24 August 2006 THERVAL SPRAYI NG OF A MACHI NE PART . Field of the Invention
The present invention relates to a machine part, prefera Augt Rivgi ne
machi ne part, coated with a coating mnmaterial by a thernmal spray process
and exposed to heat 5 treatnent of said coating material at an el evated
tem perat ur e. THERNMANSPRAYINGIO FORERCHINEIPARD! apply- ing a
coating to nmachine parts. Technical Background 10 Specific demands have to
be net by machine parts particularly as concerns for exanple strength,
anti- corrosive properties, wear resistance, ductility and nma- terial
resilience. Today, machine parts are generally manufactured-from 15 a

cast-iron Ié@HgOfMyHg1ﬁﬁ$§ﬁgﬂﬁialIy meets the require- nments inposed on

the materi h and re- silience byt, when heated above
certai-n I'im ts ThanPxiesanto Baiaiicle LTeTREEE H% 2 P @ér of nachi ne.

parts | subieatadHie WalerkAUEe hadhile garisr nadatiad &hltﬂﬂ abem/m:engO e. g
sliding surfaces |n an engli ne _system Es eC|aIIIﬁ361 ({qf ri-ne’ dlesel
engi nes t RYSH rté’%sx“l‘?‘&nlsé)éfaéﬁ‘ T E geﬁﬁcfﬁfe h “8ddi ti on

the frgct Itzmaaitimeritotof entiq @uaEring artdmedr dthen sﬂreengidﬁ ch‘ent—he mat er| aI

‘and dl I
?pon \rAﬂPLF% rtils:édt Tlh&ogr gﬂttlhglr rag‘(rqéw fﬁ% sorl%slong resr stanc&ﬁ}:1 ast

tenperatummg aAaQaﬂanglmanu@m@nme parts.t herefore often is prOV|ded mnth a
wear =resi stant. layer. or a running-inl ayer on-the surfaces nost exposed

to. wear. 30 ..However, difficulties do.-"arise:=in:achieving a suffi-.
Technical Background ‘

10 0 . ._Spe01flc demands_have to be met by machine parts ,
 particularly as concerns for example strength, anti-

‘corrosive properties, wear resistance, ductility and ma-

terial resilience. _
N Tdday, machine paﬁte are generelly manufactured'from

15 a casteiron‘blahk, which substantially meets the require-
ments imposed on the material as regards_strength and re-
-silience but when heated above certain limits a wear .
problem arise. There are a great number of machine.parts

_ subjected to wear caused by the internal friction between

20 e.g. slldlng surfaces in an engine system. Espec1a11y, in
large matine diesel engines the friction forces can be of
a large magnitude. In addition to the friction the hot
environment can. lower the strength of the material and
rapidly result in great wear on a machine part made of.

25 cast iron,.which does not possess the required scuffing
:re81stance at high temperatures. A cast-iron engine part
therefore often is prov1ded,W1th a wear-resistant layer.
or a running-in layer on. the surfaces most exposed. to.

‘ ‘wWear. - ) _ _

30 However, difficulties:do ariseidm achlev1ng a suffi-
ciently strong bond between the material of the blank anq
the material of the wear layer, which causes. problems,’
because of the risk that the material of the wear layer

_ will be torn away from the material of the blank. When
3% this ‘happens, the materlal of the blank- materlal surface




ciently strong .bond between the material of the blank and- the material of
the wear layer, which causes. problens, because of the rissigdlgsodshe
material of the wear layer wll be torn away fromthe naterial of the

bl ank. Wen 35 this happens, the material of the blank-material surface 24
August 2006 2 is exposed to wear in the area of contact with adjacent '
machi ne parts, which results in considegable shortening of the life of the
machi ne part in question. Another issue is that the coating gradually wears
5 away, eveérr iFRIRED Fenwesert vieetlchersur foft esonitsa@OpRIR-ad] ¥y St Tong.

The wear omafdnﬁn@gaﬂr&% P&l Q%rs‘?ﬁsth sl ooleligllh(g algggeg %{ﬁthe yvearA!Sayer
. a

IS intact b%t rap |dIy once
_result, it n&é ifer pfc bbe 18 r@ﬁﬁ@lmmwguﬁshMunl if possible, 10 a
machi ne part changeh&lﬂmilsdu@el&a@ﬁatﬂﬂﬁérr%!oa m%vi}%du% 199Pveently used

to.apply ¢ s._on bl anks. one Fssue W t h- usi ng
t her mal spggéyhg or &6p|93n60 cB&FVﬁ&nl§hQJ%ﬂrﬁwmﬁ¥é£¥§&Mmanp£oatlng

conpri ses &ivedyt sbmonfy. Imh&ewaaktbﬁleﬁe %écﬂﬂ%gpFJd f é E@Sflncrease
I ng S aces of two

the risk fg r brasi on" between . the s
nmachi ne paﬁjsﬁ;1 ﬁrseg&%dag SSWSﬁr gagﬁreﬁrsc&ﬁ’é'@ﬁ’& e pregoe s@p-of
gradual wedfivig PRdecbhat l@yehehabobeenl Wo@ﬁe&&blanAsSQn&eéQﬂ%S qf a

- machi ne pani @@p@ifgg gial Le exposed
terrpeﬁq%tur es 10, GORS| Gera e%r%grlg ure gf?‘?ewg‘ﬁgesl%aHRS%ﬂblﬁhe effects
of a Highly }Hb’%?\/%a%ﬁhmrﬁhomlﬂdbdemade withstand the effects: of

- these stress-i Mgl GpERFing e &AM NG P 1083 "BSNL A8 DALLS, -

t her ef or e- %{so nust exhj bi t con5|d
- - €.9. iron blanks. Generally, one issue w1th using

thermal spraying for applying a coatlng is that the re-
sulting coatlng comprises a fraction of loose particles.

15 These loose particles increase the risk for “three-body-
abrasion” between the sliding surfaces of two machine
parts Three-body-abrasion is often causing the process
of gradual wearing indicated in the above.

In operation, some.zones of a machine part, espe-

20 cially engine parts are exposed to high temperatures, to
considerable temperature dlfferences,,and to -the effects
of a highly corrosive env1ronment In order to w1thstand
the effectS‘of these stress- inducing causes, the coatings

| .0f the machlne parts therefore. also must exhlblt consid-

25 erable duntlllty and -thermzl stablllty in addition to the

- before mentioned wear resistance. By ductility is to be
understood herein the maximum possible deformation of the
material before cracklng ‘beging: Not. only in operation
but” also during manufacturlng thermal shock and high tem-

30 perature differences can cause 51m11ar effects on the ma-
chine parts subject to a heat treatment process, which
will be further described in the following:..

Various methods are known to post-heat or ‘sinter a
coating, which has been applied in order to provide a
“35 ~ strong bond between coatlngs and a substrate Uus

5,268,045 prov1des an example of such a prior art coatlng

method, wherein the work piece to be coated is electro-




25 erable dubtility and-thermal stability in addition to the before-
mentioned wear resistance. By ductility is to be understQod,hef®jog the.
maxi num possi bl e defornmation of the material before cracking begins. Not.
only in operation 'but -also during manufacturing thermal shock and high.
tern:. 30 perature differences can cause simlar effects on the ma- chine
parts subject to a heat treatnent process, which wll ‘be further described
in-‘the follow ng:. Various nmethods aré& known to post - heat or- sinter a :

coating, in_order to vi.de 35 str bond -

bet ween C%Hagt |Clnh:gars}Lal n%el r?%s‘tr'g[?erm BP264, 8%%9590\% gg‘s 2afeER gn*gﬁ Ye of such

a prior atatadatim@rdret Hod pawerdenabhevewilkypreeeing bedcpated is el ectro
24. AUQUStR2R08 red (ehECald Yo Fb820EM. ttmswatu§graxoca%ggsw Lh;g metal or.

Metals in order to prqvide an overlay coating and post eat . treated at an
el evat ed tipedt M2 %D di%q Jhe sarafanetaf bhenwpakspiaee-the surface of

the work pi eCe)ur@wgl BHAUGH pArqf Qe Sthé NEo£ORhY n@lml J_»egglachtgt s nelting

terrperatur and tte%r%rl schaerlsk t at al so the %Lg substrate is

af f ect ed |n 4 {ih "SEREY AR S9hSEeTS ’rﬂdﬁc’éﬂs t't‘ﬁ‘é BetFhgeun- .

Furt her nuiealwngsaubsar@t@c-ls sGe@tddr ta coath ng. wa\ytdih.ﬁedslﬁﬁésductl lity

i s obtained;Jhisclhs i6SRES A dﬂ% uﬁ#ﬂ{ﬁlﬁ&r_‘é ngs,, on, Syb; - st rat es and
aped bl app‘i)t e

often for coatings on curve § en a’ coating to a
bl ank. i s eR€afelTHeCBREART WD Aredhand Hiuglebl drd is Witdtl@@chsequent ly

lead.to an e an5|oneof t??g1 nmachi ne art bl ank, After t e heat treatrrent
when ‘the machine, part TR°%e Jtynanots e fiog CRRFings PBsEHR™its ori gl nal

shape an@hm@ﬁggq@@ﬂtpﬁmﬂﬂaﬁQ;Mqoatlngs on curve shaped ‘blanks.
When a coating applled,to a blank is heated the blank

will also ‘be heated and it will consequently lead to an

expan51on of the machine ‘part blank. after the heat

- treatment when the machine part is coollng off At will, .
resume its orlglnal shape and consequently the newly '
- 'bonded coating will be forced to- follow the machlne part N
blank. If the coatlng is applled on e. g a curved shaped
'the coollng off resultlng possibly 1n cracks o1 peei-ofﬁ
.Thls might lead to- shortage of the operable llﬁetlme of
the machine part. ' o
Other issues related to prlor art technlques w1ll bel_i-'
described - more in detall in the document- Hence it . 13 de—f
sirable . to flnd a method for prov1d1ng a, ductlle wear re—_

.' Slstant coatlng on a machlne part w1th a’ strong bond Tt

is also an Dbject to find a method for meetlng the general
demand from the industry i.e. efficiently applying a coating
on a machine part. The coating method resulting in a coating
of a machine part with minimized induced stress and also
reduced risk of loose particles and actual cracks within the
coating. At present no method is known of applying a coating

of machine parts which overcomes the above issues.




bonded coating will be forced to follow the machine part blank. If the
coating is applied on e.g. a curved shaped surface the cQ@afidag Miob!
experience tensile stress during. the cooling off resulting possibly in

cracks or peel -0-f--. This might |&d to shortage of the operable
lifetime of the machine part. Qther issues related to prior art techniques
wll be' described nore in detail in the docunent. Hence it is de- sirable

to find guﬁﬁgﬁeqﬁfgﬁephgﬁgghgg a ductile wear re- sistant coating on a
machi ne par g bond. It is also an object to find a method
for meeting tﬁbs%jé%’f@rdalher&éﬁaﬁd for giptihRe iofdefifigienely edpplciiaat lay appl yi ng
a coatingoa®ihgd NRGR N Bkt th?c&ﬂﬁ:tl' GHTRENAA bR T EOP hicik feoating  of
a machine part with nlnlnlzeg i nduced stress and also reduced risk of

| oose paPtfictedlahdmegtudiPec FaBkS SHCRRF NheFREs2¢Fatfng. At present no met hod
is known of applying a coating of machine parts which overcones the above
i ssues. 24 August 2006 3a Summary of the Invention Disclosed hereinis a
met hod of efficiently applying a coating, said nethod particularly being

i ntended for machine parts, that neets the requirenents necessary re -
-------- - ----- 24 August 2006 4 garding wear resistance, resilience,
anti-corrosiveness, hardness, thermal stability and ductility. D sclosed
further is a coated nachine part, which does not suffer fromthe above
drawbacks found in the prior art. Oher features and advantages of the

pr esent




invention will beconme apparent fromthe followi ng description of the
invention. An aspect of the present invention provides ayeifag 2006
applying a wear resistant coating naterial to at |east part of a surface
of a machine part, preferably an engine working part, said nethod
conprising the follow ng steps, appli chtion of said coating material by a

ther mal spaawiny Q&‘@é@r@giktb&i@;@ﬂ%@sﬁié&&&Caﬁfciiﬂ%dﬁtc%i@éné% an
el evat ed benggrature and for a tine effective to_at least partia Fy
di ffuse sBPYCEEAT ndHeEBRrLartBPidLbdsians Aratikdterial to heating

tenperature bebowclBgeferhiAEaPOL §ta Qbatbe £9ahiAY g@{:@ri@ﬂucﬂmto the
underlying surface, and to apply an additional coating material |ayer

subj ect tePeURREsEITESReB O B¢ nehege ofiteuwlnckai Howedt imgthaterial in

order 10 bayoflouR: ONoeRbd FBEDLACs PARd SUChAEEo8s BEULALIYeOintayers of
sane said coating material, wherein sald heat treatnent result in

for mat i omtBYeRetRR wihl chacare peparenbefveentharfptlewing at | east said

. coating, saddrigsubhiHg FREN RSP ncoating has a, porosity of between 1
to 15 vol % The coati ng mat eri al -conprising the yielded necks and pores
t

hence has the PRs3FBEFE 19Tt BhaREesewes brHantdAB RAGVifapenfmethods caused
by IndUCQﬂfS§§§$§iﬂ@rén@e9§eresfgféﬁ€r@@£€%n§ ﬁéEQPQFPOEQ Qetyegaet he

coating material and the machine part surface as we as internally strong

bonds ~wiRHin The? coatiaee et rarmpehimy rants oprehgrehdyhent fngine
L emper at idxk iy b £6, 14w & GR i B PLikg Ex8OREfMeRy gpabLed on the

machi ne part_the coating naterial wl evel op necks In contac poi nt's
(mi cr ovel P TR Wedh Dar$d il eoaringinptenbal ngy andtheshahespaay surf ace

resul ti ngrdees St ok borch e Rsivesh S § Ptk CRaterial at an
elevated temperature and for a time effective to at least
partially diffuse said coating material by exposing said
- material to heating temperature below the melting point
of the coating material, into the underlying surface, and
to apply an additional coating material layer subject to
successive heat treatments of each said coating material
in order to lay dqwn on said machine part surface a
plurality of layers of same said coating material,
wherein said heat treatment result in formation of necks
in contact points between particles of at least said
coating, said resulting machine part coating has a

‘porosity of between 1 to 15 vol%.

The coating material comprising the yielded necks and
pores hence has the possibility to absorb deformations and
imperfections caused by induced stress during use.
Furthermore, a strong bond between the coating material and
the machine part surface as well as internally strong bonds
within the coating is formed. By controlling the heating
temperature, to which the coating material is exposed when
applied on the machine part the coating material will develop
necks in contact points (microwelds) between particles in said
coating and machine part surface resulting in a strong bond

between said particles.




24 August 2006 4a The tine of exposure to heat is dependent on the :
sprayi ng technique. However, known spraying techni ques @qqﬁéﬁg”oogpeed g-
are well known for the skilled person and hence the tine and "anount of
successive heat treatnent is readily adapted, to the prevailing speed and
the coating material used, by the skilled person according to the
teachings of clained invention. Depengiyng on the material of the coating:
and machi ne part the contact point necks are devel oped by exposing said
material to heating tenperature below the nmelting point of the coating

- material. A coating material intended for machine parts typically
conprises a matrix material and a reinforcement material. Conveniently,
but not €& Gdnged, extvesuceatsd rgeatatsedicpbnddp! i9d che ;mﬁ%hi ne part 24
August 2QQ6hnPqls. dhdtdig apgg of 60 to 80%of the nelting tenperature of
the reinforcensnt material ofcThePFGXtPAgte T aser pad theder sakedi | |

accor di ndit¢ bBeléxpowed floo hkatsiigdred psrsokldid@eheapatatyrg dugi ng. short

peri ods igholih s £y 3 ornmation of said necks in the material. By
the in- ventive met ho%gtsg‘é%g??gst BrOTHERT & T FAh Y cIARtesi ngo Bien pores

bet ween PREVRAFIIT|Psedf anfletlvoatiangng Fuatderal ud6g oKl NGt Qi Ped4 Nventi ve.

met hod t bR rebh egdcdtqingdugi e particles in thecoating of a machine
part is met. 10 Pref er ng;&/,%eéet%%gl%n 7 %fprcéflalgai tVefd°®-heat treat nment

devi ce aP8PEBRHEE 198 thsdmakrmidlr elffatheetgattinga andandtibieepphts Wil e
appl yi ngcsatsle€qtinkdniBierd,al d@@glogggtby; re?c%torsr%% stacg'.dsxaﬁiageg?glhitnoe part.
heating temperature below the melting point of the coatiﬁg
material. A coating material intended for machine parts
typically comprises a matrix material and a reinforcement
material. Conveniently, but not exclusively, the coating

- material applied to the machine part




By controlling the novenent the tinme of exposure to 15 heat can be
controlled in a desired manner. In order to provide the gauJggs RpEvat ed
heat treat- nment of said machine part induction heating is. preferably
used. Heat treatnent by induction heating is considered effective and cost
efficient but also other alternatives 20 known by-,a-.-person. skilled in
“the art can be used. One such other dternative is laser. Another benefit

of the |nvent|v net hod. is-t sul ti machi ne t coatlng has
an evenl y i st% Eﬁﬁ &G Ysi ékbfng§' IS%FEE Eﬁﬁp fi ne part
coating Z‘bﬂﬂmearmmgnqemm{t ntzﬂiama@a bft ahkb cvmt@zbngTha‘%moatajtmgxnat e- rial

COMPI T S gl g U e\T]. ROLES.DGNAG NS HSROSTIDIcod Lo secabSOrD

defornatlons an nper f I Ons use uce ess dUrlng use.
Qpen por edred&Angi §@mp@nmtr%siumnmfsb@a:tf memmgis AArg 0 et igegrsd oSt ances.

to proyi dera lehiaganh ol SEliOnddie 1nTRel RRUANa10UEE s gnand hence

reduce frictigon and wear. C osed pores however: can not "easi|y receive
ext er nal | YoRéadVeuBetEgst theFears manvddst Pesoatddd SOMIARING parts | f

-~ this, is dgsnr pdre§5b5&tlvié’éef EHRA x@flcaétsdoﬁoahéwg:dmtﬁrg a'FUJr%Yléﬁ:$ typi -

' caIIy have a thi.ckn SS bet n_o. Oogh ﬁvg Pref - the

-t hi-ckness #6F°5H&"Fa 8r V6 RESP HezE ﬂﬁﬁﬁéfﬁ% i ve net hod
- i's aroundloonB# ththéeBhﬁ@kNﬁﬁSc@htdﬂg ehahk- maﬁ@;kﬁygmracaardeng to the
|nveqfdve nEthBQefgrggﬂﬁﬁgtPEe@P ¥mgftm§en 0 ggg%o 1% gglkn order to

develop the desired € con ween partlcles of the
coati ng | &yeatuentngeiidéae @XﬁosonaﬁCtﬁdaapdemeveddrﬁdﬁh@&E&@C@Qdang to the

ihvent | ONpachine part, while applying said coating material and
‘heat treatment to said mé.chine part.
... . By controlling the movement the time of exposure to
15. ‘heat can be COntrolled in a desired manner. |
‘ In order to provide the des:c.red elevated heat treat-
ment of said machine part J_nductlon heatlng is. preferably
‘used. Heat treatment by induction heating is considered
" effective and cost efficient but also other alternatives
20 known by & person gkilled in the art can be used. One
such other’ alternatlve is laser.
_ another benefit of the inventive method .is .that the
resulting wachine part coating has an evenly distributed
' ~porosity. Preferably, said resulting machine part coating
25. . has & porosity- of . between 1 to 15 vol% ... The- coating mate-
o rial "_comprising the yiel_cied;_pores hence has the possibil-
. ity“to absorb deformations and imperféctions .caused by
. induced stress during use.
Open pores can also be- used as-a buffer: for 1ubr1—
30 cating substances to provide a lubricant effect on the
3 “—m_a_chlne part during use and hence reduce friction and
XA, Closed porés however :v-carr not easily receive exter-
j-""':1'1&11}[ fed lubricant and a:fe hence of less use for machine
" .parts if this is 'desired; '
35 Further, each of said coating material layers typi-
- cally have a thickness of between 0.005 to 0.40 mm. Pref-
erably the thickness of orne layer according to the inven-




the coating material is of pulverulent type when fed to said thermal spray

process. Alternatively said coating material has a wire h@h@u&qmﬁgmhen fed
to said thermal spray process in order to achieve an ef2i0| nt and con-

trolled manufacturing process. In a particularly preferred nethod. of the
invention the nethod is applied on a maghi ne part conprising a curve
shaped surface on which curve shaped surface said_ coating material is

appl i ed at $iestMeRIeENE Sz GTEEIGP - OLuBR - nBBRi FEIFHOES IRE R oEeRE -
particul ar I:slhg«vejéyéﬂi é@@or]i’iiiﬂﬁ_:ﬁ s Obthée Win%ﬁh‘ikrgd H@Qﬁloﬂ 85 ScdkS &g

conventi ona oating techni ques on curyve shape chine parts ar ar -
ticularly &ﬁﬁé%%|?e§§eﬁﬁnprﬁﬁﬁjq% ? hEC HEBKYPoGRECEr £° %??ﬁ%ﬁwéhgto
further m wedize=d heetRduded ier essisacd painchi betparh pmapristieat eslf bef or e
the. step qf, anplyi S #hder %Q&tlltrﬁ @grg%ashgeqpcor dance wi th anot her

aspect of the presen invention re 1S al'so provided a nachi ne part,
coated with a vearareseSeanedc ot meeerdingyta ther Anivenriap. process,
exposed to dieatcdfeatgentel-i3al & £t IR IREELA! ¢ ea-P«lh‘érf«‘}@&Qo

tenperature and for a time effective to at |least partially diffuse said
coating mErdS dihelpyabxPBERHy PEAIGE St A P et ivalyn§aide 596540 e bel ow
the nel ti ngupeiritalofhidescileng i Kt whémt fedlheousdenl YinRgiur f ace,
and addi tional | appl i ed, coati.n terial |ayers fgb'ect t o successive
heat treat FRAEY B QERHd shRGOEORH 9 REESYE FhyBrFrioBFa8r% 6% ovi de on

sayd}nachinepﬂaEMAmHﬂmmﬁcaupﬁugabﬁqugﬁ-Iayers of some said coating

el 281G SRS LB BRSO NESkERd 1 PR 8L oD 30 v
the method is applied on a machine part comprising a
curve shaped surface on which curve shaped surface said
coating material is applied at least on some zones. For
such machine parts the method is particularly well suited
since problems with induced stress using conventional
coating technigques on curve shaped wachine parts are par-
ticularly difficult as wmentioned in the background axt.
In order to further minimize the induced stress said ma-
chine paxrt is preheated before the step of applying said
coating material.

In accordance with another aspect of the present
invention there is also provided a machine part, coated
with a wear resistant coating material by a thermal spray
process, exposed to heat treatment of said coating
material at an elevated temperature and for a time
effective to at least partially diffuse said coating
material, by exposing said material to heating
- temperature below the melting point of the coating
material, into the underlying surface, and additionally
applied coating material layers subject to successive
heat treatments of each said coating material layer in
. order to provide on said machine part surface a plurality
of layers of some said coating material, said coating
material comprising necks in contact points between
-particles in at least said coating, said machine part

coating has a porosity of between 1 to 15 vol%.




coating has a porosity of between 1 to 15 vol % 24 August 2006 6a The
coating material conprising the yielded necks and pores 2&%@%3’:%@6" he
possibility to absorb defornmations and inperfections caused by induced
stress during use. In accordance with a preferred enbodi nent of the

machi ne part coating with a strong bond between the coating material and
the machine part surface as well as $# August 2006 7 internally strong
bonds within the coating can be achieved. By controlling the heat, to
which the coating naterial nay be exposed when applied on the nachine part
the coating mlfd doRangURYELPR 1 ekl B FOMAC yiRILLSpo Ll Gromel 0).

bet ween particles in salg coating and”™ nmachine part surfacé resulting in a
strong borRPi5et REBRe Bad d-hgamoissibilitegendbrgrbnde frermmttionsabndhosen f or
the coatingecaTdctosns hadmehivhe; t aCt.: pOi necks can be

devel oped by exposing said matltb(lé:}'reilglaﬁ{:%(i %&%ggeﬁg%&?hdgeﬁel ting point of the
mat eri al . Conv?ni ent l%qia but. not exclusively, the elevated heat treatnent

of the coating Hefer?Ete e tHébhdchiraéepred empodimerdppifi ¢tiewi t hin t he
range of BOchnS8Whxf de imgl Wiol atsrpsrat Lei r nt material
used for I{lgte cchlati r(ljg By tﬁﬁe,rret hod di sc okgggj %feefcgyier??l ?ﬁgrégﬁﬁﬁ%e

provi ded & Ftett 47F &5t MG oBePRbE eutiacRk@s medl particles of the
coating. Suitably the coating material nmy be chosen fromthe group of at
| east one of the groups of the followng materials: metals, netal alloys,
carbi des, silicates, ceramics, oxides, cernmets and '




m xtures thereof. Preferable, the coating material conprises a netallic
conpound chosen froma group consisting of G203, CuAl, sﬁﬂmgse
conpounds and netal alloys have proven well adapted for t maki ng- of
machi ne part coatings of high quality-ﬂﬁth excel  ent wear and sliding .

per f of TN 88 o A9 1603t BAAEAL) 19 chapa LOLELkedy pahogirent compr ses a

m xture partl net al, 8'm°Sf rei nf or cement .
I n accordaﬁééevﬂﬁthBa Gpétépﬂédnenbbelhent the whathngh&ateﬁmahgls a

cernet. CppRBLihS aagreepegﬁogeatuﬂgﬁ th g%lgangga%gg 3%@;6 ¢ and a netal

or alloy. A frequent used” exa rone ram c
const i t uefbp Pﬁaﬁlnﬂl@Réﬁ?Eﬁlo@@ﬁrﬁﬁV@L@pIH@Gkﬁ dmt iconpatédpbhatsa person

K ot (A BeoEL ARy UBRABhNBA,RTLARLE 1 AOTROUNSA: 1) QY AaNC cor Bt s

(not nentioned here) in order provi de a coatl on2a“achi ne part. 24
August 20@60h8nFuPﬁﬁErSvhﬁﬁ@enﬁgsmkt¥nqnmnkﬁisinmm@hbnedpbetweemhereln each
O on®, S2s81a0PAERTCTBL O babehdY R Son! YRECALLY- Y CcAoLUhCkagoRRAl Dot woen
0.005 to 0.10 Prefera ness of one ayer accor |ng to the

machi ne pﬁ?@tiggaﬁBGnEOU DhemﬂaCHheetpacknEQs obnhactopbiing hagés according
to the maghhngePakheMByed 00VERbEBLEY Qslae&g@sglglogé 58,0 %ngy]'“ or der

to develop the desired nec e“contact porn et ween cles of
t he coatiHae|BGEE10¢r Pabnrephif e urihgrighe total t hi ckness of t he coating

may depend on tbavehienang, LYRE Rt WBENNSRAY, QL gf&t}hﬂgdpﬁ g used in
mar i ne dlggngenglngstaetggnggglgéggiiagfo;hghgoggéggngagart can
be applied within the range of 60 to 80% of the melting
temperature of a reinforcement material used for the
coating. By the method disclosed herein, there can be
provided a material creating open pores between the
particles of the coating. Suitably the coating material
may be chosen from the group of at least one of the
-groups of the following materials: metals, metal alloys,
carbides, silicates, ceramics, oxides, cermets and
mixtures thereof.

Preferable, the coating material comprises a
metallic compound chosen from a group consisting of Cry0;3,
CuAl, Al0s3. These compounds and metal alloys have proven
well adapted for the making of machine part coatings of
high quality with excellent wear and sliding
performances. The coating according to a preferred
embodiment comprises a mixture partly in the form of
metal, partly in the form of reinforcement. In accordance
with a preferred embodiment the coating material is a
cermet. Cermet is a group of coatings that combine a
ceramic and a metal or alloy. A frequently used example
is Chrome Carbide (the ceramic constituent) in a
Nickel/Chrome matrix. It-is anticipated that a person
skilled in the art may use other ceramic compounds,
alloys and cermets (not mentioned here) in order to

provide a coating on a machine part.




to around 5 mm 15 Brief Description of the Drawing Currently preferred
embodi ments of the present in- vention will now be descrbhed|g 2685
detail, with refer- ence to the acconpanying drawing. Fig. 171s a.
schematic .representati on of an arrange- 20 nent for using the method of
applying a coating material to a machine part according to the present

I nvention, Fig. 2 is a schenmatic repregentation of a part of a nachine
part .conprising a:coating in accordance with the invention.. 25 Fig;'3 'is
a schenatic. represent ghieee okvabeeplravdeldd pamdaiciling @araf, fig. 2 in

accordance with the %rezent I nuenti on.. Flgﬁ -4,éjt schemati c.
r epr esent ¥PFGF181 SAfeRdnPPE. Sa3F §oAHLT MRG G4t Ay ShTsi ng anot her pri or
art net hodypidailet aklved aDesdidkplesen oFf pRrgkemr ed gowbad) mentes mpd: currently

preferred nethodbgccgﬁdin%,t the inven- tion will be described together
with a pré&f&FFEaPeMpbr=tisknese 2IneoRi HeYs&r Ac5edsH diond < Fhene present

i nvent i onm3Ghwhkehpaetetisnagopd 06 vacemTPany ke iddesRISr aReferring now to
Fig. 1, a ma hi ne gart 1'is ar- ranged for being provided with a coati ng.
The coati fi§ §3/075843°52 Al gGs 02656 TPERIPPOPAEELTLY)  manuf act uri ng

arr angenenbnient a1 gobpr bseweant DeoEEl tospr.ayi ae devics@ed ard a heat
treat nent ,devic Pr.ef era-, bl t necessarily, a protective cove

byt
(not shomﬁ?ve'ggpggsiggalFSF BSé@FiE& E Fr GOREPRG BrdRsst Setierre. g. '

particles of the coating layer during manufacturing. The
total thickness of the coating may depend on the size and
type of machine part. For machine parts used in marine
diesel engines a total thickness of the coating can be up

to around 5 mm.

15 Brief Description of the Drawing
' - Currently preferred embodiments of the present in-
" vention will now be described in more detail, with refer-
ence to the accompanying drawing.
Fig. 1 is a schematic représentation of an arrange-
20 ment for using the method of applying a coating material
to a machine part according to the present invention.
Fig. 2 is a'schematic representation of a part of a
machine part comprising a‘ coating in accordance with the
- invention. o , '
25 Fig: '3 is a schematic. representation of an enlarged .
pértial view of fig. 2 in accordance with the present
invention. _
. Fig. 4 iz a schematic representation of an example
_ of a resulting coating using another prior art method.
30 | | | )
_Detailed Descriptioh of Preferred Embodiments

~A-currently preferred methbd according to the inven-
tion will be described together with & preferred embodi-
- ment of a machine part according to the present invention
'35 . with reference to the accompanying drawings.
Referring now to Fig. 1, a méchine part 1 is ar-
“ranged for being provided with a coating. The coating




- 5 'spraying. Further, an inductor constitutes the heat treatnent device S.

- The inductor 5 can be applied in a nunber of ways depen si ze of
~the YE@RAV¥@84art 1. In the present enbodi ment nore th@nggg%g%ﬁgﬁgfor 5is
shown. A cleaned machine part 1 is arranged to be treated 10 by the coating
arrangenment. The machine part is prefera- bly a cast-iron blank. In
accordance with a preferred em bodi neny of the invention a coating
material 4 is applied to the desired parts of the machine part 1 by means
of thernamaspfaytngingherrhagaménspfaythgrdemh@&13eeoavehew&aliently uses

e.g. plasm EngHMg51c8r%f%ﬁgeasﬂegﬁe@geak h@Oh%% ce ?F % gansi der ed

wel | known- erson ed’in art I'ne pa
contlnuousb¥YnDbEH Pﬁtréﬁéﬁﬁéﬁrllﬁfthepﬁh@ﬁmﬁhvgpcayemg(detle@oﬁnand heat

treatment de-p2Gvyhiea Boo! coVbEenyeEaR:ANEnGy! BecnSRERY DGy o0 Tnstantly

. theco t|n -material _can be subjeCt to heat treatnent at -

~ tenper OTAELBPdi RYTtBes: prRf tRABEtREL FeastREUtper EhRekfaspeed- of - t he
machi ne patte&ﬂméﬁtede01cbesCoﬁh@dlnﬁﬁcﬁbQUBdcaﬂ Eenhﬁpﬁﬂeﬂehﬁtbon to the

t her mal spn%%?%g 2% devi ice 3 5 X gﬂ the co Hg iterial and heat
treat- ment og?yﬁg SRR & préfef eH nB8arkBRt Padin pri: ses
a nixture.lpafnl|yhei preshntmemdnﬁentnﬁbﬁb thant byei Ainduther- sf gem of a
‘reinforce te T C te 30_rial is f erabl eated to
_bet ween 639?%m§0q§6 %égﬁed £§%ﬁ%éE2#%%%ggra§u? r%?g?ﬂetgeﬁﬁng88ﬁ8Ht
mat er 181 ik Sl ceahinggrutatgrmentshoFhe poatbinef partreisBachfeyale of
appl ying Uy eatddg- 1Rberblnd. and o DESLERNCLNG: £03LT BOoPBERLLAL,E W |

resul t |n a ew coat- 35 ing layer 24 on the rach f ace, which is
i1lus - iment of the invention a coating materla 4 is applled

to the desired parts of the machine part 1 by means of
- thermal spraying. The thermal spraying device 3 conven-
IS5 dently uses e.q. plasma, arc, HVOF, or flame spraying
technology; which is considefed'well kinown™ £for a person
skllled in the art. _

The machine part 1 is contlnuously moved in relation

to the thermal spraying device 3 and heat treatment de-
20 wvice 5 OI”Vlce versa during. the spraying.and-instantly
" the coating material can be- subject to heat ‘treatment at
elevated temperature. According to a. preferred method the
periphery’ speed-of the“machine part surface tombe caated
_ is around 20 w/min in relation to the thermal spraying
25. device:when applylng ‘the. ceatlng materlal,and.heat treat- |
. ment . ,

- The coatlng according ‘to a preferred embodlment comf
prlses ‘a mixture. partly im the form .of metal, partly in
~the form of a relnforcement material. The. icoating mate-

30 rial is preferably heated to between 60 to 80 % of the
meltlng temperature of the relnforcement material in said -
- coating during a short period of time. |

Bach cycle of applying the coating material 4 and

heating the coating material 4 will result in a new coat-
35 ing layer 24 on the machine part surface, which is illus-

trated in Fig. 2. In Fig. 2 only three layers 24 are

shown to illustrate the principle, but normally more than




trated in Fig. 2. In Fig. 2 only three layers 24 are shown to illustrate
the principle, but normally nore than 24 August 2006 V\DZQ?}(&@%(S
PCT/ Béb@24%844.0 10 | ayers will be applied and prefer@@ryﬁ]ﬂgglﬁﬁsi an 50.

. The nunber of |ayers 24 of course depends on e.g. the +thickness of the
| ayers 24 etc. According to a preferred enbodinent of the' invention each
coating layer 24 has a 5 thickness of 'f)_?lé)l cally 0.01 mm The total '
‘thickness of the applied coating 24a a machine part 1 is preferably

only i ven by ek o e e T o A B e pePH s Fo be ueed

only given way .of ex |.e to glive an
and it is H%‘erfﬁ/“&hﬁfb@fal%%%%rg%rp%wwéaerﬁew@dar@ntﬁag-if-hias possi bl e
to adj ust - tekroperdt ames Urdyass the é@b@kﬂﬁé‘z@r@{néh@o'§Y§%éfgﬂredt he

~ periphery. ed. duri.ng manufacturing of the coatin as we as the nunber
~of layers %ﬁ E:(=;9tcgli menE g%%rf&éve% P PRt f?‘eaﬁk?rgn%@y%? thelBPedent.

machi neéb pathilcknesse ofl G-yquiateeldy Furdhetmactios didgal orhhekhayenbion t he
cont) 19, ek ShRLB USRS AL R ESED (RSB0,
proven to PESWRC i%n raEhi durtparas siduty 200 | g savduind gl mal These | fiig-
. accor danceuwielh s P HRIRNA] By RAAIRRL, Ao Nor | Dyventi on. & he; goati ng.
material is.a cer- net. Cermet ’is a rodg‘d? Coatlﬁggg%%gﬁ gﬁﬁglne at " | east
" a ceranic- aA§3a Pt th& pProparhiest t&'h%ﬁ |#sed mid cueht |yrdemssidoesdrpl e i s
Chr omeL0Car bi gergbhe skanaMc ieonHd HaNtdhA5 it & Nokelyrome gpigt x. 1t
1s anticl p@ﬁgdp}[rg%ter%i%esr sueh’ assk Itlhléecilzl-{inc]érpeessarc;[f nt?l%/e ulsae eOt he2r4 cerame
conmpounds, : Layers '
T - - the periphery speed during manufacturing of the coating
as well as the number of layers 24 etc. in accordance _
with specific demands of the present machine part 1 to be
15 coated. ‘
Further according to the invention the coating mate-
rial 4 comprises a metallic compound chosen from‘argrOQp
_ consisting of e.g. Cr,0; and Al,0;. These compounds and
metal alloys have proven to result in machine part coat-
.20 [ingS'ofnhigh.qualityﬁ In accordance with a preférred em-
‘bodiment of the invention the coating material is a cer-
met. Cermet is a group of coatings that combine at least
a ceramic.and at least a metal or an alloy. A freguently
used example is Chrome Carbide'(the ceramic.constithnt)
25 in'a Nickel/Chrome matrix. It is‘anticipated that a'per—
son skilléd in the art may use other ceramic compounds,
alloys and cermets (not mentioned here in detail)‘in or-
der’to provide a COatihg:on a machine part- according to
thesinvention. |
30 - In accordance with a preferred embodiment of the in-

' ventive macpine part 1 a strong bond between the. coating
matefial 4 and the machine part surface 22.as'well as in-
ternally strong bonds‘within?the'coaﬁing“ismaChieved. Byr
controlling the heat, to which the coating material is

35 exposed when applied on' the machine part 1 -the coating
- " "material 4 will be forced to develop necks (microwelds).

in contact points between particles in said coating and




all oys and cernets (not nentioned here in detail) in or- der to provi de a
- coati chine.part according to the invention or dance
V\nthvggr?%?%‘?{md enbodi ment of the in- ventive nmachi n'écﬁggé 1A s??ong bond
bet ween the coating material 4 and the machine part surface 22-as-well as
in- ternally strong bonds within. the coating -is .achieved. By
controlling the heat, to which the coatiing materi al is 35 exposed when
applied on_ machi ne art 1 .-the coating material 4 will be forced to
devel op negks F?l c PEWEI 8 Fracs GRldcinsoils & Bsrasen bead ihdteeedm: sai d
coating an#aid- particles:- €onvenientp, 0%@7&@@48%3[@;@% ?215&%006 11

machi ne pa C sulti a st bond between d particles.
Conveni ent :é&e%gﬁtgang?ggng E&'&ﬁg Olfhg eI oF4t-8d ﬁé&?rt%aéa%rﬁh%f t he
coating rratﬂélﬂhérleonat:hels maohthe pantiel &fi Bot e Ba%gafofthe @lettqn%O% of the
melting 5 tepperatyLe | nf arcenen eri.al said
coating mat efﬁ?a |s&|j:-s§#urt EE {:F{Eu SH-FHeE ]t: mageriad, @fa sche-

mati c enl aF@éﬁeﬁPaBtngh@a%%ﬁHﬁﬁtg bet Ween part icles 21 in one |ayer 24 i s

shown. By the -Tnyenté veuppibed: i BEEE LEA0;RTHY, degl 2,834l 00 o}, 2 Mach ne
‘part, which_gcoati nﬂ com ’E“ ses open pores Ilaet he™p i &1 8§ 1 of the
coat- ing: "tepenaThIFFH EiMe ‘Pr%t’éF?abOBﬂlﬂﬁeb%b‘m¢mgpandln&el$l Bé ipart 1 the

cont act poom thzek:S 28 s eslgovel opede by - ©xPesc i+ e ALY TREGE gL 1o heat
bel ow,t dé%icﬁ‘@dpm nt tof the_15 material. The contact point necks 23
pr ovi es a’%{a Ional are’rﬁﬁh"’?o t‘H%C]%%‘FlP@rtﬁﬁﬁl%@%pc@ﬁté%ﬁowmg t he
coating tRriveeleyen gbtenissatese thé | pAENLE SAUSE S SEABI Ebat—_
ingi Depending on the material of the coating and machlne
part 1 the contact point necks 23 are developed by expos-
ing said material to heat below the melting point of the
15 material. The contact point necks 23 provldes addltlonal
strength to the coating. The step of exposing’ the coating
to an elevated‘temperature will hence cause a signifi-
cantly stronger bond‘compared to the mechanical bonding
normally achieved by just thermal spraying.
20 In:Fig.,. '4’the effect of applyihg excessive heat,
which' for- other applications might be beneficial but not
for these types of machine part coatings, to a.coatlng
layer.or. an-entire coating of a substrate is:shown: When
applying exce581ve heat durlng coatlng of a substrate the’
25 coating material will melt. In order to ‘be:able’ to com-
pare the size of the 1llustrated coated part in Fig. 3 it.
- has a size that is about equal to that of Fig. 4. It can
be seen that the coating in Fig. 4 show.a . sigmificant de-
. Crease in por091ty, the por051ty is not- evenly digtrib-
30 uted, and that the pores are closed.
- Closed pores are -not .generally . able to provide any -
3lubr1cant effect Furthermore, the ductlllty provided by
"such a coating w1th few and unevenly distributed pores.is- -
generally not Suffl”lent for use. in a machine part cocat-
35 ing. Though the bond will be strong in such a coating
"other charecteristics, as mentioned, are not adapted to
meet the conditions that will be‘applied-on:almachine'




cantly stronger bond conpared to the nechani cal bonding normally achieved
by just thermal spraying. 20 In -Fig_.4 the effect of apphw tg@g@SSlve
heat ,wowbBloglys f Oor - ot her applications m ght be benefi cﬁP u%ﬁs or

t hese types of nmachine part coatings, to a coating Iayeror an ent

coating of a substrate is.:_shown..... Wien applying excessive heat durlng
coating of. a substrate the 25 coating, material will nelt.. In order to be
abLe to com pare the size of the i 11 ust? ated coat ed part in Fig. 3it,

has a sizepdihal 15 1hoWedfUBbul® thal, udio dne Hhrfiliopdgsseen t hat

t he coatln%_ §Ffl 4. show .a. significant de- creaseé In por05|Fy, t he
porosity i %?(ﬁ%ﬁr?%ﬁ%ﬁﬁQu%kﬁ Bkt hrife¥neofors apatinhgsed.

O osed por emrdng; helat. geretadnt aet&@bﬁ@npj o den@nynveapibaant effect.

Furthernnr t|||t prOVI such a coating wth few and
‘unevenl y dlstcgghgxﬁgf %%&Fuéd¥+¢%¥%ﬁ¥Yf6P We8Tin a

nachlné3paﬁﬁsaﬁaﬁn@5 Dﬂ@.bﬁuaqﬁléﬁﬁﬁlxnujvmll be strong in such a coating
ot her characteri a ti d, .are not ted to neet e.
¥ E&hﬁéﬁé ‘s‘hre"rsf%e R i e S Proﬁertle%"gu‘fja%t 2006

~conditions that wl d i &
WO 03/ onsmcbemﬁEp@zpozps elZleqm?rJtvelm mam vﬂ:mmdexdaassmae to the

“formati-on pkarngek t f e.coating
during hea%Fgge%hngﬁgﬁagcogga%' to the H%ﬁegﬂédﬂéﬁﬁﬁs%g tﬁgbondé% coating
t

with. exce GEF|FFt§hHﬁdPWQM¢dQ§-ﬁegﬁﬁh%@x?hﬁﬁlR%O%m@e@v@d Furt her,
t here 1i0s. acbasanOtooahﬂacgﬂgge@kasw1QE_g@%lt@@ﬂaémaéguéotghgqmgegat|ver

effected m@ﬁ?ngxﬁgg Igfank good adherence thereto, open pores and
a sufficient por051ty.
The inventive coating is suitably applied on sliding
surfaces of machine parts, which are exposed to wear.

15 Preferably the coatlng can be used on sliding surfaces in
pumps, hydraullc pumps, and fire extlngulshlng pumps. The
invent;ve coating is particularly suitable fbr coating
machine parts used in internal combustion engines, and
most preferably in marine diesel engines.

20 Agcording to a preferred embodiment of the invention
the coating is-applied.to at least parts of the sliding

- surface of a cylinder liner. The cylinder linetr could ei-
‘ther be fully coated or coated 1n a predetermlned pattern
on- degired parts One example of such a coating pattern

25 is a helical geometry on the. inside surface of the cylin-
der llner.

' According to alternative preferred embodiments of
the*invention the machine part is a pistom, a“piston rod

| or. a piston skirt. It is' considered particularly ‘suitable-

.30 - to provide a codtinguof the annular grooves of a piston
w;th the inventive éoating. Achrding-to yet another al-:
ternative:éMbodimentfof the inventionxthe.cqating isaap4'
plied partly or fully on certain parts-of the inner. slid--
“ing surface of stuffing box rings.

35 7 Other alternative embodiments, on which the coating
according to the invention may be aﬁplied-are on at: least




heat is used applying a coating. According to the inven- tion there is thus

provided a nmethod that provides a 10 coating to a machi ne pafk,sdoR |1 M ted
damag®0t%8/7#44 na- chine part bl ank, good adherence thm%pozlﬁ%ﬁ;gm pores and

a sufficient porosity. The inventive coating is suitably applied on sliding
surfaces of machine parts, which are exposed to wear. 15 Preferably the
coating can be used on sliding surfacegan punps, hydraulic punps, and

fire. exti n%util. hi,ng punps. The inventive coating is particularly suitable
for coating q]éa%%q LTugedam shafdr maid ombustizonk engifesan@nd  nost

preferabl y dlndimg nendiese] AN@RHa 40 Apgording to a preferred enbodi nent

of the inventi O%‘ur& e coat i ng is applied to at least parts of the sliding
surface of a cyl'ihder Tin&r. *FhéScyrhfdeeredhdenedilcd adi £ herowiaid ul | y

coated or cddddad wuafpcedeber ai BRE RAPRIA NP XIS ihed ; RALLS . One exanpl e
- of suchsa ceakiiRg patl : is a _helical, geonetry on the inside: surface of
"~ the cylin- der ;P%ne%%tcgk?éégd%%g oeHﬁlk’PgFﬁ'%ﬂtv@pr@Peﬁfé@eé%ddimts of

" the- inventi8R Ehélifdesi serfpaet oifsaafpidt pampapkspebviodd el pi ston

ot apprepuct st BN AR, B Brtbebt s rcdor ng 1o
yet anot hef "&f - SICOFERARE| 98 BABodRMeNt ionf at heatiugnikgnbENPe0at ing | s
o st i ngp ?ﬁ;@%ﬁféﬁj&qﬁﬁf el lbeted of P cvalkemhicn the

coating accorar ng roct et RentWiekchayabeeapate egraferanlat ukedsin\0
03/ 072844 Dargegse- 200fke RGP0 20915 | |
While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent for one skilled in the art that various
15. changes and modifications canghe‘made therein without de-
parting from the spirit and Scope thereof; ThﬁB it-isLMn~
‘derstpgd thatrvarious methods ‘such as plasma, HVOF, and
arc spraying-or'othér related methods can be used to ap-
ply the inventive composition to a machine part. The ar-
207 rangemg;tdandﬁmethod for applying‘the.coating'and héat to
the coatingtonrthe machine part 1 may of course ‘be ad-
justed to present needs and is not limited by the above-
described:method,;whiqh;is}only:giveanylﬁayyof&exampie;
| . Thus, another possible option for applying a coating may
- 25...be:by;mean§:of a.laser arrangement. ' |




13 suitable parts of a camshaft and/or a crank shaft and sliding
surfaces of canshaft cans. Furthernore, it is conS|dered2@gR§£ﬁgmg$ to
provide sliding surfaces of a shaft packing with the inventi've 5 coating.
According to an enbodi nent of the present inven- tion a sliding surface of
a fuel punp is provided with the inventive coating material. In accordance
with a fur- ther enbodi nent of the invention a coating may be pro- vided on
heat and wear | oaded parts of inlet val %8s 10 and/or outlet valves, which
val ves are preferably used in large two-stroke diesel engines. Wile the

i nvention has been described in detai: ggﬂ with reference to specific
enbodi nents thereof, it wll be app or one skilled in the art that
vari ous 15 changes and nodifications can, be nmade therein w thout de-

Dot g Lé?hmoédé“:“%?ﬂda?f s AGLeg mer UEapk ehBedia MRISRA L oF
met hods cafr®é&tu §% Eﬁft Ry %héuFﬁﬁéﬁtpﬁéacéﬁﬁ@QQG(ﬂﬁ@%ra machi ne part.

The ar 20 p&ﬁa@f@f&lﬂﬂ.yalaﬁll @@1@@ fhﬂirl@PﬂéYbﬂﬂtt h%;.&%&tﬂ&dé‘%d%ﬁal ify the

coating on, fng hi ne art 1 course be ad- justed to present” needs
and i s not “EmtPadBYEhE EEEVe ETrbRen bt Fddd GARERDNZamateial gi ven

by way, ofbexanphermalprxaya@mduﬁsgmss|bIe option for applying a coating
---------- 24
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mat eri al temperature and for a tlme effective to at least par-
”_tlally diffuse said coating material by exposing said wa-
terial to heating temperature below the melting point of
the coati@g_material, into the underiying surface,

and to apply an additional coating material layer
subject to successive heat treatments of each said coat-

ing material layer in order to lay down on said ma-
chine part surface a plurality of layers of same said
coating material, wherein said heat treatment result in
formation of necks in contact points between particles of
at least said ccating, said resulting machine part

coating has a porosity of between 1 to 15 vols.

27 A method according to claim 1, wherein the elevated
heat treatment temperature of the coating material of the
~machine part is in the range of 60 to 80% of the melting

temperature of the coating material.

3. A method_according to an? one of claims 1-2, wherein
said thermal spray drive and a heat treatment device are
connected and moved relatively to a machine part, while
applying said coating material and a heat treatment to

‘said machine part.




to at least part of a surface of a machine part, preferably an engine
working part, said method conprising the follow ng steps4,applixssi on of
said coating material by a thernmal spray process, heat treatnent of said .
coating material at an elevated tenperature and for a tinme effective to at
| east par- tially diffuse said coating material by exposing said nma- terial
to heating tenperature bel ow the nel{dng point of the coating material,
into the underlying surface, and to apply an additional coating nateri al

| ayer bj e ve heat _treat nent f each_said coat- ing
i A%eér%ds ?C%sdlﬁ?% Eﬁoa}%yoﬁnéaal &Sr?gl AW b~ Par FhaFe e a

mat eri al In or

plurali tsyalég heafe ity egitmemte Os‘hlajileMGhl@amamﬁ dls prarieled $ard heat

treat menth@suldn i atfiQ) r?msltlon of necks in contact points between particles
of at least said coating, said resulting machine part coating has a
porosity of between 1 to 15 vol% 2. A nethod according to claim1l1, wherein
the el evat dmeltdat] mceatwiinig ttevpenat ane 6f theieeating, ngherigl, of the

. machin r r of the tmmmauueof
t he coat%ﬁaggprﬁeﬁsg}:tgnbh&a&ﬁq%ggdaggc%(?%?%g%t 6" aRy <o ﬁé%ed? ahmgm- 2, wher ein

sai d t hEFRELYsPREFrdPRGedaRPLOHdal- t r eat nent device are connected and
noved relatively to a machine part, while applying said coating materi al
and a heat treatnent to said nmachine part. 24 August 2006 15 4. A nethod
according to any one of clainms.1-3, wherein said heat treatnent of said
machi ne part is provided by induction heating. :

6. A method according to any one of claims 1-5, wherein at
least 10% of the pores of said resulting machine part coating

are open pores.

7. A method according to any one of claims 1-6, whereiﬁl

each of said coating material layer typically has a
thickness of between 0.605 to 0.4 mm.

8. A method according to any one of claims 1-7, wherein
said coating material is of pulverulent type when fed to
said thermal spray - pirocess.

9. A method according to any one of claims 1-7, wherein

said coating material has a wire-like form when fed to
said thermal spray process. '

16. A method according to any one of claims 1-9, wherein
said coating material comprises at least one of the
following materials: metals, metal alloys, carbides,

gllicates, ceramics, cermets and wmixtures Lhereof.

11. A method accordlng to any one of claims 1- 10, whereln
-said coatlng material comprises a metallic compound :

.chosen from a group con31st1ng of Cr;03;, CuAl and
_ 21503,




5. A nethod according to any one of clainms 1-4, wherein said resulting
machi ne part coating is provided with an evenly distribgagggggqgggty. 6. A
nmet hod according to any one of clains 1-5, wherein at |east 10% of the
pores of said resulting machine part coating are open pores. 7. A nethod
according to any one of clainms 1-6, wherein! each of said coating nmaterial
| ayer typically has a thickness of aﬁgmeen 0.005 to 0.4 mm 8. A nethod
according to any one of clainms 1-7, erein said coating material is of

pul verul ent type when fed to said thermal' spray- process. 9. A nethod
according to any one of clains 1-7, wherein .said coating material has a

wire-likezform ubeRod eslddrdisdi fot r ss. 10, A nethod
according,tgq ﬁQXh?Hg ggrﬁlﬁingrg?gggaggkéﬁﬁ gé%ﬁgggFgﬁ?nqgﬁﬁﬁiﬂiaj
conprises at |east one ot theP PEFRS néefqﬁtr&i FsStRBt &8s, netal all oys,
car bi des@PPLYingafadd cepkdngs magemietk. and mi xtures thereof. 11. A method
according to any one of clains 1-10, wherein said coating material

conpri ses; a LLi hgsen from a_.group_consisting of Cr203,

CuAl and A;ngﬁéfboguéggggggg%t%18n¥2?n%\°' Fﬂ%dmﬁcﬁfﬁ%ﬁlﬂﬁeFélﬁny one of

clai ns 1sdid meherigien paai doomehi s pardutse pslehead esubehios eoh he step of

appl yi ngysakll coabd ngL9BLE" L ) .net hod according.to any one of clains
1-12, wherejn _sai d. nachi ne %gf?égoﬁéf?§§§mh:Eﬁ?ﬁﬁagﬂgb@a &8rface on

.whi ch R Shafed $2PF 2R S8 &8BESPAg material is |

14. A machine part, coating with a wear resistant

coating material ‘by a thermal spray process,

eiposed to heat treatment of said'coating material at an
elevated temperature and for a time effective to at least
partially diffuse said coating material, by exposing said
material to heating temperature below the melting point
of the coating material, into undexlying surface, and
additionally applied coating material layers subject

to successive heat treatments of each said coating

material layer in order to provide on said machine part

surface a plurality of layers of the same said coating

material, said coating material forming necks in contact
. points between particles in at least said coating, said

machine part coating has a porosity of between 1 to 15
volg.

-15. A machine part according to claim 14, wherein the
-glevated heat treatment temperatﬁre of the coating
material of the machine part is in the range of 60 to 80%
of the melting temperature of the coating material.




applied at |east on sonme zones. 14. A nmachine part, coating with a wear
resistant coating material by a thermal spray process, ey & dgpeheat
treatment of said coating material at an elevated tenperature and for a
time effective to at least partially diffuse said coating material, by
exposing said material to heating tquerature bel ow the nelting point of
the coating material, into underlying Grface, and additionally applied
coating material |ayers subject to successive heat treatnents of each said
coating material layer in order to provide on said machine part surface a
plurality of layers of the sane said coating material, said coating

material {grm AonAeRkSei PacOnhacbraPAhNts bebwmenapasti gheselin at |east
sai d coatlng, i%;d machi ne %%é coating has a porosity of between 1 to 15
vol % 15.5&Ma aﬁet&éﬁatt“é?ngr P ALY FRshaTEs pamteris pagieideflebyt ed heat
t r eat ment ihdopedatunteafiddie coating material of the machine part is in
the range of 60 to 80% of the nelting tenperature of the coating material.
-------------- 24 August 2006 16a 16. A machine part according to claim
14- 15, whkfei A BaFdiheaparteateending tai dngachenefpataiins phoelibded by

i nducti on heajhBgeinl aifl WRHNE a Lng Y Que,1Qf claims
14-16, Wgerein sai nachine}part @%%%Fnggﬁgghgnh%%e%ﬂyeg%?g§£ibuted

por osi't y. S REGHEE DL HEFOSEEY -




18. A machine part according to any one of clains 14-17, wherein at |east
10% of the pores of said resulting machine part coating;3m8aReMOROr es.
19. A machine part according to any one of clainms 14-18, wherein each of
said coating material layers typically have a thickness of between 0.005
to 0.4. mm 20. A machine part according to any one of clains 14-19,
wherein said coating material conprises at |east one of netals, netal

al l oys, carbides., silicates, cerantés; cermets, oxides and mi xtures
thereof. 21. A machine part according to any one of clains 14-20, wherein
said coating material conprises a netallic conpound chosen froma group
consisting of Cr2031 CuAl, A1203 and m xtures thereof. 22. A machine part
according to any one of clainms 14-21, wherein said coating naterial is a
cernet 23. A machine part according to any one of clains 14-22, wherein
said coating is applied on at |east part of a curve shaped surface of said

machi ne part.
18. A machine part according to any one of claims 14-17,

wherein at least 10% of the pores of said resulting

machine part ccating are open pores.

19. A machine part according to any one of claims 14-18,
wherein each of said coating material layers

typically have a thickness of between 0.005 to 0.4, mm.

20. A machine part according to any one of claims 14-19,
wherein said coating material comprises at least one
of metals, metal alloys, carbides, silicates, ceramics;-

cermets, oxides and mixtures thereof.

- 21. A machine part according to any one of claims 14-20,
wherein said coating mateérial comprises a metallic
compound chosen from a group consisting of Cr,0;,

CuAl, Al,0; and mixtures thereof.

~22. A machine part according to any one of claims 14-21,

wherein said coating material is a cermet.

23. A machine part according to any one of claims 14-22,
wherein said coating is applied on at least part of

a curve shaped surface of said machine part.




