1 Machine part belonging to a sliding match and methods of producing it This invention relates to a
machine part belonging to a pair of mechanical members in sliding contact with each other, hereinafter
referred to as sliding matches, composed of two mutually movable machine parts of a heavy internal
combustion engine, especially a heavy two stroke cycle diesel engine, and at least in the area of the side
facing the mating machine part being of a wear resistant structure comprising particles embedded in a
metallic matrix, such particles consisting of a comparatively hard material and having a rough and uneven
surface, and beingNirshijrecpiasisbglpraing ing sliding/Mmateh kndrmeethqsistohpitediteingtiteast one piston ring
groove or as any other sliding element of a heavy engine. DE 10 2006 023 396 (not published) discloses

a part of a heavy erﬂglm 2 Ikgrek}erﬂae%gs wear re s%tgng SipGiyre in [tn theafro(r) m%fc n anp wear coat. Such
anti-wear coat consISts Of CEIaMmIc par Hicles embedded in & natrix formed by a & Ni‘a oy n the upper side

of such coat provisigN9CATIRFS YiP £3AMOHH e PE5S BRIIHRIA GNP INRILRISH b PRatAT PREESIPAL. However,
practical use has showntthady thevabikiacaecbihsyentc ol emeyigritsevedlycwlglstiondeugiewees @dadty that is

unfavorable for ruRHBGREGORINS TR ABAER1ENSRESPRALI I IHERI anasdiatigyapsration i the

form of a grinding 'ggocess Ex erience has shown that this is extreme time consumlng and costly. In

addition, the Ni all8f" 32| erPe%RSQQ qg%mrfﬁﬂ?ﬁm%ﬁ@%% I herpylEss: %On these
premises it is therifarangielisbjpatrisf shichirpasiitien consisirgve thecempargivalnarse ntidereal aidally above in

such a way that them@wfagghrm eﬁevea@dr@@eaﬁmu%tﬁd@éig&wa@ruiﬁggmﬁw@tm-mdymwor is
achieved. A further ob ect ai %ta J’OVI rgsz% sim and low cost grocess f% thehgqanufactuqe of a

machine part accor ng t%@he Invention. IR accor 6'1?188 Withthe invention ion, Yihe Tirst ob? ?ls achieved by

coating the wear réisidtaRYYstA%tare with a run-in coating which levels out the unevenness and roughness
at the top surface of the said structure and consists of a run-in material suitable for wearing off during a

run-in process, sugh W%B@'d%%‘%@@lﬁ@r’ %DBleﬂQ& R URRE e BSIAR SHUGH IS SRdERmcAt Angl adhering to

the wear resistant structure by metall ur%lca bond, and further being softer than the said wear resistant
structure and 2 \vear resistant structure i the form of an anti-wear coat. Such anti-wear coat consists

of ceramic particles embedded in a matrix formed by a Ni alloy. On the upper side of
such coat provision is made for a thin cover layer, which only consists of the matrix
material. However, practical use has shown that the surface of such cover layer is very
rough and uneven, a fact that is unfavorable for running-in the engine. This makes it
necessary to provide for a machining operation in the form of a grinding process.
Experience has shown that this is extremely time consuming and costly. In addition, the

Ni alloy, due to its hardness, is rather unfavorable for run-in purposes anyway.

On these premises it is therefore the object of this invention to improve the
arrangement mentioned initially above in such a way that the manufacturing effort and
expenditure is reduced and a good run-in behavior is achieved. A further object aims at
providing a simple and low cost process for the manufacture of a machine part

according to the invention.

In accordance with the invention, the first object is achieved by coating the wear
resistant structure with a run-in coating which levels out the unevenness and
roughness at the top surface of the said structure and consists of a run-in material
suitable for wearing off during a run-in process, such material being different from the
wear resistant structure underneath and adhering to the wear resistant structure by
metallurgical bond, and further being softer than the said wear resistant structure and



at most being of the same degree of wear resistance as the sliding surface of the opposite machine part.
These measures will completely eliminate the above disadvantages of the known arrangement. Since the
run-in coating consists of a run-in material, it can be expected to possess good sliding properties. Since
the run-in coating levels out the roughness and unevengess of the wear resistant structure underneath, a
subsequent grinding operation is in a favorable manner dispensable. Moreover, it is in this way ensured
that the hard partietesaft thenyedr tressiant cttuetucé vwehicle siseads capresesitdind heutgp@evizoree thereof,
are reliably retaing $OLRYE Wlagmr{gsgnsurface is getting exposed towards the end of the run-in process, so
that breaking out of such patrticles is not to be feared. The non-ground surface furthermore in an
advantageous manner provides gas tight contact from the very beginning, a fact that is very desirable
especially in the chResef skdiematidhentngiobealimiprirpthengarrl disadiratadkace! Afuthewmdvantage of

the measures in ageanganeat VathchidwanHaamg bensreointha fach et Astasavdteaptaeetallurgical
bond of the run-in goqliag il i SRR ALSIRbS AdNsion. of the i soapg o e ey resistant
structure providedt Uhderneath Is ensutet , SO that pee‘?ing off IS sa?e} voided. Advantageous
embodiments andP8LpEtfieitTeRther HeVERIPIRSHSHT HEYERHTaRAHe dstieiearenisesadinghe

subclaims. Thus thperatieinic tedi fiy oneyeaxpecke ditpreabes dlardaproin d poihis varyloessdDiRbt) of between
100 and 200. In sygh 3, cASEBIRaEHGlakap Pask iAW Rahavighicr e R¥AGEERH: INGEHSVBESE‘?SS a

sufficient degree of durabiét% Is ensured tOé;)rovide for a sufficiently long run-in time A further development

of the invention of A J&1&%ic FENTRONSIFEL G Ry BORERT S SHIRS TR AL SHRRSEHARRIASINn coating
possesses a meltithg padmfiie¢onnioPoodespresosivrimtiepkide out feedilp bidiips dn GO HedB0eddegrees

centigrade. This pergisriyiadiapiednannemnarsimia Revdheieswel Wdrunpreaadingadniyich only the
material of the run-in ing is caused to fuse, while.the . material of the wear.resistant structure
e oraath remaCOMEBERRIE R BUS Hoelih T AP AP R R IIE AUSBGARIH AL Sl

metallurgical bond s EEclifs RAMWPEEFRBISE ARA e DR aY s inst striiethre afvdaireaath tiereof can be
kept very thin. Thenbeittlerseissasduciansdreuérdlinvdriioheaxpeciashim theSadotundary rayetoivill thus in

an advantageous {apael A& PR & BBt GG Lo HIERI S €SHYort a reliable adhesion of the
run-in coating to the wear resistant structure provided underneath is ensured, so that
peeling off is safely avoided.

Advantageous embodiments and expedient further developments of the generic part
measures are listed in the subclaims.

Thus the run-in coating may expediently possess a diamond point hardness (DPH) of
between 100 and 200. In such a case, a particularly good run-in behavior can be
expected. Nevertheless a sufficient degree of durability is ensured to provide for a

sufficiently long run-in time.

A further development of the invention of the generic part measures may consist in that
the material forming the run-in coating possesses a melting point below 1050 degrees
centigrade, preferably between 600 and 800 degrees centigrade. This permits in a
favorable manner a simple production of the run-in coating in which only the material of
the run-in coating is caused to fuse, while the material of the wear resistant structure
underneath remains in solidified condition. This ensures that the boundary layers
constituting the metallurgical bond between the run-in coating and the wear resistant
structure underneath thereof can be kept very thin. The brittleness which is frequently



Favorably the run-in coating, when newly applied, may have an average thickness of between 50 and 300
microns (pm). Experience has shown that this thickness is sufficient for a run-in period of 1000 to 2000
hours, in which case the abrasiveness of the mating opposite sliding surface can be taken into account by
adapting the coating thickness accordingly. The greateithe abrasiveness of the opposite sliding surface,
the greater the thickness of the run-in coating can be. A further development of the generic term
measures may cotusist gxpeatcthén rinese coatdagy vahen mdirthbasnaasustieeatagagimessoérbaiveeen Ra 1

and Ra 20. This cgmpletplylimipgtasdhgpesgssity of finish machining the surface and nevertheless
from the very outset provides a particularly good sealing effect. An especially favorable further

development of the generic term measures may consist in making provision for the run-in material used
for the run-in coatfreyemebniied iaitlepggngiciésnpreldy Aripliof smaeheecani@rataesitlickness 28 Al203

and/or Cr0 and/ordef@éed Shasrinaay sREYSnO inereasedhensenviee dhevai thatrunsintaaidng and thus
extend the run-in geriod. Expedjently the pr ion mbedded particles contained in the total
alome may. be O e e R e
particles will not iff}SeFRAIEEIIRPRFFARIBHS IR heAhbfo R eAVBIABRFAHB! MafsaRInSHte £ run-in
coating may contahickbdeastcappety(Tu¢ greter the EBrgsivdrisspeifiiitsoib sietstitationfaidhbelesired

run-in properties tBrééijértﬁ% Ganditans @H@%ﬂﬂ%%%‘%ﬁ%‘?- A particularly favorable effect can be

obtained if the run-in coating contains approx. 70 percent copper (Cu) and approx. 30 percent tin (Sn).
Such a composition is in a favorable manner usable for a wide variety of applications. It is also
conceivable to additforiaghy ¢etdleptsnhiol dumatnedt daitinoess(By) Mhiswidigriodiee heatsigenerally
referred to as babbititmgtalnyhicéws PRicRWIdeIkR 3% BdwasinGinetalangtdsdbusrigadily
available. 4 embedded. i inc. propprinnaluqlume ot e ceramicapaterialngde, oialyelume of the
wear resistant structure méy e more than 0 pé_’rcent, prefera .y% percent. These measures result in a
particularly high IJEICABERY ARFIPERAIFeS R RANIRITSY SerflmgaiAG §Etantities of phosphor (P) and/or

silicon (Si) the melting point of the matrix can be reduced below that of cast iron which may facilitate the
deposition of the rHRa.EeRIIPGLESABR WRALIBSIRBRhSHUGIHE MUY BFNRJAUREOM A RBREHOTY-

in making provision for the run-in material used for the run-in coating to embed harder

particles, preferably of some ceramic material, such as Al,O3; and/or CrO and/or Cr,Cs.

These may serve to increase the service life of the run-in coating and thus extend the

run-in period. Expediently the proportion of the embedded particles contained in the

total volume may be somewhere between 5 and 30 percent by volume. This will ensure

that the embedded particles will not impermissibly impair the run-in behavior.

Favorably the material used for the run-in coating may contain at least copper (Cu)
and/or tin (Sn). This permits the optimization of the desired run-in properties to suit the

conditions in each individual case.

A particularly favorable effect can be obtained if the run-in coating contains approx. 70
percent copper (Cu) and approx. 30 percent tin (Sn). Such a composition is in a
favorable manner usable for a wide variety of applications. It is also conceivable to
additionally add a certain quantity of antimony (Sb). This will produce what is generally
referred to as babbitt metal, which is in practice widely used as a bearing metal and is
thus readily available.

The wear resistant structure receiving the run-in coating may expediently contain a

matrix formed by a Ni alloy in which the particles consisting of a ceramic material are



In accordance with the invention, the process related object is achieved in that the machine part
possessing a wear resistant structure is coated with a run-in coating covering such wear resistant
structure and that in the course of the coating process so much energy is supplied to the wear resistant
structure and/or the material forming the run-in coating jhat a desired metallurgical bond between the
run-in coating and the wear resistant structure is obtained. If a thick boundary layer between the wear
resistant structuresargdbed;witintioo atbpgitodeaisalie theheaameiohenaigyirsheulcddeduace diat the run-in

coating is partially;gliqyed ?&Fé?éﬁ&es‘ﬂ’ﬁéﬁF@W%‘es%ﬁufﬁnv\é'é%%r@ﬁ |sppgpg,q§§,|r§.§>lse,tg@1yolume of

energy is reduced.to such an extent that the run-in coatln diffused on the wear resistant structure. The

volume of energy FGHr S ASEITIPRY DAl S HRH ?H'ﬁ‘f'i’h@%d‘f’@ﬂa‘f%?ﬁ%@%ewﬁﬂﬁ [RSIANG5 BVrused, while
the wear resistantasidingtunénemderniéisth obphshnn $Blidifddrceiiriind Tthe hsliindapyiry@réheesulting from

such a procedure wéhlniﬁdﬁﬂ%@&&@@@dgmweshéttmrbdy{w&omreramém@irm@rth@wwsswp@ﬁm structure is

in this way excludpd IInnce(\)g r} ageous manner, rLr& : wearr rs(% & eﬁ % ugt gan bg coated with the aid

of a heating facility {hat iS“movable relative 1o the Wear resistant struciure an produceys a hot spot, with
the material forming the run-in coating being moved into such hot spot or to an area immediately
neighboring the latteacddidapee videstioriavsimple tte sigpredsthelatoatohjeariargaioent anthat dentrolled

energy supply Witmﬁdﬂﬁ{ég&éﬁﬂ'ﬁ@s%%gf?t\%éﬁ feddainethiriFRat UolRanAira Immedigighgneighboring

the same may be plied in the form owder and/or in the form of a wire or strip. It is especially
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advantageous if f %%{ﬁﬁ‘d”&?grﬁﬂgtg TUAL S ANERAT AL I0EAUT,8HPE FRBYRHBICSRRF (R run-in
coating are depositednerelikeinsanpiaddn theiveasirsisiar! stippioresanoiis tbarmateda iermitieethe

simultaneously or withh a-68ftginHime H@Qi&@'m&éﬂb@d&(%@%@w@é@&ﬁ@ymﬁtﬁ EaiRgiz;dh@equipment

expenditure. 5 Furtha‘?rr%gﬁﬁa lageoys e %9 merfjt ﬁ %gl}/ mb%%sé eor}‘ t{p}g %anerlc term
measures will be descrlbe n the remalnlng su alms an will be ev de rom the descrlptlons of

various examples PEEHUFIIRH SVAPAtHE S¢EBheoarReng @ﬁ%ﬂ@st%\é?@me ofseReserBAYMREW showing
an example of applicatioat thethenfiorooaihg isistotialingllopapenatinigewithraesydindestlinarant@Epssessing a

supporting structufigGeaachudii e YR FAAE W energy is reduced to such an extent that the run-in
coating is diffused on the wear resistant structure. The volume of energy required
therefor is only such that the material forming the run-in coating is fused, while the
wear resistant structure underneath remains in solidified condition. The boundary
layers resulting from such a procedure will in this case be relatively thin. Moreover, an
impairment of the supporting structure is in this way excluded.

In an advantageous manner, the wear resistant structure can be coated with the aid of
a heating facility that is movable relative to the wear resistant structure and produces a
hot spot, with the material forming the run-in coating being moved into such hot spot or
to an area immediately neighboring the latter. This provides for a simple design of the
coating arrangement and a controlled energy supply within narrow limits. The material
fed to the hot spot or to an area immediately neighboring the same may be supplied in
the form of powder and/or in the form of a wire or strip.

It is especially advantageous if for the coating of a base material of wear resistant
structure the latter and the run-in coating are deposited in a like manner on their
respective supports. This can be done either simultaneously or with a certain time
interval. Such a procedure will at any rate minimize the equipment expenditure.



is a partial view of the run-in coating with the neighboring area of the wear resistant structure; is a partial
view of a run-in coating with embedded ceramic particles; shows a coating arrangement with two laser
guns and their associated feeding arrangements for the material forming the wear resistant structure and
the material forming the run-in coating; and is a variant ©f the arrangement in Figure 4 with one laser gun
and a two-channel feeding arrangement. The invention is advantageously usable in all cases in which
sliding matches wihrthdoagveetraiee ldenaguirecats entei nxpatienipasi@tbpengnis shaehyeesrio theniron and

steel industry, millyright dadugtps 290884 Ak FadiRtNy SOBMGEOTRH YR SHtreht RRFHGHIRTTY

preferred field of application is the construction of heavy engines, esReCiaII two stroke cycle diesel
engines, and withfPHiIPHTS Sp@tiaiy %%@?Sn'?in@é"ﬂﬂf}%@ré’ﬂﬁb bvﬁhaﬁcgmmlnﬁn& Passociated

piston ring grooveshétigjore 1 is a schematic partial view of a cylinder liner 1 in which a reciprocating
piston 2 is provided. The latter is fitted with circumferential piston ring grooves 3 each receiving an
associated piston ﬁngrgf1Whosqscgcsléralfgnrgln\ﬂgl SLhrface Ig In.contact ith W&gtfcr)lsu%ethsu[%ace ?fathe cylinder

liner 1. In Figure 1, %nly one piston ring groovév é)r%ngnenpﬁ)é%n rein% PR indicated. The Blston ring 4

consists of a base portion 5 MBI PIFSRUPHMH IR UL FABM TS RASIBHRIASHRRSF IR this case
the cylinder liner 1, comprises stnvetareresastaniisteuciie @aitmthis case in the form of a protective coating

deposited on the haggednembelss, KMol af GAMESR,IEYISMBSVRANAE Vit orab tHRNVERIHESIstant

structure is already integrated in the base member. The said wear resistant structure 6 is on its

circumferential surface provide‘ﬁe\?ﬁﬁ?ﬂsm?lt-ﬁ%r%%?hg 7 facing the internal surface of the cylinder liner 1.
6 Figure 3 is a partial view of a run-in coating with embedded ceramic particles;

Figure 4 shows a coating arrangement with two laser guns and their associated
feeding arrangements for the material forming the wear resistant
structure and the material forming the run-in coating; and

Figure 5 is a variant of the arrangement in Figure 4 with one laser gun and a two-

channel feeding arrangement.

The invention is advantageously usable in all cases in which sliding matches with a
long service life require a certain run-in period, e.g. in machines in the iron and steel
industry, millwright industry, food and drink industry, engine construction, etc. A
particularly preferred field of application is the construction of heavy engines, especially
two stroke cycle diesel engines, and within this field especially the piston rings
cooperating with a cylinder liner and associated piston ring grooves.

Figure 1 is a schematic partial view of a cylinder liner 1 in which a reciprocating piston
2 is provided. The latter is fitted with circumferential piston ring grooves 3 each
receiving an associated piston ring 4 whose circumferential surface is in contact with
the inside surface of the cylinder liner 1. In Figure 1, only one piston ring groove 3 and
one piston ring 4 are indicated. The piston ring 4 consists of a base portion 5 made of
cast steel and in the area facing its opposite member, in this case the cylinder liner 1,
comprises a wear resistant structure 6, in this case in the form of a protective coating
deposited on the base member 5. It would, of course, likewise be conceivable that the
wear resistant structure is already integrated in the base member. The said wear
resistant structure 6 is on its circumferential surface provided with a run-in coating 7

facing the internal surface of the cylinder liner 1.



The wear resistant structure 6, as can be seen from Figure 2, consists of particles 9 of a hard material,
embedded in a matrix 8. Such hard material may be a ceramic material, such as tungsten carbide (WC)
possessing a vickers hardness (DPH) of between 3000 and 5000. The matrix 8 is expediently composed
of a nickel alloy with phosphor (P) and/or silicon (Si). These materials are non-toxic, a fact that would also
permit their use in the food and drinks sector. Expediently the nickel alloy may contain between 1 and 15,
preferably 3.65, pereentdyreostimesotiElyulectywearad @nske6n prefeFaie 2, konpsteenpadciby ¥ofume of Si,

and the rest nickel, Thg RRLESHAGHBYI R MELHERIRMIC AAHiIGleRIM et Al xPlung eLihigwear
resistant structure 6 is higher than 60 percent and maler{épreferab[liéamount up to 85 gtercent. The

embedded ceramCPEALISLY A% [RSRIPILRF IR T SRRy (PafiofitRtR 43R dPEFbelveen 40 and
160 microns (pm)batueenidRAe s B .cOximptior il axpatienie apmasised mf stroicketa®muiihbe adapted
to the requiremenghirehroivasaRMcIE). InHhe erasrRidheemsiebings fatthekinslanges discussion
here the coat formed by, iie weap rtﬁéi%é‘é“aﬁ%“%tn%%es% has é‘xt@&kﬂﬁsﬁ@fn'%‘%%’f’gﬁo” g, 20dgnm. The
radial surface of the Wear Tesrtant S aore b before the ap ication of the run-mycoat?fng IS

comparatively rouBfgfI uheééh 1as R e AFr R EGURY 2 AHREICfo Bafaiasmptistd réised portions
10 between whichpthizretdy e W& lleyséritlpea tgctotuthatoivsilldnoetideteisn @ivtall 1T thepeuremtapedoess. It is

therefore the funcfigN Rk et GRAHNG /i HRRORISABIINE JaRE eSiptAt siMcItR G Lodeye! out the

valleys 11, so that, towards the end of the run-in period, a surface without E)rotru ing ed%es and corners is

P
produced, as indicAd88 PR BPoREITIMENS TR I PSR AR&rsPPICEPRL i thRMRES Rffed up, the
hard particles, whitstidaie irafiidieni® tre peaiesably Diamtiqsiestaekiitnraionpvitarel dametisef aedwedmbly

embedded in the g¢repdntiogniediglnSothatiiRerRds BoiERBER MR thay Bhiglht Reaakeaidizpt their bond.
The run-in coatin t7 refndeés a fiqi ce olf tn]e wear resistant
ructur | n e

sh hining process for smoothing the surf
structure 6 superfluous. ﬁ“hema‘fl p ﬁ:gﬁ%ﬁ%q %%uﬁ%ﬁ?ﬁa%ﬁ%'g %%ﬁg @SUice?EBLﬁS%SHace 13Cﬁ21?/ing only a

slight degree of roRfghRgdgioas g dicHte it ~igErE Zsatsiar BiseHIe MARHINMEEPY Hifd¥i*Ra. This
slight roughness pesidthes astiight cantatidietaeeibtinedpistod ampdrand the associated internal surface
of the cylinder liner 1. An additional finish machining process is thus not necessary. The run-in coating 7
may consist of any suitable run-in material, which latter, is slowly worn off in the course of the run-in

phase and disappeAFd 2fRHTE TAREObH T NER SRYRIHY, YN St Uh o WAYRAIREY BRGNS used for the
propulsion of shipsoatieg 7 itipcmnseriva!isreygirerd 1060en 2908nHeussast bperaitore Fdhauehoapplications
the thickness of thejuncimenatineniéda psaferally baivservhirandrdemialiens [Pmk hberpaterial used
for such run-in coatin%7 Shé)ltﬂd be. s1utbstﬁtntiall)( softer thap th?hwe r retﬁistfant tstrucp%e 6 underneath,
W%U e ae rI][T‘IenI:?I P the .run-n racess. 1 1S, theréfore the tunc IOPdO e r¥n-|n . .
and at any rate not harder, preferably likewise slightly softer, than the opposite sliding surface, in this
case the internal SGAHRE 01RRRSEGHRAPFIMERNSERFDURMAHRS farRrs ity #Igstddsseiathardness of
between DPH 10Qmvaic2@e end of the run-in period, a surface without protruding edges and corners is

produced, as indicated by a broken line 12 in Figure 2. Since the valleys 11 are in this
way filled up, the hard particles, which laterally limit the valleys 11 and protrude in an
upward direction, are reliably embedded in the surrounding material, so that there is no
danger that they might break out of their bond. The run-in coating 7 renders a finish
machining process for smoothing the surface of the wear resistant structure 6
superfluous. The application of the run-in coating 7 thus provides a surface 13 having
only a slight degree of roughness, as is indicated in Figure 2. This is expediently
between 1 and 20 Ra. This slight roughness provides gas-tight contact between the
piston ring 4 and the associated internal surface of the cylinder liner 1. An additional

finish machining process is thus not necessary.

The run-in coating 7 may consist of any suitable run-in material, which latter, is slowly
worn off in the course of the run-in phase and disappears. In the case of heavy
engines, such as two stroke cycle diesel engines used for the propulsion of ships, the



For forming the run-in coating 7 use can be made of a metallic material containing copper (Cu) and/or tin
(Sn). Good results were obtained in testing a bronze material in the form of a Cu-Sn alloy containing 70
percent Cu and 30 percent Sn. Also conceivable would be the use of babbitt metal, which in addition to
copper and tin also contains antimony (Sb) and/or zinc 4Zn) in the proportions usual for babbitt metal
materials. The melting point of such materials lies in the range between 600 and 900 degrees centigrade,
a fact that facilitatestiepeoatinig prpeess.00bedazoeo |nirofdthepmelivng Fwistichi tgicationscdating should

not be less than 20 deqressyreAlIgIRU8aRCF e HIEXIRN SR SHMSIRETH08. ihirdhe HRTVigRdIfe of the
run-in coating 7, the latter r%%{égﬁé)rowded with embedded hard particles 14, as indicated in Figure 3.
[

These may exped®HfHe USErTHOES SORLRS AR O S e P Ry iR ARGy W iiameter of
up to 50 microns [igsi}ianheticsiami undgartatiusnd firesy chtp aficlesienaydier iz (ReWsOSIBRELC 2 or the
like. Thﬁ progortiogmért,hﬁa?arﬁ Bé\éﬂ@i@%ﬂ&ﬁ%@m&ﬂggHﬂrﬁb%&@é&h&qmpimh&w-ﬂﬁ}emm 7f m?‘y t|>e
somewhere between 5 a .percent by volum pending on the desire vice life t of. The layer
forming the run-inqlgglﬁalt}rﬁgE x})?sg |§§ Irosneeﬁ}((])-r'lnt#%awn a‘r; l%%sls?asln?gsfarun&@nee%siﬁqs%uggweg ?n%%lﬁg?r&t ata
metallurgical bond¥ 88fained in the boundary range between the wear resistant structure 6 and the
run-in coating 7. This metallurgical bond is achieved by a boundary layer 15 formed, as indicated in

Figure 2, in the baridgpnAeR DG RIAM VeI BIHANY FILAEtUFEOrARGI DM GRALIAG . such

boundary layer bein osed of elirﬁna$nésgof the two neighboring materials. In Figure 1 this boundary

Cco : .
layer is merely indi@BREG () PBPEKEN | O BSHRRYR TR e G HODB ML Bl the
formation of an allyg detyy pfoidiigSoradatiffipsivinipeb dds Permetiie Gorraed cisaereentirtin ddering 7 is

alloyed onto the base&0swbuthBd atteneaseiisidiffieaedimtn it ANBisAREapRliemtpthaming the coat
forming the wear resistant structure ith b dy 5. Here, t boundary, | is formed, either
by an alloying prog,%g%%? g H1cﬁ#ﬁs(|§or¥\/ pér%oé}éiszfﬁagsﬁ%j &Xagréen?éﬁ’Pﬁgf%\?v%i% u%;}?; ig%ﬁ:ﬁ%g%@y a broken
line in Figure 1 onMReHasallOGimePRIcRASHRERIS BaIRiRIF ARSIl reRNgndgNeeF RO ary layer
15, in such a way duwgessgendtyageod factttiadtfacititgs thenaayircapeschowikeciyvibislibiusfdiaey layer is
characterized by the fagaaipeaf OHlS QA bys icmasinarhe sanasralhiiie kggture. This danger
can be avoided by using a diffusion process for forming the boundary layer. A diffusion layer merely has a
thickness corresponding to the diffusion depth, so that on the one hand the proportion by volume of brittle
crystals is kept withiprderroexignitshand-ghegrodtherthanergenif e talturgidacogindingtie fiteertheless

ensured between g eeaibgsedPRREERING Y the desiiedcoatiRgrmeiRiisRUresmeRiRy rajesser

volume of energy is er&e!1 %e in the n?iroc%st?cu\e/\s/h%\rr;% e”rg c!_ngo;fs u%%glbgoth tpe CQ%tﬁp%g\l/atenal and an

upper zone of the%%?erla ncfer%eégthca e fused. When .ﬁ‘fusios 1S useoﬁogr%%yrt%e poatlng%gterial IS
fused, while the nfAfEHAPLRIdEr 2R ITiFORSIHBINEREATARIE FRAIAL S MidtHEN RBIARTIRA R amic
matgrial in thg formgd3parbid9a®awy tﬂeclim\p‘ﬂ&em@ﬂsﬂgherdememMmesim$malmgetmned intthether
carbides of differep gGRmAL6AEaR, LdAmba thRAIC LS B AlmMRRL RSB YoEb @ p are formed

by carbides, the run-in coating 7 is expediently formed jn such a way that the wear resistant Structure 6 is
not heated beyonéﬁ'tl‘h[-?‘Ezl’e%e $§tSh Srﬁebséﬁ%qﬁ%quetwg U6fles. The same, of course, applies to the
application of the wear resistant structure 6 to the base body 5. This is expediently achieved in such a
manner that the heaé tegasfemitinasHiiasedaipg 2oatrpaRed@iNRcRadingRaler RuRBIEH to the latter
is controlled in sugh & way, tha poly. the,cpatng material i3, luced .%F%BL%@%'}’ Whis she, Bagteral
underneath thereof remains In solidified con ition, a process that, in accor gnce wﬁﬁ the above

explanations, resUM S @IATIEHBERAES. NG dhRGUmEcartDHé fisciialyreisalgdfitAy e Sintering the
coating material obyathaubdsg Byeiatefdmanyasucticase jrofityuth @sé pihe tessearywitdzebappead which lead
to a metallurgical hanging pfdae coghng raaesid AEoiHEPESRIRY FaCEcH RAMIENAL E thRHY-In coating
7 onto the wear resistant strLgcﬁure 0. _ , _ , _

composed of elements of the two neighboring materials. In Figure 1 this boundary layer

is merely indicated by a broken line. Such boundary layer 15 may be obtained either by

the formation of an alloy or by providing for a diffusion process. In the former case the

run-in coating 7 is alloyed onto the base body 5, in the latter case it is diffused into it.

The same applies to bonding the coat forming the wear resistant structure 6 with the

base body 5. Here, too, a boundary layer is formed, either by an alloying process or a



The heat required to effect the processes as described herein is supplied in the direction of the respective
base surface, ie the wear resistant structure 6 or the base body 5. 9 For applying the wear resistant
structure 6 to the base body 5, and likewise of the run-in coating 7 to the wear resistant structure 6, use
can expediently be made of a heating arrangement progucing a hot spot and being movable relative to
the surface to be coated. Such a heating arrangement may expediently be at least one laser gun
producing a laser ti#asivanpdiossat leastorasmdumstion, aaici ltamkrabvielyic @b byal datqilas e tiansfer arc

(PTA) may be usedgasiendaf 21ASenBEAE RS SRS ISR SR DKL RekHESL Gopng may be

applied either in separate operations or in a common operation. At any rate, the two operations may
expediently be calteBR0K IVie S e FaRNEY, SEPHias e sartd BUERRRRY: L TRAKGAER the same
setup, is used for bpptyirig tthe kvadesynave ibeheeaateazidtantherinsromtiop ahbritde appipiagtike run-in
CoaltinghT The Cor?id‘%ﬁﬁi%g ﬂﬂﬂﬁ depger ?imbsﬁrat@mw.e thand@igthecEands eoating Bmﬁﬂnﬁﬁ% mentioEeg
earlier herein, eit allgyed to or diffused on their respective supports. For using the alloying method,
el forminy a (e B O e R R g o
the coating applielfersfoCatesRRIERE, (DR HHlsieadrRinc o applidir ¢ et & RaPRIERzone of the

support are heatetytocurck afteritifzecatstedstisakdpewhisite nalrchdinges avepmtiostoentiqtizchglyase. When
using the diffusionyefhnd. ARnHcSORLNSHALIEL 8hL0-BE RRRlEr dRtERaRIY Bk BuRig Jifiig phase. The

base surface is heated, which has ag;osmve effect on the diffusm&ggcess. In any suc caggfe, so much
t

heat is supplied iS4 reRa104 BRSSP r8SealT SHrifSEHeB'Y SRR IO hRtEMal will fuse.
Suitable equipmeirtderssudihepeaiatitnesissuselicamtl iheFigaties maiadab and Bothrreseonthefvikar resistant
structure 6 is appligstdaan hrarendagly Hdrribaifonmeal areming, and thajundueamiinendidsanplied to the
wear resistant stryetye 0, 1fedormof 4 lurherenaing. o he mbarigienishownn Eigured. two
tandem-arranged energy sources in the form of two tandem-arranged laser guns 1é, 7 are provided,
each of which proﬁ?[&@?ﬁ-laser beam 16a, 17a. Instead of a laser gun provision it is also possible to
employ a PTA (plasma transfer arc) burner and/or an induction coil or the like. Associated with each

energy transmissipg bgamisi&igaieHa! Reisr AIRRgeMaNulRpdSs RGNV Rpaiclcnprises a

material input 18a, 19a and a material feeder to the ener%y transmission l?eam indicated as material
transmission bearﬁgafg% oigﬂnto other carbides of different ggometrical shape. If the hard particles 9 of

the wear resistant structure 6 are formed by carbides, the run-in coating 7 is
expediently formed in such a way that the wear resistant structure 6 is not heated
beyond the decomposition temperature of the carbides. The same, of course, applies
to the application of the wear resistant structure 6 to the base body 5. This is
expediently achieved in such a manner that the heat transfer to the surface to be
coated and to the coating material supplied to the latter is controlled in such a way that
only the coating material is fused completely, while the material underneath thereof
remains in solidified condition, a process that, in accordance with the above

explanations, results in a diffusion bond.

Coating may also be effected by spaying, fusing or sintering the coating material onto
the base surface. In any such case, only those processes will be applied which lead to
a metallurgical bonding of the coating material onto the base surface, in particular of
the run-in coating 7 onto the wear resistant structure 6.

The heat required to effect the processes as described herein is supplied in the
direction of the respective base surface, ie the wear resistant structure 6 or the base
body 5.



10 The coating material may be fed to the surface to be coated in the form of a round or cornered wire, a
strip or in the form of powder. In the example shown, use is made of a powdered material. In this case,
the feed arrangements 18, 19 are supplied with suitable powdered material via the inputs 18a, 19a and
effect a flow of powdered material 18b, 19b. To protectguch material from oxidation, the material flow
should expediently lead through an inert gas atmosphere. The energy transmission beam 16a and 17a,
respectively, in th€ @apipiegshewnanrthatotstaicataseo beabaspriostyce saadiiddesxat arttt@eusupport to be

coated, with the assogiated maleripbiransausrion.aea 18R LAk heing Aeetark sughamgnner that

the coating material is directly fed to the hot S§)Ot or an area imme iatel?é{]gelli‘?hborin the same. In the
a

former case, the MaE9&S ﬁ%“%.nﬁit%p% 8}18?&/%5]94“%@%?1 e WPt e e applied to
the associated supp@edin Sufillsedheatioitianavbenssy thaysalpedippbrite alstehziaosd Ugsey ghe residual

energy. If a boundapylayer 4 ke aadallay daslasieaigudim eRRrgysediven taosoldalrspectively, is
adjusted in such a that the enper upplied is sufficient to fu oth th ating material and a
near-surface zone’ }cl)gf?tﬁaeq%?p;%%rﬁ rﬁ,%@ﬁ%’fﬁbﬁ ?\%?r?{:ll,nﬁf%aldn%r?nslgal%éttgelaarféﬁ%% Y\é 0 be 'ﬁ_ﬁger}tely in the
form of a diffusionS¥HREthEEhERYTHEIRRRUY Shay P uhtieth\Ril)edNasfastRig iPPelRiNS WaitRat only the
coating material istused, whelettte Assogiaded sepporopentons may sepdified conditioied\biten a laser gun

is used, the amoupt.of eReraY, SHPAIEHERMBS SABMERISTHEN? SIS mBANI Ehe:RReLGYSOdrces 16, 17

shown in Figure 4, with associated material transmission arrangements 18, 19 are positioned in tandem,
with a certain dist&fic® fﬁ’é@@th@%?%igwgﬁ% WERY 158'EE RHEeRpes ?S%F%LE%D{H% tRE wear

resistant structurer@hasegiieady completely solidified before the run-in coating 7 is applied, or that the
wear resistant structure 6 has not yet solidified at least at the top surface when the run-in coating 7 is

applied. In the ex le wn ar resista ructure 6 composed of a.nickel allgy with embedded
ceramic particles ?ﬁgc Oegg togrrérr%ar\{rfé%gv ?r%gtraelsi%%sﬁét %*gtég{%eae’r?(% réd?%rn&i]ﬁ é%%i?ngo‘?t'rrﬁ%gemcﬁyé %Sopper and tin

containing bronze§atensy srtsherdieareasiSaaturddrre Bfsadiee HpirircepRtiivg UaRRBonded with
their respective sufgparsingatiesialibyirdjffusibod, Thenal dwesimg rtioaesttidistarac b ptockendherdstergy

transmission arrangements AGidohiS SEIEREA SUSh Il iniially RaRigdoNRaT FRsiRERL Siiucture 6 has

completely solidified before the run-in coating 7 is applied. The transmission of 11 energy is in this case,
25 has already be&mRAHE TGN RePEidPRBIEdTR SERh°AASS 8720 Iy The YRBRAAFto be

applied is fused, Wiaiéethte stusportiananerddirentetieatih a@nainkairoassolier dttaethe liquid phase.
When using the diffusion method, only the coating material to be applied is transferred

into the liquid phase. The base surface is heated, which has a positive effect on the
diffusion process. In any such case, so much heat is supplied in the direction of the
wear resistant structure 6 that at least the run-in material will fuse.

Suitable equipment for such operations is indicated in Figures 4 and 5. In both cases,
the wear resistant structure 6 is applied to a base body 5 in the form of a coating, and
the run-in coating 7 is applied to the wear resistant structure 6 in the form of a further
coating.

In the embodiment shown in Figure 4, two tandem-arranged energy sources in the form
of two tandem-arranged laser guns 16, 17 are provided, each of which produces a
laser beam 16a, 17a. Instead of a laser gun provision it is also possible to employ a
PTA (plasma transfer arc) burner and/or an induction coil or the like. Associated with
each energy transmission beam is a material feeder arrangement 18 or 19,
respectively, which comprises a material input 18a, 19a and a material feeder to the
energy transmission beam indicated as material transmission beams 18b, 19b.



In Figure 4 a third energy transmission beam is indicated by the reference numeral 20, which is arranged
behind the energy transmission beam 17a. This energy transmission beam 20 transmits only so much
energy that the surface of the run-in coating 7 is smoothed and levelled, in order to make it suitable for
the run-in process. Instead of the use of a separate engggy transmission beam 20 for such a smoothing
and levelling operation it would also be conceivable to obtain the smoothing effect after the coating
operation with theThiel afdtirg emneegy treaysveiésion beasurtbGa @itk @oaféd withe tidrfeediagoany coating
material. In the exaipple SORYN, LR SRR SO R dhuct /maRd sl As d e MAtaralilerdarErgoements 18,

19 associated with them, and the ener?g/i sourcee[)roducm(%the subsequent energy trapnsmission beam 20,

are designed as sPRUGRE TS R Lb iR diFSthd B8 D ST RRNAYSelfin the Girs RO arrow v for
obtaining the desistdabisataydspedatieierivlovieves, invsulBalsYaand itesiabléay afrapgeetke base body

5 as a stationary elgreeat ikl MeVe sheaeatinermAgRINeHh bkisHbha astariianeigysmsaducing units
with associated mg}%r)i grﬁ(ﬁege%%gﬁrig%, Hgﬁynerrrgax bae% Lom ei)%ad to a coating head forming a jointly
movable assembly. Tn the émbodiment Shown m ?—'lgure , provision is made for only one energy source
21 in the form of a laser gun, which produces an energy transmission beam 21a. Fed thereto are two
material beams for lgaerndrgy tahsofissivadating Gaenadi onafor siztetinghg iththeveanrglisistaninstrieture 6, and a

second coating oRgratigN A5QNBINAY HE.IBENLCRAIRT of AbIS.REN REPUSIORBRY R Mrde for two

material feeder arrar%%ements. In the examg;Ie shown ly one material feeder arrangement 22 is
|

. n . .
provided which is o Céafﬁ?o[%ﬂﬁﬂﬂéﬁ?ﬁ@'.s 88&%"?%1}? 2R W%Hﬁ??é%dd"érséﬂﬁ%ﬁdg BRE W3thas two
material inputs 22thendafioa Metetird imdieddy ferntdngaietsear resistire dmmsdirtedy andhherintaterial

forming the run-inigeatii@ 7inresPrREME IYasEenaaigdabfeepslcariang &y et Sty saismipspruces two
material feeder beams 22h and.22b', which are.arranged one behind the other, for s lving the material
for the wear resis?%ena@tﬁ??tu\’\frlclpé%gheéo{ﬁebfur%ﬁ"gg;ar?g %,%géggﬁcetﬁgﬂﬁpi% @u%r%ur%eé#gr?gﬂ Fégender beams

22b, 22b' are positiBAEANANSLIRIHISHRRPTHE AR AR AP Ryctigr sidiAl 208 ey rhiR §IHIRR - sistant
structure 6 impingesfomiebycinyeiogdatiedisibiéa de ehthgyxasecbody 51 Anespatiset abjjustedeeder beam

22D’ forming the ryngn,aoa T% gwéﬂﬂ%‘gﬁé&‘ 6p1en RAGMEHNE WAl SRaN SHMERY RReRLeviously

produced by the beam 22b. distance tbgetween the beams 22b n the case under

and 22b' may in th
consideration be SBSMARYRE TR Z7BA Q) BB SHRACCH L HRY R RIRSIARG the W?é%?gﬁg?éﬂeét}ﬁcture 6 can
still dissipate suffisidabemestpiytn fhséomeairatéifisieppiraitierderrayrgpires rihoin! ¢orsngchvépr obtaining a
surface that is welksdifaditg farsing WD PEIGRSS R SUBGRSHRMhaRE Angad \ehrRI gk thigasdnisgion beam 20

may be used in the atie manget 2s I log embadimenyRdceardance, win FIguig 4. Hhg eagne applies to

.. Su u , ou .
the provision of a cambined coating assembly and to the movement of the base Member b or the coating
head, respectivelye"eray supplies can be controlled in a simple manner.

The energy sources 16, 17 shown in Figure 4, with associated material transmission
arrangements 18, 19 are positioned in tandem, with a certain distance between them.
This distance may be selected so as to ensure that the wear resistant structure 6 has
already completely solidified before the run-in coating 7 is applied, or that the wear
resistant structure 6 has not yet solidified at least at the top surface when the run-in
coating 7 is applied.

In the example shown, a wear resistant structure 6 composed of a nickel alloy with
embedded ceramic particles attached to a ferrous metal base body 5 and a run-in
coating 7 made of a copper and tin containing bronze material, both the wear resistant
structure 6 and the run-in coating 7 are bonded with their respective support material
by diffusion. The above-mentioned distance between the energy transmission
arrangements 16, 17 is selected such that the initially applied wear resistant structure 6
has completely solidified before the run-in coating 7 is applied. The transmission of



13 PATENT CLAIMS 1. A machine part belonging to a pair of mechanical members in sliding contact with
each other, composed of two mutually movable machine parts of a heavy internal combustion engine and,
at least in the area of the side facing the mating machine part, being of a wear resistant structure (6)
comprising particles (9) embedded in a metallic matrix {8), such particles consisting of a comparatively
hard material and having a rough and uneven surface, and being designed as a piston ring (4) or a
cylinder liner (1) osreejpigtoim (B)shunsk raheadteaidg ppstomesmigrgrboxdid3Shemimsanioiter sliding element

of a heavy engine, charagierizan ithhahRGVeardesisiRbsKUrites, (RhiR chRIRANNER eyl coating (7)

which levels out such unevenness and ro%J hness of the said wear resistant structure, such coating
consisting of a rurtqSS R AP ARSI SR égﬁ]ﬁg off during a run-in process and being different from the
material of the wear resistant structure (6) underneath and metallurgically bonded thereto, and further

being softer than taerRaid Waarire distagt SanietSOh et iatinviestdaainenefther s aureaseecf wear
resistance as the sliding. surfa f the osite machine part.and that the boundary layer (15) between
5C§§|’%%H%n\§/gdobenmé){%8 e érggﬁans@sgon beagn C?a. l‘flﬁls eﬁ%@%ﬁ%ﬁg%ﬂl’?gone

the run-in coatingv(]? ear resistant structure Is designed as an a

obtained by heat S58ply2fh YRESHIASCHON 8F tReSheierekistahtiarsitiare @), WaORHEDriSs claimed in
claim 1, charactersnesbihethabdhevslliedinncodting (Mkeosseisses farhiesdaess b deatyeste2RIAAO0 and 200.

3. A machine part,|a.ageQrdane e With-Ay RidhRi G GUNY SRS (IREREISARAJLHIRKmpaterial
forming the run-in coatln% 7) has a me mg&ggrgé@émm. 1050 de re%s centl%ra e. 4. A machine part as
I

claimed in claim 3?'%‘?{5"8 tqé ML iAIIR R t?o?MﬁH'th‘?eS PRIRR St frhgg ﬁ%tglﬂng point of
between 600 and @g0adieqmwitstoeaiihpathe. Serowisitsimis pantteasrtbadngie Withvaihp Wifeedipgeceding
claims, characterizag dpaiiat thgerian-in coating (7), when new, has an average thickness of 50 to 300
microns (pm).

In the example shown, the energy sources 16, 17, as well as the material feed

arrangements 18, 19 associated with them, and the energy source producing the

subsequent energy transmission beam 20, are designed as stationary units.

Accordingly, the base body 5 is moved in the direction of the arrow v for obtaining the

desired coating operation. However, it would also be conceivable to arrange the base

body 5 as a stationary element and move the coating arrangement. In such a case, all

energy producing units with associated material feeder units, if any, may be combined

to a coating head forming a jointly movable assembly.

In the embodiment shown in Figure 5, provision is made for only one energy source 21
in the form of a laser gun, which produces an energy transmission beam 21a. Fed
thereto are two material beams for carrying out a first coating operation for obtaining
the wear resistant structure 6, and a second coating operation for obtaining the run-in
coating 7. To this end, provision may be made for two material feeder arrangements. In
the example shown, only one material feeder arrangement 22 is provided which is of
the two-channel type. Accordingly, such material feeder arrangement 22 has two
material inputs 22a and 22a’' for the material forming the wear resistant structure 6 and
the material forming the run-in coating 7, respectively. The material feeder
arrangement 22 thus also produces two material feeder beams 22b and 22b', which are
arranged one behind the other, for supplying the material for the wear resistant
structure 6 and the run-in coating 7, respectively.



14 6. A machine part in accordance with any of the preceding claims 1-5, characterized in that the run-in
coating (7), when new, has a surface roughness of between 1 and 20 Ra. 7. A machine part in
accordance with any of the preceding claims 1-6, characterized in that the run-in material of the run-in
coating (7) comprises embedded particles (14) consistipg of a material of greater hardness. 8. A machine
part as claimed in claim 7, characterized in that the embedded particles (14) consist of a ceramic material.
9. A machine partasiclaianechlifeetiinb8arab 22 tepiz etdptistibtieze édoendedayattit|eé® (hdjedansist of

AI203 andor Cr0 ARdlanGERCR, KimREOS RAILIA ACEOKIRORSNUHL 0 P RoPRERIIG Claims 7 1o
9, characterized in that the@ gortlon of the embedded Partlcles Fil4é|n the total volume of the run-in

coating (7) is betwddA% Shti%8358RM ByP08IERESIS X IR FRRY BRI AR JSIENCE Vit thy of the
preceding claims toatneharautedeedn thatitre sda-iof nievedforsirignthetivakeeobtimseniously coating (7)

contains at least GopRescaNsY eidliveak? zébmm'&aaaétmm«a@ldeaﬁﬂama&n@habaﬁ{gyime;n that the

run-in material forig, i Pase LGRSk Do ARG & 056735 At Ul EPMRGSRSR] £ percent of
Cu and 30 percent o
wear resistant structure 6 can still dissipate sufficient energy to fuse the material

applied for forming the run-in coating 7.

For obtaining a surface that is well suitable for the run-in process, a subsequently
arranged energy transmission beam 20 may be used in the same manner as in the
embodiment in accordance with Figure 4. The same applies to the provision of a
combined coating assembly and to the movement of the base member 5 or the coating
head, respectively.



13. A machine part as claimed in claim 11, characterized in that the run-in material of the run-in coating
(7) is babbitt metal which contains antimony (Sb) in addition to copper and tin. 14. A machine part in
accordance with any of the preceding claims 1-13, characterized in that the wear resistant structure (6)
receiving the run-in coating (7) contains a Ni alloy as alatrix (8) in which the particles (9) of a ceramic
material are embedded. 15 15. A machine par m&fl with any of the preceding claims 1-14,
characterized in that the wear resistant structure ?E};’Eﬁggelvmg e run-in coating (7) is formed as a coating
on a metallic base! body A5)adlBnAnwA&ISIAeoE S CRINSE MprimiaalIBeEharadtesigény ipoiagtthe metallic
base body consists of a fetri@agHmaterjdondpbsédronsiinapailasm slatred dohiHaipadd ofld msals,

characterized in that the, NLAllox IniNIg e RIS (8) £ 9DIRIN Hesween band 1o,peicegt g volume of

P, between 1 and 6 percent by volume of e rest A machine part as c alme In claim 17,
characterized in that the \iI4ASHACHRARG ThBIRAR]A (HF HIRERIA S BeChErEhEBYRIINAPRABIIS 2.15
percent by volume of Si @nhdeieaaddtdNin a metallic matrix (8), such particles consisting of a

comparatively hard material and having a rough and uneven surface, and being
designed as a piston ring (4) or a cylinder liner (1) or a piston (2) having at least
one piston ring groove (3), or as any other sliding element of a heavy engine,
characterized in that the wear resistant structure (6) is coated with a run-in
coating (7) which levels out such unevenness and roughness of the said wear
resistant structure, such coating consisting of a run-in material suitable for
wearing off during a run-in process and being different from the material of the
wear resistant structure (6) underneath and metallurgically bonded thereto, and
further being softer than the said wear resistant structure (6) and at most being
of the same degree of wear resistance as the sliding surface of the opposite
machine part and that the boundary layer (15) between the run-in coating (7)
and the wear resistant structure (6) is designed as an alloy or diffusion zone
obtained by heat supply in the direction of the wear resistant structure (6).

2. A machine part as claimed in claim 1, characterized in that the run-in coating
(7) possesses a hardness of between DPH 100 and 200.

3. A machine part in accordance with any of the preceding claims, characterized
in that the material forming the run-in coating (7) has a melting point of max.
1050 degrees centigrade.

4. A machine part as claimed in claim 3, characterized in that the material
forming the run-in coating (7) has a melting point of between 600 and 800
degrees centigrade.

5. A machine part in accordance with any of the preceding claims, characterized
in that the run-in coating (7), when new, has an average thickness of 50 to 300
microns (um).



19. A machine part in accordance with any of the preceding claims 1-17, characterized in that the
proportion by volume of the ceramic particles (9) in the total volume of the wear resistant structure (6)
receiving the run-in coating (7) is higher than 60 percent by volume, smaller or equal 85 percent by
volume. 20. A machine part in accordance with any ofthe preceding claims 1-19, characterized in that
the ceramic particles (9) of the wear resistant structure (6) at least partially consist of tungsten carbide
(WG and passest a har e beRiLel IR R0 a L8 h Te e B S crcance wih
any of the preceding clafharactyizedaiactda cfsn tHaintOFEANMTe: paPeeieRe) besha \felrGesistant
structure (6) are of sphefitghaesdigusatiaan 22nd 20@&:hine part in accordance with Claim 21,
characterized in that the ceramic particles (9) have a diameter of preferably 40-160 microns (pm). 23. A
machine part in accordance with any of claims 7 to 22, characterized in that the preferably ceramic

particles (14) embeddedinTREMIR-iRELAINGEA 4Hecst WiReABU CbnfGuRRBTHINgs SR difchine part in
accordance with ctherag®rizedractiealzbd inntivattheriebohthécrpaiti clesifd4) havepdsemendieddsd20 to 50

microns (pm). particles (14) consisting of a material of greater hardness.

8. A machine part as claimed in claim 7, characterized in that the embedded
particles (14) consist of a ceramic material.

9. A machine part as claimed in claim 8, characterized in that the embedded

particles (14) consist of Al,Oz and/or CrO and/or Cr;Co,.

10. A machine part in accordance with any of the preceding claims 7 to 9,
characterized in that the proportion of the embedded particles (14) in the total volume

of the run-in coating (7) is between 5 and 30 percent by volume.

11. A machine part in accordance with any of the preceding claims 1-10,
characterized in that the run-in material forming the base of the run-in coating (7)
contains at least copper and/or tin.

12. A machine part as claimed in claim 11, characterized in that the run-in
material forming the base of the run-in coating (7) is a bronze material composed of 70
percent of Cu and 30 percent of Sn.

13. A machine part as claimed in claim 11, characterized in that the run-in
material of the run-in coating (7) is babbitt metal which contains antimony (Sb) in
addition to copper and tin.

14. A machine part in accordance with any of the preceding claims 1-13,
characterized in that the wear resistant structure (6) receiving the run-in coating (7)
contains a Ni alloy as a matrix (8) in which the particles (9) of a ceramic material are
embedded.



25. A machine part as claimed in claim 1, characterized in that such machine part belongs to a pair of
mechanical members in sliding contact with each other arranged in a heavy two stroke cycle diesel
engine. 26. A machine part as claimed in claim 25, characterized in that such machine part is designed
as a piston ring (4). 27. A machine part as claimed in ¢Rim 25, characterized in that such machine part is

designed as a cyliﬂger Iine¥n 1&.n%8. A{n%chin(%l%g asvgll im%d in clt%ién %gbgg}ﬁrac eirizeq_i%that such
machine part is designed as iSton Pﬂ com ﬁsmg At jeds oﬁeypiggon rin% groo ?.mfg. A process for

the manufacture ofharaeienres pathat Hecuraarrss RithsibfiastOhEeesitig Pietadihgagkine 1128,

characterized in thethibe d8actvahyan Havngiebasapsesisiant structure (6) is coated with a run-in coating
(7) covering the said wear resistant structure (6), with the amount of energy supplied in the direction of
the wear resistant structure (6) in the coating process being such that a metallurgical bond of the run-in
coating (7) with thtfweafrBGSRGRANATHETEAY SRidinEy Chasantesiered it thatdps Mstplir 4ass 29,
characterized in thatiheneistsotedtmg¢ Mateddbyed onto the wear resistant structure (6). 31. A process
as claimed in claim 30, characterized in that the run-in coating (7) is diffused onto the wear resistant
structure (6), with anly sg much energy being supplied in the coating process. that. merely the run-in
material forming trfgbasgsrB?‘fcn'(ra]ertﬁ)ﬁf?na&)CgeH%Sé(%D% Wsné%‘,%?lre%t ecn?é?g}%lz&ath%%vaetg{rh ?eﬁsfstant
structure (6) undefheatiereiriine imabkdfeLTABRIGEWEIN A oS ReraetoRYameEdtRfaRy of the

preceding claims B8nie&il1 eha@pteciedyvihat slorsictaereaatingi process the material forming the run-in
coating (7) is applied on the wear resistant structure (6) in the form of a solid powder.

18. A machine part as claimed in claim 17, characterized in that the Ni alloy

forming the matrix (8) contains 3.65 percent by volume of P, 2.15 percent by volume of

Si and the rest Ni.

19. A machine part in accordance with any of the preceding claims 1-17,
characterized in that the proportion by volume of the ceramic particles (9) in the total
volume of the wear resistant structure (6) receiving the run-in coating (7) is higher than

60 percent by volume, smaller or equal 85 percent by volume.

20. A machine part in accordance with any of the preceding claims 1-19,
characterized in that the ceramic particles (9) of the wear resistant structure (6) at
least partially consist of tungsten carbide (WC) and possess a hardness of between
DPH 3000 and 5000.

21. A machine part in accordance with any of the preceding claims 1-20,
characterized in that the ceramic particles (9) of the wear resistant structure (6) are of

spherical configuration.

22. A machine part in accordance with Claim 21, characterized in that the ceramic

particles (9) have a diameter of preferably 40-160 microns (um).

23. A machine part in accordance with any of claims 7 to 22, characterized in that
the preferably ceramic particles (14) embedded in the run-in coating (7) are of spherical

configuration.



17 33. A process in accordance with any of the preceding claims 29 to 31, characterized in that the run-in
coating (7) is molten onto the wear resistant structure (6). 34. A process in accordance with any of the
preceding claims 29 to 33, characterized in that for coating the wear resistant structure (6) with the run-in
coating (7) a heating unit (17; 21) is used which is movtble relative to the wear resistant structure (6) and

produces a hot spﬂ on tRe Iatlt]er and that the materiﬁl]l éﬁ)rlm@g tc e rurL-in C%atirlrﬂ%(’%is fed into such hot
' Y ’ ,

spot or an area directly neri%cbbnr?npga{hié] %%fgf‘?'aﬂg‘? K'Pr68E8S A CAMEd T Tid &t rized in that

a laser gun or a PAatBlgAd A ased dansietoicigalne misrepoti™s. A process as claimed in claim 34 or
35, characterized in that the material constituting the run-in coating (7) is fed to the hot spot in the form of

poder of  wire 5¢ & Sina3nd ARSEHNASHOLIMGE IDRMNOLITG iEPERRRAIRIMEZR 1030

characterized in that in the case of a wear resistant structure esigned as a coat on a ba:
the said wear resiSEISHAGRAY ShAFRRAAIFMeBRARY T PFRe0RthetB S 8B AIERN 859 Rir respective
supports in the saateeavahmestr@®. Aqbroiess awickaimed in claim 37, characterized in that the wear
resistant structure (6) and the run-in coating (7) are produced in a single operation.

26. A machine part as claimed in claim 25, characterized in that such machine

part is designed as a piston ring (4).

27. A machine part as claimed in claim 25, characterized in that such machine
part is designed as a cylinder liner (1).

28. A machine part as claimed in claim 25, characterized in that such machine
part is designed as piston (2) comprising at least one piston ring groove (3).

29. A process for the manufacture of a machine part in accordance with at least one
of the preceding claims 1-28, characterized in that the machine part having a wear
resistant structure (6) is coated with a run-in coating (7) covering the said wear
resistant structure (6), with the amount of energy supplied in the direction of the wear
resistant structure (6) in the coating process being such that a metallurgical bond of the
run-in coating (7) with the wear resistant structure (6) is obtained.

30. A process as claimed in claim 29, characterized in that the run-in coating (7) is
alloyed onto the wear resistant structure (6).

31.  Aprocess as claimed in claim 30, characterized in that the run-in coating (7) is
diffused onto the wear resistant structure (6), with only so much energy being supplied
in the coating process that merely the run-in material forming the basis of the run-in
coating (7) is fused, while the material of the wear resistant structure (6) underneath

remains in solidified condition.

32. A process in accordance with any of the preceding claims 29 to 31,
characterized in that during the coating process the material forming the run-in
coating (7) is applied on the wear resistant structure (6) in the form of a solid powder.
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33. A process in accordance with any of the preceding claims 29 to 31,
characterized in that the run-in coating (7) is molten onto the wear resistant structure

(6).

34. A process in accordance with any of the preceding claims 29 to 33,
characterized in that for coating the wear resistant structure (6) with the run-in coating
(7) a heating unit (17; 21) is used which is movable relative to the wear resistant
structure (6) and produces a hot spot on the latter, and that the material forming the
run-in coating (7) is fed into such hot spot or an area directly neighboring the latter.

35. A process as claimed in claim 34, characterized in that a laser gun or a PTA
burner is used for producing the hot spot.

36. A process as claimed in claim 34 or 35, characterized in that the material
constituting the run-in coating (7) is fed to the hot spot in the form of powder, of a wire
or a strip.

37. A process in accordance with any of the preceding claims 29 to 36,
characterized in that in the case of a wear resistant structure (6) designed as a coat
on a base body (5), the said wear resistant structure and the run-in coating (7) received
thereon are applied to their respective supports in the same manner.

38. A process as claimed in claim 37, characterized in that the wear resistant
structure (6) and the run-in coating (7) are produced in a single operation.



