CO- SPRAY ABRASIVE COATI NG 2139114 The "pr esent
i nvention concerns a met hod ut|||2|ng a plasma spray gun for depositing an
abrasiveig coating on a substrate. 5 The invention al so concerns

t he coat d\a§\|cles obtai ned in carrying out that process. The con '
ver e devé\apé CO-SRBA BEVEeC field for the app|icationﬁ[f)§9114 ¢
abrasive coatings to @ﬂétﬁrégehbaianHHEBEYcoHEErHQVS me@ﬁsaaeehieebhblay

to conponents 10_and structures in other industries_as wel ég
materials are uBtdsPA ?HeagaguPufBFn@eBﬁﬁFﬁéngnaﬁspraﬁévﬁnﬁﬁiF SB? PGe
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the two surfaces is soO ve sur ace to C cut
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di aneter .air sedhsthbt t ipsustryhebudt bavel wdéerarpppicabdddtyi th aomponents
abrasi ve q”ib't&n&“%ﬂrh@%&rggrhHgoEBEQr15&EHE§hQQSanin§ater rel ative

grow h than the circunscribing stator, the rotor blades cut 25 cleanly into
the opposing shroud. BR&E theesmateripls- agg predaini fPRuARS tREpdne engine
cl earance is estahhssbgdtatimbarpoabtae&veaquam&t&ebotoebﬁarQEOﬁwo '
Subsequent excupgs| (o] r [ r S Lye
prior art nethoggbggingnup g??ng g%%agggengggbﬁggag E@brugﬁRﬁg EBheatys

di scussed 30 |nT!3esaVPasiénf:eNe§ dssgzzczcbvetoleeﬁréyrepcel aénFPPFéét" hetwesn

for brét'nglérttﬁbe%wwlEhrEQEEBCHQSsbﬂgﬁtwbbahaﬁgihbx thaNdp#as€9e08irkace
Stal ker et al entitled "

abrasi ve coating§ § Saﬂﬁyllfgg WﬁtSFﬁéi g5°§e§ggn8p§BBFPgaFFﬁﬁ§°esﬂﬁklés
| abyri nt h seal snonténtekiferahgamovanent. rels8ltBat ent No. 4 1487494 to

Zelahy et al entitledpnRobabyel @BYLhALAeSTa! rMBFBSENthE 1VRRYCaRRIAEYCAt the

interstage gas path seals between rotor and stator assembles.

20 Both inner diameter and outer diameter seals are capable
of employing the concept. At the outer diameter air seals
the tips of the rotor blades are provided with an abrasive
quality such that during rotor excursions of greater relative
growth.than the circumscribing stator, the rotor blades cut
25 cleanly into the opposing shroud. Once the seals are "run in"
a minimum or zero clearance is established at the point of
maximum rotor excursion. Subsequent excursions do not wear (_
away additional material. Representative prior art methods
of manufacturing abrasive tipped rotor blades are discussed
30 in U.S. Patent Nos. 3 922 207 to Lowrey et al entitled
"Method for Plating Articles with Particles in a Metal
Matrix" and 4 169 020 to Stalker et al entitled "Method
for Making an Improved Gas Seal"
Similarly , abrasive coatings are wutilized in ‘other
35 sealing applications, such as at labyrinth seals internally
of an engine. U.S. Patent NOo. 4 148 494 to Zelahy et al |
entitled "Rotary Labyrinth Seal Member” is representative
of such a construction.
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of such a construction. -2 As the desirability of abrasive grit coating
in f*he gas.turbine engine industry has incréased, scientists and engln ’
i'n that i ndustry have sought 5 yet inproved structures and depositi
techni ques, particularly techni ques capable of maintaining angularity
the«grit particles and good adherence to the surface on which the partlcles

are deposited. 10 . According to2he invention the _
method utilizing a plasmaagp 0 re is. provided a

g

‘on*a substrate, characterlseé In I ncludin e ste s of 1L ating a high
t enperature’ pIasnﬁh§tBéﬁnF“FH}EEt?ﬂﬁlﬁsr%SQPﬁsr%f %%t+n?t%§€é#|al %5 "o
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incidence of the streamw th the surface of the substrate to be coated. A -

prinncipl e feq{ure of the iﬁf ?BQE te@N¢ Hgtggqeﬁglon tﬁeggeiglﬁga¢ﬂm§pu§

i nci dence of he abrasive t|cles with t heat ed natrlx material
carried by the pl amthat md.rhlatmghé @éﬁﬁ&éesBFaYhéuguSQFr‘é?B°?b 19 Wit ed.

Powders of netalli K e € onNjac t
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AL EEL o e oo Ty dembisEaland FEdh, binfhbhenes
the w plasma stream;_1n3ect1ng partlcles of matrlx mater1al ;
-_15 . into- the plasma stream; 1n3ecting partlcles of abrasive
| - grit 1nto the plasma stream at a location downstream of
_,the locatlon at which said partlcles of matrix material _
- are injected such that the matrix particles and the . grit-
o part1cles come 1nto contact with the surface of the
20  substrate to be coated and. with each other ; and :
B traver51ng the plasma spray gun across the substrate to
be coated. '

~ Preferably the abrasive grit particles are |
, 25 injected into the stream at or-proximate the point of
f'\/ S incidence of the stream with the surface of the |
R  substrate to be coated.

_ A principle feature of the co—depcSition method
30 1s the simultaneous incidence of the abrasive grit
partlcles with the heated matrix materlal carried by the
plasma stream at the surface of the substrate to be
coated. Powders of metallic matrix material are
~injected into the plasma stream at a location spaced
35 from the surface to be coated and the gr1t particles are
| injected into the plasma stream at a locatlon nearer the
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, Substrate to be coated than the point of injection of matri x particles.

The abrasive grit particles injected into the stream come into contact wth

- t4e gfefal matrix 5 materials at the surface to be coat ed. In one ~ °

d apparatus the grit injector and the matrix injector are oriented ..
fired ei ghty degrees (180[err]é apart. at the perineter of the. plaéﬁa
10 A princi pal advadtage of the present invention is the

~capability olyaResite 26 Bﬁ%%\:&é' tseattﬂas%aub apoﬁx fbnlégy and .
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to utilize matrix materia varying charac- teristics. Goo#

abrasi ve qu&let?q&FmFﬁgrc8§tFﬁ§ Pgaﬁﬂfn?éfﬁamed throughout the application
_process. Git particles may be deposited t hrough the full ‘depth of the " L
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conpl ex geonetry. 20 The foregoi ng, an& ot her objects features qﬂ)

advant ages of the present invention mLII become nmore
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pref-€rred énmbodi ment thereof as shown in the acconpanyin

Fig. 1-is a sinplified side elevation view of a pglrot [ gn gf d;a\émaggturzg

.engl ne including sections broken away to reveal opposing conponents of the
statgr and rotor assenblies; Fig. 2 is asinplified illustration of the
t|p 30 of a rotor bl ade vmth abr asi ve Tcatt ng adhered thereto; Fig. 3 is a
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apparent in t he Ilght ‘of the fol | ow ng detalled description of the @
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concepts of t-':heﬁﬂaég@n Gf’ﬁaeﬁf‘g‘dﬁ g?% ‘gfl{%%rﬁﬁfgrge wvl%te%wllsl ngtrengl%g
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alqQng the line
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Exanpl e |l pla‘?ar’fe? ?i%&aﬂ%ﬁegg‘gﬁgf‘ égggyr QHh&prfd Q{gtla:harac—

15 in the gas ttemistdcsngiGeed abuyasiye FﬁBa gtl?lr‘gsgqé? th q‘ﬁ he}_ve ﬁlltlaw"
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;k~; be deposited %. %he full depth of the coating, or
_ merely at the surface by delaying grit injection ‘to one or
;le__more subsequent passes over the substrate to be coated. -
| "The ‘coating process. described is well suited to the
refurbishment -of coated parts ‘after initial use.’ The
process can be employed to aoply abrasive coatings to
_ _:rsurfaces of complex geometry.. _ '
20t '; - The foregOing, and other objects, features and
_'jadvantages of the present inventionvill ‘beconme more _
: apparent in the light of the. fOllOWlng detailed description :
_  of the preferred ‘embodiment thereof as shown in the_ - |
'~7accompanying drawing.
25° - PFig. lis a simplified side elevation view of a
- 2 portion of a gas turbine engine including sections broken
away to reveal OppOSlng components of the stator and rotor
assemblies;
Fig. 2 is a simplified illustration of the tip.
30 of a rotor blade with abrasive coating adhered thereto;
o "Pig. 3 is a 51mnlified reoresentation of a portion
_ o of the rotor assembly drum w1th abra51ve coating adhered
. | - thereto; : S
' Fig. 4 is a simplified illustration of the knife-
35 edge portion of a labyrinth type seal with abrasive coating
-adhered thereto;
Fig. 5 is a simplified representation of plasma spray
apparatus depositing and abrasive coating in accordance with



_ =extends axially through the engine and is encased by a 'stator assenbi y 14.'-
A flow path 16 for working nedium 20 gases extends axially through the

engi N ovvs of rotor blades, as represented by the single blades 18 °
.exteng“gutwardly froma rotor drum 20 across the flow path 16. Rows of”~
statd anes, as represented by the sa ngl e vanes 22, are cantilevered \eei

i nwar dl'y from an engi ne case 24 acr-oss 25 the flow path. An outer air seal
26 ci r cunsdiiebeonsepltsr of ther preseht atiewentBiomn i nner air. seal 28 |s

- formed by the . [ Ol d6UMe20n EAYREGLY PleRacin AN W HmARYo

- coatings are appli for exanple; "at the interface between the t| ps of
the rotor HmRRsE of 4he ERétoRREF 1SS A¥HER cHe gPAGR LY hPAK U Bace between

~ the tipss ofad fteaa/auesa&& aﬂdtheesunsefaaerbeneé afate'Eh;e el imnati on of
. destructive |nteﬁj erence at g E |nt gces ujgon t (i}?r nce r ot or
- excursions -duri d‘gtr néfeftt €5 ﬁ?{’?‘ CIFY Shghe® cI‘-”T’%v g h abraslve

- coating on 7orfe o Fdgi-d635 opposing surfaces wears naterial cleanly away

. fromthe correspgndj, ng ;sUnfacesyi ggegj_oﬁleéﬁégyéf%ﬁ hﬁ@d,{)uq;fura@ i ntegri ty
of either part. Thé conpressor_structure o strates - 5- E

- conponent s ARF Ve CRBEAEEy BPEIALANES AeOHYF ’g]pﬁﬂ HLR (YdeR thse rotor -

':_',_bl ades 108 anihplrme:r patrame&eass 28na@f the r.otor. Such corrponents .and their#
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" .coatings are |II atye F her o

applications m ght tgr ntcgl gé?e tﬁrbgs %g?]tf‘éﬁgﬁgﬁé #lea}qg\n é?ed/c annel ype seal

* 32 such as abr@asivie @@ﬁténedapnllreg to bhetkriferedgedfe 2 ﬁagayzrinc-ﬂv a - :
~labyrinth taﬁj—é a1 uha&nghgegghhﬁgeagpeﬁgrmla@raS| ve coatl ngs have flf)

partio U e se BBl HIE L ORadd SRR AT icat o o

al | oys x®ndex s:liehgasort}wbemes enginepn.n&hetrp. fﬁ’igs lJpoirs talesimmﬂwﬁwdce of
rubblng | Nt&l5gs section illustration of a portion of the compressor
' section of an engine in that industry. A rotor assembly 12
'extends axially through the engine and is encased. by a |
stator assembly 14. A flow path 16 for working medium
.20 .gases extends axially through the engine. Rows of rotor'
blades, as represented by the sxngle ‘blades 18, extend '_
]outwardly from a rotor drum .20 across. ‘the flow path ls.
Rows of stator vanes, as represented by the single vanes -
- 22, are cantilevered inwardly from an engine case 24 across ..
25 the flow path.. An outer air seal 26 circumscribes each row
 of rotor blades 18. An inner air seal 28 is formed by the L
rotor drum 20 inwardly of each vane ‘row 22. Abrasive '
coatings are appled , for example, at the interface
between the tips of “the rotor blades 18 and the outer_
30 air seal or at the: interface between the tips of the
vanes 22 and the inner air seal 28. The elimination of M
destructive interference at such interfaces upon the
_soccurrence of rotor excursions . during transient. couditions k -
is sought. Providing an abrasive coating on one of said '
35 opposing. surfaces wears material cleanly away from. the
'corresponding surface. without destroying the structural
integrity of either part.
The - compressor structure of Fig. 1 illustrates



ference An abrasi‘ve Coatl ng on one of sIUCh'. rubbi ng conpo- 15 ne.n S
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posi ng conponent w t hout gene
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invention by the present techniques is illustr
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stantial Iy ‘per pendi gul o
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t he su strate_b olien 4
emanate from nozsuegepnsbba %p%isr% upQiL & #n‘ég beNgubgisg4fntbich
areldirected 5 itRrbhBel | AHiSibRd$Dre JpASD ioR mgéngpggnmﬁﬁin tﬁ‘B‘ES ;344-.. |

the surface of the substrate.
g .
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.subst rate arei rrpmthant ‘Genepating eXRRS Ne b ads.
S S : - A method of. annlying abraSive coatings of the: present

-dinvention by ‘the presSent techniques is: illustrated by Fig. 5.“
o 'A stream 34 of plasma gases is formed within a plasma
;20_:generator 36 and is’ discharged toward the surface of the

substrate - 38-to. be coated. Particles 40 of matrix materialr.'V

. -are- injected into the plasma ‘stream- remotely from the
o Hsurface of the substrate and are plasticized or- melted
- within the plasma stream. Particles 42 of grit- material are;
25 injected into the plasma Stream in close proximity to’ the_
o o '.__ surface of the substrate. Both the grit particles. and the’
_Zt\*ﬁ ' matrix particles are preferably injected parallel to the
' direction of the motion vector of the gun across the sub-
strate. The mass ratio of matrix material to deposited
30 grit particles may be widely variable. Ratios between 1:1
~ and 100:1 are typical. In at ‘Jeast one detailed method,
the matrix particles and the grit particles are injected
into the plasma stream at relative locations around the
' ?erimeter of the plasma’ .gtream which are approximately
' 35 one hundred eighty degrees (180°) apart. In a further .
' detailed method the matrix particles and the grit particles
are injected into the plasma stream from directions  sub-
stantially perpendicﬁlar to the axis A of the plasma stream.
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“the grit partl

_'10 cation of the abrasive coating. In prlnC|pIe t he ITB.tI’IX partlcle

bstr at-e

- - injectigmpoint nust be spaced at a sufficient distance fromthe su

r't(r)” enablf pf tening or nelting of the particles in the plasm stream The
gritpar\i€le injection point nmust be sufficiently close to the substrate-.
15 so as~to enabl e entrapnent of the=gfit in the ITB.tI’IX material at they:

 surface. of the S R fplla@mal stQHSreHE’cbaEﬂn 9k é&? i) ec{%&gg{%aﬁfges on .

" the grit. 3}1 tlonall artlc e- ion cl ose
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' t t OQES.enLra e natr cty
. 3:‘1 btS Lreagy,ral '?L Qica(r?'(rjhpe ih'(rilu%rt:rtﬁjtgggl §§ gh%éf:’ Pl? onT T &tﬁ%ﬁ& Bridkovedepend |
“upon the cdﬁ?ﬁoﬁ“ﬂ-‘féﬁeaﬁé Shet pebstsate. of the mat erl als 25 selected.

o <ide on poi nt )
. " Anot her. i nportan&hesﬁ@ﬁbiﬁéa bﬁethﬁcnggﬁgﬁa%eﬁheﬁe ﬂ@gﬁtﬁd}(@pg t"—l cles and

' h ff ation on _
. 'I[?let g(ral 1(:a paQ‘[ i % TRELS Pﬁﬁ%ﬁ?bﬁl HeJ %‘Ftﬁ%lﬂﬂ%‘?ﬁ:ef%‘burté‘eatsquf@c% s
surface of °tfhéh§ul§§bﬁ&rétesanal impevtant cfadtamts o tdifcqgggqu_ara lies with

ired._[.ncidence .
g?t ,[ Ih)é lg? Ir :da&'ll% ggggh\t/amhtg ﬁ§a§£@€n§?€%§i%t (Sair'&?i 1:':ﬁt)cei\# 'he uﬂlgttfé'f‘e surface g
< Tesubts in S&%ﬂﬁt]‘&r ENdGEFLAD POINT naMsE b sBAFedbWY & ewfifdeieati o of 35 o
. ‘the grit pddisitahes Byomhehensubstsatset®dnabml ltslii“fﬁérnﬂlgg%@ e Ccion%%gctmig][ Fx ..
omaterial Wb&'tﬂ%pgakklé% %hfnsyh%aﬁf Addltlona aéﬁhpro tigdgce the
“ anguiarity injectign. pﬁéngrmgsbabe|snﬁfrgﬁentﬁy(nﬂyse tén&hbersﬁbﬁtggtegn 3
-7 achi eviusg IsoghsptebahabléYeﬂtr&Sménipacﬁ |1§{r§ 9%'12{ gp{}?,ﬂ&#: S g‘%Q?%kl Js as cl ose
it;angle Ofthﬁa%ék&él atntghehgtf¥§ggm5§ tﬁz substrate w1thout melting _ o
o - of ‘the angular cutting edges -on -the. grit. Additionally,_
spac1ng the. grit particle ‘injection. pOint close to the
'substrate minimizes -acceleration of. the grit oarticles
20 by the plasma stream, and reduces the tendency of the grit
. to bounce from - the ‘substrate before the grit becomes
- - entrapped in the matrix. Actual spacings of the grit and
- matrix. injection points from the substrate will depend
_ upon the composition and particle size of the materials
25 selected. | '

Another. important aspect considered in location .
of the grit injection point is the effect of location on . ;.&~}
the incidence between the matrix particles and  the grit
particles. The. optimum point of incidence occurs at the

30 surface of the substrate. Simultaneous contact of the grit
- particles with matrix particles and the.surface of the
substrate is desired. Incidence of the grit particles. with
the matrix material above the substrate surface results in
‘premature cooling of the matrix and low retention ratio of
35 the grit particles by the matrix since only molten .or plasti—
- 'cized matrix material will deposit at the surface.
Additionally, ‘prolonged c¢ontact of - the grit particles with
'the high temperature plasma gas may reduce the angularity
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to ni'nety degrees (900) as is practicable such that the dwell time of the
particles in proximty to the substrate.is maxi m zed. Particles injecteg
t he downstream direction have-an increased tendency t.o bounce off the
substfate ; 10 particles injected in the upstreamdirection are

ultlnﬁiely accelerated by the plasma strear and al so have a tendency to

bounce off of thespupis fﬁ gidyéecgggghgge gg.have been nade mnth a
wi de variety of. nater|al se ctlons and. ap%ﬁlca |og ggraneteaf The, .
exanpl es shown bel ow arARQEWESAGERN V& FFPiRYiRgspLEh-PERR? 1+Y¥E9f grit
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0.92 m per second :
Ni trogen - 3681agcglqga]tecgg:y the plasma stream and also have a tenderg:x345

MPa  Secondary Plaﬁaebdﬁﬁbé}ﬁff of the-substdtegen - ‘approx. 283.17
dnB(hr 0.345 Mra Multiple coating runs: have been made with a w1de
'\~< ' varlety of material selections and application parameters.
' 15 The examples shown below are representative of the most
'~successful runs. R '
Examgle I .
‘The tip of a compressor rotor blade, such as the
blade 18 1llustrated in Fig. .2 was coated to a depth on -
20 ' the order of 0. 25 m in a srngle pass. of the plasma gun
- across the ‘blade tip. Plasma spray parameters were. as
- :indicated below: . '

Plasma Gun -- Metco (Rm) 7M™ Gun w:.th tvee G nozzle

Nozzle Distance from Substrate -- 60.32 mm
25  Matrix Injection Point from -- 58.74 mm. .
- - ' Substrate _
{4 ' Grit Injection Point from == 1.59 mm
s - Substrate

Cooling Jet Crossing Distance---- - 9,525 mm
from Substrate’ -

Plasma Gun Current - td d540 amps
- 30 - Plasma Gun Voltage -- 70 volts
. Relative Velocity between Gun_”f-  0.92 m per second
and Substrate _ ' : - o '
Primary Plasma: Arc_Gas B - '-Nitrogen'
: - - 3681.2 am3/hr
35 : o = 0.345 MPa
Secondary -Plasma Arc Gas _ -- . Rydrogen

- approx. 283.17 am3/nr.
-~ 0.345 MPa -



Matrix Matérial - -- Metco 443 (Nickel ChromumAlloy plus:
'Alunlnur -particle size (-150/+38 mcrons.) 5 -flowrate (25 granms/mn.)
Gt MAtAY Nal -- Silicon Carbide - particle size (140 grit)
- low gat'e& /(100 grans/ mn. ) 10  Matrix Carrier Gas -- Nitrogen
-311.49\ erf]/hr - 0. 345 MPa Grit Carrier Gas -- Argon - 424N¢%5

dn8/ hr 1 -8 -- 0. 345 MPa Nhtrlx Injector Port

-- Netco #2y, PO Qla 0K { f*'t '“JeCtor-EOM% co 443 (Nigke®: SRrEMAGMD .
_ .tublng Subst?ate Egtégf - TltaﬁiSWIAI (X § Sstrate reparatlon o
~-- Grit blast /Metco 443 20 - - Alloy -plus Aluminum) pond coat ¢ |

Substrate O f set fromPlasma-- 1.59 nn18pmaytaku§ eikzk knnggy@33EXStance L
'fron1--P22 225 mm Pl asma Spray Axis 25 Direction of Grinictehertion -- -
‘Per pendPcul'ar to Plasma Spray Axis Rel atj | 180[err] =
- @it Injectors Exanple Il 30 The 9%%?4239 B@% ggaﬁﬁgy%ln h type

"~ seal, such: @sitrMﬁt@wiaiedge i |l ustrat ed iS41llicgn ¢arhd§ecoated to a depth

on the order of 0.25 nmin a singl e pass ggrkhglglgggg gqm4oag59§F t he T

substrate. Plasma spray paranmeters were as indicate | asma Qun
. -=- Metco 7M Gun with type G nozzle Nozzl®e Ws £23fEe ( &P8n9565§ ?é?e 57. 15
: ‘1nn1 10 - Matrix Carrler Gas - == Nitrogen _
i . : B -g311 49 dm3/hr
| o - 0.345 MPa
:iGrit'Carr;er-Gas' N | '-%;Argdn S r:_ N 'Q;j:
o o - 424.75 dm3/hr R |
15 SRR - 0.345 MPa
Matrix Injector Port -~ Metco #2 Powdér Port
Grit Injector Port | -- 6 35 mm O.D. tubing |
Substrate Material —e-Tltanlum Aalloy . 5
Substrate Preparation o -~ Grit blast /Metco 443
20 ' . | " bond coat
"Substrate Offset fron Plasma-- 1.59 mm
- Spray Ax1s o

. Grit Injector Dlstance from ~= 22,225 mm
- Plasma Spray Axis -

25 Direction of Grit Injection —-- Perpendicular to Plasma
R Spray Axis T
. _ _ _ . S
Relationship of Matrix and -- 180°
Grit-Injectors
_ . ~ Example 11
30 " The knife edge of a labyrlnth type seal, such
as the knife. edge 1llustrated in Fig. 4, was coated “to a ﬁ

depth on the order of 0.25 mm in a single pass of the
plasma gun across the substrate. Plasma spray parameters

o

were as indicated below.
35 Plasma Gun -- Metco 7M Gun w1th type G nozzle
Nozzle Distance from Substrate -- 57.15 mm

Matrix Injection Point from -- 55.76 mm
Substrate



Matri x I.nj.ectiori Point from - -- 55.76 mm Substrate -9- Gt Injectlon
Poi nt” from-Substrate -- 6.35 nm Cooling Jet Crossing Distance from /

Substrdte 5 Plasma GQun Current --480 anmps Pl asma )
Vol t age -- 65 volts Relative Velocity between Gu
-- 1vE24 m per second Substrate Primary Pl asga-Arc Gas

Nitrogen... 3 10 2831 7 dn1/hr -
0..345 MPa Secondé%@*&%%ﬁﬂﬁf%ﬁg? gg&nt from Substrate, y dr?&ﬁ§1 approx
283.17 dnB/ hr - GpEingalets Crivisising Mistahae from =<0 --

Met co 443 (Ni ckelSubgtndtgm-All oy plus Alum nun) - partlcle si ze ( 150/ +
38n1crons) - flowrate (25 granms/ 20

mn) Git Mate?iflasma Gun Current - __. g |jcor AR®iawes20 grit
Matrix. Carrier Galasma Gun Voltage - Nltrogen - éuj_ggaddmﬁg/rw :
0.345 MPa 25 @i rrie Iz
dn/hr - 0.345 MELIRLLISe ety bﬁ%‘?’?“'“ cun and - == LI ek’ ebdopde,
Port Git Injector ort . - 127 mAQD. Tublng - o
S .. Primary Plasma Arc Gas . == Nitrogen.. .. .. o
- LT T .=-0.345 MPa
- . .. .Secondary Plasma Arc Gas. = = - --'Hydrogen' :
. . - | -~ approx. 283.17 d.m3/hr
LN o - | . % . =.0.345 MPa .
' 15  Matrix Material = . . =="Metco 443. (Niekel o
- - _ : : - Chromium Alloy plus -
-Aluminum) T .
- . = particle size (-150/+_
38microns)
5 - . - = flow rate (25 grams/ o
20 . SR - -hin) L
" Grit Material = - == silicon Carbide B
o oo -320 grit :
= Matrix:carrier'Gés L L =- Nitrogen'
| | - 311.49 dm3/hr.
_ - 0.345 MPa*
.~ 25 Grit Carrier Gas ~- Argon
- - 3/hr
N - | - 424.75 dm3/hr
S , - 0.345 MPa
Matrix Injector Port -~ Metcoﬂkz Powder Port
Grit Injector Port - ~= 12.7 mm 0.D. Tubing
o . 30 Substrate Material - - Titanium'Alloy
_'3 : o B SubStrate Preparation -= Grit blast/Metco 443
. ' _ bond coat.
} Substrate Offset from Plasma ~— 1.587 mm
- : Spray Axis ' -
Grit Injector Distance from - - 22.225 mm
35 Plasma Spray Axis - '
Direction of Grit Injector L : - Perpendicular to

Plasma Spray Axis
Relationship of Matrix:and Grit Injectors-- 180° '



\ T

- 30 Substrate Material ' Co-- T|tan| umAI[oy Substrate

Preparatlon - Gt bl ast/ Met co 443 bond coat Substrate .

. Ofset Z&rpnn Pl asma ' -- 1.587 mm Spray Axis G'it Injector Distance.
from -- 22.225 nmm 35" Plasma Spray Axis Direction of Git. . .
I nj ect Y -- Perpend| cul ar to jg asma Spray Axis Rel ationshi’p Of\..,\"'

S-- -10- The Fig. 7 sectional view

S Matri X A i ect
illustrates an i 'Jt'}i‘ aﬁ{g'c0.41c%ﬁﬁt’r‘?t‘q]hé’%tﬂ%sﬁa\ﬁéﬁyaﬁamwtabtt rates, :

~ particul arl ycoma:qmissﬂortl’né axtmtinps mummms,psabedrétesn accordance

~with the EX\?\?RJF e coate . o
accordance €%¢1u%%ﬂ%e%?éa$e ersq:q?fp\,\@’ ﬂﬁé §58?atf)‘sade ti ps '
may be as®naiR AFRrdanme miith tkhe Exanplis & pdgemearest aperkﬂ:.féo a WI dth

on the order $ Wb dANmaN\Bee ddr RIS st 3 at ed"
in Fig. 71 seo ?set a dlr%at an ﬁ%tx fregmh't%he axi \gaﬁlég ﬁ%ﬁ éhéoEx%"R

spraying abPAEIRREIRE oriv Wnﬁéé?renﬁlﬁfiealtﬁ-?sdﬂétob%r%ﬂ nmm
- -highly.erosias kdie mm e Sgipical ﬂhﬂﬁﬁ(leagés aket ha?akeénatgtge@mtﬁhl bi ts
"t he bui I'dup t | t setting 1 t
‘subst- rat{e f?‘ioﬁedf(a&rbgslr%ée%zo%e t@ttam sa rggﬁ VaF:ﬁ‘BVegg%ittﬁ'ee?%t e at.
~whi ch entPapfRrPYyr9e2ted tiid @si%uﬂl d—suﬁf(fﬁetthe dibtanceeX fromltidMadis

i

o

" A nethod ut|A|d£ Nghe gztaesw SHh.0 IR fslg,rra§ing 48pQ i&é%é& gsive grit
:.goatl ng: on. aié%ésé Bileh e?nhair%‘.%[ %q.slcgvleg(ed t a°hi ste y eros veeneratl na
. _ zor;e precisely at -the- axis A of the plasma stream inh:.b:.ts o
i - -the bu:.ldup of. coating mater:.al in tnat reglon. Offsettz.ng \J '
15 the substrate “from the erosive zone ‘at the axis" greatly o
- -increases . the rate at which entrapped grit particles
_bulld up on. the substrate.

i



hi gh tenperature plasma stream injecting particles of matrix material into
the plasma:stream injecting particles of abrasive grit into the plasm. -
stream‘at a 10 |ocation downstream of the location at which said part}

of matrix material are injected such that the matrix particles and th@(
par ticl es .cone into contact with the surface of the substrate to be ¢

and with each other; and traversing the pldsma spray gun 15 across the
substrate to be coated. 2. = . The net heg.saseording to claimi1l - T
characterised in that said matrlx parti Tes and said grit particles are
injected into the plasm streamat relative |ocations 20 -which are =
substantial ly oppolsJ te OneA awettioet .utilizing Bheleshaodpaagogdnngoko claim 2

characteri seg i« N t | £ ecﬁ r&et %ﬁvé rqrqq:t | %tht’gt Qﬁ gaéﬁbétpgg__gl cl es

and t he dlrectlon on o artrcle
t he noti on vector mata@w%rmﬂq@mtﬁw étePﬁeoél-rGethGHténggﬂl t

_partlcl e_inj ecti om gk NBerile £ sk rﬁcessnsw sctfretattﬁ rmtjbelam cbakt%laaeoﬁun
4. < The met hod .accordi-n '?Fa'{o any .one  of

he 3
characterised in t9ER ¥LiRAHREIAL NG it a‘asﬁltaeﬁt“l' 1ﬁAF?Ft‘:Pgs are
injected into the pdosivles refimbrasiwe jmidc tindio shbspaasmal b;zream at a

perpendi cul aj4t 0 tﬂfeﬂf&?‘d Nrddn\dt the’ tl'&‘éaf& 3ﬁ”§tsgﬁgéﬂl sd2a 5

A-met hod for depos I ng-an abrasive. grit coating on a substrate, .|ncl udi ng '
the step of injectPakftifles RF Iy imaterdadl- é§|¢ai§ﬂﬁééﬁﬁcgﬁﬁbl khag the

entrained 12 - ikl gsrofcred rdna e lgralke @hrelbmeat teilei Ingbose - - - -
proximity to the surface of, the substr te t E??Coahﬁg gch th t angﬁ arlty -
of thé grit parti cFEEEISE Jrh thg sur acemp &g Eoﬁf’a L
ipl.asma stream-.6. and wiltte emstth ot oo radidh ¢ riavegising Bhehalaemer spedylgun L
that the gr'isparta&é@ésaewe@me&awteoc'b%sc% %etarought T

2. The method accor_ding to claim 1'cha:éctériSed' in
‘that said matrix particles and said grit pattiéles are -
_ -.-J.njected into the plasma: stream at relat:.ve locat:.ons .
- 20 ---__'gwmch are substantzally opposu:e one . another.

3; : s The method accordlng to clalm 2 characterlsed in
that the direction of. 1nject10n of the matrlx partlcles
- and the direction of 1nject10n of ‘the grlt particles are
25 parallel to the motion vector of the gun across the
| o subétrate, the direction of grit'particle'injection
B being in the direction of the motion vector of the gun.

-4, - The method accordlng to any one of the clalms 1,
- 30 2 or 3 charactensed in that sa1d matrix partlcles and
. said grit particles are injected into the plasma stream
from a direction substantially perpendlcular to the '
direction of - travel of the plasma stream.,

2,

35 = 5, A method for depositing an abrasive grit coating
on a substrate, including the st:ep of injecting grit
particles into a plasma stream containing entrained



.into first contact at the surface of the substrate to be 10 coat ed- so,
u_that.the angl ed surfaces of the grit particles are free of matrix nate(lal

coati deposition on the substrate surface. 7. The met hod

accor ¢ o ‘any one of .the clainms 1, 15 2, 3, 4o0r 6 characterised _
t hat Bss ratio of nolten matrix material to depositing grit- partlcFEs_
is withief the range of -1:1 to 100: T. - The nmet hod according to claim-

"5 characteri spai:u:n:m of udmmhm@eﬁlanarau @ dscatdonnjiactddsento the
~plasma strea M 0 f . th te o
“surface. 9. @Péx"% réfﬁ:?d%or stJ].Jf;lc]e %%T“Ph“ ts@g%%@g‘t% nE gga?m%g by

pl asma spray &@hrﬁﬁﬂfe@%l@fﬁéﬂr (ﬂﬁ lgrrd-ttepélﬁ'&rlﬁéﬁér F§e§rs9erﬁf‘éct ing -

the grig parthel c? it in 1% ofl *UMREaTit GATIC UHedipliaRthac Bleirabmed particles of

“matrix materi al offsetting the narrow substrate fromthe axis of the

plasnma spray strean1dur|ng application of 30 ° the coating to avoid the

erosive zone & the &hes nefthidde acorading0 to claAmcSatbdracteclisedainng

abrasive ori o Rl G aRRAU o) shd et "Btk el el abenEBLERE O thE

35: cl ai nB
into. flrst contact ~at the surface of- the substrate to be

- '*.'.

10 coated so that the -angled surfaces of the.gglt part1c1es-'
are free of matrlx material coating at deposition on the
substrgte-sugface.-_' ' ' L

) 7-:_;~ _Tne-ﬁethod;according to any one of thé~c1aims.1;'-:-f*“
15 '2, 3, 4 or 6 cha:acterised.in-that fhe_massuratio-ofw-
- molten matrix material to depositing grit particles is
withingthefrange-of 1:1 to 100:1.

8., The method accordlng to clalm 5 characterzsed 1n-
20 that the grit partlcles are injected into the plasma
'  stream at a location within 1.59mm to 6.35mm of the
substrate~surface.

9. A method for applylng a grit contalnlng coating
25 by plasma spray techniques to a narrow substrate _
characterised by 1njeq;1ng the grit partlcles into a g
plasma stream-containing_entrained particles of matrix |
material and offsetting the narrow substrate from the
axis of the plasma spray stream during application of
30 the coating to avoid the“e;osive zone at the axis of the
spray.' | ' o -

10. . A coated article having abrasive grit particles -
entrapped in a matrix material by the method of the
35  claims 1-9..




