SYSTEM METHOD, AND APPARATUS FOR CONTI NUOUS ELECTROPLATI NG OF ELONGATED
WORKPI ECES Field of the Invention: The present invention relates in
general to the electroplating of workpieces and, in particular, to an

i nproved system nethod, and apparatus for the continuous el ectroplating of
the exteriors and/or interiors of elongated workpi eces such as shafts and
tubes. Description of the Related Art Hi storically, the netallic

el ectroplating of parts or workpieces that nore than 20 feet in | ength has
been problemati c and expensive due to the very large plating tanks that are
required, and the significant volunme of plating chem.cals needed to fil
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Field of the Invention:

The present invention relates in general to the electroplating of Workpieces and, in
particular, to an improved system, method, and apparatus for the continuous electroplating of the

exteriors and/or interiors of elongated workpieces such as shafts and tubes.



In addition, large plating tanks have wy |arge electrical power
requirements. Wth a large talc plating operation, the entire part or
surface of a worlcpiece is plated at one tine. To successfully plate the
surface of a workpiece, a specific anount of power per unit surface area is
required, which is also known as the current density. If the entire part is
to be plated at one tine, such as in the case of large plating tank.; a

| ar ger power supply woul d be required. For exanple, sonme offshore
drilling and production platfornms use ramstyle tensioners having a 28 to
30 foot stroke length that is exposed to acids, etc., that cause corrosion.
These types of workpieces are too |long for conventional plating techniques.

Thus, an i &8¥q%noF G SR tdd «applying plating metals with a different

t echni'que tﬁkﬂr%ﬁnﬂﬂé%TTﬂEﬁJ&T nk plating" processes would be desirable. In
particul ar, theHiyiricallyythe oeppligtelectomlajing fenaits e eakpieses branapirp?bie Bt a
time, rat hQE gﬂhﬁag b@énlprd%[erdaﬁc{ 8 eﬁﬁeﬁﬁl{/@(ﬁr% t&the Qermﬁﬁﬂz@ﬁg ta&‘i@-&xﬁ aﬂ@ecﬁﬁ&? cially
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wor | cpi ece ¢ @xidiaSCh08 & dnite T theps/ie Bt hddRiohS c@B inbirfed IfaTpropeiditpbsab acbreilg f or t he
conti nuous eIe tro Iatlng of netals on the interior or exterior cylindrical
surfaces off®EhAE ﬁﬁ? d wor kpi eces. The invention uses a traveling anode

to gradual ly pl & €idsibqriggs pletimptiis hhengthlagt eketvienl ppve@cequirersnsadVigi 2pl at i ng

the entire B%;es élatkn%roggr? %b&&: Ofifte 69%1 &G RALE 2 RbaRBE it *;1%1 atOht Bm@ R4 aL1Ng

system t hat ano esign, a very small anpunt of plating
cheni cal s anecew§dy pleiedhe stifsvg of nwerkpipgeea DA Rt APYSF PETUE sEfage ZeAigit | on

that also h’@cﬁm‘gd GAich isGRH ichdbv é@‘ﬁ@rcu%eﬁe%&dyngftﬁ@&lhﬁ}pm‘t is to be ﬂiﬁt&i dtofea@@, Nng and
ot her objects and advantakﬁﬁmW$ t he Present i nyenti be apparent to

those ski| IS8¢h 3} Peresegifas BSot AR OP T W&mgg‘?rﬁ‘ﬁng% descri ption of
t he present i nvBditekale, tseke offihore cigitiingaad podnctibtt blatfdims appendotd tedseners and

the aCCO”p%QViLg” g 29 [oay& 083 troke length that is exposed to acids, etc., that cause corrosion. These
types of workpieces are too long for conventional plating techniques. Thus, an improved process
for applying plating metals with a different technique than conventional "tank plating" processes
would be desirable. In particular, the ability to plate only small areas of the workpiece at a time,

rather than all or large sections of a workpiece would be especially desirable.



Brief Description of the Draw ngs: So that the manner in which the
features and advantages of the present invention, which will becone
apparent, are attained and can be understood in nore detail, nore

particul ar description of the invention briefly sumarized above may be had
by reference to the enbodi nents thereof that are illustrated in the
appended drawi ngs which forma part of this specification. It is to be

not ed, however, that the drawings illustrate only sonme enbodi nents of the
invention and therefore are not to be considered limting of its scope as
the invention may admt to other equally effective enbodi nents.

Figure 1 is a sectional side view of one enbodi nent of a systemfor

el ectropl ating an i elrl Orios surface and is constructed in accordance with
the present 52K e Figure 2 is an enlarged sectional side view of
an upper porti onErdfodtﬂeetssysmﬂemomethdgmd@mar@ﬁdOf elecEQYEIng OROLOB BOTeFUERSeDr dance
with the pres %%or QQI-& ?l:loseﬁd The EvBiths 153pir§cu§aﬁie\mlla§ug§ﬁfo§%étéoﬁﬂxﬂiou§| de

vi ew of a | ower |on 0 e system of ure is constructed in
accor dance \ﬁ]ecflrpptah@ of ecgalt op rige Aterioh ;o exterior eyigdrical pusfaces; ok iegy lpcd of

anot her embQdhRpL. ahe RvaYish 88 g@ﬁveﬁﬁ@ﬁbﬂ&ﬁ'g&ﬁtﬂg pRife zﬁdﬁfg@l{elaﬁfal st 6c2 and
is constructed in accordance with the pre sent |st%r}§| on; hF| gure 5

is an end vMeRPEre PHEAIf RS GF eR{irg BL O ag;ﬁam{ug ?Paﬁfc%t anl ReadeBrtance

with the pr eRend syt @it (19381 a traveling anode design, a very small amount of plating chemicals are

used resulting in a more environmentally friendly solution that also has significantly lower

operating costs.
The foregoing and other objects and advantages of the present invention will be apparent

to those skilled in the art, in view of the following detailed description of the present invention,

taken in conjunction with the appended claims and the accompanying drawings.



Det ai |l ed Description of the Invention: Referring to Figures 1 - 3,
one enbodi nent of a system nethod, and apparatus for electroplating an
interior surface is disclosed. This enbodinent is particularly well suited
for the continuous electroplating of netals on the interior cylindrical
surface of an el ongated workpiece, such as a shaft or tube. For
exanpl e, in the enbodi nrent shown, a cylindrical anode 11 is imersed in a
plating fluid solution 27. The anode 11 is centralized or radially aligned
with respect to the inner dianmeter cylindrical bore 15 of the workpiece 17
wi th upper and | ower, non-conductive guides 19, 21, respectively. CGuides
19, 21 may conprise circular disks that are rigidly connected to the anode
11. A seal ﬁ%ﬁkﬁ 23 éFigﬁrq)Sg and a non-conductive lip seal 25 are also
rigidly con " Seal plate 23 and seal 25 serve to
retain the pl ati$gthgdharmhinoer i Which ﬂwcfcetttacstand\@ctmntagwe0ﬁ1heu@semmwaan@bnbwhleh 15 of
L he, wor kit ©Gfn bhcorle Bl CHROMMEN hna_ LGPl SOk Rik2 fofPYer QP | S
ni c o

ni ckel, chlori sul fanmat e boric aC| , arbonat e
may be used dessrighiop eft the Hiveatione brigfly apummsriasd| #hove mey nbé’yh*bieb)f aferpicy terfpt oyed

dependi ng orammﬁmmkre&tma% illustrated An kHefabpdRBedCRRABET | MQEh R8n aSpattic@ind! ¥
connected to tx? per. c ntral izl ng %ﬂh‘ge 19. an, I’OVI des an attachment

poi nt to corffede IFF?? ﬁnﬁﬁbpgw§ﬁr bipBEet Lusialg ok seReeiofimeR ot abl e
31 is conneﬂ;teeﬁivehﬁbnand tierafdre ade ndBtoe codstiered Gitmiting loF &s bdopd asrthe eanti@embshat can
lift or Iome e ass%ggfﬁ. hrougﬁg&oge 15 at a controlled rate.
Alternately enB g uplicated on the opposite axial end
of the anode assfegﬂm yig2 Se@uOnabﬂdgupﬁef ork) embpdippentivdta syfian fmekerakienl y can

be pU| led i ﬂltérja?suﬁg&%a fs%o&&u&édtlgﬂcoraﬁﬂc@%ﬂgfhé Eﬁ.@ehﬁﬂvenﬁon In addition, a
term nal post 35 ( Pcgure is connected to the anode and is _used to

connect a posit if@r ﬁﬁﬁémﬁﬁﬁhﬁeﬁmﬁS@ﬁBFE°F@hﬁmgﬁmﬂTﬁéf@ﬁﬁﬁﬁmvggﬁmﬁﬁ
connect ed ahuﬁﬂamﬁﬁﬁ&ﬂﬁﬁmﬁﬂﬂh&iwﬂﬂﬂhﬂM%&M&W%ﬁmhernlnal of a DC power supply
39. A term nal ste41 |s co ecéeq t w X %f?lzmgpgmhaﬁﬁsed

connect a negat iV chirge™ a“%éﬁfs ] if pover’ suppl y 3

applying a miwmsmdwwwrdm@mMprgglﬁmth@@; mat erial is plated onto the

i nner di aneter 41§ a"%ide %e&p&f%n&mtemboﬁu%p%%gém @&’ele@mﬂlatmé ﬁeex@ﬁ&er
supply, concentration of plating solution, and frate of novenent of the

assenbl y th?%%ﬁﬁmﬁﬁém%BP?%bPé danop Wik e presest BY R #Me entire | ength of the
i nner di anet er |lrgue: 51 afbnd 6w wmk@lseﬁle)fFFgmeth anoderudidd daBcohRn@i wither

the present invention.




lowered or lifted at a controlled, predetermned rate so that a uniform

pl ati ng thi ckness can be obtained over the entire length of the part.
Referring now to Figures 4 and 5, another enbodi nent of the invention for
el ectroplating an exterior surface is disclosed. This enbodi nent is
particularly well suited for the continuous electroplating of netals on the
exterior cylindrical surface of an elongated worlcpi ece, such as a shaft or
tube. Like the previous enbodinent, only small areas of the cylinder are
plated at any one tinme with a traveling anode that gradually plates al ong
the Il ength of the workpiece instead of plating the entire part at one tine.
The process for applying plated netals onto the cylindrical exterior is
simlar to the process descri bed above. The outer surface plating of round

or cylindri @atailpdDéssribttonat defpventiied usi ng a short, cylindrical shaped

anode 51 that is inrersed in a plating fluid solution 53 held in a

cylindrically Sh@é?ﬁ—ﬂn%]énﬁgégh lTheoﬁéqQQﬁ)dfhﬂenﬂ § £ SRfemAkdethod, matafishrdiy Br

centering device 56 t Isrig dIy connected to the t ntering
devi ce 56 alclsgfroplfinga %tﬁloéF‘gf?P“r‘Fé’é‘f psgd- HeyArabpdmenies péﬂ’(ﬁ@%rlf%‘i‘glf%%ef?rﬁﬁ t ank
55 and nmay beoﬂtﬁﬁdﬁeeleéuroplammnﬁm@umdmaqdmlﬁam(ai srfsds ol aldlomgatededkgiecepl ast i c
ri b. However, one sé led in the art will recognize that there are nunerous
ways to | ocatd s it AHdH® 51 with respect to the tank 55. In one
enbodi nent, the Roamknhk, ingesenibadimearshoonduylindiel fdodn bl immerseddh apkng7 wit h

lip seals 5%&11(1 oluu!)n p t%‘g ﬂodg Q§Rﬁ9én'tr¥1§ec? 91d§4d1 dy 5.].@%6& @ﬂ% rég‘ect 2e@b $re?, 61

form|ow pressure sea et ween t piece 63 to retain
t he pl ati ngdiswiciat ¢yéindrisd tope k5 theqwpekamere 11’%‘]1 PPR.?ﬁ@E]d°Y51’ra’ECE‘§°°Bd7‘°%¥Feg“’lﬁ‘§Sed to

acconmodat e 14 he, ﬂéépfaétﬁa? NbuidésATEL 1646 BfpNsd rcir@m dishsNES alfrigtnr dopicaees tgeo
I r to

enabl e greater ada ta er ent | i.cati

central i ze #MEeth létﬁégggﬂ%’ﬂ%gﬁg gont%)g ehlps lggrltaérteglrso ngldllyﬁ%nn\?\%? pi ece
63, a set ofotweppostl. vﬂ%aiq:ll:se Bhand el 25 @r\dltglregeribn palinggolufiam 27amkongSt wikut
alloned to hLeglal 1f Al 15 orle okp@éw 8l SR BARRCHEDaliy BlibPRshyone of

t he support whee 0 contro speed or rate of npvenent of
assenbl y of cempriee BBkeh HHOWM%WﬁﬁQDQ braic[gifpth mélfel £ F%@%P%Eséd 8’3
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simlar to the previous enb d | ectrical
connections are ‘?3#‘3%&8’6“6‘&”“ t?r‘?ﬁ“}]lélmt%‘é?d %’QtQT ottt & ﬂlhnﬁz?gaﬁtké]%}s& ost 69
is used to ghvidelmatpbskitipviet ohange alifdngradpdbl A oprmbitecenil ebidie Efing gabéndi ng

31 is connected to a drum reel 33 or other suitable lifting device that can lift or lower the
assembly through bore 15 at a controlled rate. Alternately, items 29, 31, 33 may be duplicated
on the opposite axial end of the anode assembly (i.e., on guide 21) such that the anode assembly
can be pﬁlled in the opposite or either axial direction.

In additiox;, a terminal post 35 (Figure 2) is connected to the anode 11 and is used to
connect a positive charge through a cable lead 37. The cable lead 37 is connected at an opposite
end to the positive terminal of a DC power supply 39. A terminal post 41 is connected to the
workpiece 17 and is used to connect a negative charge to a cable lead 43 from DC power supply
39. By applying a DC voltage with the power supply 39, material is plated onto the inner
diameter bore 15 at a rate that is dependent on, e.g., the power supply, concentration of plating
solution, and rate of movement of the assembly through the workpiece. In order to plate the

entire length of the inner diameter bore 15 of the workpiece 17, the anode 11 can be either



froma DC power supply 73 (e.g., rectifier), before termnating on the
anode 51. A cable 77 extends between a clanp 75 or other securing neans
that is connected to the workpiece 63, and a negative termnal 78 on the DC
power supply 73 to conplete the electrical circuit of the plating process.
Afill port 79 is provided on top of the tank 55 and serves as a port for
addi ng chem cal plating solution and nonitoring the fluid | evel of tank 55
As shown in Figure 4, extensions 81 for plater run out may be installed on
t he axial ends of worlcpiece 63. Extensions 81 (left side exploded view,
right side installed) allow the plating systemto snoothly travel beyond
the axial ends of worlcpiece 63 so that the entire exterior surface of

wor kpi ece 63 may b t ed. The .pr Lnverd | :

advant ages. e 0639%9% 2PBERef péerﬁiﬁtglﬁnéxgeg%%ﬁgg ey %ﬁ?@atp 3‘%1%@% ng t|§)ear ts
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entire part oheSin wttadradtling Aode iHiEgradubily @atésatage the dankthjoF the wpdpissedtatad of he
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between the tank 55 and the workpiece 63 to retain the plating solution 53 in the tank 55. The
flanged plates 57 are used to accommodate the different diameters of various types of
workpieces to enable greater adaptability for different applications.

In order to centralize the tank 55 and anode 51 to the outer diameter of the workpiece 63,
a set of support wheels 65 are rigidly secured to the tank 55, but allowed to fieely rotate. A drive
motor 67 is connected to at least one of the support wheels 65 to control the speed or rate of
mdvement of the assembly of tank 55 and anode 51 along the length of the workpiece 63.
Alternately, the tank assembly may be moved along the workpiece in manner similar to the
previous embodiment.

In one embodiment, the electrical connections are provided by a terminal post 69 located

on tank 55. Post 69 is used to attach a positive charge via a spooled cable lead 71 extending



the capacity to performlarge tank plating operations. Furthernore, these
vendors are dispersed in renote areas of the country for environnental
reasons. Wil e the invention has been shown or described in only sone
of its forns, it should be apparent to those skilled in the art that it is
not so limted, but is susceptible to various changes w thout departing
fromthe scope of the invention. For exanple, although the first
enbodi ment is shown in a vertical orientation, it may be' reconfigured in
other orientations as well, including horizontal directions. Such an

enbodi mrent may include, for exanple, neans for maintaining a filll fluid

| evel of the plating solution between the seals, and neans for continuously

repl eni shing the supply o ting.solution as | 1. ..Li kew se, econd
embodi nent %‘%{E attﬁ%l’g‘g‘?‘@u‘&’h’aﬁ éﬁi’ II%@“#' %F%OVQF ! aﬁ'?g 24 iaﬁﬁdf a5t§ i &F nésaglgnét ead of
fhe hor i zonéx@dndCnides b Elatnp G5 orsitevwecurip means drat istchrameqiedds dntwoikpices3i od ai s not
imted to plating round i ndri ' o
invention_c%ﬁgggk%gg%ﬁ#fﬁﬁ%% éPgﬂ?ﬁgggkgggg |%§§§?8%J%%l§§?£§$%§lg%ﬁ al nost
any wor kpi emecess.Cl ains What is clainmed is: 1. A systemfor electroplating

a workpi ece, the yp E&P’ﬂj 1@81%\;{&@&/6&191; Sthd ALIEET QHd sWhvdshhs @ p&i¥ Fdr 368ng chemical
plating solution and monitoring the fluid level of tank 55. As shown in Figure 4, extensions 81
for plater run out may be installed on the axial ends of workpiece 63. Extensions 81 (left side
exploded view; right side installed) allow the plating system to smoothly travel beyond the axial
ends of workpiece 63 so that the entire exterior surface of workpiece 63 may be plated.

The present invention has many advantages. This design greatly enhances the ability to

plate long parts without having to source or build large tanks that can accommodate parts of this
size. With a smaller power supply requirement for the traveling anode, lower initial capital costs
are achieved over conventional large tank plating systems. This solution is also much more cost
effective than conventional laser-cobalt cladding techniques or brush plating techniques.

‘Another advantage of the traveling anode plating system over conventional large tank
plating systems is a reduction in the size of the anode. As the entire part is plated at one time
with a large tank plating system, the plating anode must be as long as the part to be plated.
Typically the anodes are designed and made for a particular part to be plated. For parts in excess
of 25 to 30 feet in length, the cost can be quite large due to the manufacturing requirements for
non-standard, or unique features of such a component, as well as the handling and shipping
requirements.

In comparison, the traveling anode plating system uses a short anode that is more
economical. The shorter anode has more universal application in comparison to long anodes that
are built for specific applications, as it can be used for parts of any length. In addition, the
smaller size of the tank and components that make up the traveling anode plating system allow it
to be a portable system. With long parts this is a very significant advantage over conventional
large tank plating systems since the present invention can be brought to the workpiece, which
greatly reduces shipping and handling costs as well as reductions in processing time. This is

particularly important in the case of long parts as there is only a small group of vendors that have



conpri si ng: an anode having an axis and located in the interior of

t he workpi ece adjacent to the surface and imersed in an el ectropl ating
fluid solution; a centralizer nounted to the anode for centralizing
the anode within the interior of the worlcpiece, the centralizer being

el ectrically non-conductive; a seal mounted to the anode for
retaining the electroplating fluid solution in contact with the anode and
t he surface of the workpiece; novi ng neans for noving the anode,
centralizer, and seal through the interior at a controlled rate; and

an electrical power supply electrically connected to the anode and the

wor kpi ece for supplying a voltage to the anode, through the el ectroplating

fluid solution, and to_the workpiece to ate the i

el ect r opl atPhEPIART %P%%ﬁf%ﬁ?nlf‘ P%%n%"p%aug%sm%gl&eg? ?lr%es‘?g& a%l?nd%{;ﬁs\fﬂer ein
t he surfacapnﬁmanﬁg&bﬂmhdmnﬂyﬂxxmmnmhhadasmmmal|zer conpri ses

non- conduct i ve, FL u'u%zmguundebega S55in bPAARE: QBRGNS b @XIs3k siblse Of L he

anode for radiall the ano e cylindrical bore, and the
anode i s c\dppaneht tccthbse skﬂled m the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.

For example, although the first embodiment is shown in a vertical orientation, it may be’
reconfigured in other orientations as well, including horizontal directions. Such an embodiment
may include, for example, means for maintaining a full fluid level of the plating solution
betwéen the seals, and means for continuously replenishing the supply of plating solution as
well. Likewise, the second embodiment has the same adaptability for vertical configurations
instead of the horizontal configuration sh_own Moreoﬁer, the present invention is not limited to
plating round or cylindrical workpieces. The shape of the invention can be reconfigured to the

shape (interior or exterior) of almost any workpiece.



3. A systemaccording to Claim1, wherein the seal conprises a seal plate
nmounted to the anode and a | ower portion of the centralizer, the seal plate
bei ng | ocated between a | ower end of the anode and the | ower portion of the
centralizer, and the seal plate having a non-conductive |ip seal for
retaining the electroplating fluid solution in contact with the anode and
the surface of the workpiece. 4. A systemaccording to Caim1l, wherein

t he novi ng nmeans conprises a lifting connection rigidly connected to an
outer portion of the centralizer for providing an attachnent point to
connect a pulling cable having an opposite end connected to a drumreel,
such that the noving neans noves the anode, centralizer, and seal through
the interior at a controlled rate for continuously plating the surface of
t he wor kpi eClaims 5. A system according to Claim1, wherein the electrical
power supply conprises DC power for supplying a positive charge to a

term nal pogtidiig ;@node via a cable |ead, and a negative charge to a
term nal post on the workpi ece via another cable |ead, such that nateri al
is plated onto thgsténl fdr ale@roplatiy o wdrkepidchabe wekmlep bnderrn ierior veh DSwfsoser, a
concentration aof. the electroplating fluid solution, and a rate of novenent
of the anod®PHi%ugh the workpi ece. 6. A system according to Caim]l,
wher ei n t he anode aigic baving muousingd lneteddn e ipaner afiee WeRkRigtecdmoat togthe

cont rol | ed, . 846} SLIIBLH ob Bieiopddika uudbi;f o m pl ating thi ckness i's

obt ai ned on e surface over an entire Iengitzﬂ1 of th v\s'z\f?hrulf i ecé

a centralizer mounted to the anode for centr g the anode e mten'or of the

workpiece, the centralizer being electrically non-conductive;
a seal mounted to the anode for retaining the electroplating fluid solution in contact with
the anode and the surface of the workpiece;

moving means for moving the anode, centralizer, and seal through the interior at a

controlled rate; and
an electrical power supply electrically connected to the anode and the workpiece for

supplying a voltage to the anode, through the electroplating fluid solution, and to the workpiece
to plate the surface with the electroplating fluid solution.

2. A system according to Claim 1, wherein the surface is a cylindrical bore, the centralizer
comprises non-conductive, circular guide disks located on opposite axial ends of the anode for

radially aligning the anode within the cylindrical bore, and the anode is cylindrical.

3. A system according to Claim 1, wherein the seal comprises a seal plate mounted to the
anode and a lower portion of the centralizer, the seal plate being located between a lower end of
the anode and the lower portion of the centralizer, and the seal plate having a non-conductive lip

seal for retaining the electroplating fluid solution in contact with the anode and the surface of the

workpiece.

4. A system according to Claim 1, wherein the moving means comprises a lifting

connection rigidly connected to an outer portion of the centralizer for providing an attachment



7. A systemfor electroplating a workpiece, the workpiece having an

exterior with a surface, conprising: a tank of electroplating fluid
solution surrounding a portion of the surface of the workpiece, the tank
having a centralizer extending inward therefrom an anode nounted to

the centralizer and | ocated external to the workpi ece adjacent to the
surface and immersed in the electroplating fluid solution, such that the

anode is centralized with respect to the surface; a seal nounted to
the tank for retaining the electroplating fluid solution in contact with
t he anode and the surface of the workpiece; novi ng neans nounted to

the tank for noving the tank, anode, centralizer, and seal along the
wor kpi ece at _.a controlled r

el ectri cal | 5Pt dherERcEyPHling ‘}%1% Qﬁ"g%]Fga“a"i*?H"s{tﬁgnq\/\cgl %%ite({e%é)(e:aaéfr%tg %‘éég %%cﬁb;% nga
vol t age t 0 hbengnedemnoted e ugdie} earatibechd el thtohghghé intericr a$ @ bentiolwd ratafd t 0 t he
wor kpi ece tgjn%u%}ls?yglﬁg%%g&a%goy&g%r he.el ectroplating fluid sol ution.

5. A system according to Claim 1, wherein the electrical power supply comprises DC power

for supplying a positive charge to a terminal post on the anode via a cable lead, and a negative

charge to a terminal post on the workpiece via another cable lead, such that material is plated

onto the surface at a rate that is dependent on the DC power, a concentration of the electroplating

fluid solution, and a rate of movement of the anode through the workpiece.

6. A system according to Claim 1, wherein the anode is continuously moved through the

workpiece at a controlled, predetermined rate so that a uniform plating thickness is obtained on the

surface over an entire length of the workpiece.

7. A system for electroplating a workpiece, the workpiece having an exterior with a surface,
comprising:

a tank of electroplating fluid solution surrounding a portion of the surface of the
workpiece, the tank having a centralizer extending inward therefrom;

an anode mounted to the centralizer and located external to the workpiece adjacent to the

surface and immersed in the electroplating fluid solution, such that the anode is centralized with

respect to the surface;
a seal mounted to the tank for retaining the electroplating fluid solution in contact with

the anode and the surface of the workpiece;

moving means mounted to the tank for moving the tank, anode, centralizer, and seal

along the workpiece at a controlled rate; and

an electrical power supply electrically connected to the anode and the workpiece for
supplying a voltage to the anode, through the electroplating fluid solution, and to the workpiece
to plate the surface with the electroplating fluid solution.
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8. A systemaccording to Claim?7, wherein the surface is cylindrical, the
centralizer conprises a non-conductive circul ar guide disk |ocated adjacent
an axial center of the tank for radially aligning the anode within the tank
with respect to the cylindrical surface, and the anode is cylindrical. 9.
A system according to Claim?7, wherein the seal conprises a set of

non- conductive flanged seal plates with |lip seals |ocated at respective
axial ends of the tank, the lip seals form ng | ow pressure seals between
the tank and the workpiece to retain the electroplating fluid solution in
the tank. 10. A systemaccording to Caim9, wherein the set of flanged
seal plates conprise a plurality of flanged seal plates of various sizes

that are used tq accomodate workpl cgs AV rdl! L& Aol AURLALR: 11 A

syst em accot di n§ P88 XFH ei i the nmoving neans conprises a set of
support wheekprises ginoi-yondetive edbulanguideedidderated adiaoent anpaigl eester plght ik Brate, a

drive mot Orra&%i"yfalﬁied1%tﬁf<%odé%ﬂﬁl‘x813r?%k%ﬂﬁ&ﬁecﬂdﬁ%y}indﬂaﬁ%hﬁac&%@&Qﬁﬁcﬁk arate

of novenment 0 and ano ong ah axi al "l ength of the workpiece
for conti nueodingrgel ati ng the workpiece. 12. A systemaccording to Claim?7,
wherein the electrical power supply conprises DC power for supplying a
positive charge to the anode via a_cable | ead, and.a negative c arge to t he

wor kpi ece \A-a aholHER 6RBings focdaim Lywhrreth 3P SRl c8FPATS S p(ftje{ PRGBS  t he
surface at gunpelsesl bl witslpkens peast o pepetthe 206l qudwe e takcbaliewstls Bfmion of t he

el ectroplating fluird.solutign, and [ . J \ ootk % el ative
to the wor lgmv fegsure seals t?etween 916 tan% and %e W%}k%w(? to DRMEHE @fe tﬁ)fpl Eﬁgeﬂlﬁ@m 15

in the tank.

10. A system accdrding to Claim 9, wherein the set of flanged seal plates comprise a plurality

of flanged seal plates of various sizes that are used to accommodate workpieces having different

diameters.

11. A system according to Claim 7, wherein the moving means comprises a set of support
wheels rigidly secured to the tank but allowed to freely rotate, a drive motor coupled to at least

one of the support wheels to control a rate of movement of the tank and anode along an axial

‘length of the workpiece for continuously plating the workpiece.

12. A system according to Claim 7, wherein the electrical power supply comprises DC power
for supplying a positive charge to the anode via a cable lead, and a negative charge to the
workpiece via another cable lead, such that material is plated onto the surface at a rate that is
dependent on ;che DC power, a concentration of the electroplating fluid solution, and a rate of

movement of the anode relative to the workpiece.

13. A system according to Claim 7, wherein the tank has a fill port on an upper end thereof
for adding additional electroplating fluid solution and monitoring a fluid level of the

electroplating fluid solution inside the tank.
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13. A systemaccording to Claim7, wherein the tank has a fill port on an
upper end thereof for adding additional electroplating fluid solution and
nonitoring a fluid |l evel of the electroplating fluid solution inside the

t ank. 14. A system according to Claim?7, further conprising extensions
installed on each axial end of the workpiece for plater run out, such that
the tank is allowed to snmoothly travel beyond the axial ends of the

wor |l cpiece to plate an entirety of the surface of the worlcpiece. 15. A
system according to Claim?7, wherein the anode is continuously noved al ong
the worlcpiece at a controlled, predetermned rate so that a uniform

pl ati ng thickness is obtained on the surface over an entire length of the
worlqiiece '14. A system according to Claim 7, further comprising extensions installed on each axial end
of the workpiece for plater run out, such that the tank is allowed to smoothly travel beyond the

axial ends of the workpiece to plate an entirety of the surface of the workpiece.

15. A system according to Claim 7, wherein the anode is continuously moved along the

workpiece at a controlled, predetermined rate so thata uniform plating thickness is obtained on the

surface over an entire length of the workpiece.
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