WO 03/ 072844 PCT/ EPO2/ 02151 THERMAL SPRAYI NG OF A MACHI NE PART Field of
the I nvention The present invention relates to a nmachine part, preferably
an engi newpdislorases part, coated with a coating naterial bycCa/mPapoamal spray
process and exposed to heat 5 treatnment of said coating material at an

el evated tem perature. The invention also discloses a nethod of apply- ing
a coating to machi nEHERMALTSBERAYINGOFIAMAICHINIPRART dermands have
to be net by machine parts particularly as concerns for exanple strength,
anti- corrosive properties, wear resistance, ductility and ma- terial
resilience. Today, machine parts are generally manufactured from 15 a
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the materi al agieedabds thikr engehtdne re- silience but when heated above
certain limts a we probl em ari se, . Ther I reat r. of chi ne
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t enper at ur es. Kcast-lron engi ne part therefore often is provided with a

wear - r esi st ant 1P&y&r SOt 12Y FniMRGARS &781Son the surfaces nost exposed to
wear. 30 However, difficulties do arise in achieving a suffi- ciently

strong bond between.th t riral f the blank and the material of the wear
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Today, machine parts are generally manufactured from

15 a cast-iron blank, which substantially meets the require-
ments imposed on the material as regards strength and re-
gilience 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. sliding surfaces in an engine system. Especially, in
large marine 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
resistance at high temperatures. A cast-iron engine part
therefore often is provided with a wear-resistant layer
or a running-in layer on the surfaces most exposed to
wear.

30 However, difficulties do arise in achieving a suffi-
ciently strong bond between the material of the blank and
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

35 this happens, the material of the blank-material surface
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post - heat or sinter en appliéed in order to _provide
a sultlng 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 differences, and to the effects
of a highly corrosive environment. In order to withstand
the effects of these stress-inducing causes, the coatings
of the machine parts therefore also must exhibit consid-

25 erable ductility and thermal stability in addition to the
before mentioned wear resistance. By ductility is to be
understood herein the maximum possible deformation of the
material before cracking begins. Not only in operation
but also during manufacturing thermal shock and high tem-

30 perature differences can cause similar 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 coatings and a substrate. US

5,268,045 provides an example of such a prior art coating

method, wherein the work piece to be coated is electro-
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thermal spray coated with a netal or netals in order to provide an overlay
coating and post heat treated at an elevated tenperature, to diffuse said
metal or netals into the surface of the work piece. 5 During such a process
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nown of ap 30 plying a coating o in overcones the _above
i ssues. the machine part blank. After the heat treatment when the
15 machine part is cooling off it will resume its original
shape and consequently the newly bonded coating will be
forced to follow the machine part blank. If the coating
is applied on e.g. a curved shaped surface the coating
will experience tensile stress during the cooling off re-
20 sulting possibly in cracks or peel off. This might lead
to shortage of the operable lifetime of the machine part.
Other issues related to prior art techniques will be
described more in detail in the document. Hence it is de-
sirable to find a method for providing a ductile wear re-
25 sistant coating on a machine part with a strong bond. It
is also an object to find a method for applying a coating
on a machine part with minimized induced stress and also
reducing the risk of loose particles and actual cracks
within the coating. At present no method is known of ap-
30 plying a coating of machine parts which overcomes the

above issues.

Summary of the Invention

The object of the present invention is to provide a
35 method of applying a coating, particularly intended for

machine parts, that meets the requirements necessary re-
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15 ing surface, and to apply an additional coating material
layer subject to successive heat treatments of each said
coating 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

20 formation of necks in contact points between particles of
at least said coating.

In accordance with the inventive method a strong
bond between the coating material and the machine part
surface as well as internally strong bonds within the

25 coating is formed. By controlling the heating tempera-
ture, to which the coating material is exposed when ap-
plied on the machine part the coating material will de-
velop necks in contact points (microwelds) between parti-
cles in said coating and machine part surface resulting

30 in a strong bond between said particles. Depending on the
material of the coating and machine part the contact
point necks are developed by exposing said material to
heating temperature below or close to the melting point
of the coating material. A coating material intended for

35 machine parts typically comprises a matrix material and a
reinforcement material. Conveniently, but not exclu-

sively, the coating material applied to the machine part
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15 heat can be controlled in a desired manner.

In order to provide the desired elevated heat treat-
ment of said machine part induction heating is preferably
used. Heat treatment 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 alternative is laser.

Another benefit of the inventive method is that the
resulting machine part coating has an evenly distributed
porosity. Preferably, said resulting machine part coating

25 has a porosity of between 1 to 15 vol%. The coating mate-
rial comprising the yielded pores hence has the possibil-
ity to absorb deformations and imperfections caused by
induced stress during use.

Open pores can also be used as a buffer for lubri-

30 cating substances to provide a lubricant effect on the
machine part during use and hence reduce friction and
wear. Closed pores however can not easily receive exter-
nally fed lubricant and are 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 one layer according to the inven-
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curve shaped surface on which curve shaped surface said

15 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 techniques on curve shaped machine parts are par-
ticularly difficult as mentioned in the background art.

20 In order to further minimize the induced stress said ma-
chine part is preheated before the step of applying said
coating material.

Tn accordance with the invention there is also pro-

vided a machine part, coated with a coating material by

25 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 coat-
ing material into the underlying surface, and an addi-
tionally applied coating material layer subject to suc-

30 cessive heat treatments of each said coating material
layer in order to provide on said machine part surface a
plurality of layers of same said coating material, said
coating material comprising necks in contact points be-
tween particles in at least said coating.

35 In accordance with a preferred embodiment of the in-
ventive machine part coating a strong bond between the

coating material and the machine part surface as well as
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metal s, metal %%F%%d GALRdeSheSidaneRl 8F 60eRAMges, X 2R inla% irkeriet-S
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or e ocat-

perature of a reinforcement material use
15 ing. By the inventive method there is provided a material
creating open pores between the particles of the coating.
Suitably the coating material is chosen from the group of
at least one of the groups of the following materials:
metals, metal alloys, carbides, silicates, ceramics, ox-
20 ides, cermets and mixtures thereof.
Preferable, according to the invention the coating
material comprises a metallic compound chosen from a
group consisting of Cr;Cz;, Cr,0s;, CuAl and Al;03, These com-
pounds and metal alloys have proven well adapted for the
25 making of machine part coatings of high quality with ex-
cellent wear and sliding performances. The coating ac-
cording to a preferred embodiment comprises a mixture
partly in the form of metal, partly in the form of rein-
forcement. In accordance with a preferred embodiment of
30 the invention 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 1s an-
ticipated that a person skilled in the art may use other
35 ceramic compounds, alloys and cermets (not mentioned
here) in order to provide a coating on a machine part ac-

cording to the invention.
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Fig. 1is a schemat c epresen?atlon of an arrange-

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.

25 Fig. 3 is a schematic representation of an enlarged
partial view of fig. 2 in accordance with the present
invention.

Fig. 4 is a schematic representation of an example

, of a resulting coating using another prior art method.

30
Detailed Description of Preferred Embodiments

A currently preferred method according to the inven-
tion will be described together with a 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 machine part 1 is ar-

ranged for being provided with a coating. The coating



20 nent for using the nmethod of applying a coating material to a machine
part according to the present invention. Fig. 2 is a schematic

repr esentwoioon7asfia a part of a nmachine part conprising a ®CALEPOZ0A1A1
accordance with the invention. 25 Fig. 3 is a schematic representation of
an enlarged partial viewof fig. 2 in accordance with the present
invention. Fig. 4 is a schematic representagion of an exanple of a
resulting coating using another prior art nethod. 30 Detailed Description
of Preferred Enbodiferntsr g Lufzﬁfﬁgaﬁnmteertﬁmbmdmpiera@rah tigetmwal he

i nven- tion w ISI rbae ldr(lasc |becd t3ogaetcper éth @rgr%e . gdg ﬁ%fe?%
machi ne part accor gg he present |nvent i'on reference
acconpanyi ng drbsilw,ngmt rRetfeIercrerﬁgsaﬂowy,o Elﬁ@rouecial‘n@cmmrpém@t 1shewat -

ranged for being, Rayldeth Wdih & RoaLId Gy The.contd g WR03L 07254 e

PCT/ EP02/ 02151 = 9 “manuf act uring arrangement further conprises a ther rral
sprayi ng de%i cSEFaafid S I‘%ﬁffthﬁ%at%rﬂtn@jﬁﬁ% oongk B eres By, heRE not

necessarily, a&réa@&éﬂwei&m/&r § Nothes howlctds pr@é/md@él i 1£8yeihng
Further, a uctor, constitutes

surroundi ng el ene ts fr 5 sprayin
the heat troat P SRRENHRR (G STt o HpptPed R e nofber  of
ways dependi ng 1on JIrhethaa z;&eﬁeﬂmeammtﬂmmamre lthdm éhe pnésevdr 5 is

enbodi ment nor et han i nduc A, cl eaned chi art is
arranged to be S‘[hr eéﬁ e fblebanetc%emaccoa ar(rgc\r/\g&n leE‘Fnsan te eegarr%%hl e f)%??%clis
prefera- blL9 alpasthea rccmaibllrwn I@rﬂam%xwtdarfﬂee \metd’:hm@rmw reel ereféovd nent

of the i nventigna £oalding saat egi # oeblathod /it Hesleeds paal snof

t he machi ne part y neans o ermsﬁ sprayi n The sprayin

devi ce 3 converPorbinasHt IGE (s J@‘gentpn%r\aa C%ﬁfem%z@iemali | ‘brrbs s@?ﬁ]y%ﬁ@
technol ogy, Whith drfe s el eth el o KW dFh BndEF$ON 1 by means of

thermal spraying. The thermal spraying device 3 conven-

15 iently uses e.g. plasma, arc, HVOF, or flame spraying
technology, which is considered well known for a person
skilled in the art.

The machine part 1 is continuously moved in relation
to the thermal spraying device 3 and heat treatment de-

20 wvice 5 or vice 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 to be coated
igs around 20 m/min in relation to the thermal spraying

25 device when applying the coating material and heat treat-
ment.

The coating according to a preferred embodiment com-
prises a mixture partly in the form of metal, partly in
the form of a reinforcement material. The coating mate-

30 rial is preferably heated to between 60 to 80 % of the
melting temperature of the reinforcement material in said
coating during a short period of time.

Each 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



skilled in the art. The machine part 1 is continuously noved in relation
to the thernmal spraying device 3 and heat treatnent de- 20 vice 5 or vice
versa durwog3nhs4sprayi ng and instantly the coating nater ipall/EPanoisl subj ect
to heat treatnment at elevated tenperature. According to a preferred nmethod
the periphery speed of the machine part surface to be coated is around 20
mmninrelation to the thermal spraying 2& device when applying the
coating material and heat treat- nment. The coating according to a preferred
enbodi nent comlq)rlzs)esra wi X1 uve qsppligdlmdhpréﬁemblynmbaé thant b9.in

the formof ar n T g O.rial_is
preferably heatlgljlf r%?%?we%%n%%; 8%)4 }E‘E &?ﬁ%ég & %ﬁ%gt gﬁrp%r%t uFe of the
r ei nf or cement rilmﬂetrkraﬁsi? ek aile b@mrﬁgZ%Iu@ﬁ“—(hg Aeeppdingekpod prefeneedEach

cycle of appl y'é}ﬂaécﬂﬁn&?@téf‘gﬂ@@tEﬁx‘r@z‘ltfoﬁnéiacﬂe@ééﬁgnéhﬁaﬁéﬁtQﬂghggt grial
4 will result in a new coat- 35 m&qya er 24 on_the machi ne part surface

whi ch is il Pus-th¥gineps P grrica g0l 2| Fhe h‘F%’éa]ra\}]é%ngﬂsﬁré shown

toillustrate tiwge Lﬁtpidﬂ ecoebtuin@ozml bF Aorgchihya Iy@c@?»ztoza%ﬁeferably
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| ayers 24 etc. wmrmmmdme‘ae:pr@ﬁbyr@ﬂvezermpdwmn@foéxaﬂnplent/engioe each

coating layer Eﬁ d%g%&g?&?éﬁg p$§a££%d ag&af?]i;hﬁn&8£$£ooglby

t hi ckness of a nmachi ne i S prefera
around 0. 81Am @L@emlﬁtyll@tmaiﬂwn@f’% tﬂn@tm*@sesfpgssybb@ ‘é@eaﬁwé‘\?er

onl y given by way ggdr @st&&a@s%elQﬁﬁcﬁeééeoﬁreﬁgriafér@z@e used

and it is understo 10 a person_skilled in the art that ossi bl e
to adjust the tﬁ#%@m@%e@c?rp%%dt%r%wcfk%%éa%ifwh@maﬁngezgoa ire

peri phery speed;dufdng ABMeHAChibhEY Of 1Hp-€9abd Ngrcasimebbcasdtheenumber
of layers 24 et%_llgggé¥¥(kﬂggmands 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 a group
congisting of e.g. Cr;0; and Al,0;, These compounds and
metal alloys have proven to result in machine part coat-

20 ings of high quality. In accordance with a preferred 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 frequently
used example is Chrome Carbide (the ceramic constituent)

25 in a Nickel/Chrome matrix. It is anticipated that a per-
son skilled in the art may use other ceramic compounds,
alloys and cermets (not mentioned here in detail) in or-
der to provide a coating on a machine part according to
the invention.

30 In accordance with a preferred embodiment of the in-
ventive machine part 1 a strong bond between the coating
material 4 énd the machine part surface 22 as well as in-
ternally strong bonds within the coating is achieved. By
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



wi th specific demands of the present machine part 1 to be 15 coated.
Further according to the invention the coating mate- rial 4 conprises a
net al | i c worspomse4 chosen froma group consisting of e.g. pPCTaP82/exdl A1203.
These conpounds and netal alloys have proven to result in machine part
coat 20 ings of high quality. In accordance with a preferred em bodi nent
of the invention the coating material is aqer- net. Cernmet is a group of
coatings that conbine at |least a ceramc and at |east a netal or an all oy.
A frequently ussthisenpdet i suChrorer&anbi tdeg (imea ceraong bondt beteae) 25
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art may use other cerani ¢ conpounds s ‘and Cermet s ht I oned
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ventive ITB.ChI ne epart strgsag bond between the coating nmateri al nd

t he machi ne”part “&?ﬁ’?a&ﬁér%? fagls the ?%%WJF?FIE??BHﬁaB%ﬁH%lWFhl n the
coating is achisded. cc%fclx@nﬁaﬂoé:fiang the heat, to which the coating

material is 35 exposged when |ed chi ne art t ecoatln
material 4 will be stglrcedl% ofa Olﬁe%%sla(r%{ "EOht a2t S %}B?nts
bet ween parti clmetian m&mmm@ﬁmmwm@mmm asmwaléa 211in
machi ne part s G i st ' jcles.
Conveni ent |y, %I{@nlg%%%s(g%%s#\%e %V% eva{}q’ﬁﬁ%yg @%%é %S
coating maiBri d&rvmdak a r@(%ﬂfﬁlrrég pafrta |F®a¢hﬂm¢1@aﬂa¢lgeﬂ@ﬁd@0€®@t8@% obmt he
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coating material. This'is further illustrate 3, where a sche-
matic enl ar generd 0P ERRALGHHI Ry ek RAE DR i et'sh’?lcq’%tl%glealll%yfé?d?@ﬁ?s

shown. By the igawentli whemeidiachdthes®ints ddbiy avi degk adenst bpgd 0by aeRBEHL ne
part, which CO%HEP%&%%“material to heat below the melting point of the

15 material. The contact point necks 23 provides additional
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 applying excessive heat,
which for other applications might be beneficial but not
for these types of machine part coatings, to a coating
layer or an entire coating of a substrate is shown. When
applying excessive heat during coating of a substrate the

25 coating material will melt. In order to be able to com-
pare the size of the illustrated 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 significant de-
crease in porosity, the porosity is not evenly distrib-

30 uted, and that the pores are closed.

Closed pores are not generally able to provide any
lubricant effect. Furthermore, the ductility provided by
such a coating with few and unevenly distributed pores is
generally not sufficient for use in a machine part coat-

35 1ing. Though the bond will be strong in such a coating
other characteristics, as mentioned, are not adapted to

meet the conditions that will be applied on a machine



pri ses open pores between the particles 21 of the coat- ing. Depending on
the material of the coating and nachine part 1 the contact point necks 23
are develwpadomg4sexpos- ing said material to heat bel ow t ReTmPO2/ONIG poi nt
of the 15 material. The contact point necks 23 provi des additional

strength to the coating. The step of exposing the coating to an el evated
tenperature will hence cause a signifi- cantJy stronger bond conpared to

t he nechani cal bonding normally achieved by just thermal spraying. 20 In
Fig. 4 the effaxiriof Hpplas neexcessnd etreat , duahtchther forhetiappbicati ons

m ght be benefigl gls Bt nat ar&&rbéﬂﬁé&té’ﬁé%ﬁtfﬂ LPg 8?2”&%@8&599?1 to a
coating layer or an entire coating of a substrate 1S shown. Wen apgl yi ng
excessi ve heat Buring hkenrit i teeatnents et eed Bng heo 2ehe obnvagt kater fal wil |
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12 part. It hagipegn Joundthat, Luss tasddeed o atdon:- of ~pegksomethingand
between the nultilayers of the coating during heat treatnent according to

the invention, 2 SWiiichiFHorRR¥PToating with excel lent ductility and wear
5 resistance can be mehiiewesht ik tdeitiddere dsimalskad®ried het $100enrdi es
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15 Preferably the coating can be used on sliding surfaces in
pumps, hydraulic pumps, and fire extinguishing pumps. The
inventive coating is particularly suitable for coating
machine parts used in internal combustion engines, and
most preferably in marine diesel engines.

20 According 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 liner could ei-
ther be fully coated or coated in a predetermined pattern
on desired parts. One example of such a coating pattern

25 1is a helical geometry on the inside surface of the cylin-
der liner.

According to alternative preferred embodiments of
the invention the machine part is a piston, a piston rod
or a piston skirt. It is considered particularly suitable

30 to provide a coating of the annular grooves of a piston
with the inventive coating. According to yet another al-
ternative embodiment of the invention the coating is ap-
plied partly or fully on certain parts of the inner slid-
ing surface of stuffing box rings.

35 Other alternative embodiments, on which the coating

according to the invention may be applied are on at least



heat is used applying a coating. According to the inven- tion there is thus
provided a nethod that provides a 10 coating to a machine part with limted
darmage t owDl/omm44 chi ne part bl ank, good adherence theret ®CTEPeNOY6T €s 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 surfaces in ipunps, hydraulic punps, and
fire extinguishing punps. The inventive coating is particularly suitable
for coating nedkitRPbArParusedtia ¢aneshaft candlseti anceagknebafandndnost

preferably in r@ﬁm@liﬁgfa@@gi@@smg&g@@o&%?g to a preferred enbodi nent
of the invention the coating is applied to at least parts of the sliding
surface of a cylindeMy5hHEFMOa%e Byl ifhdensidrred degreticiaherobprovidy
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yet anot her al -thegt mahadiegifodirerte ofntdrtiowvent¢ont ihe want bagpis- ap-
plied partly orifddd YorPth&sd taid add S aners sl grad ace of
stuffing bJ?x rivriL s, 35 Qther alternati V%Cieén%?dﬁi&%r%ﬁt%? %%I%?\g%f?%e coating
according 9 t R&S/ ey tore hajp b spphiedh arel e Are caeef $WRIoky 07984 4in

PCT/ EP02/ 02151 1akdes WucHdterfdad i el aamsdaft and/ or a crank shaft and
sliding surfaces of WA h it is considered beneficial

f.t cans. Furthernopre, i , [
to provide sliding"su a%é]se of Ve I?76’:5'("(: S5 \iéeisﬁﬂflﬂ%eq mrerfiigtalls and
coating. Accor diiftdh trefarentwdioenieff ihegietemnt Aavetereocf, it will

be apparent for one skilled in the art that wvarious

15 changes and modifications can be made therein without de-
parting from the spirit and scope thereof. Thus it is un-
derstood that various methods such as plasma, HVOF, and
arc spraying or other related methods can be used to ap-
ply the inventive composition to a machine part. The ar-

20 rangement and method for applying the coating and heat to
the coating on the machine part 1 may of course be ad-
justed to present needs and is not limited by the above-
described method, which is only given by way of example.
Thus, another possible option for applying a coating may

25 Dbe by means of a laser arrangement.



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

i nventi orwea osozsitng nay be pro- vided on heat and wear | oad@EEPpz021S1 of
inlet valves 10 and/or outlet valves, which valves are preferably used in

| arge two-stroke diesel engines. Wile the invention has been described in
detail and wth reference to specific enbodj nents thereof, it will be
apparent for one skilled in the art that various 15 changes and

nodi fications can be nmade therein w thoutCldetMparting fromthe spirit and
scope thereof. Thus it is un- derstood that various nethods such as plasnma,
HVOF, and arc spraying or other related nmethods can be used to ap- ply the
i nventive conposi th dFEtPA PackHREY bagta Jort bpd 20rkergehehe ahdleaeshod for

appl yi ng the copidthpan heatad® (1he SO i MGRnd heapBChi ne ﬁ@éfeﬂ‘aﬁﬁy of
course be ad- justed to present needs and (s not Limted by the abogve-
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arrangenent. V\Qkpe%_lrg)a? BSApAi,ArDﬂIEOPC?eZ%ngSl 14 CLAIM5 1. A nethod of

applying a coating material’ tto at Teast part of a surface (22) of a

machi ne part (Deatpriafeatugnt S harsaidiommiwndimgtepaial saian et doated
conpri $ing {he delped NG S EP%: PR Gald o ols said, coat i ngomaberial by a
thermal spray process,_ heat treatnment of said coating mat erv ar an

el evated tBnpéridiine dndfust sRid moadingiaterht intasthpanndertyangy

di ffuse sai d ceaidfygdmaterial into the underlying surface, and to apply an

additional coating material |ayer. (24 subj ect to successive heat
treat ments of tsoaiaéj%tqniarﬁ%j%%}ar]alc afyetg (eaeripbrirye¥ o(34Y down
on said 15 nmachiure quar tts Wwiaees(i3A) gy wrddinetds |y essci 2431 @f coat -

ing material layer (24) in order to lay down on said

15 machine part surface (22) a plurality of layers (24) of
same said coating material, wherein said heat treatment
result in formation of necks (23) in contact points be-

tween particles (21) of at least said coating.

20 2. 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.

25 3. A method according to any one of claims 1-2, wherein
said thermal spray device (3) and a heat treatment device
(5) are connected and moved relatively to a machine part
(1), while applying said coating material (4) and a heat
treatment to said machine part (1).

30
4. A method according to any one of claims 1-3, wherein
said heat treatment of said machine part (1) is provided
by induction heating.

35 5. A method according to any one of claims 1-4, wherein
said resulting machine part coating is provided with an

evenly distributed porosity.



sane said coating material, wherein said heat treatnment result in
formation of necks (23) in contact points be- tween particles (21) of at

| east saiwomoarismy. 20 2. A nmethod according to claim 1, WRoEEPO2I0LIRE

el evated heat treatment tenperature of the coating material of the
machine part is in the range of 60 to 80% of the nelting tenperature of
the coating material. 25 3. A nethod accordisng to any one of clains 1-2,
wherein said thermal spray device (3) and a heat treatnent device (5) are
connected and noved relatively to a machine part (1), while applying said
coating materia. (Mmeasitbd hesdrdinpaidemy tohsabd srehiner part £d)e:30 4.
A net hod accorcgar}% Lo any .one of .clainms 1-3, wherein said heat treatnent
of said machi ngpar tt CH 1 DrEAHRE BRET MRt ioh Heatd iRPrasity @f nee hod
accordi ng to arpvesme loftclldi meol® 4, wherein said resulting nachine part
coating is grovided with an evenly distributed porosity. WO 03/072844
PCT/ EPO2/ 02151 15 6. A nethod according to any one of clains 1-5, wherein
sai d resul ti ng maéhiiedhegt t2asadimy Has anyponosiafy afates 1veerwHet®ids

vol % 5 7. A mektha@aecarddi R (hapo. e & £l:d il i WGLELN (8t 1 gast
10% of the pores of said resulting nmachine part coatlng are open p%?’%s
(23). 10 8. A ﬁﬁaﬁ&ﬂlga@&"@r POFE BOTEFy &P -of clains 1-7, wherein each of
said coating material layer (24) typically has a thickness of between

0.005 to . A.method accarding to any one of clains 1-8, wherein
15 said cgla(?i nmgglrrét glreltg’l%di ?CSforS&P@ngﬂ ENY Q5e Uh& FarF tlo 7 s aThPRSHer nal
spray process. €2¢h Afnerlicd caatdndi neg teaiany 1eRerof (2o)aitiip k8,1 pWhelLin

sai d coating mahetiabdias anulgel ke dher paer fed to

9. A method according to any one of claims 1-8, wherein
15 saild coating material is of pulverulent type when fed to

said thermal spray process.

10. A method according to any one of claims 1-8, wherein
said coating material has a wire-like form when fed to

20 said thermal spray process.

11. A method according to any one of claims 1-10, wherein
said coating material comprises at least one of the fol-
lowing materials: metals, metal alloys, carbides, sili-

25 cates, ceramics, cermets and mixtures thereof.

12. A method according to any one of claims 1-11, wherein

said coating material comprises a metallic compound cho-

sen from a group consisting of Cr3Cy, Cry0;, CuAl and Al,0;.
30

13. A method according to any one of claims 1-12, wherein

said machine part (1) is preheated before the step of ap-

plying said coating material.

35



20 said thermal spray process. 11. A nethod according to any one of clains
1-10, wherein said coating material conprises at |east one of the fol-

| owi ng newermsaisi4 netal s, netal alloys, carbides, sili 25PCatEP82/0118r am CS,
cermets and m xtures thereof. 12. A nethod according to any one of clains
1-11, wherein said coating material conprises a netallic conpound cho- sen
froma group consisting of Cr3C2, Cr203, CuM and A1203 30 13. A nethod
according to any one of claims 1-12, wherein said nachine part (1) is
preheat ed bef or’d t He R BFAGGRTHI BT P st @Bt PhgchalBfi ar1335wikerein

03/ 072844 PCT/ ER(2] Gdddind 6o (1 yethinsh-Be€oT 8i BGri@ anypenesaf-rskai BB
1- 13, wherein Wai nachi ne part (1‘% o%se a curve shaped surface on
whi ch curve sha ot YHRFEA ]f*ﬁ"’lf T FOFEIBP-"pFFEUR At 1FeBBT on
sone zones. 5 YH.ieAl rEchiemstpart {dje xwoated with a coating material by a
thermal sprgy process, exposed to heat treatment of said coating materi al
at an elevated tenperature and for a tine effective to at |least 10
partially diffuse ai dadsinagant etilal dortvedindetrh v ngosui igceatantlal

additional ly app) iedoatdinGgmierpalcdayers (24) subject to successive
heat treatments of each said coating material |ayer in order to provide on

said machi ne FERCSSH iR 1982 te gt 125y H1d Se3Elreaberisl tae aane
sai d coating maflesistled SaintbeRahing drd efd@la f DRdN &gr deckse (23) at N £98E act
poi nt's bety\gen n at. least, said coatin A_machi ne part

(1) according tp%%g:ltilﬁi | eyiﬁi,i( e:aisf‘iﬂt%éloa’fo”?ﬂ é%q%ﬂl%gj&m%gé%‘ﬁ%ﬁ%;ing
t enper at ure of stirfaceat iamgl reatdei-t irdredl Iof agrel iRt hider ey tmdiSedMal heayange
of 60 to 80% Of(24t)h%u%%letéﬂ~'9:ot esrm:ecre%téjirvee q{ea;[th%feoaaérglenrgcsnaé réa?‘c':h said
coating material layer in order to provide on said
machine part surface (22) a plurality of layers (24) of
15 the same said coating material, said coating material
forming necks (23) in contact points between particles

(21) in at least said coating.

16. A machine part (1) according to claim 15, wherein the
20 elevated heat treatment temperature of the coating mate-
rial of the machine part is in the range of 60 to 80% of

the melting temperature of the coating material.

17. A machine part (1) according to claim 15-16, wherein
25 said heat treatment of said machine part is provided by

induction heating.

18. A machine part (1) according to any one of claims 15-
17, wherein said machine part coating has an evenly dis-

30 tributed porosity.

19. A machine part (1) according to any one of claimg 15-
18, wherein said machine part coating has a porosity of
between 1 to 15 vol%.
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17. A machine part (1) according to claim15-16, wherein 25 said heat
treatnent of said machine part is provided by induction heating. 18. A
machi ne paote3fp1B4eccording to any one of clainms 15- 17, wrergirnz/easd

machi ne part coating has an evenly dis- 30 tributed porosity. 19. A nmachi ne
part (1) according to any one of clains 15- 18, wherein said machi ne part
coating has a porosity of between 1 to 15 wvol % 35 WO 03/072844

PCT/ EPO2/ 02151 _ 17 20. A machine part (1) according to any one of clains
15- 19, wherei %t A dRILHRLRATE hel hoR @ROHHIRG e raryl PRaget nataine part
coating are operp panesrdZ3)at Sldst A MRCHE NEnPASdrdd) o ACEHL di AFsH DL 8AY One
of clainms 15- 20, .wherein each of said coatin mateﬁéﬁa)l | ayers (24)

typi cal |y have "¢ FhitS Agset o(fo%tejt%e?'r%.?ﬁ)%nt}goff% 22, A machi ne part

(1) according to any one of clains 15 10 21, wherein said coating materi al

conprises at |east ;0 f , t oys,, carhbid Lljcates, .-
ceramcs, %er err%it's ,A E%C .esngﬁédﬁn?xggse%?%#%ﬁ.t%%& Cﬁ%%h;g%ec paa%r?s(ﬁ
according to ardP .ondiesfeid) gagh 16t 951 @ Xoalneimp sel th L obayags mh2 4l i al

conprises a netdldi1GemRamnd; chesamddoma o consisting f 2 GAC2,

Cr208, CuAl, AIZ03 and m xtures thereof. 24.” A machi ne parf (1) according
to any one of clainms 15- 20 23, wherein said coating nmaterial is a cernet,

25. A machine part A Hadcioes diae t O )anycenaltlg A& dmy 1one 245 whglgs g sai d
coating is_appljed on at, | east. part of a .curve shaped, surface of said
machi ne pa?? :5;, erein sald 'coating material comprises at least one

of metals, metal alloys, carbides, silicates, ceramics,

cermets, oxides and mixtures thereof.

23. A machine part (1) according to any one of claims 15-

15 22, wherein said coating material comprises a metallic
compound chosen from a group consisting of Cr;C;, Cry0s,
CuAl, Al,0; and mixtures thereof.

24. A machine part (1) according to any one of claims 15-

20 23, wherein said coating material is a cermet,

25. A machine part (1) according to any one of claims 15-
24, wherein said coating is applied on at least part of a
curve shaped surface of said machine part (1),
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