1 " _PLASMA ARC SPRAY GUN AND ANCDE FOR IT This invention
pertaizns. to thernmal spraying, and nore particul arly to an inproved anode

fgt-_,:"guh:S' and inproved guns for spraying netallic and ceram.c particles 2
ont o- . Fate. - Various equi pnent has been devel oped to coat a k/
subsit fie of a fi rst material with a |ayer of a different materi al.
Such; Bnt includes ppgsma arc spray gdas, in which fine particulate
mat t gnt rai ned in, h‘eat ed

and accel erat ed by a_p peam The

_ PLAE - C Bty particl es
‘ted onto the substrate C}eatlon of t he plasna streamis normally

ed by an electric arc. The pl asna stream bs
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1 andie refergﬁﬁetﬁmral 1 refers to a typl cal subsonic version of the
M|l eg@hernmal, [nc. Mdel SG 100 WY die1o 'gae ebasgsatr ca
sprayf@Ein 1 includesVar+aaf Hestist ergé”} centrerﬁoum ng. 5. and a front

housi @ 7. The sabsthatei mpd® ofnfr ef host| mpteeriadd ¥iBRt o _Yey P I%ar%
gener 1y tUbU| E.ffgraﬁépia@:@?ﬁ.give a5 OHRRuli § &Qh&:ucirﬁﬂludﬁﬂ pasmSuarabl e

screws; not cornect the rear housi c ntre SI n
housi rig t oget hespb‘yYnGunsl ofin sfiyichufiime Iaﬁrg'a@t %E SHQ)E%{RQ&

centre housing @LF,d con%p@édatl NgnihrRads eritied NEN lprlatslma rs;meamusﬂn}geand
count er - bor ed.- ho SO

not shovyn, |n { front o opges 13
i s atfached to PRESMRoSTIRaNsify direchsd &ﬁ%&gﬁ% gudh Efé%‘g.ﬁg
t hrough Countercb,atqet Eﬁi‘ti&lba taeefraetoosdwd 1®nto thret SHREBTRRSH de

It 2 © ar g:{ h QSESIh S%J&a 190 0% &Re b ahousing 2.0f J BRrlad3YR adcompRidteduByl
15 an electric arc. The plasma stream may have subsonic or
supersonic speeds . Typicél examples of prior plasma arc
spray guns may be seen in U.S. Patents 3,740,522;"
- 3,823,302; and 4,127,760.
A commercially available plasma arc spray gun .is
20 manufactured and marketed by Miller Thermal , Inc. of
Appleton, Wisconsin, under Model SG-100. In Figures 1
and 2, reference numeral 1 refers to a typical subsonic
version of the Miller Thermal, Inc. Model SG-100 plasma arc
spray gun. The plasma arc spray gun 1 includes a rear
) 25 housing 3, a centre housing 5, and a front housing 7. The
rear housing 3, centre housing 5, and front housing 7 are
generally tubular in shape and have a common longitudinal
axis 9. Suitable screws, not shown, connect th_e rear
housing, centre housing, and front housing together by
30 means of longitudinally extending holes 11 in the centre
housing and co-operating threads, not shown, in the rear
housing and counter-bored holes, also not shown, in the
front housing. A front cover 13 is attached to the front
housing, as by screwvs, not shown, passing through
35 counter-bored holes 15 in the front cover 13.
Retained inside the rear housing 3 and the centre
housing 5 of the plasma arc spray gun 1 is a cathode holder
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Ret ai ned inside the rear housing 3 .and the centre housing 5 of the plasm
arc spray gun 1 is a cathode holder 16, the back end of which is forned
yvi;*\t.’h a fitting 19. There is a groove 30 around the outer -dianeter. of the -
cat hode hol der ‘16 that co-operates with an internal surface of the centre
housing to forma circunferential passage .3%. The front.end 23 of the

cat hode holder 16 is tappedto receive a cafhode assenbly 25. The cathode

assenbly 25 includesga iip 29 . a fifting_segtion 106 erg is o
di stinct step 104 bet ngﬁ'ﬂfﬁle ]bu{lled:‘e sbl?? aggafo%‘%‘fﬁtlﬁ _?i taglgng&%eec?%%%ri% '
and the adj acentioysiag Suef atke Bladma hect Eprayg. gun 1 isHe@arsthpdei beldér
centre housing 2gand difie HiQpt usien f sth By PE Y Is a
t ubul ar anode 33, The anode 33e gsag ?8%8?’[[} i;feﬂq'l axl s lt Ha;téi s%lo%ii%?f
with the axis 9IDPRE i¥% efi GrasTve hao apsdunds tdie/i gubernddapprees ofecthions.

A front iBtericathede! holdds D@shat e¥Lbparhtal &IER b Untaeaa3bsuleaidldl e
i nterior secti onﬁiiéphas a frysto-conical Ssurface 38 %‘ge@{ g first included
t

angl e. A back Ot sPFoFEREEER i MHIRNES BOFRBIOLLTHT tiddr PagerdeS ko
vviht h a sggon? i ﬂ'hleucfe:brgﬂgéﬂdt halt df; dIRS Scd tiiddé hﬁoll'dé‘gt 1'6n<1:suct%bﬂw|@a
‘The tip of t ode asse y 25 is. so_dinensi oned .an ocat

relative to t helg%r?%gy%? t%%?shﬁ% ??f)e@?ljdy4agi's %et_ec%q)&cge t%ssteﬂ‘g’djj%n%ﬁi on
44 of the anodeifycdmdesnc riigd|29 iarderd ofitsenid cdscSiommba7, Tespeds vel y.
Two radi al {gol eg341 s S u t node firomthe:fron_Lnoterior [on
35. S%.Edwi caﬁfe% %@%t%v\eéeér]\éé)hgg%r %%F%Sﬁﬂ ﬁ"eof°§E§rC§}?‘E%E%Qh§Pger°fig€%énd
the back end 45f3tting Sestd @B 165 mnd Mjlextadiadent Jutdhesufiare A&nef er
of the.injector thiengifh/ 2@0-operates with an internal surface of the centre

housiing 5 to form an_annul ar passage 53. Hol es 55 through the injector ring
| ead between the anntPFAtEsssHrpids thel sensxeulhousing o5 5Anfoddieedf FRA%een

the inner di amehousifgof bifechB] 8Eh6ha 4 P9 by RAuPUt Qs SUElBGRaO/n&de t he
cat hode asignbl ry..h_.s25. The axi,al _centre l.ines of_the hol.es ggta[e usual |

I , .
general |y tangerfial ThE 2RRIPnF3chRF & ilgpoitudinal axis t is co-axidl
with the axis 9. The interior of the anode is divided into

three sections. A front interior section 35 has a
cylindrical inner surface 36. A middle interior section 37
has a frusto-conical surface 38 with a first included-
20 angle. A back interior section 39 has a frusto-conical
inner surface 42 with a éecond included angle that is less
than the first included angle. The tip 29 of the cathode
assembly 25 is so dimensioned and located relative to the
anode 33 that the tip end 40 is quite close to the junction
) 25 44 of the anode front and middle interior sections 35 and
37, respectively. Two radial holes 41 pass through the

anode from the front interior section 35.
Sandwiched between the front end 23 of the cathode
holder 16 and the back end 45 of the anode 33 is an
30 inj ector ring 47. The outer diameter of the injector ring
47 co-operates with an internal surface of the centre
housing 5 to form an annular passage 53. Holes 55 through
the injector ring lead between the annular passage 53 and
an annular space 57 located between the inner diameter 59
of the injector ring and the  outer surface 107 of the
‘cathode assembly 25. The axial centre lines of the holes
£55 are usually generally tangenﬁia_l to the injector ring
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3 inner diameter 59. The dianeter of the inner surface 42 of the back
~interior section 39 at the back end 45 of the anode 33 is larger than the -
i gner di ameter 59 of the injector ring 47. Consequently a step 69 exists
- between the inner surface 42 of the anode and the inner .di-aneter 59 of the

i njector ring. ‘A suitable hole, not shown, in the rear housing 3. -
connects with a hole 58 in #he centre hou'si-r?g 5 and the annul ar passage 53.

A fitting, not s{}m@g, 0 4iSecqnnected 1o the hole in the year housing. The
fitting i's connecte tdolsdg%g%%r ég'of'{?ﬂ)‘?!‘#ﬁ?’?}e%.ﬁsﬁgﬁl’gﬁw tsr’rgfﬁ‘ﬁ%rré?y‘aﬁas
to the fitting C%I'E%eéa?helgasruorf Iseatiieino Iheatnvhé abapkseade 453, 0f hthegh
the holes 55, anghddd o3ghe; anfpyl.aL sRace Séhﬁsel%?’%%ep j{ﬁ?g??%:gggnﬁté?éh?he

nature of the holes 55 in the Infector n
annul ar space 57U BHHUI4T- veConsegueRtbyn 4 hetemngd aexspas ebetheen

primary gas | ovshd Hnmegh stiReaapoge 4dat8rd Qr ctj u
the tip 29 of thoe%cta({ hade.sassgnbl_sﬁz%é ﬁér %&é’ﬁgt %282%(1)%3‘1?{%%?1?# g%’?o?g
section 35, and Out-thePISERRF F@%pray gun 1 through a hole 60 in the

front cover 13. The Girsuitable/slidy Ohot NghdMm TBI ¥n UA%e CLERF CRoRs VAL L £X
A fitting 62 i s connected to a :

Uapped radi al nal SHEF T TRET 13 oAPLRoAE: 45 Eben BHE BN MG & |97 poneler
is supplied viaanmlan taspage 150 .t ha diedd rkf,ONhokNEREWA] SE6t EOfnaSt &y
anode 3. rhe ey TeT% 28 EhBCrERE BRESfRY mapegdd ChiPEaRs SORRECTRR
flows through tHe® ahdRunas of erisecy gasds. Sipeliingi the 19rbhatpegsatthwde
o1 119 brazed | M & port GethtRe e SR houEtRy TeaSrECERBULAR dftapase ' "
passages, not sﬁ%mn, rongbnEher balenosSi nansbrimdet theeaponlag6spaceabages
63 and 65 in th@ewause dDUSHE It angedEaFCALEGOOHE! BHe PABIREE 585 {GPIRST S
W th the aq_gul arirrrﬁ%sc ao%'er:i%gagg the primary gas enters the annular s
p _ pace
57 with an angular velocity. From the annular space, the
primary gas flows through the anode interior sections 39
and 37, around the tip 29 of the cathode assembly 25,
through the anode front interior section 35, and out the
20 plasma arc spray gun 1 through a hole 60 in the front cover
13. The circular velocity of the primary gas creates a
vortex within the anode interior sections.
A fitting 62 is connected to a tapped radial hole 64
in the front housing 7. A ceramic or metallic powder is
3 25 supplied via the fitting 62 to the anode front interior
section 35 by means of the front housing hole 64 and one of
the radial holes 41 in the anode 33. The powder is
entrained in the primary gas stream as the gas flows
through the anode interior section 35. The fitting 19 of
30 the cathode holder 16 is connected to a sink for cooling
water. A second water fitting 61 is brazed into a port 66
in the front housing 7. Suitable internal passages, not
shown, in the front housing connect the port 66 to
passages 63 and 65 in the ceﬁt;re housing 5. The centre
housing passage 65 connects with the annular passage 31 and
another passage 67 in the cathode holder 16. The passage
67 leads to an outlet port 68 in the fitting 19. In that
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anot her passage 67 in the cathode holder 16 The passage 67 Ieads to-an
outlet port 68 in the fitting 19. In that.

4 manner, cooling water supplied to the fltllng 61 passes through the
’varigg$ i nt ernal passages 66, 63; 65, 31, 67, and 68 to cool the plasm
arc $ray gun 1. -~ "The fitting 19 of. the cathodé hol der 16 and the
water fitting 61 al so servé as connectors fér electrical cables, not shown.
When el ectri cal omer is suE plied to.the- pl asne arc spray gun 1 through the
fittings, an ar@ NBeEr eafeflpagwaker heuppliiad &b the fipt2ngofltpassashode:

assenbly 25 andthbeughnede %16&@%&%1&4&‘3%@& gd¥ €&Onikact 6gf she gn¢
wi th the anode m)éefs,g rcumc ;ht ially arou the anode interior under'the
t

i npetus of the &HJu PefdR P haEG 35mSPIAS I8 lex. The arc heats
the primary gas flowi ng past the cathode tip to create a plasma stream The

| t heat t th f t 35
Phrough t hes1 111 ng. EDSapateiie i Gt EhengepBade: noliet e sid Pheapaters ay
gun 1 to be depﬁsttGUQOﬁloaJascstmwreahe cenhéewrﬁafmerelehqmcalll gabléas,
deposi tion effi ghensyof  t hgeh! gf %r,cgai Eﬁrqgv{fxg _fﬂpﬁflég%oortqgrpfgség

percent . Prior subsonic plas ave been T n
comerci al use R&F ﬁﬁﬁ?Yyﬁanslandrhagh gheerﬁltuunglsessanoars b& created

sati sfactory sebgtggen ¥e tdiy Qo ﬁa@q._?ew%fa&ﬁe gf.l?&l}gée ragsbggg_gvggent :

Speci fical | % i.,s desirahle that t osi'tion Cl enci es
i ncreased X oveaPﬂo§ epPABOERt By - at Zdeadbye. "the pedngdeft Feptaghdef Shee

operating condi brensithe i enBaLWSFed R Adum e 2 il e yeatdase t&%SSHQJﬁ 25

and the anode 33 E__ends to l.ock in at a specific point, On the interior

the pnode rat heF™FRARCToURIRT | FR UkMRet YRS ©he AnFWah VeLPSiFY ‘afoﬁhﬂ t he
anode interior. prifheysgasientfex ar ¢headgeSheAesatRg & ik 8C gakofDbwwinghe

result is a losg,af the cathode tip to create a plasma stream. The plasma
15 stream heats the powder entering the anode front interior
section 35 through the fitting 62 and accelerates the
powder out the plasma arc spray gun 1 to be deposited onto
a substrate in known manner. Typically, the deposition
efficiency of the plasma arc spray gun is in the order of
20 50 percent. . |
' Prior subsonic plasma arc spray guns 1 have been in
commercial use for many years and have given countless
hours of satisfactory service. On the other hand, they
are subject to improvement. Specifically, it is desirable
' 25 that their deposition efficiencies be increased above those
presently attainable. |
In addition, under some operating conditions the arc
between the tip 29 of the cathode assembly 25 and the anode
33 tends to lock in at- a specific point on the interior of
30 the anode rather than to continuously travel circumferen-
tially around the anode interior. The stationary arc
causes the anode surface to pit. The result is a loss of
performance of the plasma arc spray gun 1 to the extent
that the anode must be replaced. A typical service life of
prior anodes is approximately 40 hours. It is desirable to
increase the anode service life.

Sheet Has Been Re‘ilaced

I



performance of the plasma arc spray gun 1 to the extent that the anode nust
be replaced. A typical service life of prior anodes is apprOX|nater 40 '
heurs. It is desirable to increase the anode service life.

5 & A drawback of. some prior plasma arc Spray.guns concerns the centre
housihg, such as the centre housing 5 of the plasma arc spray gun 1. In
certain situations, the ﬁBUErlal can beconss di nensi onal | y unst abl e.

At mospheric noisture and’cbol i ng wat er, anong ot her influences, can cause
the ‘centre housing t& V@¥3whacki of daomag wpont PdRSTEs ATEonTRERENEBINS t he

primary gas thaboaaeyhg eRketehbife MG o g{‘te@uﬁh 28CEhaNcS A8 Bod iy &N
t he annul ar spac F&"% Bﬂ?the holes 55 I'n“the injector ring 47 actuall

- | eaks past the P B2 ALY SPEAYeFBrL 1 ﬁ@‘ seEcefD 555%61%%‘3“%5 % he

anode 33 and thﬁxai:é&&hleIa:(inZ?odtfodethﬁ\%h@Q@@almlydﬁinst&bl'Ehe eiﬁmpheariaﬂ
unstabl e pl asma_stream em tti ng romthe outl et hol el?GO of ch)el Asne, ar ¢
spray gun. $he ﬂ‘ﬁ%tsgbllr? Bflg‘sﬁa PSR HEE: detPPRR Y e’éf’fréftlt"ée B3 he Gt ay

process. Acauséi hhet oentfe rsdusispetio ehryyhénpsésendurine dpemstion.

tubul ar anode fgqr Ias arc.s |

anode havi ng fr%nt %ag:ggb r? eftré‘%\a&'& %J%%f ;tg{egy [ ndfalrefdé)k?a'.JJ h

| ongi t udi nal axﬁ@OdﬁhenaﬁUerlsﬂ@nnm 38eondyy fetirdugh é?dla/vlannuiﬁﬁnﬁpa%%ci?nd
m ddl e, fourth, jaad dac ?‘éfc‘éa% | ohs; Lt PR T Egggcegg lplﬁ | @&Haquy(s)qcéd@s

havi ng resgect ive cylin I nner surfa and urth, and
back interit8r s@@StokBehiQingsrieeperen yhe M@Wﬂ#’é&g F‘ﬁﬁe’i" he b3l and

According to a ascel gseeshoqsd ébeaaae%%t F ANt ERA 23t WEUltHe aémﬁad@r a
hi gh velocity swﬁ))i%m c_plasma arc spray has an _exterior surface

interjor, and a | nkhe BhLect ps ?‘%t@ﬁr(ﬂfbltf‘emsf“ébﬂ:ﬁﬁ?@oe%tt‘#ng
front, mddle, Eﬂdmb&(hle oft@kitOho3eCEh 088, théeplaons and dmedy iqurer i dthe

Rt o CoctoTRERERY §TaSha'SEELGR Y HEL A ERE e L B EhI Ly

interior sectionha
15 process.

According to a first aspect of the present invention,
a tubular anode for a subsonic plasma arc spray gun
comprising a tubular anode having front and back ends, an
. exterior surface, an interior, and a longitudinal axis, the
20  anode interior being fabricated with front, second, middle,
fourth, and back sections, the front and middle interior
sections having respective cylindrical inner surfaces, and
the second, fourth, and back interior sections having
.respective frusto-conical inner surfaces.
J 25 According to a second aspect of the present invention
a tubular anode . for a high velocity subsonic plasma arc
spray gun, has an exterior surface, an interior, and a
longitudinal axis, the interior being fabricated with
front, middle, and back. interior sections, the front and
30 back interior sections having respective cylindrical inner
surfaces, and the middle interior section having a
frusto-conical inner surface.
According to a third aspect of the present invention,
a high velocity subsonci plasma arc spray gun
a cathode holder having a longitudinal axis co-axial
with the anode longitudinal axis;
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frusto-conical inner surface. According to a third aspect of the
present invention, a high velocity subsonci. plasma arc spray gun |
gat hode hol der having a I ongi;tudinal axis co-axial .with the anode.- L
‘| ongi nal axis; Rt . o 6 a cat hode
asse including a fitting'section and a tip, the tip having an end

| ocatj within the anodesn#ddl e interior séction, the tip cooperating wth
the agode back interior section to forma first annular space; , an -
inj ector ring interfosEfhirdavagsanily dnluding defis8dngheerhdrmeABdor t he
.anode, the injecip; the'@iAWaRAn@"ahNBRA UbeaBEE witHiln GHRPARAHeS mitiliet he
cat hode assenblilnf 11fing section"to forma second annyl gr gpace ﬁoagl a

with the first HAMCH:E %beaccte‘;cm' thehdiid (RPIRSFIS NG LERAFARNGIPRE SRGHe,
cat hode hol der, icteriorf esaridieais MGl F5YWlawnular sphedl passage nmeans
for supplyiqg the prjmar s _through the housing neans,_and . .through,to the
i nj ect or ri§1ng to theérgg'c r?g:%é’ﬁnﬁfLﬁg %%%??%?ikﬁg%eﬁan&h SN gﬂ°ﬂ- €fhe
first annul ar spr@chedaak end afodhel anole| ntise i injeseid aring havihgr ah
fitting neans f p | I i . to.Lhe,.qpo t de
assenbly to cre%%é#an@%t%%%%réﬁée%még‘lﬁp ?%X‘?ﬁ% ‘gﬁ{c:) etﬁﬁt gngg?g?ogﬁg%?E? ﬁe
primary gas fl obtHelns seetismode farwra sredamdoannplarspane ewaxial wishcond

passage neans fxgﬁespppgyia{}g-,ﬂagpagré powder to the anode interior whereat
t he coati % powder is entrained in the plasma stream and accel er at ed

t hereby out® t he anod®Y§tnF meansafigr retainiflg sfensaede f satdigssn hehder,

cooling fluid tand hbtnjeitdenditSs ANQH¥end1§;h0USI Ng Means. I'n
accordance with the present invention, a gl asna arc sgra gun j s provided
r

t hat jhas hi gher qual 1Y5°coR8FRAEE JIaDT BYer SPPRYYLR erf BT t Haf
prior spray gunshrdigls tile jeamiplyd seatsbindpphratgis tdathd dnjedesr ring

dimensional |y t5 the second annular space for flowing therethrough to the

15 first annular space and to the anode front interior
- section;

first fitting means for supplying electrical power to
the anode and the cathode assembly to create an arc
therebetween in the anode interior to heat the primary gas

20 flowing in.the anode interior into a plasma stream;
second passage means for supplying a coating powder to
the anode interior whereat the coating powder is entrained
in the plasma stream and accelerated thereby out the anode
_ interior; and
) 25 cooling means for supplying cooling £luid to the
cathode holder, anode, and housing means.

In accordance with the present invention, a plasma arc
spray gun is.'provided that has higher quality construction
and operating characteristics than prior spray guns. This

30 is accomplished by apparatus that includes dimensionally
stable insulative components and long wearing electrodes.

One aspect of the invention involves the use of a
glass fibre reinforced TORLON (Trade Mark) material for the
centre housing. That material is an electrical insulator,

35 and it is practically impervious to moisture and other
atmospheric gases. Consequently, the insulating centre
housing is dimensionally stable under all. operating

% This Sheet Has Been RTlaced

(W




stabl e insul ati ve conponents and | ong wearing el ectrodes. One aspect
of the invention involves the use of a glass fibre reinforced TORLON (Trade
Mark) nateri al for the centre housing. That material is an el ectrical
*insulator, and it ‘is practically inpervious to noisture and ot her

at nospheric gases. Consequently, the insulating centre hou5|ng S

di nensi onal |y stabl e undertal | operating 7
7 conditions to t ebg/ ‘contribute to high quality plasma spraying The
| ongi t udi nal ‘H‘@;‘Sh%l RF teh&hezsbue canvribuse Rt hégh gHaliky Plessa

I ncl uded angl eSSpfaymagr espective frusto-conical surfaces are preferably

controll ed. The cathode, assenb S des ed such that t end of g tip
thereof is approxi ng’hé?y ?n‘-ﬂ@“#%ﬁgli sm ®hoithe ofar’t‘ﬁr? antGFETHGd e

interior secti anct:Lon@uan@gthéethi'é@nlﬁf:lﬁaéds ahgdeisC o}fl a:%z@amrs@es:maae
gun, the prg mar f th the turbul ence t ts
downst ream% orc% Ig%é? 27&25%%5‘[ r PRAF3GFE %P stﬂ’?f‘gfed‘éatr%@ Igli(%%d The |
assenbly tip andathedenadeembhy isrdesﬁgneﬂeaumﬂnﬂhau ¢hermn@ gfisacdiges
the arc to extepy a agé; | i e
junction of the f?ﬁfaih%l &?&%&:}P%ﬁ; géec% rg l{‘Hhhe larrldc})1 %Bltnh} Rf
out st andi ng andtifeipRde rﬂﬁﬂﬁrxﬁrtSﬁ;ﬁmqn}- section interior of t he
anode of the presentnuﬁyﬁ@fdwaaohhaf t!:]lﬁecéimédrﬁl& %qafsﬁtasHPéts%ﬁta{

of

i ncreased diposil: ion efficiency asma arc spray gun d ‘3 EI‘I rrarll
nt

t
to a resul} BﬁgEFlﬂﬁEYI9F§n518WStM§ﬁ&m&hﬁ ParPRleRes; n &R PSSS@S
s]'E ][gaa_m Anot hexertlc@nhrdbuh’sifﬂﬂ?atf\aﬁbt?ée ba th@ﬁﬁl@éﬂ:&@.&@(l dg@osebctlls@rin
efficiency. is ocat, on_0Q e ca e asse i de t he .anode
i nt eni or. Thegﬁg‘i%?ﬂqﬁh‘? arhedss alsﬁéf“%sﬂ tﬁpaéflflc‘éﬁ?ya’é‘?l setllgy force
oper ati ng condi ¢f ooke tmhlmbérasrmrmafrys@‘aﬁa’ s ttl-hae Juree Ten e xitevien ainagh
exhibits a m nlgy%gﬁ t_:lé RES %§§ gga %%n'éslsrl n rea ?ge&%l Tﬂn‘%ﬂ: ion of

ef ficiency over prior spray ¢ e-service 19VES of
anodes nadks the front and second interior sectlons of the anode.

An outstanding and unexpected advantage of the five-
section interior of the anode of .the present invention is
that it contributes to substantially increased deposition
efficiency of the plasma arc spray gun due primarily to a

20 resultant longer dwell time of the powder particles in the

plasma stream. Another contributing factor to the

increased deposition efficiency.is the location of the

cathode assembly tip inside the anode interior. The

combined result is that for practically any set of

b 25 operating conditions, the plasma arc spray gun of the
present invention exhibits a minimum of 15 percentage

. points increase in deposition efficiency over prior spray

guns. At the same time, the service lives of anodes made

~ in accordance with the present invention is approximately

30 triple the service lives of prior anodes.

The tip of a cathode assembly is preferably located
inside the anode.

Further in accordance with the present invention, the
gas dynamics of the primary gas flowing through the high
velocity subsonic plasma arc spray gun are greatly
improved. To achieve that result, the cathode assembly is
designed to eliminate all abrupt steps in its outer

Sheet Has Been Rep laced

“THm




in accordance with the present invention is approximately—+t+iptette

servjee lives of prior anodes. The tip of a t Mcelié
preferably | ocated inside the anode. , Further%‘sgﬂg@ﬂ& jth the
prese nventi on, the gas dynamics of the primary Eﬂﬁn ﬁ ough the
hi gh focity subsonic plasnma .arc spray gun are gre " To

achi e that result,- the £a#hode assenbly i $ designed to eli m nat e al |

abrupt steps iné'd_;dls_a(.) tser' P _ ' )
surfaces.  In adi 9GS The adddyt iomweent e SteRerbetueeR ether inger
anode back i nt erdicmestet | wf aRtet Nenddd eHa@k I EABekIBLT SHAMGEr and  the
elimnated. The y.e ' t.r eanl i.ned annul ar passage for the pripary
gas, which is i nt rﬁogu%:oeﬂ(.jsfvﬁ ilémﬁé'naéﬁFFEPrcbﬁp%ﬂ’e‘mn ede| J&et FESRAE 1s
primary gas flows stinermbimediadiularf pemsake ifireeher prifdryngassonihothed
vortex past st he jcathede s Yntl R .The arc point of attachment
constantly £r avel s_laroung a%%"éhﬂ%&%’ﬁ%é‘?@gn&&mﬁ? Fﬁg ‘j’ﬁrﬁ%c’&%t{%' t hige
cylindrical and BR4{RaX¥ @f ddiowsnwéthslahioas Glow hiramade fingettamdrihgd! e
interior sectionn 4 esffcidMeld- r u i of the
anode is distribut edﬁjlong the.&Jrfgt??ﬂ?taﬁ?ﬁgﬂ%att:ﬁggbgga%g%%ﬁfr’\gﬁ‘cg entrated
at one or a few poi nt's*® AT Peinkt of Attrehmenrt gt antily trayedst ayound

i ncreased conparediwduldy i0aATRAMRd by thEh§uadedenobet Fﬁep&gﬁfﬁ!&ric 1
i nvention, 4 ItsﬁrP‘* enent relative to tyhe cathode assenbly ti and t%e
strean i nedanng a e Cah S e neRir kpres v Hhe tN9de dteeth #dh
Vﬁ| ocity ;ub;onimddla&sma’ﬁ&pramtgﬁﬁskha'frlehﬁlécﬁﬁeé%ﬂry | (R’ eNgE eRSRSt] NY
characteristics prokeTe rior vel qcit,y subsoni.c .spray, guns.
Specifically, t ﬁe_&ano ga%\%}ga%g?rbx?%{:g?yam e 1S tt‘ﬁé”'lfseg LF?IICP%Q‘ eth]
prior anodes. ACiHealaand ineveratther diposibeing efdncsmnetdd dtamases. a
Anot her i nproveril doiddat [ trea i f of . Lhe, pri nar as
cool s the ﬁgt hode assjsenbl y t?ﬁg‘%. rr%ggﬁllinﬁrgovegkngﬁge?hggetij‘u%ﬁ%gchgh%ﬁ%aé/l?
assenbly | i+Pe i dncreased ‘compared with prior anodes.
The anode of the present invention, its placement
relative to the cathode assembly tip, and the streamlined
annular passage for the primary gas combine to produce a
high velocity subsonic plasma arc spray gun that has
20 greatly improved operating characteristics compared with
pPrior high velocity subsonic spray guns. Specifically, the
anode has approximately three times the useful life as
prior anodes. At the same time, the deposition efficiency
- is increased. Another improvement is that the more stream-
) 25 lined flow of the primary gas cools the cathode assembly
tip in an improved manner so that cathode assembly life is
also increased. '

8

“The high velocity subsonic version or the plasma arc

spray gun of the present invention employs the same stable

30 material for the centre housing as the lowe;': velocity spray

guns. Consequently, the beneficial results of a stable

plasma stream under all operating conditions that are

achieved by the lower velocity plasma arc spray gun are
also realized by the high velocity subsonic spray gun.

.The plasma arc spray gun of the present invention

thermally sprays coatings onto substrates with an increased

deposition, efficiency compared with prior spray quns. At |




al so increased. The high velocity subsoni ¢ version or the plasma arc _
spray; gun of the present invention -enploys the sane stable nmaterial. for the

centr ousing as the 1 ower velocity spray guns. Cbnsequently,.the.

benef | results of .a stable plasma stream under all operating -
condi f¥ons that are achi eved by the | ower veIOC|ty pl asma arc spray gun are
al so alized by the hlghfvéIOC|ty subsonlc spray gun. The plasna arc
spray Tgun of thenar esgpd nt i rmal |y sprays coatings onto
substrates with an |ncrease HepggF gﬁS@FfPEFeﬁQfaEbﬁbﬁ¥éH€mﬁ k¢, presant

spray guns. At invention exhibits dimensional st&blﬂ.heysaf’(ﬁxdérﬁe althe
pl asma arc spraypasatqh, hec nvention exhibits dine

stability underpaal I ogteratchHnﬁst%‘c%gznédl ﬁrb% CAA LNt FTROD r‘?ﬁ) :}%‘?’l‘fjsng
havi ng i ncr ease&@@ﬁ@?@é Fieorérgce live€.her advantages, benefits, and

features of Sthe preseghern\Eiyd b pare ose Skl ll.ed in
the art upon reg%ie%lgp he det al Irf%#es'crl pt%?lg%lg% the&ﬁ?‘lvgﬁ? oh-S of t‘?’f’f"e

present inventi BbBVEBSEPRLEHL hrklecome rapnastnti th thesprsbilked im

accordance withthee amt:or‘@myl PEalifAY" G%he | ReMli§Ba desc:.l:'pgi*r& 1okS the
front view of a; 5¥Qh‘£§ prior plasma~arc spray gun; gure 2 IS

| ongi tudi nal cross SecPPonal view of a prior subsonic pl asma ar.c- spray gun;
Figure 3 is a |longi tEhermesemsarﬁ@iulwbllﬂ.eﬁ\éQfes%rﬁ%'e@t bMal YortPUsted

Lol TAPSOTMGLRLI SEEcRPigk B SECRLALS, 0kl ALSSsrl o T,
subsoni ¢ pl asma fagurepy aynguhlahcordl ng to the present invention; and
ooty SR e - S S At BB BT LY O
- Y gun;
Figure 2 is a longitudinal cross sectional view of a
15 prior subsonic plasma arc spray gun;

Figure 3 is a longitudinal cross sectional view of a
relatlvely low velocity subsonic plasma arc spray gun
according to the present invention;

Figure 4 is a partial longitudinal cross sectional

20 view of a high velocity subsonic plasma arc spray gun
according to the present invention; and

Figure 5 is a partial longitudinal cross sectional
view of a modified high velocity subsonic plasma arc spray
gun according to the present invention.

25 Although the disclosure hereof is detailed and exact
to enable those skilled in the art to practice the
invention, the physical embodiments herein disclosed

merely exemplify the invention, which may be embodied in
another specific structure.

30 Referring to Figure 3, a subsonic plasma arc spray
gun 119 is illustrated according to the present invention.
The plasma arc spray gun 119 is particularly useful for
thermal spraying ceramic and metallic particles onto a
substrate, not shown. However, it will be understood

35 that the invention is not limited to material coating
applications. ' '
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gun according to the present invention. Al though the disclosure hereof
S detalled and exact to enable those skilled in the art to practice the
|nvent|on ~ the physical enbodinents hHerein disclosed nerely exenplify
the i ntion, which may be enbodied in- another specific structure.

. Refer g to Figure-3, a subsonic plasnma arzospray gun 119 is illustrat ed
accorgeng to the present gmwention. The plasma arc spray gun 119 is
parti®larly useful flive ektaernbrsrarfaythg @drasm and mepralyl i gupaddiScl ks

ont o substr atgne A0 &F@Tﬂﬁlar‘@ 2y §r4ﬁcé’v‘éopt a%‘i"gsqﬁ§ta‘}%dsp£'g9tg&ﬂe

invention is notlimted to mat
10 The ext ek idasribase pmeazsnas&ycmpc:agngqmqngu@ Fégures| ¥ andi2ar

i n appearance twﬁ@enmggﬁga ;.ﬁ:rf;c SpE 1, gdgsqrd beghFEMEOUSEY &l NEront
connection with Figures Qé‘ygl%,gglrra a?c spray %Lln 119 is _conprised

of a front HousiligHsing a? oentar €eﬁ§E§| QusPng 32d: a %fé%\ra K§8%i RguyLng The-
three housings 3the l&e@h@u&m%&e?a gerﬁ&al l2qd ybubs dehexhaNs, cuhayaﬂgm

respect.i ve | ongit.udi nal axes hree usi ngs agre_.connected_n endw se '
f ashi on to have %Pi%?nmngﬁ?ﬁﬁgt GG?RSF%YFS l%bﬁld'é’étl Greest tﬁg‘ ?6’6

housi ngs may be Myusinigs\a re@onsleetad haveﬁewibel fad;lleiaﬂs tioh haoenaecemboned
holes in the fr S ext.en ;ng hrou hoI i.n t

housi ng, and th?i;émgﬁy %rgd][ a?ﬁ‘d‘f?d hol 8utslﬁ1ege ﬁgug?g&nm

t he housi nds) 3' ,bd My sawkws, amota sc’rmvdmm Hmhdg tmﬁ;c amaisj gntgountﬁg-

47" and an anods,dad n e Gat Redechohfefod2dals akaliadd BrtbRghnhst per

of the rear housi cen ousrn as a
front end 23'. TWe' b’eftl&%@e@ftrﬁhéouau.ngde hodd@hm%d#ﬁaﬁmt&’ci;apéﬁ aBojes

hol.l oy t hreaded {ht¢hdGrded housisiegwed into the front end 23" of the
cat hode hol der by neans of a threaded shank 128 is a cat hode assenb| &30.
The cathode assenbly i¥9idecFhgedonsings12d., 121, and 7' are a cathode

15 holder 125, an injector ring 47’, and an anode 127. The
cathode holder 125 is retained in the interior of the rear
housing 7’ and the centre housing 121. The cathode holder
has a front end 23’. The back end of the cathode holder is
manufactured as a hollow threaded fitting 123. Screwed

20 into the front end 23’ of the cathode holder by means of a
threaded shank 128 is a cathode assembly 130. The cathode
assembly 130 includes a tip 129.

The anode 127 is retained in the interior of the front
housing 3’ and the centre housing 121. The anode is

25 generally tubular in shape, having a front end 131 and a
back end 133. |

The injector ring 47’ is sandwiched between the back
end 133 of the anode 127 and the front end 23’ of the
cathode holder 125. The outer diameter of the injector

30 ring and a portion of the inner surface of the centre
housing 121 co-operate to form an annular passage 53’. A
passage 58’ in the centre housing leads between the annular
passage 53’ and a mating passage 136 in the rear housing
7. A gas fitting, not shown, is screwed into the rear

35  housing passage 136. The gas fitting is connected to a
source of inert primary gas, such as argon or helium. A
series _6f holes 55’ extend through the injector ring. The

-

This Sheet Has Been Re(ilaced

S 1




The anode 127 is retained in the interior of the front housing 3' and the
centre housing 121. The anode is generally-tubular in shape, having a
~front end 131 and a back end 133.. . The injector-ring 47'  is .sandw ched
bet ween the back end 133 of the anode 127 and the front end 23" of the
cat hode hol der 125. The outer dianeter of {fie injector ring and a portion
of the inner surface of t;hel‘centre housi ng 121 co-operate to form an

annul ar passage IB3tes ﬁ%aaxeggeﬂérally el icantbet he Uirer deasetket seenptg he
annul ar passage i ia‘p% passage 136 in the rear housing 7. A gas
fitting, not shown, S scr |nto the rear housing passage 136. The

gas fitting is conned’e @@Utr@eao§oparmaﬁlaﬂerctoapnlrrgimmt@aﬁalsushccame?crtgﬂh or
helium A serl es-of holcﬁs. S50, ¢ €XLen th he Ln ector ,
andy oo cihrhhs' TRANEE BORgHBLEE.Y (Orhd: oBE 64

11 holes 5 are generaIIy rad| al to t fer 59"
injector rimy. CONNeCEH wough pursuindblie serl ity aatatiall lHole ddtecired

to a port 64' irthHdiardddant 2housiig lﬁ)let %3Eh§xggﬁ§§6ér EﬁFE§i§ger’%ea

suitable seal .to a radial hole 132 in e ano ext ends
to the interior H°Y%e anode. A front cover 13' is attached to the

front housing 3, by ?s(frre\m: cBobrsipwys BRsaAgqt E‘éo&gﬁ f%ﬂﬁtﬁéubﬂﬁ@%'hm es
15'. The front %gy%rcrle has a gentral hole 60" thraqugh | asna

arc spray gun 119 i UFes BRY 3% 0t BRSSLRS fdwqugh HPEPHSF B%%%‘éd’&les

t hrough whiléh cdding Tee efromn ébwar 10| hay yeéenic£4L eisld hen 1 rgivough
housing 3' through a radial port 66' and flows through appropriate
Iongltudlnal passages not shown, I n the anode 127 to an annul ar groove
134 in the cover 13' .ThEhelasma ag:ra)(spe'aysguins1aBsmncmndestszelvdm;abt1tm:rer-

passages in the c.aﬂﬁdfcﬁéa Eags2ag nﬁ aggi&ﬁrohg ﬁbﬁl&ﬁ@oo‘iﬁ%“ﬁw?% Yok

The centre housi assage passage =3
passage 67" int at Fo%d imgl HéF-eIZ@'ltqh% e upnto housdngedt sthrough a

1s radial port 66’ and flows through appropriate longitudinal

passages, not shown, in the anode 127 to an annular

groove 134 in the cover 13‘. The cover groove 134 is also

connected by other passages in the anode to passages 63’

and 65' in the centre housing 121. The centre housing

20  passage 65' connects via a annular passage 31' to a paésage

67’ in the cathode holder 125. The passage 67’ connects

with an outlet passage 58’ in the interior of the hollow

fitting 123. In that manner, water enters the plasma arc

. spray gun through the port 66° ,' flows continuously through

" 25 the interior of the plasma arc spray gun, and flows out the
cathode holder outlet passage 68'.

The interior of the anode 127 is fabricated with five

sections. A front section 155 has a cylindrical inner

surface 137. A second interior section 139 has a
30 frusto-conical inner surfacé 141 with the apex thereof
pointing toward the first interior section 135. The

cylindrical inner surface 137 of the front interior section
and the frusto-conical surface 141 of the second interior
section 139 intersect in a first circular line 142. There
is a middle interior section 143 with a cylindrical inner
surface 145. The cylindrical inner surface 145 of the
middle interior section 143 interé{ec_:ﬁs the frusto-conical
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with an outlet passage 58' in the interior of the hollow fitting 123. In
t hat panner, water enters the plasma arc spray gun through the port 66",
fiows contlnuously through the interior of the plasna arc spray gun, and
t the cathode hol der outlet passage 68’ The interior of the '
F27 is fabricated with five sections. 1@ front section 135 has a
.i.cal inner surfaces 437. A second™“interior . section " 139 has a

T ooni cal | meer suifpece It W hidie ARG URESQG PALALLRG oyald Lhe

first “interior scho& 135. cylindrieal 1T nner surfac
front interior sETTPTR HiFUlee ﬁ-#%tb‘*@orﬂ Eoursly interian sgctinn 34Fohds

interior sectionalBfusty-&iciticdall BudrhickSh 461 rcéhll@r I %ﬁ%erIB%r Ee{f_Elén
m ddl e interior feft;_lgn 143_with a cylindriéal |nner surface

cylindrical innef suffScé 155U8F01eRN IRl BuFfigeei 863sect Tod EXélnﬁt‘b@ééct s
the frusto-codni chitner surface 145 of the middle intdRiokNNRVctivwhf agg;l4l

of the second in t a second circular Line 146. A fourth
interior secti oniﬁéipia(g@% #’gﬁs 5“(,559 (o1 (i a’cfE‘%quﬁﬂL'r%c% B4k q%t%??or
section 151 has ao‘#rmtmmqualsamﬁoaﬁam&n a 'Eh&rdyl::h.ﬂdﬁn.ﬁﬁ| lim@ersz.,
surface 145 of the m@g{{ ecti. 3 ,i ter

frusto-conical in sur%'a%éeﬁf% t‘?{e S"‘h gzlﬁ'cfiﬁaﬁln gplg zc{:P‘Snaﬂﬂdﬁ }Iz?i
third circul ar 13+RA99he axis @dnsi tbei hengtb dHtie Fdinsal seetgbh DESthe

anode 127 a®ng bhéweweaen S t of f| r S b en
approxi mately 15 g %)g Et agnro%gﬁ%% ntE fPeHwEee d ? sg%czaﬁ%t he aﬁ%
The | ength of the % gngElt ih EB@ iagoger. vveel‘I'h&pplrQﬂG‘?hat efy t@&anﬂeqmd

percent of the tmedlmorteslm%@twéré@ a5PbRemPielpes msldll £ é%éﬁb &pd
back sections ar,g\%@ettv\e ro I mat el y to 45 percent,

per cent , and n enﬁ’%@pe@t"ievéﬁy"gtBF ?ﬁé%ﬂ‘&ﬁdéﬁod@‘%‘h@t h.
Simlarly, the randt baeki nsécndhﬁhsingtces Bécwden f ram;tr@xcmateay iI3eLo 45

s e, LifenGUR 1O &SI BllcanchC! Ui b DS el CEg 0
respectively, of the total anode length. Slmllarly, the
relative included angles of the frusto-conical inner
surfaces 141, 149, and 153 are important. Specifically,
the included angle of the frusto-conical surface 141 is

20 between approximately two and four times greater than the

included angle of the frusto-conical surface 149. In turn,

the included angle of the frusto-conical surface 149 is

between approximately two and three times greater than the

included angle of the frusto-conical surface 153 of the
) 25 anode back interior section 151.

To obtain the unexpectedly high performance that
characterizes the subsonic plasma arc spray gun 119, the
relative locations of the cathode assembly 130 and the
anode 127 are carefully controlled. It is important that

30 "the cathode assembly tip 129 extend well into the anode

interior. Particularly, the end 150 of the cathode
assembly tip 129 is located at a distance of between
approximately 55 percent and 65 percent of the distance
from the third circular line 152 to the second cifcular
35 line 14s6. A diameter for the middle interior section
surface 145 that is between approximately 1.5 and 2.5 times
greater than the diameter of the inner surface 137 of the
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bet ween approxi mately two and four times greater than ‘'t he incl uded angI e of
the frusto-conical surface 149. In turn, the included angle of the

frust o-coni cal surface 149 is between appr oxi mately two and three tinmes
greater than the. i.nctuded angl'e..of the frusto-conical surface 153 of t he

anode back interiof sectron 151. To offBain the. unexpectedly high
perfornance that ch ract es the subsonic plaspm-arc¢ spr.a un 119, the
relative |ocati d gr grhsaetignekdby In0AARLT PR aer't% %‘ﬁ"e?]freéf o'

“carefully contr ctl"ieedandde | midaper faekriBat §ef&1%’nt hpgiee msserbage t tLp712iQs

extend wel | intg naode int.erio Parti.c the_end 1
cat hode assenbl y t| P ?’2?9 srqwgéyat %‘faﬁc% Bt”“ﬁﬁt &Eéﬁeﬁpg?lgxr r% 1% y
55 percent and GBfaﬁ@rt@é‘ntOfotheheadheﬁanaSSémnythfptmsd circular line 152

to the secomrd circul g 'dpté abz}_@n A di;am ter the r{gtg)ry?%gdtntle{eoor

section surface 145 t hat et wéen appro 5-Tan I mes greater
than the di anet &Lagma; ﬁé‘cr ﬁﬁanssmnaJdeﬁ mcmgh heflttmg brazed into the

13 front interigyreseeti g8 £88. rioh@ddihdiopy 3-therdeayrter f’io&é‘%%%@a .

m ddl e interior i}ctron inner surface 137 I's between appr oxi mat
2.5 tinmes |arger® é(ﬁrt"ﬁelsdﬁﬁhﬁfﬁi‘l Rasgagestinb ddea SPEAY 9““&%‘1 ’&Pt the |

1gﬁerat ihon f ;:eolﬂ:rtg:m@t €r23 sof nthedéateﬁggat Q}élth%rp:cmt apglﬁafyégg@n i1sl9
rough a figti n or "0 e fron usi n '

wnt or 11 ovet® nr GUER RS b1 B85 BYAPBRNATC pSEaYCauR nERHRIE BA R SAHE S AR out
the fitting 123 aofd t$% catdodedhal dkolea5.55 ‘Prisatiegasniuiasupplaiced 37 t he
plasma arc spray ]_Q!g{; passa es and " _.and._ra I I L to
t he annul ar space HHF %r?t'tnf g-épacetg? prlf"ﬁ‘e p%ra‘%aré}%gas vﬁﬁ:or\l/vs
wi th turbul ence qurball@@mesumeanddwnstream dhrquhonhehrmgahrtzhe sigutte i
151, 147, and 115%cctfmtnlge ?@.Od?.41727an§“i£g“8 getgﬁoggt{@ple A S tgo

129. Fi naI Isy he gas I'ows 't hr ough™t Interior 'sections 139

135 and outt3of tbrh? F %r%s%ﬁﬁlalﬂg‘ghpt ﬁﬂ@ugh Fieaklale 6bhej Satshef]fcr"tﬁtt

through the anode interior sections 139 and 135 and out of
the plasma arc spray gun through the hole 60’ in the front
cover 13’. | _ ,
Electrical power is applied to the plasma arc spray
20 gun 119 to create an electrical arc between the cathode
assembly 130 and t:hé anode 127. For that purpose, a
direct current power lead is connected to the front housing
3’, such as by the fitting that introduces the cooling
water to the plasma arc spray gun. A negative electrical
25 lead is connected to the hollow fitting 123 of the cathode
holder 125. The arc heats the primary gas and turns it
into a plasma stream as it emerges from the spray gun. The
coating powder introduced into the interior of ‘the anode
through the holes 64’ and 132 is entrained in the plasma
30 stream and is accelerated out the plasma arc spray gun with
the plasma 12 -
An outstanding feature or the present invention is
that the electrical arc is controlled to extend between the
‘end 150 of the tip 129 of the cathode assembly 130 and the
35 first circular line 142 in the anode interior. Because of
the geometry of the anode interior and its dimensional
relationship with the cathode assembly, an increase in

2
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‘cover 13'. Electrical power is applied to the pl asrra arc spray un 119

to create an el ectrical .arc between the cat hode ass'lé "anode _
127, For that purpose, ) di rect current power d to t he
f-ront;u& ng 3' such &s" "By the fitting that |ntro |ng wat er-
p

toth | asma arc spray gun. A negative el rical lead is connected to the
hol | o fitting 123 of thez‘c‘t hode hol der 12 The arc heats the primry

gas and turns | tsdrftiked H&Sr@f HHRAN Andd W&@Suﬁu&iﬁl heoSPERY - Sidde The

coating powder i oduced he interior of the anode through the holes
64' and 132 is aﬁqﬁ‘@fﬁ PEiRR 8PPE8Frand i s accel erated out the
pl asma arc spray gunAs tant bﬁaﬁb&é%fﬂa plasfa cumtepﬂwggﬁaatme ®hat he
present inventi Q t hat ctrical a cont ral ext end

bet ween the end” %rﬁ"ﬁ’@ telb 15835 ¢fie %tﬁ%ﬁepaﬁgﬁﬁl y"ri‘ff(?%‘?d"t &t

first circuBar l|anasel4227n wadse cnosken | phaki Ch'.as Benauseeirdll t hengioudingl of
the anode interingaf altcﬁlgd'aﬁgsbpngf 2 66 AAQSL" B M ”fﬁfji‘éﬁgéﬁ of

assenbly, an increase
life of three ti%Hss ﬁlsrsrfotlflﬁfm sfewt idme kRfodef 10ke c@htp@qiedn\?\#rimprwu

anodes. As an1exaAphes Of(13mR as%ﬁécl%%ggh gcgf; the thatoddcoap

the features of the present invention, an an was chosen t hat as an

overal | | ongi tucﬁq‘ﬁi"llqr’enb%?l WR8ng 13xinahesf (3mpk; | nchéBe(32RaFh Afe tomgt h
of the firsg inteiddle stwidivd 3Bedfiddiernogdesi Nter iiQichers (2bhmi)Cheghe

T R O o T M I SR e W SR
(20m); the | er@mmlof t hend othé ML emytat iof tszestb@aklﬂatwsorlsed:urwdnea51
Camy. mhe. “EPussa hafed  frimly £ S, Biiatd NResiss ohod
of the second i fraSter-comdtdadn irSemesudfaceglets of thHee sem:bnﬂiemmlgia'of
‘the 15 section 139 was 90 degrees. The included angle of the
frusto-conical inner surface 149 of the fourth interior
section 147 was 30 degrees. The included angle of the
frusto-conical inner surface 153 of the back interior
section 151 was 12 degrees. The diameter of the inner
20 surface 137 of the front interior section 135 was .31
inches (8mm). The diameter of the inner surface 145 of
the middle interior section 143 was .58 inches (15mm).
The end 150 of the tip 129 of the cathode assembly 130 was
located approximately .44 inches (l1imm) from the anode
¥ 25 third circular line 152. The . diameter of the cathode
assembly tip was approximately .31 inches (8mm).

The plasma arc spray gun 119 incorporating the fore-
going anode 127 was subjected to laboratory tests in which
various operating parameters were varied. A nominal

30 current of nine hundred amps at 35 volts was a;:)plied to the
plasma arc spray gun 119. = The primary gas was axgon
applied at 80 cubic feet per hour (25m°/hour). Eight
pounds per hour (3.6kg/hour) of coating powder was
entrained in the primary gas by means of a carrier gas
flowing at ten cubic feet per hour (3m°/hour) . Cooling
water was supplied at eight gallons per minute
(301/minute). The spray gun was. tested under -extreme




frusto-conical inner surface 149 of the fourth interior section 147 \)\/as'BO

degr ges. The included angle of the frusto-conical inner surface 153 of
t.he back interior section 151 was 12 degrees. The dianeter of the inner
‘surfal® 137 of the front interior section 135 was .31 inches (8mm). The-

di aneffer of the inner surface 145 of the nixhll e |nter|or section 143 was
.58 ifches (15mra The end £150 of the tip 129 of the cathode assenmbly 130
was | ocated app deny * fhatncisubjetted) fkontohetbeodbimitsd ofr citar

line 152. The c@ mt]_e_lt thenéa,te enbl PaNBSe @ gp#» 31
I nches (8nmm). Ip& l%fs arc sgrg’gly %%% llgﬁﬁrlelco?porat Pﬁgjxgﬁ %%Med
r

R2 <
goi ng anode 127 S\%‘é's G'EJ 8&1&@ ten M@WQ@M sL3t heuxsh ofrepesation.

oper ating par anﬂﬂmtsl\i&eéewayafaﬁ%upeﬂdwﬁbnﬁﬁeCéﬁé&ﬂé-u@‘terl*nﬁGhHBQEEdoE‘”ps
at 35 volts ghas gg o] the(g sma arc spray primary_gas
et

u
was argon appl | e ubf et L e P e PXREGEEY §g?Fer9ﬁ%uFP°desEl ghtIn
poungs per hou][ a@l@k%outheodep@@itimp@ﬂﬂwlmb ]ccajft taeneﬂrapearpoméﬁary_
gas by neans o caLr g QW_n cubi ¢ fee
(3nferr]/hour). Was 25 hf%h g% p\ﬁé'é:%ngtmp 3 wag 2 gPéﬁF 5%1?#0%"1'%%?& -

m nute (301/ m nQVEex. th¢h eppsaylgnlreff@:sclemsyerf wpgeoxénately SO percent

conditions t hatthagumseq;tﬁ:},_ per% 3?1-”]%%95%% &S r&f %f%ré%ﬁpsab%ééfé g

Nevert hel ess, t he anodée "12 Or i appr
120 hours &P op&Pserofimidar | fondifdionisy sUbenl Shet 6pray¥ &'plprmmaf:ed!yd40

hours of life ttlé@tedCO\hlhdePe pledMl% EB iRibAS ah.ripdﬁﬁlch 8%% %
erce

t he deposition eff|C|enc of the spraye er was as
That was a- subsPATEES ﬁcr@ﬁé’@ ovekd tH‘E‘J itlontéﬁfléﬁl‘é‘i’ﬁ%y Rgriormed

approxi nat el y 5@rpeecégt fblﬁ-ahpp&okxaaeab,yoﬁ_ pooohoafgsrra arc spray guns
operating under sim S%F 835(3?"%' ons. _\Wen t- %%Tgun nas flelllgl tested
under production conditi ﬁﬁ?c??ﬁ)’ér%{’?r?gl t EPREXGhusSiRg {21
constant, 15 th@adenodeapeekaepedopadper kyabde appudativd ahardr 0. horks.
material used in prior spray guns was not necessarily
sufficiently stable in operation to enable the prior spray
guns to perform satisfactorily.
To solve the problem associated with unstable centre
20 housings that plagued prior plasma arc spray guns, the
centre housing 121 of the plasma arc spray gun 119 is made
from a 30 percent glass fibre reinforced TORLON _(Trade
Mark) material marketed by Amoco Corporation. That
material is impervious to moisture, and it remains stable
25 under all operating conditions of the plasma arc spray gun,
thus contributing to the improved life and deposition
efficiency of the present invention. .
Further in accordance with the present invention,
greatly improved anode life and deposition efficiency are
30 obtained with subsonic plasma arc spray guns in which the
velocity of the plasma stream approaches supersonic
velocity.
Turning to F:Lgure 4, an assembly 154 consisting of a
cathode assembly 155 with a tip 157, injector ring 159,
35 and anode 161 is shown that form part of a high velocity
subsonic plasma arc spray gun. The remainder of the high
velocity subsonic spray gun, including housings and

lll
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The plasma arc spray gun 119 has a centre housing 121 frade of ‘an
exceptionally stable insulating material. The mater.ial used I n p?lor spray:’
gens was not necessarily sufficiently stable in oggratlén to enable the
pri or §pray guns t'o performsatisfactorily. - To sol ve the pr obl em
assocted wth unstabl e centre housings th?k pl-agued prior plasma arc °
spraygguns, the centre hqgustng 121 of the pllasma arc spray gun 119 is made
fromd 30 pefce“flﬁtﬂﬁésf ' brfsr%h@;fs%a%(iﬁ@?%&ﬁ&?e M Khe FRISPERive

mar ket ed by AnocQ %ﬁr atiagn I'S | mpervi ous to noisture,
and it remains st3HPe? r o4l | thpepdasmp cangi tSRFRY oUhel bY adegcxibed

spray gun, thus pnevimbsuy NGnt ddfurdBASH edithf Fafdraleposi tTha elkhedancy |

of the present i . Furt her in . accordance th t

i nvention, greatfy %ﬁ?%v‘éa”ano&éjﬁf:f:@raﬁ&n@er}éﬁ't|o f??‘&&%ngﬁapé the
obt ai ned wi th su%ssemblplmThaaeCres@s@qtgwélslorrgi/utudnhuamax\esl ohat \arf cohe
pl asma stream ap, h S s 'cv acl ty. Tur re 4, an
assenbly 154 cong%g?lfngﬁd Eggéa zé‘ hﬁyrﬁl%ge\ﬂrteﬁ%g@? %¥5f%%eﬁﬂeél€?or
ring 159, and an@@®eidl 3&2 shown that formpart of a high velocity subsonic

pl asma arc spray ‘gun. Tﬁé‘elhgﬁghEgér e AL90; XE! BF tohe SHE’éB”Rr%l%g&@l}

gun, |nclud|ng ousin
fittings, is suBYPSORIGISRY3Y @umathes usesr thpeasreablyrifthd sade Erom

pl asma ar ¢ Bpr aytigeinsgmed si%ﬁﬂ!el badser ﬂb%swmgﬁgegﬁggtgﬁnm o'z'ztahleFtwa!&k? 3.

The cat hode asserr‘%%5 %E rHector ri n% L 1 2 A c "

assenbly 154 hav P13 R ceatEsi RansaREs 18 kaPabke ®)- %‘35 élr afBT Bl at

are col | ectivel ygumple3ent effidyrd ef er enee duiRIG a]eféémbly 156hdnchadeat ad

cssenpl y 154 1 RRHRRd bl ool NuRat T 8 kPust RtaT ratRpafc BaLaeR ot

(Trade Mark) mat@ihblanste heheeocatkodeusobde#2126f offhehpl ssbaoalc phasmpagun

119 of Figus 3.aJbesgalhils 35%e8RL% 1824 ngyggﬁsi\/. The injector ring
159 may be generally similar to the injector ring 47’ of
the plasma arc spray gun 119, but the injector ring 159
has tangential inlet holes, not shown, rather than the
radial holes 55’ of the injector ring 47’.

20 The anode 161 of the assembly 154 of Figure 4 has an
external contour 168 that is generally similar to the
external contour of the anode 127 of. the plasma arc spray
gun 119 of Figure 3. The interior of the anode 161 is
fabricated with three sections along the longitudinal. axis

) 25 162: a front section 163, a middle section 165, and a
back section 167. The front interior section 163 has a

' cylindrical inner surface 169. There is a counter bore 170
in the anode downstream end 172. The middle interior
section 165 has a frusto-conical inner surface 171 with the

30 * apex thereof pointing toward the front interior section.

- The front interior section cylindrical surface 169
intersects the middle interior section frusto-conical
surface 171 along a first circular line 174. The back
interior.section 167 has a cylindrical inner surface 173.

35 The inner surface 173 of the back interior section
intersects the inner surface 171 of the middle interior

. section along a second circular line 176.
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t hreaded shank 166 that.screws into a cathode hol der 164 simlar to the
cat hode hol der 125 of the subsonic plasma arc spray gun 119 descrlbed
previously. The injector ring 159 may be generally.similar to the-inj ector
ring 47° of the plasma arc spray gun.119, but the injector ring 159 has
tangential inlet holes, not shown, ratherl?han the radial- holes 55 of
the injector ring 47". £ Afhe anode 161 of the assenbly 154 of Figure 4
has an external contdin tB& tdemistrmicgéner aof ytbenibigh tveloritekt spbgpnic

contour. of the iﬂaacggn t spr 15t3vaf 1Ehgthe 31 he
interior of the ano Q%DI % %rl c;ﬂgﬁ 4 tﬁ%hgwgecat | gns a gng onér
| ongi t udi nal axithe e2ongitndanadestion 16% Qf nFhe| &hxee; i P nté?\’al%r

back section 167sectiind r op43 | nt£4g or §e&t|9@716§raasa§, cgblnﬁkvscal | Ther
surface 169._ There is a,co nte bore 170 in.the anode gnstream eng 11-712'
The niddl e it erfFIEEd: ngth 4 PF uskEBecofFPRE | AREPTEAFf a8 TTI™ it h

the apex thereofezp@lu‘dim ttl@dvadfcshrtmﬁ: fYoyd 170,.eriis mtoicenn apProximanely

t t I f t
socti on f1ust oo chir e 48, Hepdrt BECE RS té’?e??%ﬁg%%%—“%ﬂﬂ EaELB1EE She
back interior sextumrenformls alang ither loagltndenaéuaXa%ewlZ?-S Theelppgth
surface 173 of t(?g m&kmi ({lfélgé Lsf&{lﬁns F rg CI e t%fo&rm%tggg,f 86€aAdl

of the mddle intéerior section a secon i ne
17 | @ he £®nBereent oﬂfof:hehéohaghaneﬂeclﬁygﬁ}bsoﬁpé Bh&s P’«ﬁngbha9fgun

of Figure 4, thecpel Bhike deRqihs 1%'70&% t@@:w@éwl b groplnaed sy 15@ ahdt be
t hree anode interior sections 163, ' ar.e \.@& f ol | ﬁwsf .
The | ongi t udi nal PEEFGRER of Ehe FeeRd 4’?94? Jcﬂn%l'el?:t i R IBed

counter bore 170ghé Sfhed e oy 0 duFFarley 132 aadbésw@em&pﬁmm‘lmwoﬁsl
The Tength of i nEnf HISEERET un THESSLETEEARRER hBR BRI AT 3T Beqeioh
percent of 1%e toyhindnbdell sugfice armh tie benggdnof.5 and 3 times larger
than the diameter of the front interior section surface
169. The tip 157 of the cathode assembly 155 has a
cylindrical surface 189 that is between about 35 percent
and 45 percent greater in diameter than the inner diameter

20 of the anode front interior section 163.
The tip end 179 is located within the middle interior
section 165 of the anode 161. Specifically, a location for
the tip end at a point that is between approximately 65
percent and 75 percent of the distance from the second
25 circular line 176 to the first circular line 174 works very

4 well.

An example of an anode 161 that gives very
satisfactory results is as follows. The anode has an
overall length along the longitudinal axis 162 of 2.06
30 inches (52mm), excluding the counter bore 170. The front
interior section 163 has a longitudinal length, excluding
the counter bore 170, of approximately .83 inches (21imm)
and an inner diameter of .31 inches (8mm). The included
angle of the frusto-conical surface 171 of the middle
35 interior section 165 is 30 degrees, and the longitudinal
length of the middle section is .70 inches (18mm). The
back section 167 has an'inner diameter of .68 inches (18mm)

.m‘nﬂ 2 N
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t he back sectlon 167 i s between approxi mately 20 and 30. percent of the
total -anode | ength. An included angle for the frusto-conical surface 171 is"
bet ween approxi mately 25 and 35 degrees. The dianmeter of the back interior

' SECtI’b cylindrical surface 173 is between 1.5 and 3 tinmes larger than the
di anetter of the front interior section surfgge 169.  The fip 157 of the

cat hode assenbly 155 has a.tyllndrlcal surface 189 that is between about 35

pergen]g and 45 mﬂcentlcﬂfgeﬁxﬁn&ﬂ dléﬁ’gi:tl—ﬁroﬂ hayy tlgﬁﬂéglemdﬁranet mheofeﬁtdwe
anode front int n end 17 ated wthi
the niddle inte |(?r geﬁ\ 10633 qfhéhgnﬁéeh%@? a%‘fb%‘@?h’c%? gquifct;ﬁ on
for the tip end .a8 dnphbmt(unamnlirbﬁiw@encaﬁbﬁbarnhiméyrEB percent and 75
percent of the distance t he second circulae line 176t R i_r st
circular line 174 works %%f@ﬂer griance gﬂeegg ?5m% c%nggngdé %gkatﬁﬁp

gi ves very $ati sitr@yogynresthtshe high ire[LbcﬁVey suﬂ'émm@asema&}(ahsb.ve:rlm I

ength al ong 1t hels %ﬁgy]{ 446"21 oY | 91 i & 5€rOn] NP Sricpd B 120 padis CLU B, e

counter bore 17 ont erior sec Kely ength,
excl udi ng .t he cédd éﬁnJS&t@Ilmngoﬂ-SépGpoXIMaaepée éBonﬁcm%el(lﬂﬁ’nﬁe%Ferhn

i nner di aneter afe3.31 pdEhenatd oZQe | REleUdRA rRREE oFf tihze anode back
frust o-coni cal surface 171 of t e interior sectiop 165 is

degrees, and thé‘qtc?r’Fg}Ptrucﬁer%qurb@%n@Fltcﬁé ghragreestés | bH FRe sﬁi“e’r firRss
(18mm). The badls sehéi oindér hHmamtdrnersdigaetne ofnfektdichesnglarsy.

157761 {he. oot haGTRaEISRY 1 S5 I 6Bopetesn The feBet SHArFom thand
circular line l7Gjector Toifigr bner ttidhaacedé heapkr fiatewhos (n‘ec&:.phasmatarc
o wthin a SradetaiRar phlor BIgN eIy st e Hl3stl BEE R,
t he anode front duitserhas dessn oeli®3nat&dr t hin plsﬂdp@s.@n. t kbedicatdiade of
the anode Rack ijdiniflly SESd | 08 GYhLPILLEALd SWIERCE d¥Pedm fdka S SULE
The cathode assembly includes a fitting section 180 with a
cylindrical surface 181 ‘that is somewhat smaller in
diameter than the inner diameter 175 of the injector ring
159. Downstream, that is, to the right with respect to
20 Figure 4, of the cylindrical surface 181 of the cathode
assembly fitting section 180 are a series of flats 185 that
are used to screw the cathode assembly into the cathode
holder 164. Downstream of the fitting section flats 185 is
a frusto-conical surface 187. |
) 25 The tip '157 of the cathode assembly ;55 has a
cylindrical surface 189. Downstream of the cylindrical
surface 189 of the tip 157 is a frusto-conical surface 191.
The apex end of the frusto-conical surface 191 blends into
the spherical end 179 of the tip 157. Optimum performance
30 of the assembly 154 is achieved by manufacturing the
frusto-conical surface 187 of the assembly fitting section
180 to intersect the tip cylindrical surface 189. That is,
the fitting section frusto-conical surface 187 and the tip
cylindrical surface 189 intersect along a circular line
35 193. 1In that way, there are no steps or other abrupt
o - changes in cross section between the fitting section
cylindrical surface 181 and the tip end 179.
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as the inner dianmeter 175 of theinjector ring 159. Consequently, the step
between the inner dianeters of the injector ring and the anode back
interior section that characterizes prior, high veI ocity subsonic plasma arc
Spray- guns has been eli m nat ed. In. add| tT off- the cathode assenbly. 155
is manufactured with a streanlined contour.i§he cathode assenbly includes a
fitting section 180 with & #ylindrical surface 181.that is sonewhat snaller
in dianeter than the Ilhnetbpeiraa:rm:rer bﬁmfryt hgaknj st wmma@cbﬂQ to ‘the

Downstream thatzgs t Figure 4

cylindrical surfacee%gyoﬁt he c?a'llg\nﬁoé gég‘ﬁﬁflﬁlﬂ‘t%‘?ﬁggsec Jon ?@B ar
series of flats -618% tHhieGhar usdagt L%r ew The @timaky agsentfiowst dnt he
cat hode hol der 1@ént£bmr@améﬁréal&? efo'rﬁ-fe%ggh?sﬁﬁh%é' ; 4.%§55R{§)c§ 128

frusto-coni G urface 1 . The ti e cat hode asse
has a cylin |ca SEYPeRd e_ngmer %M%F?Ea&ﬂ%foﬁc ﬁ@%%]?ﬂ?‘?%élmﬁjﬁpécéhsw

of the tip 157 |suaefrststﬂkdé)m89.abf5tﬁé aGia: thidlly sEI&QIaﬁera@r& ehet asthode
frusto-conical s the tip

é 93_ Elend into,the spheric
157. Opti num perT or man%}é Pothe LR eRBLPATY, 938 E?I‘P"e’rfé{?%y %ﬁﬂrf’&cﬁﬁ i ﬂg
t he frusto-coni cebreexfcosr 18k cﬁﬁttﬁlﬁgaséeﬁbbu fridtorarieiadlogut8aceo1s7

intersect the tip,gy, ace t_is,.th fittin sect
frusto-coni cal sur?a%%@g@%%‘glﬁiﬁ%ﬁ% Fuﬁ 8§F| Igsl %Ié‘? %ﬁ 6801%5 nfléf't%s?
along a cirkUl arlfinefiole tim ¥Fmt way, there are no steps or other
abrupt changes in cross section between the fitting section cylindri caI

surface 181 and the tip end 179.
In operation, primaryAyal q%tnmarloayceusmmamechmmap glie anqdeudgh Lt h@d

tangenti al hol ess:h@onpfl@mofl fhd h:?atHdHéa%.ts% n!b'1?91359 S eyi%le&n?fycﬁés
flows in a controll ed dor\{g eam vortex th he annulpa space

bet ween t he i nne?* Qi Hflet FOToFhenelp n?fé%t FPnEhﬁrﬁi‘-qsﬁecéﬁFBfLa%Hﬁ%e
181 of the ¥5ttihpssdetitive 1800dk tlhﬁ:éiﬂtdl@de AL Moy ehdSactidhe dF | BR&Y

gas conti nues tapL| QU5 O LRKnQYET oh"G: Lh' AL GSh-20 LEHRLgaeniSa!

of the anode interior sections 163, 165, and 167 causes the

point of attachment of the arc from the anode circular line

174 to travel continuously around that line. As a result,

20 molecular erosion of the anode is distributed evenly around

the line 174. The constantly changing point of emission

for the arc results in a much slower wear rate for the

anode 161 than for prior anodes. As the primary gas flows

past the electrical arc, it is heated into a plasma

) 25 stream. Coating powder fed through holes 197 in the anode
161 is entrained in the plasma stream.

The structural features of the cathode assembly 155
and the anode 161 combine to provide a high velocity
subsonic plasma arc spray gun having an increased

30 deposition efficiency and a longer anode service life than
prior plasma arc spray guns of equivalent velocities. 1In
addition, the improved gas dynamics that result from the
streamlined configuration of the cathode assembly 155
increases the cooling of the tip 157. Consequently, an

35 - added benefit of the assembly 154 is increased life for the
tip. Thus, the structural features as described combine
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and the_cyl indrical surface 189 and frusto-conical surface 191 of the tiop

157.- An electrical~arc is created between the anode 161 and the tip
157 of the cat hode assenbl y 155. Specifically, the arc extends, f,,romtb,_e_ tip
end 179 to the first circular |ine 174 in the anode interior. = The vortex

action of the primary gas in connection Wltg the optim zed conflguratlon of
the anode interior sectiomsf£163, 165, and 1 9 causes the point of :

attachnment of theo aproﬂ.dm thLQHOdSIS&:iG%"' 's‘ﬁbéée)igf??igislgat%ﬁa g%Plt-”%)é gua ode
u Sl

continuously ar oy é]aéu As]ra resul

is distributed even y a7 SRR %méw@a%%ﬁmss ‘changi ng poi nt of

em ssion for the arc N@sd¢®<mg agPdhugeoner maasgeamt;f qrggt he dé?d@téél '
than for prior aggges € as fla ctrical arc

it is heated into a pjf?;l'sbgrra&'gsltsr'tg%érﬁ%(%a% eﬁ‘é’(‘f"ttﬁ’r gt ﬁoﬂb‘Fegl‘E“?al n
the anode 161 | s2¥At FRFA¥XAIHN. t hThel asaemlslyeam; is geflbeallyusimibdr to -

oL er ol (1 £8¢ nesredtn N eSO AR D BNNE i PO U8 bQsBEOMLSC 2

high velocity SUbléc(P')m C, asrra arc ncre
deposi tion ef fi cF¥NE§ hﬁﬁdcﬁnﬂ%ﬂ@mn a‘nbde Eegwr%e*ll i f 3nt hasupatbve ptestrear c

spray guns of echbwsd et t t | qRr y
that result fromthe glrseigﬂ%f ﬂcg(s)trﬁé %S?%tq‘:eoﬁ%oi&hﬁg3c§tehg§§d%g§%mn%| %P{?S

i ncreases the co®Thg %‘fnt%e"{ L gure 2 E&snyegdeiit]r, thanaggemalpek@?it of

the assenblyo 154 |s | Thos eassdmbly €169r 1hBBudLs- ahhysjelROrSingt Wodl 2
features as descg 20

provide a high ve oC] ﬂf‘flr%%%s%q}l‘?dﬁ ASse™hly 20tay ghf ARBvARGAe LR antT%‘FI y
i ncreased per f orimtreior of Nohel an&degzala Eagurae fromn Seadion 20EO%dd a

Spray gun. The Z%‘i“ S fotn o Fuf) $Rah RRreks R SRt Sah 1 4R S &
the plasma arc uhha‘é d@sdwel‘batn approximately 35 percent and 4S5
1s percent of the total anode longitudinal length, excluding

the counter-bore 207. An anode middle interior section 209

is between approximately 20 and 30 percent of the total

longitudinal length of the anode. A back section 211 has

a longitudinal length having between approximately 30 and

20 40 percent of the total anode length. The front interior

section 205 and the back interior section 211 have

respective cylindrical inner surfaces 213 and 215. .The

middle interior section 209 has a frusto-conical inner

surface 217. The included angle of the inner surface 217

25 is between approximately 35 and 45 degrees. The front

section inner surface 213 and the middle section inner

surface 217 inte_rsect in a first circular line 219. The

middle intexior section inner surface and the back interior

section inner surface intersect in a second circular line
30 220. The diameter of the back interior séction inner
surface is between approximately 1.5 and three times larger
than the diameter of the front interior section inner
surface. The diameter of the inner surface 215 of the
anode back interior section 211 is the same as the inner

35 diameter 202 of the injector ring 200.
The cathode assembly 201 has a fitting section 204
with a frusto-conical surface 221 between some flats 223
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above in connection with Figure-4. An insulative centre housing simlar to
the centre housing 3 of the plasma arc spray gun 1 of Figure 2 is used wi.th
the ‘assenbly 199; The assenbly 199 includes an injector ring 200, a
streani i ned cat hode assenbly 201,- and an anode 203. The interior of the
anode 203 has a front 'section 205 and a coggter-bore 207. The front

I nterior section 203 has &afl ength that is t ween approxi mately 35 percent

and 45 percent ghdt gt %ﬂtﬁg@dseéewiﬂ $ERE! arifioshy . eXCAUGy1dndiecal

count er-bore 207. An anod Interior section 209_is between
approxi mat el y 28YERAC802R8 pEnA §#Ptﬁé7tsﬁéﬁnﬁ§n§FpﬁdFﬁ&IﬁryﬁﬁpthplFﬁé

anode. A back Sgﬁi'f@cﬂe 2331handa drdhided Nded el hahede naidal eeeection
approxi mat el y 32 g ig perc nt of ;the total anode |ength._.The front,
interior sectio g € Bééktﬂﬁt8?70Fe§@&FP5ﬁ32}T RaFFustSseanical
cyIindricalSinnsurﬁatéaQes %ﬁaéaukéﬂﬁﬁedTﬁh@1ddke i Imhey itip sexdli AR12Q% has
a frusto-conical _inper surface 217. Th | uded angl e.of .the iLpner r.f ace
217 is between gBS?ﬁ??nﬁFer%% §ﬁ834§%dé§§§§§9 ap?%8XFW8ﬁFE¥e§ Sﬁd'%ﬁer
surface 213 andpéeheentddbfe et i D@ngﬂﬂ@d:.mxlfahst&h&ei nfeomecthe nﬁchnldst
circular line 219... Iﬂ&r”lf’:?éezéd“e“ ?‘?&EEO&LQQE ¢SP4 8CH £nd fﬂéefg%k

interior section | nNer 2 iy a second crrcular 1i
The di anet er of cYhéngairal munfiagre QéSthasuapnnaxumatedaethg %ﬁmqwﬂyameter

approxi mteby lag ahd hege E&éreiPh%Egeéuztf‘fébt?i3d'@me% ofndde ferom

i nterior section inner surface e di aneter the i nner_ surface 215 of
t he anode back FREBFLBF Sectilon 205. s The fim @¥limeri¢ilker SHFEAEEerR 2902

of the injectorextagdsdOdnto cheTQSo&@trﬁm@l@Sﬁﬁiéﬂﬂbﬁ%dﬁsma Zoigt.t i ng
Ziction 204 with a fégsto CO, asuréacesgg bet n iggelflatz%éagﬁﬁ
and the fitting SBCEFYWP ? eRACooas r Jlini of a
tip 227 extendsTheomandde f 203t oh&aenizcal os-ufém;e Wtigwnd prekcluadsng ntdiet he
frusto contsal SorRiet Bogeafar s Mo ARE Liden oo Tadry for £he
front interior section 205 of .83 inches (21mm), a length
for the centre interior section 209 of .52 inches (13mm),
and a length for the back interior section 211 of .71
inches (18mm). The included angle for the frusto-conical
20 surface 211 is 40 degrees. The inner diameter of the front
section inner surface 213 is .31 inches (8mm), and the
inner diameter of the back section. inner surface 215 is
.69 inches (18mm). The distance of the end 231 of the tip
_ 227 of the cathode assembly 201 from the circular line 219
) 25 is .05 inches (imm). o
A plasma arc spray gun with the foregoing assembly 199
was operated at 35 volts and 900 amps. ‘A primary gas of
argon was applied at 80 cubic feet per hour (25n3/hour).
Eight pounds (3.6kg/hour) per hour of coating powder was
30 entrained in a carrier gas, which was supplied at 10 cubic’
feet per hour (3&F/hour). The cooling water flow was eight
gallons per minute (301/minute). The anode 203 exhibited
over three times the service life of prior anodes in high
velocity subsonic plasma arc spray guns. In addition, the
35 service life of the cathode assembly 201 increased and the
deposition efficiency was at least 15 percentage points
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| ocated at a di stance of between approxi mately 85 and 95 per¢ent of. the
| ongi tudi nal distance fromthe second circular line 220 to the first
circular line 219. The tip cylindrical surface 225 has. approxi mately the

same ter as that of the inner surface 213 of the anode front interior’
secti 05. The tip cylindrical surface2Z®25 extends into the anode
-m ddl nterior section 2% An exanpl e of a successful assenbly 199
is asjibl | ows. WAghezncweip2@@dhasitn prioal highnyelocitye)ssihatiniy t$pray
count bore 20§ungf_ 2.06 inches (52m), ‘a length for the front interior
secti 205 of 83 inches (21mm), a length for the centre interior section
209 off .52 inches (13AmSummadya |@reyt heswlts henBaekviantagesr ofecsubsonria of
| ghes (18W@las?ﬁaeai_rac§gt~;9§9 E&g%]ec%z?rné“h%é MdskOrGoD, Cabasusiace Bld is
er~of the front_ sectiqgn inner surface 213 is

40 defy ees. The,innir-diane )
.31 iches P8nm)-PSUAABLIVReCRARER Brusingr off thee IASMAsAXG PTHN U PF ace
215 i & .69 inchehe( egdentlhendést 888 € ppboviidRse skt abill ity tbe the ZZVa&hat he
cat hode assenbl -t201 fromthe i rcul ar "l,ine 219.js, .05 inghe (% .

pl asma arc spr aé At $he Q)r SF&ERY 128G TR W s g&@j:at RFLrakke
volts and 900 ampsulA pomear frgasmakiaggehewafisapaties e¢ntbe cuimsifgedt per
hour (25nferr] Lh i ounds - kglhoyr) ry h oat | wder
was entrained i A gliciz%{rer Fggngagce%%ﬁﬁ&gs%ﬁﬁgﬁ'35’%5’: ﬁ%{%u{){’l‘%.f e}_e?g%gf{\d
hour (3m /R8ur) aleke beolrenpgmitsad f thatwasnei addigiainone pehenisuperior
(301/mi nute) . The 2a0fen2dS XNl phled;qugiaLivee Lifbset oseidce |i{fe Of
prior anodes in~high vePQC|ty subsoni C asnma arc spray guns. |ITh addition,
the service |if&OBStrHetéangodd %@mé 208 cacheds afsamPlhargepushtasn

efficjency was ab | 88ghi DcRRELENIRGR IR Neheir service lives and the
22 hi gher corrpglr?ed w th priagr high velocity subsonic scgéay Juns. .ln
summary, the reSEPPSILAANBEEAFABRSY 0PESERSORPRL PRI SPRWEEE %%m%r%n‘gzlrcl&n

now be noreasful pribgablaefla d#e spray guns. The increase in performance
occurs in subsonic and supersonic plasma arc spray guns
hav'ing both relatively low and relatively high subsonic
velocities. '
Thus, it is .apparent that there has been provided,
20 in accordance with the invention, a plasma arc spray gun
that fully satisfies the aims and advantages set forth
above.

This Sheet Has Been

IR



“insulative centre housing of the plasma arc spray gun of the present
invention provides stability to the plasma stream under all operating -
cendi ti ons. That. desirable result comes from nmaki.ng the |nsuIaI|ve cent
hou3|§g of a fibre reinforced TORLON (Trade Mark) material. It will also 52

recogni sed that in addition to the superiorggerfornance of the
I nsul ative centre housi g the constructions of the anode and cat hode
assenbly are such as to S|gn|ficantly &nprave khegir service I|ves and the

deposition effigienc e coat @ corrpar ed wit rior plasma arc
spray guns. Theq'l ncr)eAagelbluﬁ‘ e?’fl‘a “&e cfvrﬁ}'r Pégﬁﬂﬂ LEP TR c
“plasma arc spr awugudélﬁhchgpbming al atibughy ém&@nmrﬂﬁ Hawiekyfhogh and
subsoni ¢ vel ocCi tje: IS apparent that _there has_bee

provi ded, in accor anenSgirt hgt‘hee’fﬁfeirﬁq ot 5 35 %s i ar ¢n§6Féﬁrgun 1 at2
fully satisPies tq@@l&%nédda&dsam’agesheeaném tintahnicer being fabricated

23 th £ A t
subsoni c pl asnaw;rc s§?2§ (g%]é-) iég)%gn%l”fh w&#f%uﬂ dnoé&z'%}b%‘lﬂa’v ng
front and back aé‘lﬁid?acéfnseé%tl@ﬂﬁor(lséhrfabe frant KhBEh@lﬂd middfle a(143)

| ongi t udi nal aX|$1t(eQ-brtgg [ A Pr g;,r& Ly fr
(135), second (1l i céﬁgi l']g%"ﬁird[ 11%4 a%r g Eggg%%l%]hs %S

3
the front (135) ét‘r‘FZf%eédl é3(71433? nt eﬂfr}dorth%@ﬁ%?@ H&@Pr}ng r EQweteh | (At

cylindricall0i nnandsuidaades (3353.L7) 14fericind éé&f&f@ndhéxlﬁ@ rée&&ééﬂlva
(147), and back,. Q_g l)So ri,or hayving, respective
frusto-conical inner Fé(?g‘ g ﬁgg#ac%s (37 ubtt3} - anode (127)

according to cl &-m 1A thbudam anode (D27fractotrdingi o skxim an (dReiins a
the total article leggeniront PRE-3be Retalely B¥GcHadE Tl kel
| ongi t udi nal | eAGRELSf Afebrssmenppppxoxinately perpencenndadd &rmuenﬁ
the total asticlg k®RILBLal article length;
the second interior section (139) has a longitudinal
length of between approximately 5 percent and 10 percent of
the total article length;
the middle interior section (143) has a longitudinal
20 length of between approximately 35 percent and 45 percent
of the total article length;
the fourth interior section (147) has a longitudinal
length of between approximately 5 percent and 10 percent of
the total article length; and
25 the back interior section (151) has a longitudinal
length of between approximately 25 percent and 35 percent
of the total article length. .

3. A tubular anode (127) according to cIaimr I or 2,
wherein: _ o

30 the frusto conical inner surface (153) of the art:.cle

fourth interior section (147) has» : fided angle

that is between approximately twor andith es

35 . than the first included anglejx.
the frusto-conical inner

second interior section (I;isﬁ'-

* c L | s *




the mddle interior section (143) has a |longitudinal |ength of between
approxi mately 35 percent and 45 percent of the total article length;

the fourth interior section (147) has a longitudinal |ength of between
‘approximately 5 percent and 10 percent of the total article length; and
~the back interior section (151) has a |onggjudinal |ength of between .
approxi mately 25 percent fapd 35 percent of the total article length. 3. A

tubul ar anode dHeA7)ig@cbecgbad 1‘ag ifatedy Zwolhgidi four timéselarger
frusto-coni cal .i,nner .surface %{ he article back interior section
(151) has a fi rteh iU R&F luded @ngl&-yst 0- coni cal inner surface

(149) of the ar4icl enf aubdldmt ahode S€ei7dn §dddrdims acecoryd bificl thed -

angle that is hetween approximately two and three times |arger than the
first included "é‘n%‘fee;‘réﬁac*alms‘t t’(g'}/efrrqfé}'o coni cal inner surface (141) of
the articl & second itheriartietei ohasl3@n hasverall r dléngtiydedlonrgl ethe

24 that is beti’%‘itﬂﬂﬁ ' y &nﬁ ur }_IH%ﬁrda%reg. -3 hed thensgcond
i ncluded angle. 4.7 A txﬁ%julng%&gan%?({jée% ( 2&? ayc%or I ng ?{) any of the
precedi ng clai nES2Wkerein: = the article has an overall length along the

- longi tudinal axis thegeofaafi ARPT BHIML eyt 2+968ri N6EEE16H2NM35) hast he
article front interjor secii on (135) has a | ongitudinal |l en%t

appr oxi mat el y . ¥AngirediRal 1hergth of anproxinatgly -dde dRED isgt(gh“m"
section (d®9) has ghéongiiwdidakekbonat hiffeBpPE O¥ediichy (139) ndlaes a
ong) t udi nal | | AT BIOERB! oSeRERRIGE SEPTEHRA s inohed Rama); o o
fourth interior secthenaxtlitle hdddael obgténibnalsdatmignh ¢143pphas natel y
18 inches (Smﬁiongituéygalaiéﬂgct!:r? oPaanprchn:{n%{éé)fy SPFUIhes Y3bkm) PaS 2
' the article fourth interior section (147) has a
1s longitudinal length of approximately .18 inches (Smm);
the article back interior section (151) has a
longitudinal length of approximately .56 inches (14mm);
the frusto-conical i.nner surface {(141) of the second
interior section (139) has an included angle of .
20 approximately 90 degrees;
the frusto-con_ical inner surface (149) of the fourth
interior section (142) has an included angle of
approximately 30 degrees; and
the frusto-conical inner surface ({153) of the back
25 interior section (151) has an included angle of
approximately 12 degrees. :
5. A tubular anode (127) according to any of the
preceding claims, wherein the inner diameter of the middle
interior section (143) is between approximately 1.5 and 2.5
30 times larger than the inner diameter of the first interior
section (135).
6. A tubular anode (157) for a high velocity subsonic
plasma arc spray gun, the tubular anode (157) having an
exterior surface, an interior, and a longitudinal axis, the
35 interior being fabricated with front (163), -middle (165),
and back (167) interior sections, the front (163) and back
(167) interior sections having respective cylindrical inner

AW
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| ongi tudinal |ength of approximately .56 inches (14mm; - the
frusto-conical inner surface (141) of the second interior section (139)

has an included angle of approximtely 90 degrees; . .6 e
‘frus@®coni cal inner surface (149) of the fourth interior section =~ (1
has" "included angle of approximatel ypg30 degrees; and t he

frus coni cal inner surféage (153) of the back I nterior section (151)
has #n includagfaved 41601 apPy p&mt@{y nﬂﬁdi%grmearisr'sé\ctimu(mm

anod& (127) cardi ng he precedi.n alns, wherein the

i nner; dlaneterehﬁ qﬁﬂ%§°|ﬁ¥BFF8} BEFoﬁuffﬂg? g+ggtmeen
apFrOX|nateI¥ I75(iddt&hﬁhanﬂamoﬂarge540hancbhdlngn90 dlﬁ:@%@r Thenimnflrst
interior section ano g

subsoni ¢ plasma arc spr a‘s:on" lrkjtﬁg‘llt%rou?ea? nodéii“l aa%av n% gntgg‘%tﬁe/ar# or
surface, ar$ intlarngnh Qﬁubexﬂe@mgﬁp@dpmaMaaﬁﬂy 3shpernent | and bed ngercent

fabricated withyérngp ) 1. éﬂ%ﬂﬁ*e (165), and back (167) interior
sections, the front 163 an (167) interior sections havin
respective cylindri e migedle section {165) has a longitudinal lgggtgd?ﬁaces

(169, 173), andhddiedd dgbﬁréiai:ﬁéwi st it deHib) adi@via 09 pertenst @ orheal
I nner surface (17 A tubul ar” anode (154) according to claim®6,.

wher ei n: trﬁp?qinﬂeQQﬁ4N|%W55e0t|on (163) has a longitudinal |ength of
bet ween appy oxi mat el phe3S NAficAM BAEKIS IPRIGERIr Ofselchéohot dL6tpnghas a

20 percent and HOPGATEIRA bLefge R OF e e ROPLRa Rac Ty EF peFRERE 4R, © ¥
i nterior sectiof0 (dérgerntasof dhngiduali iandtdngt h of between approxi mately
rcchraing toncl §F no B byt Mt a4 8] Pectaing U BIREDER of LEY)
| engt h of whereln
1s the anode has a total longitudinal length of
approximately 2.06 inches (52mm);
the anode front interior section (163) has a
longitudinal length of approximately .83 inches (21mm) ;
. the anode middle interior section (165) has a
20 longitudinal length of approximately .52 inches (13mm);
the anode back interior section (167) has a
" longitudinal length of approximately .71 inches (18mm); and
the frusto-conical inner surface (171) of the anode
wmiddle interior section (165) has an included angle of
25 approximately 40 degrees.
9. A tubular anode (154) according to any one of claims
6 to 8, wherein the inner surface (173} of the anode back
interior section (167) has a diameter that is between
approximately 1.5 and three times larger than the diameter
30 of the inner surface (169) of the anode front interior
section (163). _
10. A tubular anode (154) according to any one of claims
6 to 9, wherein:
the inner surface (169) of the anode front interior
35 section (163) intersects the inner surface (171) of the
anode middle interior section (165) at a first circular
line (174); '
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approximately 2.06 inches (52m); ~~the anode front interior section
(163).'has a longitudinal |ength of approxinmately .83 .inches (21mm);

tHe anode nmiddle interior section (165) has a longitudinal length of . .
approxi mately .52 inches (13m); . the anode back interior section (167)
has a |ongitudinal length of approximtely ,41 inches (18mm); and .the
frusto-conical inner surffok (171) of the anode nmiddle interior section

(165) has an incl udedeROGi ¥ AR | M3 o0 cdR0LABRe Riddfe! iAo
~anode (154) according to,any one of clains 6 to 8, erein the_inner
surface (173) -ofssfcl"l"eg%oélésgbc&nm?é??w shet iionerionripge d1dBandlerthdat

i's between appr canadé dackl intardobhé&er {dAEE d BT G0 a tddbridie] gealet er i i
t he inner surfac?z‘_gé)GQ)- of the anode front i1nterior section (163). 10. A
t ubul ar anode (1 at P ing to any one of clains 6 to 9, wherein:

the inner surface (16%he cénd hef atdeduhode iadisembly sépt (DAS] 168)located

I ntersects the i 17 of the_anode . mddle interior section
(165) at a fi rst%%?%%ﬁaﬁné&% %4?fzrce_nt 08d% " percent L8 ERE E8Ad % 26
the inner surfackrem7ahe ofecdred arionm lerddlime ngs)otos ebei aArét66ircular
intersects the ijneL nge (173) of the anode back interior section (167)
In a second circular |ne.tl76).; and, the end of the cathode assenbly
tip (195) is |ockted At Righ oxieknalty 8Subscrdit $34sSB8 parcensPeAY t tgun

di stance fram t heodgeeDehgi recular line (176) to the first circular line _
(174); 11. A high velocity subsonic plasma arc spray gun conpri sing: a
t ubul ar anode (127, 15%) t&éb‘é?ai AGoC8 athR Hfli4e %‘F‘é‘é@gﬁ% €P aPRY, OT the
cat hode hol der (d2&Yedivg nelaim®dNgi tudinal axis (162, 9') co-axial with the

anode | ongi tudi nal aXéscg%g%aegﬂglder (125) having a iongitudinal axis
(162, 9') co-axial with the anode longitudinal axis (162,
15 9'); | _
a cathode assembly (130) including a fitting section
(25’) and a tip (129), the tip'(129) having an end located
within the anode middle interior section (165, 143), the
tip (129) cooperating with the anode back interior section.
20 (151,167) to form a first annular space;
an injector ring (47’) interposed between the cathode
holder (125) and the back end (133) of the anode (127,
154), the injector ring (47’) having an inner diameter that
cooperates with the cathode assembly (125) fitting section
25 to form a second annular space (53’) coaxial with the first
annular space;
housing means (3’, 121, 7’) for retaining the anode
(127, 154), cathode holder (125), and injector means as an
assembly; : |
30 first passage means (136, 55’) for supplying the
primary gas through the housing means (7‘) and through to
the injector ring (47’) to the second annular space (53‘)
for flowing therethrough to the first annular space and to
the anode front interior section (135, 163);
35 -first fitting means for supplying electrical power to
the anode (127, 154) and the cathode assembly (125) to
create an arc therebetween: in the anode interior to heat
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a cathode assenbly (130) including a fitting section (25') and a tip (129),
the tjrp (129) having -an end |located within the anode mniddle interior:
section (165, 143), the tip (129) cooperating with. the anode back |nter|or
section (151,167) to forma first annular space; -~ an injector ring
(47') interposed between the cathode holdg (125) and the back end (133)
of ‘the anode (127, 154), £Me injector ring (47') having an inner di anet er
that cooper at esthé g @tam@qoaiﬁgﬂbﬁm(el%%)od@ thtBgisecihed a lalsaam a
second annul ar sgace (53') coaxial wth the first annul ar space;

housi ng means (3*T€3B41, 7') for retaining the anode (127, 154), cathode

hol der (125), and i ngectnd gmmgea&eaﬁsa%em:m for stppiyingssagauirmns

(136, 55') for . i hg t.he prijnar, s thr he, housij .).. and
through to the ?ﬁ‘?@%%o?gr?theg%) 88283}5 ﬁﬁ?a?oétg%@@ 17flor

f1 owi ng t he¥ et hentighinedt e fhe gﬂaaamwbalreamaandaadceberweecami’cm:éhyomut
interior sectio 1 6 f t fitting means for supplying-

el ectrical pome?h%o§§%%éagéﬁerfaﬁ7 &%§4) and the cat hode assenbly (125) to
create an arc there@@@%@@g|meaﬁﬁeémnd§upnhﬂﬂmw coohbrg fluid "to

27 the.primar chéﬁo&éo%ﬂﬁe% qﬁ@) é”EPﬁ Or1d4) 0 Zhd RSB i nRAMs
second passage neans é ) supp yirng a coatlng powder to the anode
interior whereat3f hel@dat 7hy-powder is entr treamand -

accelerateﬂothereby—eu%—%he—anode_Lﬂterlor lsﬂwa}hggghmjimgpans for
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