Atty. Docket No.: 050346-0263 PLASVA LI NEATI ON ANCDE STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 100011 Not Applicable. FIELD OF
THE | NVENTI ON 100021 The present invention generally relates to plasm
spraying and, in particular, relates to plasnma spray nethods and apparat us
for inproved plasma spraying of coating material. BACKGROUND OF THE

| NVENTI ON 10003) Pl asma spraying is a process in which a coating material is
sprayed by a plasma spray device onto a target surface to provide a desired
coating. In a conventional plasma spray device, the induced swirling of gas
around the cathode centrifugally ejects any injected coating material away
fromthe plasma streamafter it exits the anode, reducing the anount of
coating material applied to the target surface. In sonme plasnma spray

devi ces, tRgyADEREEN0. SE508441p88e ti ng the anode may have an overall particle
pattern angle of greater than 90. The resulting depositional efficiency of
the spraying process may be as Iom/as 25@6|n such an arrangenent. Such a

| ow depositional efficiencypjasiii ﬁqﬁg? sts arising from | onger
processing tinmes and wasted coatlng naterl 041 Mor eover, a
conventional plasma spray device nmay experience high consunable wear,
requiring the frequent replacenent of parts worn down by constant contact
with the ener DC are mhlch ignites the | asma. [ 00051 What i s needed
is a plasnBT EWWHSKEG lﬂb@gk“étS@QN/ﬁQ R RESEAREALOR depositi onal
efficiency ﬁ@%L@W&ﬂﬁ@?r consunable life. The present invention satisfies

t hese needs and provides other advantages as well. SUMVARY OF THE | NVENTI ON

[0001) Not Applicable.
FIELD OF THE INVENTION

[0002]  The present invention generally relates to plasma spraying and, in particular,
relates to plasma spray methods and apparatus for improved plasma spraying of coating

material.
BACKGROUND OF THE INVENTION

[0003)  Plasma spraying is a process in which a coating material is sprayed by a plasma
spray device onto a target surface to provide a desired coating. In a conventional plasma
spray device, the induced swirling of gas around the cathode centn'ﬁxgally ejects any injected
_ coating material away from the plasma stream afier it exits the anode, reducing the amount of

- coating material applied to the target surface. In some plasma spray devices, the plasma
stream exiting the anode may have an overall particle pattern angle of greater than 90°. The
resulting depositional efficiency of the spraying process may be as low as 25% in such an
arrangement. Such a low depositional efficiency results m increased costs arising from

longer processing times and wasted coating materials.

[0004]  Moreover, a conventional plasma spray device may experience high consumable
wear, requiring the frequent replacement of parts worn down by constant contact with the
high energy DC arc which ignites the plasma.



100061 In accordance with the present invention, an anode for a plasma spray
device has an axial bore with a non-circular cross-sectional shape for

|l asma streamwi thin the anode. The |ineation of
the flow of the plasma streamreduces the angle of the overall particle
eam after it exits the anode, resulting in a plasnma
spray device with a higher depositional efficiency and | ower processing
times. The turbul ence of the plasnma stream caused by the transition froma
ed flow reduces the wear on the anode caused by
the high energy DC are used to formthe plasma, resulting in a |onger

node. 100071 According to one enbodi nent, the
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The axial bore at the end surface is for ejecting a plasm stream 100081

oat region

pl asma spray device of the present

havi ng an end surface and an axi al bore.

The axial bore is formed wthin the throat region in a direction
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exits the plisiah, remiting in a longer consumable life for the anode.

{0007}  According to one embodiment, the present invention is a plasma spray device

including a plasma chamber region for having a plasma formed and a throat region coupled

to the plasma chamber region. The throat region mncludes an end surface and an axial bore.

The axial bore is formed in a direction substantially along a longitudinal axis of the throat

region, and has a non-circular cross-sectional shape. The axial bore at the end surface s for

ejecting a plasma stream.

[0008]  According to another embodiment, a plasma spray device of the present invention

includes a throat region having an end surface and an axial bore. The axial bore 1s formed

within the throat region in a direction substantially along a longitudinal axis of the throat

region. The axial bore has a plurality of grooves, at least a portion of which are formed in a

direction substantially along the longitudinal axis of the throat region. The axial bore at the

end surface is for ejecting a plasma stream.

[0009]  According to yet another embodiment, an electrode for a plasma spray device

according to the present invention includes a plasma chamber region and a throat region

coupled to the plasma chamber region. The throat region has an end surface and an axial

bore. The axial bore is formed substantially along a fongitudinal axis of the throat region.



(00101 Additional features and advantages of the invention will be set forth
in the description below, and in part will be apparent fromthe
description, or may be | earned by practice of the invention. The objectives
and ot her advantages of the invention will be realized and attained by the
structure particularly pointed out in the witten description and clains
hereof as well as the appended drawi ngs. (00111 It is to be understood that
both the foregoi ng general description and the following detailed
description are exenplary and expl anatory and are intended to provide
further explanation of the invention as clained. BRI EF DESCRI PTI ON OF THE
DRAW NGS (00121 The acconpanyi ng draw ngs, which are included to provide
further understanding of the invention and are incorporated in and
constit ut e The psintbomé istfom tafeesipgaipiaismatsﬁr@m Thelaxsd baredhas arlbasdb omeng-sectibndt he

of " the. v aPed-neRte o ot IF gl SRS by e il iasras Bl I el e

of a plasma spray devi ce accordlng to one enbodi ment of the present
i nvent i on; {610]41Addiona féaturks mﬁtaﬂMeaohh@BQentizmwinade sef ferthat the pl asma

Spr ay deV|ce according tq.one ect of resent. i nvention; (00151
ot os 3AdSn LR Bt waEETPaHER (R e Ars<pPta S5 may be gDy
devices ageRNiEk Hithé Mvafioh! dhe amwmotﬁa%waafmammmnmo161
Figure 4 illustrates a closer partial_ view of pl asma spray device

accor di ng treplizechandipitpingdrby Hiersrnetursipagtisulagy eelemi ouhipdhe Mofien dggnptionAngur es 5A

and 5B il ﬁ F4 pray devices according to various
enbodi ment ?%#‘% rnge}ellr%tQEl nvg‘r'r'ﬂdlgé)ﬁé%r% [ 00181 Figures 6A and 6B are

charts illustrating perfor mance advantages of a plasma spray device.
aeccor di ng t{60Met Hnstoterundemstood that beth tedonegoing general deschplivn arBheEAORIFT| ON

OF THE | W%]%\ldescﬁpﬁon are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

{0012]  The accompanying drawings, which are included to provide further understanding
of the invention and are incorporated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the

principies of the invention. In the drawings:

[0013]  Figure 1 is a simplified diagram of a plasma spray device according to one

embodiment of the present invention;

[0014]  Figure 2 illustrates a closer partial view of a plasma spray device according to one

aspect of the present invention;

[0015)  Figures 3A-3D illustrate cross sectional partial views of plasma spray devices

according to several aspects of the present invention;

[0016]  Figure 4 illustrates a closer partial view of a plasma spray device according to

another embodiment of the present invention;

[0017}  Figures 5A and 5B illustrate axial bores of plasma spray devices according to

various embodiments of the present invention; and



100191 In the follow ng detail ed description, numerous specific details are
set forth to provide a full understanding of the present invention. It wll
be obvi ous, however, to one ordinarily skilled in the art that the present
i nvention may be practiced without sonme of these specific details. In other
I nstances, well-known structures and techni ques have not been shown in
detail to avoid unnecessarily obscuring the present invention. (00201
Referring to Figure 1, a plasma spray device 100 according to one enbodi nment
of the present invention includes a first electrode such as an anode 101
and a second el ectrode such as a cathode 102. A pressurized gas 103, such
as, for exanple, hydrogen (H), argon (Ar), nitrogen (N), helium (He), or
any conbi nation thereof, passes around cathode 102 and through anode 101. A

hi gh ener gyl0B8) ar Eigpess 64rand @Bise chasts ivstratingereriormanse adyrotages efia plastiae
resi stance $gbig ot oHiing16 v HofhPHapect bP flelend ARl L 0 1 each extr eme

tenperatures,” dissocl at lonlze to forma plasna 104. Anode 101
i ncludes an axial bore 110 that can cause a plasma stream 107 to flow

subst ant i alPETAILEPLDESCRIPAHONLDF THEINVENION on of axial bore 110, as

described in nore detail below Hi gh velocity and high tenperature plasna

stream 10 yts g@% Eggﬂﬁ ' terl 15,1 Nnjected
by an ext erig%m povh\;dté}gm]?’nj (%%@l]e?(g [ ﬁ%ﬁgf]glgﬁ%ﬁ g'%f {eﬁalrﬁ& %‘gl,amv%ggﬁogﬁ f‘% S

rapi dly hegreddeniilizodeitandnsefl thopmsént giventvonl. dewillbe chiviousgiowenerpto one
heat - sol | ened cqat.i.png, .materjal, 106 is carried b | asma,stream 107..to the
surface of Qt"ﬁ?ﬂﬂ%’ 5@@%’ '%eﬁ&ﬁ&? RIS vgﬁtbq%mf%b$%'ﬁ?§1°§d H’é’i’?‘?téamﬁ 8EIESEy 108.
100211 Becapedfiodetdihe sthadhitiges omligmovh stiates Aftltecniques RavaRAbewi 111 ng of
inert gas 103 which occurs within plasnma spray device 100 is substantially

reduced as SBPWRifdetando gypid yanccessaniy phscupipg thepspsentiayengipn.anode 101. Li neati on
of the flow of plasnma stream 107 confines the injected coating nmaterial 106

to a denserjopmjt eR@fe;ﬂx%l Figile |, MEpISHY sprdyUiddlce §DE GcoRIng® dnbk emb6dRA: ANOde
101 in plasma stream 107, such that the overall particle pattern angle 0 120
i s subst arthe present ipvention inoludem a first elsatyedersneings angingdari0lsapd yseeramdiclostiodeThi s
Coati ng maree) & FRRIE A0 RBIEED-TRE Do bl GRS IR AR SR 0"
deposi t i ondAnk hitiogéne@®byhedibmt (kle),wir asyreorstpnationdbereafepasses around cathode 102 and

through anode 101. A high energy DC arc is formed between cathode 102 and anode 101.

The resistance heating from the arc causes inert gas 103 to reach extreme temperatures,

dissociate and ionize to form a plasma 104. Anode 101 includes an axial bore 110 that can

cause 2 plasma stream 107 to flow substantially linearly along at least a portion of axial bore

110, as described in more detail below. High velocity and high temperature plasma stream

107 exits from anode 101. Powdered coating material 106 is injected by an external powder
— injector 105 into plasma stream 107, where it is rapidly heated and accelerated to a high

velocity. The molten or heat-sofiened coating matenal 106 is carried by plasma stream 107

to the surface of target 109, where 1t rapidly cools to form 2 desired coating 108.

[0021]  Because of the lineating design of anode 101, the induced swirling of inert gas 103
which occurs within plasma spray device 100 is substantially reduced as plasma 104 passes
through axial bore 110 of anode 101. Lineation of the flow of plasma stream 107 confines
the injected coating material 106 to a denser pattern, reducing the centrifugal ejection as it
leaves anode 101 in plasma stream 107, such that the overal! particle pattern angle 8 120 is
substantially smaller than in conventional plasma spray devices. This smaller overall particle
pattem angle 8 120 increases the concentration of coating matertal 106 in plasma stream 107

and thereby increases the depositional efficiency of the plasma spray device.



-4 100221 According to one aspect of the present invention, overall particle
pattern angle O for plasma stream 107 is | ess than about 90. According to
anot her aspect of the present invention, overall particle pattern angle 0
for plasma stream 107 is | ess than about 50. According to one enbodi nent,
an overall particle pattern angle nmay be any nunber between 0 and 90.
100231 In anot her enbodi nent, the |abels cathode and anode as described with
respect to Figure 1 may be reversed. In yet another enbodi nent, a powder

i njector may be located w thin an anode or within a plasnma spray device.
(0024) Referring now to Figure 2, anode 101 according to one aspect of the
present invention is illustrated in greater detail. Anode 101 includes a

pl asma chanber region 201 for having a plasnma formed, and a throat region

202 integr coypl ed t | asma, chanmber region 201.. Pl asma chanber region
201 1 nor otz © CBarSing R S 3P 6 B Brehens i Gatfih. Sean PefifE Podka TR | o
cyli ndri calfor plishaistrezi 1 9®slless %iniaboRt 0P C Akcordiig td andther iipkdt o2 he pedsett €s a
chanmber 298 with a first .end 294 and a second end_296. The invention is not

limited to™Mmvsations gyl particie patipin angle P dor plasgiasteany 10Lisdess thag abpyjdPe 2, and a
pl asma. chanesaing%h 65 @ibdditent PSS RRAI faRis AP i f
shapes and conf inggéations. 1%n0251 Thrlodg'? regitgﬁla%gbzé has eca%lygld}tﬁgéﬂweief}ZSO,
an end surPa0d9003 and an axial bore 204. CQuter wall 280 is cylindrical in
this exanple, but it nay be any shape (e.g., rectangular, polygonal,

eIIipticaI,o@' eg IR I e tiid ' anbd . RPdna 3econd
end 240 i 5 ol mng @mﬁ%}ﬁféﬁ%ﬁ%g@’ rgg&oﬁ%ﬁﬁst an%l;sa yba g’r']tgga e
| ongi t udi n&iguexi maf b reybrsedir Ingtet armghey embaditient a gowder igjectonmay belotaed
Cross-secti og@ shape. I%t hiﬁiaég]xa I ? first end 230 of axial bore 204 is
second end 2 m"’"ﬁﬁ%\g’n‘ﬁ' HE aPBn%V fY5%1. Second end 240 of axial bore
204 is at- end surface 203 of throat region 202. Axial bore 204 at second
end 240 (onoez4) eniefertipaney toXigre 2] A6 101 fkcaming t6 bhesspect SF thepiisag t 0 one
enbodi nent _of the present . inventjo an axi bore can he hol e, _an
openi ng, O,in\gnmigglgg‘_cmtcd n greater etaih. Anode)iOﬂncludesaplasma& %erregion 201

for having a plasma formed, and a throat region 202 integrally coupled to plasma chamber

region 201. Plasma chamber region 201 includes an outer wall 290 and an inner wall 292.

Outer wall 290 is cylindrical, and inner wall 292 is conical. The inner wall 292 creates a

chamber 298 with a first end 294 and a second end 296. The invention is not limited to the

shape of plasma chamber region 201 shown in Figure 2, and a plasma chamber region of the

present invention may employ a variety of shapes and configurations.

[0025] Throat region 202 has an outer wall 280, an end surface 203 and an axial bore 204.

) Outer wall 280 is cylindrical in this example, but it may be any shape (e.g., rectangular,

hind polygonal, elliptical, irregular). Axial bore 204 having a first end 230 and a second end 240
is formed within throat region 202 substantially along a longitudinal axis 210 of throat region
202, and has a non-circular cross-sectional shape. In this example, first end 230 of axial bore
204 is second end 296 of plasma chamber region 201. Second end 240 of axial bore 204 is at
end surface 203 of throat region 202. Axial bore 204 at second end 240 (or at end surface
203) ejects a plasma stream. According to one embodiment of the present invention, an axial

bore can be a hole, an opening, or a passage.

[0026] In this example, the longitudinal axis 210 is located substantially along the center
line of throat region 202. In another embodiment, a longitudinal axis may be away from the
center line. In yet another embodiment, a longitudinal axis may be substantially

perpendicular or substantially not perpendicular to end surface 203. According to another

-5-



100261 In this exanple, the longitudinal axis 210 is |located substantially
along the center 1line of throat region 202. In another enbodi nent, a

| ongi tudi nal axis maybe away fromthe center line. In yet another

enbodi ment, a longitudinal axis nay be substantially perpendicul ar or
substantially not perpendicular to end surface 203. According to anot her
enbodi nent, a throat region nmay be non-integrally coupled to a plasma
chanber region, and a throat region may be directly or indirectly coupled
to a plasma chanber region. 100271 According to another aspect of the
present invention, axial bore 204 includes a plurality of grooves 206
formed substantially along the l|ongitudinal axis of throat region 202.
Grooves 206 may extend throughout the entire |l ength of axial bore 204 as
shown i n Fegbedingnt, g throairggion pay bé nen-iptegtaiy coapied to agfiassnd chlamiber regidfand For

ot bt weoRie bl ol bo FHEbr P Bhled ol Pt Sagioer M4 £CcOnd ona -

240. Grooves 206 may be created using broaches, mlls, |athes, or any other
means of nmf@AThi n@ccdfdiag@timwcrasimfﬂmptmmiamﬁﬁph,mmmemﬂhgﬂmyes 206

Govi co.” 108558kl GriergOF sorme sREFAERR AT R ol g SE o e Rn
axi al bor e Gtodveb 266 thay ei1efidGthsRphb@ B enRABSeth Of aolidl BBAL20%s héwi Mgt 2t he

pl asma stream before the plaspa_stream_ exits axial bore 204 at second end

|
240. The | Phemlyapartom afithe length oGl hare 204 For exampleneropees i08anayrxtand divsed
o Ot _ . \ . e
swirling of,gaa thB?)'l B, m@w@g@@ggsv ?g&ﬂtybeg@é@n(?ﬁst ehﬁﬁ@ﬂ%%enggﬁeoﬁxht | ona

efficiency of the plasma sp e as expl al ned nore ow. 100291
Accor di ng toindBas saebudiendsdf0; Caoante2QMray be traatedusugipeacheCunilleslathesygsdmn (W .

Accordi ng tg.anat her. enpodi t ode 101 nm ve a.length f about 2.5
i nches and oﬁﬁéglgar%of&ﬁ%%nagﬁgﬁg?cg,rans, ym %Sﬁq &%?eé"ﬁ“heﬁ%‘g?’veféﬁga?ywh
reference taeco?aiggum@eaﬁcﬁaceéstre@mmbﬂssemeflabﬁh spray dévied.y of cross-sectional
shapes for an axial bore are suitable for lineating the flow of the plasm

stream Ac Lng, to,one aspect, Figure 3A illustrates an el ectrqde 301
having an QM b&”éorgg‘ﬁ t?v?‘f‘ﬁhcé CE\"Bé’g‘ems@é@ Uﬁ“'ﬁf‘t ingeptiongaxial oy %%3"‘5?/
nul tiple grRRYSstidral shipefosliteatimthé Abw b 1R PldshiaRRddm BEBRARe plasma stream

exits axial bore 204 at second end 240. The lineation of the flow of the plasma stream

reduces the induced swirling of gas within the plasma spray device, improving the

depositional efficiency of the plasma spray device as explained more fully below.

[0029] According to one embodiment, anode 101 includes copper (Cu) or tungsten (W).
According to another embodiment, anode 101 may have a length L of about 2.5 inches and

have an outside diameter D of about 1.6 inches.

j0030)  With reference to Figures 3A-3D, it can be seen that a variety of cross-sectional
shapes for an axial bore are suitable for lineating the flow of the plasma stream. According
to one aspect, Figure 3A illustrates an electrode 301 having an axial bore 331 with a cross-
sectional shape 311 defined by multiple grooves 321 with substantially rectilinear shapes.
Grooves 321 are formed on a wall of axial bore 331 substantially along the longitudinal axis
of the throat region of electrode 301. According to another aspect of the present invention,
Figure 3B illustrates an electrode 302 having an axial bore 332 with a cross-sectional shape
312 defined by a number of substantially V-shaped grooves 322 formed on a wall of axial
bore 332 substantially along the longitudinal axis of the throat region of electrode 302. A
variety of shapes of an electrode is suitable for the present invention, including without

limitation an electrode having a square cross-sectional shape, as illustrated in Figure 3B.

-6-



G ooves 321 are formed on a wall of axial bore 331 substantially along the

| ongitudinal axis of the throat region of electrode 301. According to

anot her aspect of the present invention, Figure 3B illustrates an el ectrode
302 having an axial bore 332 with a cross-sectional shape 312 defined by a
nunber of substantially V-shaped grooves 322 forned on a wall of axial bore
332 substantially along the |ongitudinal axis of the throat region of

el ectrode 302. A variety of shapes of an electrode is suitable for the
present invention, including without |imtation an el ectrode having a
square cross-sectional shape, as illustrated in Figure 3B. (00311 As can be
seen with reference to Figures 3C and 3D, the present invention is not
limted to axial bores with a plurality of grooves. According to yet another
aspect of the. current invention, Figure 3C.illustrates an el ectrode 303
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of the plasma stream According to one aspect of present 1nvention, a

non- ci r cul Apwed heplasmmstredal shape may extend throughout the entire |ength
of an axial bore or may extend through only a portion of the length of the

axi al bore 33 r4 ' 4 ! ( ma
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present invention, a non-circular cross-sectional shape may extend throughout the entire

length of an axial bore or may extend through only a portion of the fength of the axial bore.

[0033) Referring now to Figure 4, electrode 303 for a plasma spray device according to
another embodiment of the present invention is illustrated in greater detail. Electrode 303
includes 2 plasma chamber region 401 and a throat region 402 coupled to plasma chamber
region 401. Throat region 402 has an end surface 403 and an axial bore 404. Axial bore 404
having a first end 430 and a second end 440 is formed within throat région 402 substantially
along a longitudinal axis of throat region 402, and has a non-circular cross-sectional shape
313. First end 430 of axial bore is coupled to plasma chamber region 401, and second end
440 is at end surface 403. Axial bore 404 at second end 440 (or at end surface 403) ejects a

plasma stream.

[0034]  According to one aspect of the present invention, electrode 303 may be cooled by
the flow of a liquid coolant (not shown) in and/or around electrode 303. The liquid coolant

may be water, a mixture of ethylene glycol and water, or another suitable liquid coolant.

10035}  According to another aspect of the present invention, axial bore 404 has a non-

circular cross-sectional shape 313 defined by a plurality of overlapping substantially circular



along a longitudinal axis of throat region 402, and has a non-circul ar
cross-sectional shape 313. First end 430 of axial bore is coupled to plasna
chanber region 401, and second end 440 is at end surface 403. Axial bore
404 at second end 440 (or at end surface 403) ejects a plasma stream
100341 According to one aspect of the present invention, electrode 303 may
be cooled by the flowof a liquid coolant (not shown) in and/or around

el ectrode 303. The liquid coolant rmay be water, a m xture of ethylene

gl ycol and water, or another suitable |liquid coolant. 100351 According to
anot her aspect of the present invention, axial bore 404 has a non- circular
cross-sectional shape 313 defined by a plurality of overl apping

subst anti al | | rcul.ar .| obes, 406. for, |ineati the flow of the plasma stream
bef or e thel]‘fh%ég@%d"l‘eéﬁﬁ‘ﬁ 8‘??‘5’? ﬂeaﬁlaﬂ%?@a‘ﬂg’%.fmi PRSTRSHEFR OBl ARy t o
Figure 5A para4gyenpl ary diagramof an axial bore of a plasma spray device
according to one enbodi nent of the present invention is illustrated. An

axial bore 510 may include a first end 530 and a second end 540. First end
530 may be [@38h| Now geiemme e Figure 3yian sxemplayshiagryn o6 amaxplhorce! anpdeimen .
Second end OBk S0 : ' ma
spray devi glzég/ﬁer e a?%ﬁ%%?%ﬂ%t re@ﬁ'ﬁgﬁgf%g?ﬁ?ﬁtgﬁ‘%gﬁoiggg %B gimJAIE'L@Et her

i ncl ude a bpresil 0 payimhidesdust end 530 3nd asacyhd ol $40a Firstomtli 5360 nfaydbe campdedd second

coni cal secti 516. s tantiall ong.a longitudinal axis 520.. 100371

Accor di ng ?3’“3& ‘E%HS%B@SHPT‘“PMXW ?n'o%cg&é ETCH %@r"éay%tﬁ?qu %end 530
may be abeh thiodt Fegton dfApladimaipiagdedite dkerdla phna shddin &ejécydd NOHAIGRte SGCT T ON
514 may be about 5/16 @inches, and the dianmeter of axial bore at second end

540 may be mayderthegmetudna fisst comipal spetiog2, anylindrical sestipw S b4 andragecprd about 2. 5
i nches. 10@3:%&31%9%,&§i@&fba9&i41%rag¢r%%snaﬁmﬂ 01939 exenpl ary di agram of an

axial bore 1s 1llustrated acc g to one enpbodi nent of the present

i nvention. An axial bore 550 includes non-circular cross-sectional shapes
such as t hdP03Fkf i Aeedrdipg tyr g \ebodmnt, thg dinmesor of BEdbore §l 0 pbfirst end| Fenzya

first end 500031 SRAORY aBRMEEP axidibrd ¥ i SH:ARR 20N 4398 WRSHIRER | 7St

inches, and the diameter of axial bore at second end 540 may be about 3/4 inches. The length
of axial bore 510 may be about 2.5 inches.

[0038] Now referring to Figure 5B, another exemplary diagram of an axial bore is
illustrated according to one embodiment of the present invention. An axial bore 550 includes
non-circular cross-sectional shapes such as that defined by grooves 555. Axial bore 550
further includes a first end 560, a second end 580, and two regions 590 and 592 between first
end 560 and second end 580. Within region 590, grooves 555 are substantially not parallel to
longitudinal axis 570. Within region 592, grooves 555 are substantially paraliel to
longitudinal axis 570. In another embodiment, axial bore 550 may include other non-circular
cross-sectional shapes (e.g., overlapping lobes).

[0039)  The present invention is not limited to the shapes of an axial bore shown in Figures
2 and 5A, and the cross-sectional size and shape of an axial bore may vary along the axial
bore. For example, according to one aspect of the present invention, the cross-sectional size
of an axial bore at one point may differ from the cross-sectional size of the axial bore at
another point along the axial bore. According to another aspect of the present invention, the
cross-sectional shape of an axial bore at one point may differ from the cross-sectional shape
of the axial bore at another point along the axial bore. According to yet another aspect of the

present invention, the cross-sectional shape and/or the cross-sectional size may vary
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end 560 and second end 580. Wthin region 590, grooves 555 are substantially
not parallel to |Iongitudinal axis 570. Wthin region 592, grooves 555 are
substantially parallel to Ilongitudinal axis 570. In another enbodi nent,
axi al bore 550 may include other non-circular cross-sectional shapes (e.g.,
over | appi ng | obes). (00391 The present invention is not limted to the
shapes of an axial bore shown in Figures 2 and 5A, and the cross-sectional
si ze and shape of an axial bore may vary along the axial bore. For exanple,
according to one aspect of the present invention, the cross-sectional size
of an axial bore at one point may differ fromthe cross-sectional size of
the axial bore at another point along the axial bore. According to another
aspect of the present invention, the cross-sectional shape of an axial bore
at one poi rrontenpusly plong appdientshef he axial base of ong thsnﬁpeleneﬂl afitee awialdbrepor e at
anot her poi t he
resent | mAR8 skl Spedt e fAe b ditoh e bo UBNGIGL SRREBRIorts ' 07

may vary &rmmumdwﬁewadwwalnummmmm()smomfpotdmalang tht akiarrar al ong t he
entire length of the axial bore. According to yet anot her aspect of the

present inv cro sect al /or the cross-sect.i ona
size may vaﬁ’m‘?&lbrl}‘ﬁl 8 A She 20, dS@f ?@d ﬁ&s PRECETE sPB%‘f lf’0040)
Tur ni ng novudpeslﬁb:guéiﬁsxeﬁdymﬁteeﬁbomhenea\mmpra@asmwmmmmz&@Maﬂnd in

deposi ti onal eff|C|e of one enpodj.nent of the present invention are
summari zed oFmchgnthe “‘Y‘%‘F F'HF‘"?-%‘“&FH&F%‘?% and pipeant yb gable 1 pelgws E%S‘-'G‘A“and 6B,

and in Tablge éha?@ PYYlinkAEd Rlbes Were sbﬁ?e&hﬁﬁ%li%at&ﬂﬂoﬂ@&écﬁﬂim%ﬁ%ﬁ

sprayed with nedt ed anode according to one aspect of resent
i nventi on- thpresenhitvertipne Jhe paydered eodtia matarial spdaysgd bvme mmr@mcwedew ce

erne o oo gﬁﬁ-ﬁbl e%ﬁ)g]heg\,\& Wano%ﬁnaone W é’}? 11’7%53“2%8.?23'1

Using a conventlon RonR-1
wi th 9mm of cdnkentional; nm:glmemﬂamdel, oner gylindridal mbe lwraewn‘mhememﬁi afmhe ¢datingntire

| engt h. Th|s cess.require 2 hgurs. an sunmed 119, 789 grans of
powder ed coRfFH é affﬁ{"gr‘t?gﬁ C‘l"b‘d g%“&‘i%"“é‘?’%ﬁﬂ 18 AFQChRRy T %2 bOYrst he
tube, W th £d%3ndddidep89 bR plvadred datiig nid&hago&d@ hes F@gn%ﬂfs%!‘ cSHempCe

" material to the tube, with a 23.47% depositional efficiency. Using a plasma spray device

with a lineated anode according to one embodiment of the present invention, the same 9mm
conformal coating was applied to another cylindrical target tube in only 9.25 hours, the
process consuming only 79,370 grams of powdered coating material to add 28,418 grams of
coating material to the tube, with a 35.8% depositional efficiency.

[0041]  Similarly, to add a circumferential coating of 6mm along the length of another
cylindrical target tube, a plasma spray device with a conventional, non-lineated anode
requires, on average, 8.5 hours and consumes about 75,000 grams of powdered coating
material. In contrast, a plasma spray device with a lineated anode according to one
embodiment of the present invention with a 35.8% depositional efficiency would require
only 6.23 hours and would consume only 48,150 grams of coating powder to accomplish the

same task.



with a |lineated anode according to one enbodi nent of the present invention,
the same 9rm confornal coating was applied to another cylindrical target
tube in only 9.25 hours, the process consuning only 79,370 grans of
powdered coating material to add 28,418 grans of coating material to the
tube, with a 35.8% depositional efficiency. [0041] Simlarly, to add a
circunferential coating of 6mmalong the |length of another cylindrical
target tube, a plasna spray device with a conventional, non-lineated anode
requires, on average, 8.5 hours and consunes about 75,000 grans of powdered
coating material. In contrast, a plasnma spray device with a |ineated anode
according to one enbodi nent of the present invention with a 35.8%
depositional efficiency would require only 6.23 hours and woul d consune
only 48,150 grans of coating powder tdfadednplish the sane task. Table 1
@Qun Depositional _Total Powder TinmeEfficiencyUsed 9-9_ Standard Anodel?. 62
hours23. 47 %419, 789 g 9-9 Modi {i ed G\mode9} 2D époritiondl. 8| IS alPowvder d- 9

St andard Anode8 5 hour523 75 9 5 Otmng 6-p Nmﬁé,bﬁg An )deGI?B%d
hour s35. 8%18, 15 hl =TT lob'th Jl tTlc resgnt

i nvention, beca a§§§2 PYE bl ence -4t 7t he| | ggcgtj dn of

| i neating axi al tmgMaﬁﬁbmmapl aseRs abwsber 1 e3p.ow of | he 79137Degat dd anode,

t he wear on the d el s S[c at 51 wear; evi dent
on the convent Mw Thi cé—]at ’If llﬁnm .}ng)q d.jby the
transition of thes-pMpsified Anodmfa 6:23lhowisc|f| ow5d%a | i heard8i156g dcts to

prevent the high energy DC arc forned between the [1neated anode and the
cat hode from adhering to one particular region or area of the

[0042]  According to one embodiment of the present invention, because of the increased

turbulence at the intersection of lineating axial bore and the plasma chamber region of the
lineated anode, the wear on the lineated anode is substantially less than the wear evident on
the conventional, non-lineated anode. This turbulence, caused by the transition of the plasma
from a cyclonic flow to a linear flow, acts to prevent the high energy DC arc formed between
the hneated anode and the cathode from adhering to one particular region or area of the
lineated anode, such that the lineated anode experiences significantly less wear than a
conventional non-lineated anode, thereby substantially extending the usable life of the
lineated anode. In a lineated anode according to one aspect of the present invention, the wear
evident after spraying 79,370 g of coating material using the lineated anode was about 25%-

50% of the wear evident on a conventional anode used in the plasma spraying of 119,789 g.

[0043) While the present invention has been particularly described with reference to the
various figures and embodiments, it should be understood that these are for illustration
purposes only and should not be taken as limiting the scope of the invention. There may be
many other ways to implement the invention. Many changes and modifications may be made
to the invention, by one having ordinary skill in the art, without departing from the spirit and

scope of the invention.
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| i neat ed anode, such that the |lineated anode experiences significantly |ess
wear than a conventional non-Ilineated anode, thereby substantially
extending the usable life of the I|ineated anode. In a |lineated anode
according to one aspect of the present invention, the wear evident after
spraying 79,370 g of coating material using the |lineated anode was about
25% 50% of the wear evident on a conventional anode used in the plasm
sprayi ng of 119,789 g. [00431 Wile the present invention has been
particularly described with reference to the various figures and

enbodi nents, it should be understood that these are for illustration

pur poses only and should not be taken as limting the scope of the
invention. There may be nmany other ways to inplenent the invention. Mny
changes anWHAdIIBiAMERX ISay be nade to the invention, by one having
ordinary skill in the art, wthout departing fromthe spirit and scope of

the i nvention. asna spray device conprising: a
pl asma chanber regi on%‘l Sgﬁpﬁg‘%ge%qmd)s B ormed; and a throat regi on

coupl ed to the pl asnaprahanﬂmmweegygmnformxrghrminarfeﬁnﬁnaﬁmvr ng an end
surface and an axi al ore t he axg& ggre formed in a direction
substantially along & %ﬁ%ﬁ‘?’lﬁﬂ“ﬂ toythe plagpa chamber regaan, thedhugat regior having

bore havi ngnandQifaé hddridxid} bORSHE B5ikl RS formeNBPA; &ﬁ&ﬁiﬁkﬁht the end
surface for ejecting a plasna stream 2. fﬁ% pl as&% spray eér@gﬁ%@}CIarnrl

wherein t héowalp%rs@ fithecthrogtrsgion, the exialiborg hayinggrmsovaaesulap cressisestibsat ant i al | y
al ong at H&e |[§qu I the throat region. 3.
The pl asrra S ray evr%oggoraﬁe aim V\%g%&e‘?’ ?ﬁés'}nél urality of grooves have

substantially rectilinear shapes. 4. The plasna spray device of Claima1l,
wher ei n the axi 31 boiThe plasnasprayudeyice o€ Clairn i awheahinpke slasliboedinbipndes pl ural ity

(c):{ a|0\r/ne2,| app ? gltgg R%me\é 3?1!)33;\1%@?\&%%%{?%%%%3? a porp 0n 8}' t%e nglﬂ%n Xl a?uesvclf ce of

the throat region.

3. The plasma spray device of Claim 2, wherein the plurality of grooves have
substantially rectilinear shapes.

4. The plasma spray device of Claim 1, wherein the axial bore has a cross-

sectional shape defined by a plurality of overlapping substantially circular lobes.

5. The plasma spray device of Claim 4, wherein the number of overlapping
substantially circular lobes is 3.

N 6. The plasma spray device of Claim 1, wherein the non-circular cross-sectional

shape extends along at least a portion of the axial bore.

7. The plasma spray device of Claim 1, wherein a cross-sectional size of the
axial bore at a point along the axial bore is different from a cross-sectional size of the axial

bore at another point along the axial bore.

8. The plasma spray device of Claim 1, wherein the non-circular cross-sectional
shape of the axial bore at a point along the axial bore is different from a non-circular cross-

sectional shape of the axial bore at another point along the axial bore.

9. The plasma spray device of Claim 1, wherein the plasma stream has a flow

that is lineated before the plasma stream is ejected from the axial bore.

-11 -



substantially circular | obes is 3. 6. The plasma spray device of Caima1l,
wherein the non-circul ar cross-sectional shape extends along at |east a
portion of the axial bore. 7. The plasna spray device of Claim1l, wherein a
cross-sectional size of the axial bore at a point along the axial bore is
different froma cross-sectional size of the axial bore at another point

al ong the axial bore. 8. The plasma spray device of Claiml, wherein the
non-circul ar cross-sectional shape of the axial bore at a point along the
axial bore is different froma non-circular cross- sectional shape of the
axi al bore at another point along the axial bore. 9. The plasm spray device
of Claiml1, wherein the plasma streamhas a flow that is |ineated before
the plasnma streamis ejected fromthe axial bore. 10. The plasma spray
device of C ai mid, RS ShdnspthyditvRBOF BYaitRE, #h&refnd high SettyBCtherop! asma
causes reduced wear on a part of the plasma spray device Decause of

t ur bul ence fpumingthe plasmagauses redvced wepr ereaparhef 1ge p%@m griray dryvigsibgeanse of r eam

11. The pl A5 RIen R ' L m,- ' e stream has an
overall partic el%ﬁfﬁ%%ﬁﬁgﬁg%gggihggégat gﬁﬁgﬁ%ﬁﬁgg%&g%Pér bei ng ej ected
fromthe axial bore. 12. The plasma spray device of Claim1 further
conprising: a fillst Eheplasaisprandtvice of Etaimd , sheretrtbelplasihh strespdes cin everali r ode
i ncluding the. pl asma ¢ r _Legi,on he .throat ., .regjon.. 13. A plasm
spr by dovi BTG oL e 8 pop S0 afen BeinR eak BREHE st brena an axi al
bore, the axial bore formed wthin the throat region in a direction
substantial |y alieng ¥hé plaghd spaayddvicerofl €laii 1t foghdriuoopiisingeofiereledtivde and 4!
bore having a pluraljty of gropves, .at | east portion of the plurality of
grooves forfigdie  the s¢qo8l legatednty $§=°&>?%§H@ ﬂgﬁqra?@?rt wdithathroati s of
the throat ggghon, the axial bore at the end surface for ejecting a plasma

stream 14. The plasnma spray device of Claim13, wherein the plurality of
grooves have

13. A plasma spray device comprising:

a throat region having an end surface and an axial bore, the axial bore formed
within the throat region in a direction substantially along a longitudinal axis of the throat
region, the axial bore having a plurality of grooves, at least a portion of the plurality of
grooves formed in a direction substantially along the longitudinal axis of the throat region,
the axial bore at the end surface for ejecting a plasma stream.

14.  The plasma spray device of Claim 13, wherein the plurality of grooves have
substantially rectilinear shapes.

15.  The plasma spray device of Claim 13, wherein the portion of the plurality of
grooves extend to the end surface.

16.  The plasma spray device of Claim 13, wherein the plasma stream has a flow

that is lineated before the plasma stream is ejected from the axial bore.

17.  Anclectrode for a plasma spray device, the electrode comprising:
a plasma chamber region; and
a throat region coupled to the plasma chamber region, the throat region having
an end surface and an axial bore, the axial bore formed substantially along a longitudinal axis
of the throat region, the axial bore for ejecting a plasma stream, the axial bore having at least
a cross-sectional shape for lineating a flow of the plasma stream before the plasma stream

exits the axial bore.
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substantially rectilinear shapes. 15. The plasma spray device of Caim 13,
wherein the portion of the plurality of grooves extend to the end surface.
16. The plasma spray device of Claim 13, wherein the plasna stream has a
flow that is lineated before the plasma streamis ejected fromthe axia
bore. 17. An electrode for a plasma spray device, the el ectrode conpri sing:
a plasma chanber region; and a throat region coupled to the plasma chanber
region, the throat region having an end surface and an axial bore, the
axi al bore fornmed substantially along a |ongitudinal axis of the throat
region, the axial bore for ejecting a plasnma stream the axial bore having
at least a cross-sectional shape for lineating a flow of the plasma stream
before the plasma stream exits the axial bore. 18. The electrode for a

pl asma spray devgce The électiodt fof.a pMdaciprayldeeicasf @laink 07,8vherdif tHedREal Bore
plurality of grooves forped on a wall of the axial bore, wherein at |east a

portion ~ ofinaledes g plurality of ergeves formed on 2 vealk of thgaiad bprey Whereisy at {eagtaportia ¢ o
the |ongit %@h{eaaluéa:gﬁf%om% fohEdbubsREi A patallel 1d ¥ 1BhSaidiRfSxi fthe P! asma

spray device of C , Wherein the axial "bore has a cross-sectiona
shape defi Mgatrggien.pl urality of overl apping substantially circul ar |obes.
20. The electrode for a plasnma spray device of aim17, wherein the axial

bore includes fir n Egggg . i ﬁpg-' C to the
pl asma chanber ?g'gi oﬁw 9{: ﬁreoq@ g%'g"dﬂ enar s a%"c% Egcgh{éﬁz’ur a%dé?mﬂ%%? L&g

Cr 0Ss- sect inanakroshisgtiomnal slewe defated byagilurhlityrof avehpping sdiatantally dikvalaf lobed. end
and the second end to the second end.

20.  The electrode for a plasma spray device of Claim 17, wherein the axial bore
- includes a first end and a second end, the first end is coupled to the plasma chamber region,
the second end is at the end surface, the cross-sectional shape extends at least from a point
between the first end and the second end to the second end.
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