBBBYE Enclibliho o i ok SRS rtDS o

det ect i g thoethsresisces afpropeateldidiotherprobess Srplieting bleﬁWrrﬂ@dfat a
predeterm ned amoynt of rinse fluid to the chanber prior to flow ng the

rinse fl4Rdicated ClldHcPRPIglen and through the wall's the chanber.
6.9 According to the present method, the step of rinsing a tubing includes

disposing the tubing in a chamber having passages directed toward the chamber
and further includes a guide member extending axially in chamber, the method
further including the steps of sliding the tubing over the guide member; flowing a
rinse fluid longitudinally through the guide member and radially outward through the
guide member 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 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.



4 19 JAN 2005 6.11 A primary feature of the present invention is a nethod
whi ch uses dedicated electrochem cal processing cells in a plating
process. In one enbodinent, a feature is indexing and reindexing ang aaNa¥0;
of articles with respect to the dedicated cells as the processes are
performed in each cell. Another feature is formng a cell such that a
first electrode forns at | east a portion of electrode chanber within the

cel I . Amthera nghﬁﬁrv F&atue Bf mo;sﬂéaant mear@m & & nhsthbd vﬂin@ﬁ%%é§‘éiéd fattat ure

el ectrode chanmber to formto the second electrode. Still another
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purchasi ng costs. Another advantage is the ability t'o use such®ce Fs in a

smal |, |edecirode ehampar dadenepryative conditionet Kl dnotherdeatirednfemisgof havi ng

| at I t
Anot er BAIAEATEETY G B EPahee e e R Rl adaine Che sabtPont od
cel I's wigth sistheeredtiatis iaghdihg abr having@bLrR: Bbnit® wiies 8ot P@sii@ng Itee
foregoi ng features and advantages of the present invention w becone

nor e appafieatn the ringing csit anseflaws rioge dgidies tiel l@@@é@éﬁh%aﬂw T rinseeaneyt
rmde forg e &Rl tYd[ ﬂ@idom t he invention and acconpanying draw ngs. Bri ef
Descri pt 1 Dh Of Drawing 7.1 Fig. 1 is a perspective view of an apparat us

for perfétdi nypptredry agvantdgedfrite dresaitdnvdition iklthe effidiéndy of tharprobgexi ng
devi ce for, novin lurality of articles through the coating system
i ndexi ngvRIAR r@%ﬂ%o‘é&*}%dgﬁwsea&cﬂ%q egllsphaving §§1?élc\folw@e§ﬁé fluid tarrepetifivaic al

gf'e'ctsr gf&em it it 8 ﬁﬁf%oge?at.ﬁggn‘aﬁrgédg?g Cugefgsté %%ﬁteddﬁ%hé{é|ﬁ&c%%té”Anotheé
current dadvaatagfe isttae ability tewuse sathedlioin alsewdlr, (pabiew An advantageof thech as
a tubi ng;'hethod is the convenience of having a plating apparatus in close proximity to an

area which performs brazing. Another advantage is the efficiency that results from

using the dedicated cells with devices that facilitate automation of the process.

6.13 The foregoing features and advantages of the prasent invention wiill become

more apparent in light of the following detailed description of the best mode for

carrying out the invention and accompanying drawings.

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 articles 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;



519 JAN 2005 7.3 Fig. 3 is a cross-sectional view of the el ectrochem cal
cell of Fig. 2 taken along the lines 3-3 of Fig. 2 and partially broken
away for clarity; 7.4 Fig. 4 is a perspective view of a guide nenbﬁrv@fN @&e
el ectrochem cal cell shown in Fig. 3; 7.5 Fig. 5isaviewfroma§ ol ‘a
rinsing cell for performng a cleaning process step which includes flow ng

a predeter,m ned gmount of rinpse fluid.to the cell;.7.6 Fig,_ 6 _is a

Ccross- se‘_zisi onald- vi'df GPSTTES PR VIRYY eéh]e @Pcﬁpﬁhe@'%EgﬁogF%& t_f"h%r_‘l i ne

6-6 of FalBngthaMihed 3L oPPih DA pafialiE Broialay (6l dafidyy. the rinsing cell
bei ng shown™in an operati've condition during rinsing of an article, such
as a tubrdg. Betdii$ apdpepectivet view & . algidg mdmber af ther slpetrochamiciabeelbf an
apparatﬁlo for. perform ng el ectrochem cal processes, such as a plating
appar at u3"$Y} "h%'ﬁfér ng nickel plate to tubing. Fig. 1 includes a schematic
i1 ustrayison pig 8Ns NAGK IR 488VE &f kirdstig BB idtheddthiifghi i es

t hrough the pl |gti nsé system The i ndexiI ng %evi cegbi ncﬁude@h(ﬁ%argég r?g(?%éé‘sl

car ri er sstepwhieh inedetaseiiowingt ahprdustérminedlanyount tof midise dluidhta thercell4. Each
carrier s a_. plurality of openings whi ch adapts.t I ndexi ng,. . device to
recei ve l{;'%pl 3‘?'& kt'?/ a&rog%\—ﬁgptgf@,v:%r(jgﬁﬁ%n%suag EPEP} ?: iﬂg t@‘ﬁﬂii@ﬁ?@ @ ch
tubi ng has GHFigUs WhidRis! parlapbrdkn dwdiPfor @ity ARe ridiind BESKE '

i ncludes a suplgort éZ_yS\hl?chE_l%]grht_ ggage Oeg bel ' Whi ch l%:arr?sef{sﬁ@t e\o?r?lg‘exi ng
devi ce amnopemliveamndiioncduringhtosisg b asrastitiepsudnds i tabingdevi ces t hr ough
the apparatus. 8.2 As shown in Fig. 1, the plating apparatus 10 includes a
plurality of cells for treating the articles, such as el ectrochem cal

cel I s andefdilegitnssceiptibs. The el ectrochem cal cells for el ectrochemically

treating the tubing are represented by the cells 24, 26, 28, 32. These
cel I s ar®1f origd 1iim atpesspestivendewa aangpraratusatthforfiatfaraning alegrorigamicalt he

repr ese ' . . ' L 0. ELg.s FLG, | S

Ut SoussdhOBay e Shih 360 (Rth ¥orata M apdvinghickeBte b Iunina, 396,5° o | ¢
in fl ovinciunew i scanmtiofltStraansn 3 ihdexisy pelident? franbviag kepiufaity bk ui d,
such as electrolytic fluid. Electrolytic fluid.is commonly referred to as

an "el ecdiligiepitbrouginbe platingsysems uppt (NAdsying dRvice Mdidesapne puMeTRas a

reser voi f i . ) . i _ W in
o 5 s, AseBfesthitedioy the RoriAdntal Phxdfir) 4PN Tack¥arri@®nagd
plurality of openings 16 which adapts the indexing device to receive a plurality of

articles, such as a plurality of tubings 18. Each tubing has an outer wall 19 and an
inner wall 20. The indexing device includes a support 22 which might engage a belt
which carries the indexing device and provides for continuous movement of indexing
devices through the apparatus.

8.2 As shownin Fig. 1, the plating apparatus 10 includes a plurality of celis 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 fiuid 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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6 19 JAN 2005 conduit 46 for supplying the electrolyte and renoving the

electrolyte fromthe interior of the cell. In the enbodi nent shown, a
portion of the supply conduit 44 and return conduit 46 are part of

el ectrochem cal cell and extend through the interior of the 18 JAN 2005
el ectrochem cal cell. 8.4 The plating apparatus 10 includes a plurality of

rinsing cells, as represented by the rinsing cells 48, 50, 52, for
cl eani ngcoh@iéﬂéémrrﬂqmtyﬁ“ngahe Eladtlfte and feendvihg g eketroltiroatthelingrior

| 6 di d det ai |
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suppl yi NGonduif 46 %Fe bht!d)eidcifdbrRnst $RIRt el ARAARACP R RS 2,

reservoir 56, a pu 8, a supply con U|t
return cehﬁﬂnch@@uﬁmceﬁupplylng and renDV|ng rlnse fluid. In the
enbodi nmept rtion of the supply. conduit 62 and return

condui t giﬂ gﬂ%ﬂ{‘}'%g‘?ﬁ’@}aﬁﬂ%%wl%@q az&’r‘#&fa@@&/t‘éfrfﬂ‘sﬂmﬁﬁﬂéﬁwaﬁﬁ@pqu(ﬂor of
the ri nspehe fhbing e 48 8ONSEHNA Udarlidy e SleBtioERLMLY !ﬁﬁﬁi'f&n%éti\été\lﬂg f
or

reservoir 56 or ght "be’in'flow comuni cation w't not
col | ect i ag reduerdd. uT e fiosingatad is diheposial Fig 85 anfi Big. Qansf ig dpeusped in krei ew

f ft | h | | h | at Il 32. The
ol cot rootiglalbaiod o HACRITRS 5ol © IR o AR eI S0sAPR, 54 60T ARG a
base 68. 3 Ti@eiE sURAU @&oh&%ﬁ%@'ﬂéra%| Qs MYt

circunferentially about the cell. The crj[‘?ghas a cap g H "56 3 ppenl ng
74 for rgBed eun@ytdtv@duu@a@d e&‘ﬂ\cﬁvrgm Big. §, aretwa&m\elutne@,rfar supplwrrg‘ t he

1l 32 | 3 of F Th t i ew i
porti o1 SRS TRkttt g e soediManCinevit i bloc B aqrion Ahihesumaly;
el ect r odgondsit 62§h§5réﬂdrﬁ@ohk]ult lsa ér@rpka?ﬂopih@tm@m eb%ha%%er?&thrau tphd st

electrode is comonly referred to as a carbon electrode or housin
el ect r od@iterafef the rigsing ealk Thedetits condudasin ﬁp\p@ommumcatmnmm thewal | 78,

chanber 805 S e MR EEH fowesyRihicllEngine e IRk aBaFn bRy 27T ¢ o

regi on, wmnag traehgtdf@mgﬁgrgfspbb§| el ectrode chanber; and a second region,
such as the top 84 of the electrode chanber. 8.7 The el ectrode chanber 80

adapts tB& el Bk Pde RePRTERECIHE Yiewofranaplibe alpelsechamical calls, such asgilating:
second etgrds 04fioffe@lodHimiBAPEAN RENER S A G has'8F outer housing 66 having

a base 68. The outer housing includes a wall 70 which extends circumferentially
about the cell. The cell has a cap 72 having an opening 74 for receiving the tubing.
8.6  Fig. 3 is a cross-sectional view of the cell 32 taken along the line 3-3 of Fig. 2.
The cross-sectional view is partially broken away for clarity. The electrochemical cell
has a first electrode, as represented by the carbon-platinum electrode 76. The first
electrode is commonly referred to as a carbon electrode or housing electrode. The
first electrode has at least a portion, such as a wall 78, which extends
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



7 19 JAN 2005 second electrode is the article being processed, such as the
tubing 18 which has the outer wall 19 and the inner wall 20. 8.8 The
second el ectrode 86 (or tubing 18) is disposed in the el ectrode chanber 80
under said operative condition. The second el ectrode is spaced radid |JAN 2005
fromthe first electrode |leaving a gap G there between. The gap G extends
about the perineter of the electrochem cal cell and forns and el ectrol yte
passage 88. The gap Gis circunferentially continuous but m ght be
interrupted in alternate enbodi ments. The tubing has a hydraulic dianeter

D, whigg lige5e bRRIS b cbisatalsuah e, the hotingdd whichhasgbei net er
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power for providing direct curre aratus 10.
Depenqirﬁgaléﬂrddhelmmgaalgalp @ehe.r@bpéweﬂ e 9PReS @&Eﬁ’ﬁ% %@ﬂﬁ% ei ther the
anode or the cathode of the, el ec eT

el ect raacivestecal thesalecirarnemnica gl ?Dg?‘ﬁrﬁﬁ éﬁélﬁeecgn% (b%gﬁé‘?eegtﬂ flhgv\%a%vvay
fromt _crH}r‘%{ﬁh@n%ﬁw%LhﬁBba%d%l%hﬁb@ﬁﬁé@ﬂ@edaummmatéIeovtwdtl@ﬂa?sd the

tubin nment shown
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on

axi al t&l rec

In 96 extends axially from disposed in

t he el @;Cétiimﬂ@neh(ar)‘nentlﬂleter Theygap @deas ab quéwﬁdbg’st ﬁ’ﬁeq?%[g‘o[hgom tion the
tubing in the chanber as nehie, Hle £4lid Miakiteercdlis aboutvoi d
cont ac@b %t%@etﬁal?ngof‘ﬁﬁeﬁg% E%t@e elect r ode. 5ihe seat contacts the tubing
at ap y@gﬁgﬁ@l Iocatlon to ensure that the correct |ength of tubing
has entere e chanber. proxi mty sensor Frf@;ﬁdréd!b' ng is
in its8corrEoe al@éa@alcmrwé triciluggs élgoé’(férssé‘(?pg’b@\ ?gm"{"hvﬁ’ éﬁé\tﬂd " annul ar
passagguﬁgmftgfap%a‘?&&fsoi ¥t Beb&nding on the operation being performed, the tubing

may be either the anode or the cathode of the electrical circuit that causes the

electrochemical reaction. If the tubing is the anode, current flows away from the

tubing. !f the tubing is the cathode, current flows toward the tubing. In the

embodiment shown, the tubing is the cathode.
8.10 Fig. 4 is a perspective view of a guide member 90 of the electrochemical cell.

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



.bounded outwardly by the housing electrode 76 and inwardly by the pin 96;
and after a 19 JAN 2005 insertion of the tubing, inwardly by the tubigg &%U%
The el ectrol yte passage has a first or supply opening, as represent h

t he annul ar supply opening 100. The electrolyte passage has a second or
exhaust opening, as represented by the annul ar exhaust opening 102. The
supply q §%%g8c§xtends in flow communi cation with a source of electrolyte,
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of the JEPHSS By tag syiier 104nixdispgsed defipan thacdifesionfegion and g ode
chanber T T, ' I I ngs.
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f or m bechifissionfregine frors $lag eleadiodetehashiper toi earsiure thatemaccep@abighturbelence

el ectrol.yte 'ltrn he ent%qﬂi 3Fnt shown, the swrler is disposed between the
el ect r od®"gh é’(ﬂ[ugggﬁ? SUPA@Mire of the electrochemical cell. In an

al t er natge12bpsl sRier 100aris XAGRES to the sedd 92 of thd glhde PeemBeprpoged entirel y
within the el ectrode chanber or di sposed upstreamof the electrode to such
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velocity to the electrolyte as the electrolyte flows in a generally axial direction

through the swirler and thence through the electrolyte passage adjacent the tubing.

The velocity is small enough to avoid cavitation and large enough to avoid other

discontinuities in electrolyte concentration which might form because of the passage

of the electrical current through the electrolyte. In the embodiment shown, the

swirler is disposed between the electrode and adjacent structure of the

electrochemical cell. In an alternate embodiment, for example, the swirler might be

disposed enﬁrely 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 collection

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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el ectrode 76. The coll ection chanber receives el ectrol yte exhausted from
the electrolyte passage through the exhaust opening 102. 9 1 9 JAN 2005
8.14 The cap 72 has return holes 110. These hol es provide a passage for
returning electrolyte to the cell 32 as the tubing is renoved froni § HaNQelsI
and drops of electrolyte fall fromthe tubing. The cap includes a plate
112 which is spaced axially fromthe housing electrode 76 | eaving an

overflo SSAYe t e r he annul ar
el ect ro}léylt? g passgééé}gd*ﬁ%wwég%{gi cTa :égnﬂdk\?\ngvp W@%gjjo%sgggﬁ% chanber
108. 8. ¥btukhimgogeoirolgterth thibsseli3Mas tiag ubitdd & feviibvegi R thetcdliathddropevement

as the tubing is ved axially_into the electrochem cal cell. Thus, the
openi ng estpixterfal trom thelpking.h The<ap incloges aplales b 2 mbiahsistsracedmdaly r om
contacti ' : I I ' t e -Qpeni ng
ot haandg bR ool 76 Wil A e RASh aS T 1 BT uebh THRCA: o
di r ect i mverfioapassaye plazes the ginpalarfeledticiptel gaysant S&einvikan cbhtnanieatiioy and

the tube. In the present enbodinment, either the opening 74 or the guide
menber Wt EQlesting ghambsr 198 di ng the tubing, as the tubing i s di sposed
in el ect heyn el |- t ' 4 ning 74
in the S conieobeiRo 74 d84 Tondahe e g S T A pt o md 8" 5
it ent entabingds ehawd adhynintathe eldctoohbmmicat cebrTiagd, theopeaing aikgrisithieng and
the cell whi C_B? {Hﬁ%h,t of herwi se cause a shor&-ci rcuit. 8.16 As mentioned
about t HEOBRHY PINHoaRd ajsrcblgeks g uping o ¢Ritasiing Kiggbeusiagch t hat

t he opery n ' t ' ARy ; LAgl y,
t he ope%h{r}l%rczds]e ?1%’[ lhﬁcg%ég%ét%Mggﬁg?érrgf'ﬁmgr%rwgnent o? %tB Pllec @%@?@%%B\/\m ch
i s al r eddgt therayarang &apdry in thee griabiawaedidiectidm taacedrmevotatie acdgprdemént , t he

e &)

stop WhitR op@RiHEPBRHR §GideaRerdr 90 dBRIedMm&ind R JlididS tﬁ@%ﬁg, 17
Duri ng oEerat_l on of the electrochem cal cell 32, electrolyte is sUpplied to
the botthehipngtihdispesedimetegiochamical gelly Thosdudth the. guithe marober 80 yane

B N R o R N o

does bl o@kad herteishbiehtichep@bANseldb BISER Edtact between the tubing and the
cell which might otherwise cause a short-circuit.
8.16 As mentioned about the embodiment shown, the pin 96 is a sufficient length
such that the opening 74 centers the tubing 18 on the guide member 90.
Accordingly, the opening is not needed to constrain errant movement of the tubing
which is already constrained by the guide member. In an alternate embodiment, the
guide member might be eliminated by having an opening of sufficient axial 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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el ectrolyte concentrati on which m ght be induced by the flow of current

through the electrolyte. to 19 ' AN 2005 8.18 Flow ng the el ectrol yt kdﬂéd

vertically to the overfl ow passage enables a reasonably uniform rl f

fluid fromthe circunference of the electrolyte passage. Flow ng

el ectrolyte fluid vertically and in a downward direction and renoving the

fluid through a single drain hole mght introduce variations in

concent 1Bat 8 orFlofvingheatectroiptey/fied Wertdallyitg the adediosepgyssHgecenabpbatai ng

activity. In addition, the guide nenber i.s centrall i sposed jn the
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Chan's Prabedlat ok SRLACRRLA SRS B B il 6 MERRe il abbendlBe
ri nsi ng re&leiaPittoMidierRctritlil AEIGL8 installed in the rinsing cell. The

rinsing cell is disposed about an axis of symetry R Fig. 6 is a
cr oss- sée19 orfsn advantage of the elatsioghemidal calf is tiad smdliosnjuttdrevolumescae of

b Skcen, aefieor RO it b drichtoRasEL SldfordehmBREL R s |
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chanber is bounded by an axially facing surface 126 and has_a | ower region

or bot t daigedmatchrpeocassings toasnial sze eAabigadie geldsippbe logated iya lew area

15 R T s B ol VR

menber 1B qualilgi sfpbe ethting $yitemi arethled ardietainlad talechress ehalswe@xsrabligr i n t he
chanber. In the enbodi nent, shown, the guide nmenber extends in the vertical
di rect i dfan aBogsaREN @ @PChas a base 134 and a pin 136. An axially

8.20 Fig. 5 is a view from above of the rinsing cell 52 with a tubing 18 installed in
the rinsing cell. The rinsing cell is disposed about an axis of symmetry R. Fig. 6is a
cross-sectional view of the rinsing cell 52 taken along the line 6-6 of Fig. 5 with a
portion of the rinsing cell partially in full and partially broken away for clarity. The
rinsing cell has a wall 122 which extends circumferentially about the axis R to form a
rinse chamber 124. The rinse chamber is bounded by an axially facing surface 126
and has 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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extendi ng passage 138 for rinse fluid extends through the base and the pin.
The guide nenber has a plurality of inpingenent holes 140. The inpingﬁﬁﬁﬁé
hol es place the passage 138 of the pin in flow conmuni cation wi t h 1th
interior of the rinse Il 19 JAN 2005 chanber. In the operative condition,
the tubing 18 is di sposed about the guide nenber 132 and is spaced from
the pin | eaving an annul ar drain.passa%§{142 t herebetween. The tubing is
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8.23 The rinsing ceil 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 includes other
passages on the interior of the rinsing cell. For example, the cap has a plurality of
radially directed impingement passages 152 in flow communication with the rinse
chamber 124. The passages are directed toward the bottom of the rinse chamber to
impart an axial component of velocity to the rinse flow. As with the interior 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 cell. 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 fluid

reservoir 56. As shown, the return conduit is spaced from the bottom of the rinse
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communi cation through axi al passages 156 and 144 with the supply passage
130 in the cell. The nmeans 54 for supplying rinse fluid includes the
supply conduit 62 and the return conduit 64 which are each in flowd JAN 2005
comuni cation with the rinse fluid reservoir 56. As shown, the return
conduit is spaced fromthe bottomof the rinse 12 19 JAN 2605 chanber.
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sensor, such as the inductive sensors 98, whi ch sense the presence of

the tubi peyson te Hose erlatgs velogia ¢fonbes mmngmrbugrrrﬁ@e assembly linegybn ardaily on
conduct i Vi té/ or inductivity of the tubing to trigger the sensor. In one
enbodi mal?ﬁ an inductive sensor was used which fits into the side of the

housi ng.g. 25’he|3um@l@>bemoﬁe@faaé dppla8atas 9 02 theehpyaratiemay sy uéé@bzlma b
.system the rel a%ﬁl mer wused is specifically set to a single shot node for

suppl yi rRfimiRating Hetuting garrigsdd ofrmakiuseibe Alking sarrigrveih haed spesation t he
LiTer ol ARER A it PoSbFEUES SR ApY HiFoRey BEHERIANERS bARIAS (LAY |

Renovi n I'nNg rese can ag
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el ect r ocdrabodiatertehh itfuctive sensor was used which fits into the side of the housing.
The inductive sensor triggers a relay timer. For the rinse system, the relay timer
used is specifically set to a single shot mode for supplying the rinse fluid. Upon
receiving a signal from the sensor, the timer closes a function circuit to provide a
given duration of flow. Removing the tubing resets the system such that the timer
can again be 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 allow 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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provi des el ectrochem cal cleaning to the tubing by flow ng current toward
the tubing, that is, the housing electrode is the anode and the tubing is
the cathode. In one exanple involving the use of steel tubing and nickel
plate on the tubing, the electroplating fluid was a sodi um hydr oxi del Hah 2003
of about one (1) to five (5) percent sodium hydroxide by weight with the
remai nder as water. One satisfactory 13 19 JAN 2005 el ectrolyte is
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sol uti oG S@'M4200th§tl\ﬁd!8|' Ne. PeiioER |§QB§ut'fWé (ﬁZG‘%teg{ @gj)r}%rééﬁtl%ll%ny

During operation of the plating system 10, the use
aut omat iacil by weight; aaoufaswamr @) te yhigeen lﬁmmgceet ammoraumcsultme byivezight

I f .dedi cat ed | | that is,
Gedi car M BeTer TR RE EplY N g0 oS S REE 17 16 Bt tRed cel s
ni ght b%l@ﬂro@h@ﬁﬂc@ﬁce@l'@ﬁﬁ@%@@@u‘é@'ﬂy t@mé plafifig c%ﬁ1322\§ith§@t Hsifg. Gheay of
el ectrochem cal cells 24, 26, 28, and an array of rinsing cells 48, 50,

52 as sMelpfactons plating elestrolvia is $écm5gte@§r@a Swlution hickedGagde HPS 5600. It
is important that the activating solution not dry on the tubing before entering the
plating cell.

8.27 During operation of the plating system 10, the method may be used
automatically to treat a plurality of tubings 18 with electrochemical processes. The
steps include forming an array of dedicated cells, that is, dedicated to performing a
single process. The array of dedicated cells might be an array of electrochemical
cells 24, 26, 28, 32 or an array of electrochemical cells 24, 26, 28, 32 and 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 celi
or a rinsing cell. '

8.28 In the embodiment shown, the tubings 18 are indexed to the dedicated celis
24, 48, 286, 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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proximty one to the other such that their proximty enables relative
novenment of each tubing fromone cell to the next, whether the next cel

is an el ectrochem cal cell or arinsing cell. 8. 28 I'n the enbodi medd A AN 2005
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

the 14 PEOERY Bisaic PRt el uBRIES Too. B3 T FHERGEE reffo e eaeho ngs
i's 1ei ngsingnsushtd thatnes@ebll. AURLW SutiiBY ¢S atifed E@tﬁhﬁ‘éira?%'nb théfiﬂ@ﬁédlb' ng

Is added to the array and the finished "tubing at the last cell 1s renoved.
As nent itéieg aééhm lasit cell ireremerad. ofg teentioneldsartiea the electtoiyte w&ﬂgwedai@y

te i I dth I 88
from t naeel SR 2 if SlectoBhemic SHET ahflih@uelibd sl GrlREEs%atd
suppl i e@dndtfforhhiRe eell! 1A ﬂhsnﬂg(‘déllk ug Pﬂ@dét@ﬁhlnle‘él AMeGRE§thse ﬂmner'@suppned
application, the anmount of rinse luid for each tubing was | ess than one

ounce ofo thaicell forieach tubigg that isdwgde$3e£in i er%apphqqﬂ@notha:@mlounnct figse he

bt ow « e tsk RS A iTiems afad SPe o BER & o ThO R s icnelton SR .

162, sugfperst delr@immy Be preBsHe IngRAriNdihg cbea saiallaamelintcst Ariseuid H¥ay 26,
50, 28, 32, 52 by bel ng in signal comuni cation with the cells through
|

el ectri é%manhd@w@elta ﬂgﬂﬁltbe[bpﬁﬁﬂ”d@%th& qelt a processing capability to the

Car cul P 1 Aot aPRaRe i BePlea TR M s R O S B ot e

cel | whiaetayrofawetls 24i, 4B, 26le5@r28, 1825 SLHsy being@s ighal sdbmenurtitatiomwitattheach
,cell. The device causes each tubi ng_to remain at its dedicated cell until

the t ubPRES FIGUSPEIRFIER) Q0BRYBS | 6r JUKS BIAHISS Arslata REocasRiGEaRALIHtY to
PrOCess ypd E%Hﬂgr%ggégg%s Sfﬁ@dgﬁvﬂ)r%%eééiﬁg%e@ de r%nﬁg b @&g%gmme& calfl r%?é

cells as reaches 1t's concl dsion. process may
aut ormat ¢k dutdtionssfdirne theat e*e@dudblrxgmendsmsiachrttédmmd icall whiéh Becassdridygh

the invention has bee wn and descr espect to detailed
ebodi moASASS Bt ONBeSCRNatAN S Uiset STUbeIby TP SBCBCAsgs SAy! TRiNg
that vaib QiRairf HARIESdiL eBQ!é“ﬂ U thd it Ridquifes 89 10MBBsPSrITRASINY tirhe Ut
departing fromthe spi I‘I&t and scope of (‘?hecI hgq med dﬁ?venﬁ on. g«
has completed its process. The data processing device turns off the process at the
other cells as each process reaches its conclusion. Thus, the process may be
automated with associated reductions in cost and materials.
8.30 Although the invention has been shown and described with respect to detailed
embodiments thereof, it should be understood by those of ordinary skill that various
changes in form and in detail thereof may be made without departing from the spirit

and scope of the claimed invention.
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19 JAN 2005 We claim 1. A nethod for electrochemcally treating a
plurality of tubings using at least two steps involving different 1
el ectrochem cal processes, each el ectrochem cal process enploying a f
el ectrode and a second el ectrode for each tubing, each of the

el ectrochem cal processes having a steady-state operative condition during
whi ch qﬂ qLe,tronte is flowed at a flow rate about the tubing,

conpri s i .aafsposing an array of dedicated cells which includes an array
of el epl I 0ChRRRRBY fo¥ SeeFEEREm IRl Srebling Lty oPNBidS Ushey at feast tu
permt relative novenent of each tubing In sequential fashion from

dedi catstdps @ivoiving diitireat @ectrethemicahpivcebses, rashaitelschenyealsyragstel |

bei ng dedi cat ed t.o performng,an assqciated | ect ' gess step
and eac?meﬁ’ém%k'ﬁﬂrﬁ?%%focg %@%ésﬁeﬁan &Y g\%ﬁé e?ﬁlé?&’pﬁ&s%@@ @rctﬁf“od_e whi ch
bounds Qtct&@dmaPeidckeBedhadingd] Sehipdente pdhgtivd @nditieh Hiring Which &g out
the el ectrochem cal process and havi ng” an openi ng for renovably receiving
sai d t uieotgolite isfflowedhat a lowsedoatow tbettulvag, epmprisiagd t ubi ng; novi ng t he
plurality of tubings relative to the array of dedicated cells such that
each tubi ngdrpwemg 4n saayeiidiealcatastsliowhith mulddshen arreppf of dedi cat ed
cell's including disposing each tubLng one aﬂter t he ot her ip.the el ectrode
chanbeelestrosheaicat PEetaHETEAR SN PEPEEEY §NRJC L_E LIRS A&EMAY "€REVE ubi ng
extend fromt Liofr 3 A4tk 8 P o HBBica®dd céihr ough
t he opg}ﬂ‘%ﬂqqrﬁ%{f%ﬁ&ﬁm@gﬂrsgﬁ'g\e/rgﬁ?béspiﬁmﬁ?ﬁe&é%%%ﬁo(I:eeIOect rlode_; di sposi ng
a vol ugBcRielaiteehenliydliptodésing cell béing dedicbtatio pedoeng eh assoniated | for
perform ng one of said el ectrochemcal process steps by flpwn
el ectr @|e;e?r!0§hemmi PreFRBUYRP AN @%@??%&QBW%‘?" R S,s_"{%%elﬁ%\\ﬂ/ﬁ%tt%? of
el ect rﬂ}s%fte'lé:ctﬁcddé' WAL dsoneeh &t @ ddon 6€4h eficty diav@ierifoneselsr i ng the
. Steady-state operative congl tion of the flow being about equal to the

f | owr aterrgingedddbe eledtiachemical fretasg anddvaving AP GWERINGTer E28eY#Me chanber
at said given ti for.carryin ' ' : zt r.ochem cal process
step off@MAGP %9159r6}3r_rxt?ﬁgh§§%%%@ 98?‘?‘2‘?‘%3@?‘00 l‘gl}r%@ ly treating a
plurality ofndvif 6aspRiFalty af Rbingsveertieeno tife adediod aeditata talld sidhidet a
rinsing cell and wherein the method incl uﬁgs t he 'beg 05 ‘gi SlEOSi ng the
ri nsi ngaeBIybiRgpoYes iBriecential igsipadioge }f‘ﬁé‘érlayﬁi CE85EIG"“Cel I's, the
rinsi ng, Giglihg AR iHPELEF UG OnBLAEPHRI e AinshBE Gctidddl Eiarbereotyszyd ven

g JAN 2005
| rst

electrochemical processing cell by having the tubing extend from the exterior of the

cell to the interior of the cell through the opening in the cell to removably form the

second electrode;
disposing a volume of electrolytic fluid in the electrode chamber of each cell

for performing one of said electrochemical process steps by flowing electrolytic fluid
through the electrochemical cell, the flowrate of electrolytic fluid being flowed to the
cell at any given time during the steady-state opera‘tive condition of the flow being
zbout equal to the flowrate of electrolytic fluid being flowed through the electrode

chamber at said given time for carrying out said associated electrochemical process

step on a single tubing.

2. The method for electrachemically treating a piurality of tubings of claim 1
wherein the dedicated cells include a rinsing celi and wherein the method includes
the step of disposing the rinsing cell next to one of said eiectrochemical processing
cells, the rinsing cell being dedicated to processing & single tubing et any given time

2nd wherein the methad includes the step of dispesing a tubing in the rinsing ceil
16



and wherein the nmethod includes the step of disposing a tubing in the
rinsing cell 16 13 JAN 2005 after said el ectrochem cal processing c u €@@
i ncl udes the process step of flowing a predeterm ned volune of rin @ 8
under pressure through the rinsing cell for each tubing processed, and

directi rgq%i 81D ERARLERSHNCA 5¥g¢é§§¢n§éesrwmmsdm|@%ba§§s g@ggoftfmiﬁg o

. 8i .
provi de 1 ngenent cl eanin the’ tubi ng and i1 ncludes noving each of io
t he t ubiprggeteomonsl oblumal df Ad$adeintudedipeatsede cridughwhe chsing cadifocieachd
with the next process step to be performed on the tuybjn The net hod

( 3
for el edubidghuncessad, andedif eGiERINBIRICSFEYINGC YQUBIE f@ﬁ%éw RE3IN ein

the st ) _ : ; . !
i o YSPATOH SR Re DEL ol O o A ST Aol et sl Bl -
treapi ngha tyingaks bie off stibadpsenf dedicdtatiZellwhgiien it ddreciitepwith tliespogi ng a

volune of rinse fluid in the rinse chanber includes flowng a volunme of
rinse flRiPeETsostepdp ey PRMee@ oprloe&ddnGtep to the rinse chamber, through

ol ect r ocher adl® peRRiar ek eaR RORIRER vl sl T HRERL R 2,
treati ngyiverBinhal étb%oﬂ’fmé\klhb RGEhQS seldrubings ivRerdrmet peiol Wtamphas a
hydraul i ¢ di anet er and wherein the step of disposing the tubing in the

el ect r oduyingsif e duidoemiting teingnnul ar gap G between the tubing and the

first electrade whi,ch . is | h 1. d hydnauli c .di . d
I ncl udes4e's pg&éq Hﬁt@?%t?rr%gg{rpgﬁﬁr\t"ﬁg@ ‘?ﬁ?‘g%ﬁdps’%i%h{yg%g“%ﬂﬁ%a? ém?rélet hod f or
el ect r ocfesreRrAlHeystbp @Adidihain P lWiohlhé ¥t Ahsd Bbigiashefingk ahamberwheuges t he
step of noving the plurality of tubings includes noving an arra

o

/ : . . i y of
t ubi ngs fsede@atvaume afHinsegi-idRer RRIEATEES hecRIqCess $ap Orae rasei ¢imBbeLbi ng
s at e I t ' fOF - ei n each
processqﬁﬁgﬁﬂﬁbegﬂggr%ﬁégﬁﬁﬁj f?aé]rﬁg@%@@?%?géa%ﬁgggi%ﬁ@ggdl{:%%g{, wherein the
st epsof etestrotdhetriieapprocaksing cadf t ubi ngs i ncl udes determ ning the | ongest

durat i f time f ' t _each pr . d wherejn t
urati on-of (hiRmaes Brdpfiediamedior el L ra Eo d B llm cer 1 1 s
not | essyfdram tieubfprss adWdbuidigheldr® anll Whadeirome glesiof aispbsaed the

requiring the |ongest durati'on of time for carrying out the process before
novi ng ttHeINg10 theBlasyedednciusiesdeimipgian annular gap G between the tubing and

the first electrode which is smaller than said hydraulic diameter D, and includes

5  passing eiectrolytic fluid through said gap G.
6. The method for electrochemically treating a plurality of tubings of claim 1
wherein the step of moving the plurality of tubings includes moving an array ot
tubings sequentially through the dedicated cells such that a single tubing is at each
cell as the process steps are being performed, wherein each process step is

5  performed for an associated duration of time, wherein the step of moving the plurality
of tubings includes determining the longest duration of time for carrying out each
process step and wherein the duration of time that a particular tubing remains at any
dedicated cell is not fess than the longest duration of time at that one dedicated cell
requiring the longest duration of time for carrying out the process before moving the

10 tubings to the next cell. _
7. The method for electrochemically treating a plurality of tubings of claim 1
wherein the step of moving the tubing includes indexing the tubings of the array of
tubings, each to an associzted dedicated cell; moving the array of tubings with
respect to the array of dedicated cells, each into an associated dedicated cell;

5 periorming the process step at the dedicated celi; removing the array of tubihgs from
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7. The nethod for electrochemcally treating a plurality of tubings of
claim1l wherein the step of noving the tubing includes indexing the

tubi ngs of the array of tubings, each to an associ ated dedi cat ed Ce'!:de;
noving the array of tubings with respect to the array of dedicated M%?UM
each into an associated dedicated cell; 5 perform ng the process step at

he dedi . | [ .t he. f bi f 17 .19 JAN . h
dedi cat SEF EeYPeechels: ARRnaT T ¢ HE LBmdrge i erorEEhea tyanbuhodis, "
movi ng tapr%glcﬁgﬁe@iylgrggo SRbN &3 chag§hé Blext @@d%@e};tb@ celleamerinrdehdaded cell, and

further I n ving fromthe array of tubihgs, the tubing which has
conpl et esmbhiegl fash theaceysof tebiegsatd tablidgrghieh habicompietetise et pyodesns

begi nni ng the nethod of treating said added io tybi 8.. The .net hod for
el ectr oé?ﬁﬂw@%ﬁﬁ?'ﬁg%&{m%t%t% gﬁ‘%&’ fQ’)PE‘(Qf”Q”ﬂQ)m’f’g@eg?mggfatF%t'f‘g WgEﬁéaﬁ t he

steﬁ) of turB?K. ng the plurality of tubings includes noving an array of

t ubi %gs Seqtentially through the dedicated cells such that a single tubing

is at egch aeld mathddierplswtesheriietlly taratingeai pigrapiey botubed)s offeaiel i each
process step is 5 performed for an associated duration of tine, erein the
step of whsseingheridepofimaving theghutalibi plgybings|teedeBtving # AR | ongest
duratio i : ' ; '

dur at 1 onhot sBupHla SARdR dediBlip cBCERIFIEL SRANE WERER B BN el 1 1

not | esgell kdnhehrotesiosieps dus akirgnpatortriete wherdihaachmeockss fapas cel |
requiring the |longest duration of tine for carryi ng‘out t he. Brgce?s ptefore
movi hg PREOEJIahRAGSSPEatatkdaken obfime, wheigia the Figpelgpving the plurality

el ectro | | i ' W posmefoct sy wagegi n the
step of %Egﬂ\ﬂlﬁgé i’ﬁcel&% u |%t§gpﬁwﬁs)éeg{§hbpgfmfuéééﬁ®0n thr oﬁgh _rﬂg%iogat ed' cells

i ncl udepromdsngiep lend whemedn tHe dughiod efitivet thdt 8 partculartubieguemaias pyany

formng.th f herm | eani ' qQl \di
Prui o it o8 i adees M ERORRELE R O PER AR P PR SEAR R LT o
fluid, rbqgiing tHEidhyesRUaFationediarié esiemyi) o@aht Yabtars beforgmaiving the

electrolytic Tluid; electroplating using an electrolytic electroplating
fluile, Aweingsitadhergexistaly water. 10. The method of el ectrochenically

or oo 3o U2l PRt e ADRIAILPof L it Loce
an . et chitigeoihetstop df hadving thantubtiglin; seguentialifaghian trar@wigha:teidi@;a’tsdiceﬂ‘ﬁ on
includes moaving the tubing through dedicated cells for sequentially performing the
steps of electrochemical cleaning using an electrolytic fluid, rinsing using water,

s electrochemical etching using an electrolytic fluid, rinsing using water;
electrochemical activating using an electrolytic fluid; electroplating using an
electrolytic electroplating fluid, and, rinsing using water.

10. The method of electrochemically treating a plurality of tubings of claim 9
wherein the method includes providing an electrochemical cleaning sclution that is a
base; providing an etching solution that is an acid ; providing an activating solution
that is sulfuric acid and ammonium sulfate; and providing an electroplating solution

s thatis a nickel plate solution.

11.  The method for electrochemically treating a plurality of tubings of claim &
wherein the step of determining the longest duration of time at each dedicated cell
inciudes using a data processing device to determine the duration of time that a

tubing spends at a dedicated cell, and further includes determining the amp-hours
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that is sulfuric acid and amoni um sul fate; and providing an el ectropl ating
solution 5 that is a nickel plate solution. 11. The nmethod for

el ectrochenmically treating a plurality of tubings of claim®6 whereinfghgN 2008
step of determ ning the |ongest duration of time at each dedicated cell

i ncl udes using a data processing device to determne the duration of tine
that a tubing spends at a dedicated cell, and further includes determning

0t PR B gl stk

condunme@BER heni ca and determ ning the

dedi Catc%?l cg h& R hiHp rkﬁefcﬁ%arte@gen hedlianige stquifing trentbngest hrrregartﬁf the
fl ow of FU and curr nt to the other cells as appropriate onc

pr oces sustieg dieinedlqrent tuidehdaturee riddittaoler 68l a3 SPRRRSIAE @ncggheA met hod
for electrochemcally tin L ural ity L&s using

el ectr d&ﬁ@ﬂﬁ%éTePptP%‘é‘Qs(g?é %qtﬁg dedicpieps e&m g#”b%qﬁl res at |east two
preparatpry »prog ﬁﬁsf(}?E ?ﬁgm Wétn@ PPREQES oS hrRleLOSPYI Si Ng:

provi d| g a plurality o el éctrochem cal cell being dedicated
to and etécﬁ@éﬁ@mmamgr@wssegfa tseamleewhgcerssalre;s alopas| WisPRAT8®Y yi ng out
the step in the plating process, each electrochem cal cell having a first
el ect r qecand Sienseenmad Plalng Prosass SISt We article, wherein the first

el ectrode | s el FEHTLLARMIAb] YorcdlseR8h Aty dahecoeing oaivddio am

interior receiving the article and a volune of fluid
Conrsect@ﬂwtwmﬁg Uhahgsat gpp\me uleoessaampob{buonatf@' Cfaowlflih@‘#iyﬁhﬁgstéatm itk t he

process step on a single artl | e .at ceI I I fluid
connect R@tiNGIRIACE e eEN e miga afﬁg M5 érﬁ‘to%g%tg% yla}r?g éjo% %e process

step on I%c?rb@%'f@ éﬁtdy%g a%‘iclé hatieref {he efclapvodgistdicuantarehtialyel at i ve to
the cel TS suc %at a'single article noves in sequential ‘fasn_| on .t hrough
t he dediliepbedd (adalolJSIhaemcle and has an interior having a size for receiving the article
and a volume of fluid connected with that step which is appropriate for carrying out
10 the process step on a single article at that cell; flowing a volume of fluid connected
with that step which is appropriate for carrying out the process step on a single
article at that cell; and
moving the article relative to the cells such that a single article moves in

sequential fashion through the dedicated celis.





