1 Piston for a large-size engine and nethod for the
production of a wear-resistant |ayer in such a piston
This invention, according to a first invention
concept, relates to a piston for a |arge-size engine,
in particular_a |large-size two-stroke cycle diesel
engi ne, _havi ngistendpsa Roe-pigeangiagiand sretheds er r ous
mat er | afordRRIPIOFECHOM aaarresistantievar énsuchia pistonon ri ng
grooves, each of them designed for receiving a piston
ring, with a | east the uppernost of such grooves, next
This 'ftVénfﬂ% aceogsiol drfirgHavasBien asarer), raides ded Bistontfor a large-size
engine! Mt Srduls Y lE%%es@é“ﬁ% drRad/he d?&gpé‘rﬁr‘ué)rﬁawﬁgﬁg?ﬂm Wotmjﬁ made
a wear-resistant |layer. Thi's invention, acc
of a feripus aatefial\ans promided m@pﬂrcumraﬂ@ Rigior “ﬁﬂtQﬂ@@Veﬁo ea@m ef them
designBH @cﬂ%&él\ﬂﬂg prséior‘fvﬁﬁé “Wifith HaRihe! Lﬂ%@fm&g O?HG& iro@ve%t ABxt to the
such wear-Tesi st ant er being ap e
combuslign ghamhen: &ising PmV'dﬂ%Oﬁs'%!ﬁt%i’ﬁb@U'iﬂ?Cﬁ away rfmm the eamebustion
chambF Gifh @lwdaRidsidditbayat. surface of the piston ring
groove whi I's di'sposed away fromthe conbustion
chanber. On knovvn arrangenents of this kind, the
This iWRRfior, SRR b2 Slurth ﬁ'ﬁéht%eé? 8@ Fé%’té’s %’”eP'Fﬁethod for the
plating which, as a rule, I's a
producdipre et 2 wigar- (esistant Ryt es sucha p»§t0n| @L!@rwearmg%@tant layer being applied
to the fé’?r@[ls Fr%?ér%‘ @ﬂhe agél&r ated B%Yl%'rowr‘\‘ W\qﬁé ama%\‘ thQaSkePd slifface of the
form of pressure and high tenperatures
piston ammg@p\f%wmcgns 8‘9&%@@“@!%1'&@1 e cambaisiiarechsarercl es in
the charging air, etc., has proved to be of
i nsufficient dur.abi'l i t%/ The result is a conparatively
On knaypatrangamaniseol thisekindaing weakeresistant Lysr istdeasigned @s sbpardchrome
plating%hlém%spi RAEN ghbPaNy @Qy BP @T@E?&g‘él\%nﬁ &BQ&SOfrnferﬁ’therto used
I nd’ described Tnitia ove I n°suc
Wear-f%%*‘rfﬁ@t layerp IhewaveY. Iuﬁdﬁrcblgg lpgcing in the Edmpalr bIQK\/FEB%ﬁUTQ)ﬁgd high
v
temper%ﬁfré’é Sﬁdlb:‘ fo\‘?mbdr?‘?; c\:/c?rﬁk?gfﬁﬁ% era%fa%ﬁ\%rkfarh@é(seLotgé cf\ﬁgj rg;\ &f, etc has
provedato \h@@f H\Séﬁlp@ﬂhdnrablbtyeThe iesaltisd mmatwetyrshpﬁéewlce Ilfe
i nvention. The first part of the above-nentioned
object in _connection with the generic-termpiston is
Cn thege rempisgs itn's tthyebiereolibarresest svantion toyigrexsna pisten af the kind
desanE%t ﬁ‘lltkéll? MVEI ?ﬁ 'sﬂcﬁ\’hé Glay 9 %%' BfhplPedd WP o@f Sneans, a
dded | east such | oad bearing partic
compapaswgléé@lwﬂa%lbfgrcziéh%weaw&slaﬁéé@yerhlatachi@v , @86 &0 ntakamrows'on
for a sifylpd m@fho@ Rk 9|5'E>I¥|Hb a War! tﬂ@sﬁﬁé‘ﬁ?@e‘?‘ﬂﬂacc@lﬁ%ﬂ% With tﬂ}}é ih}lerﬁi'aﬁ.
durability of the wear-resistant layer 1s in the first
place influenced by the properties of the |oad
I
e B B R oioP AR i EMeB s 4R e Yo piston is
achieved do thdit dipe wear-rgsistaniViayari eontainssa m@takbwmirlx @7 which load bearing
i dNGL.E r ahi | r ] :
partlclépsr %%e%??%he&ghr o*r]ndlﬁ A%@rs@%g?ﬁ'm@l ishring Jfde P Ressing a degree of
hardness that is greater than that of chromium.

The hardness and, along with it, the durability of the wear-resistant layer is in the first place
influenced by the properties of the load bearing particles. Because these possess a greater
hardness than chromium or chrome oxide, the measures according to this invention also
provide for an increased durability as compared to the known protective chromium layer.
Owing to the fact that the hard load bearing particles are embedded in a softer matrix it is
nevertheless ensured that the wear-resistant layer possesses a sufficient degree of ductility.
Since the hard load bearing particles are embedded in a matrix, it will be possible for the



OnM ng to the fact that the hard | oad bearing particles
are enbedded in a softer matrix it is neverthel ess
ensured that the wear-resi sBant | ayer possesses a
sufficient degree of ductility. Since the hard | oad

bear.i rticles. are e de namtrix, it will be
formatB X BE sBRYbq hESY Sarfides nasianiasBouY 454 Sueh FiakerIatRywhich in
the fopardfi slies otaanadmasitmgemhucédsm fhdCBedieti ethicRhSssMHeNmeasures
orm ds. cannot in situ be produced in

accordyfitodhe /N B LR AREt oIREHEASLP S WeRTGS AN FYEGot any desired

thickn@s8Y @Rd With thé1desifer iibh Iddieodding ¥ apa@ty, Fhich thus in an advantageous
wear - r esi fﬂ’t ant Iay rW%F_%gny desired thickness, and

manngg fesylts a pagispairey d bearing capacity, which
thus in an advantageous manner results in a |ong
rvice life thereof. Advantageous enbodi nents and

Advanzaedis EmpofiTiepiseRndiEiRACRdiIIGT GlevelnameRin e itoe gRBRis measures

are defrie?] idefhd S\@flcihifngt MRUStHR-164PbéEFiIn B&Hﬁ:letshﬁay} £addReAY b89f rounded
es may expedient|y be or rounded

Conf'gL@B'i‘ﬁq ajhfsa?” S 1t Seynul r”é’é agtiptthe feanngr of ahw@sivg@raing, so that
undesﬁafb% maﬂ@f ted a@b@c’?étéél’ iA6RIriAG . is Sivoldeal At lﬂﬁ@%ﬁh‘éaﬁ}h&ha reliable

t he ssoc e iston ring is avoid At the
suppo aﬂ%ai‘?h%a toaa%sa”&eﬁfaq'%s {6 ERERGS §B%red- t he
Ioad beari ng partlcl es in the matrix is ensured. A
urt her expedi ent neasure nay. consi st in makin

AfuﬂhﬁF BYReSiSoh MeRayreLRRY FoRESt e aaking pﬁ%\ﬁ'%ﬂ@éth%lae% bgaring particles

have addilé\rlﬁéteﬁ lof @étmfé@h%eéhd%b fidtol) TRisCEMRIbRes J BbrApSBMRIIERIgR content
content and a hombgeneou

and a r&ﬁrg q?qrn%‘é{ls;/ glﬁ%lgfltltghcg the 0gdibearnchparHcles- ,E?)quglent!y the amount of load
beann@ﬁﬁ’fﬁdlb@mﬂhbé wWeae radidiattayet nla) ashkeh P80 el by iveluffe. | N

e wear-resistant |ayer may nmake up 50 percent by
volunme. A further devel opnent of the generic neasures

A furthBPYe@Ripeheit of thet brlb Pr%aﬁﬁﬁe% in¥ayl SonSRER Akt AB matit RYmade of an
cont ai ni.n Si as constituent el enents.

alloy CRIARTGNAFT. 0y 7 Skt SoRpHSR BB e Ty BHAR AN AUy I an Favantageous

manne€ PEHURE G b&rﬂﬁé(raﬂﬁé?@bréé@hgmé\frs ef theRatiRt Ihi adiditioR, the said material
addi ti on e said material also possesses good flow

also posgtsee @oPr oy charagtarighisss A fadter thatrisueas sipis| application by a spray

procesdBRY F£hitated alievind R UANormIhRESSES AR Wadikbis@hBayer.
achieving a uniformthickness of the wear-resistant

| ayer. The | oad bearing particles may advant ageously

The l06@Hehfifig QhrtRictehafiRivamhgedly, caisRt F @DbdramicIRRARN preferably
car bi de. _These nmeasures 1 n a Fartl cul arly cost

tungstesy ¢aERidp BNasgTRRASU RS & PATHCWR, M%&ﬁﬁectwaa@r@@arqsn@ in very hard
load bd¥ihg ipahRres. The wear-resistant |ayer should expediently
have a thickness of 0.3 to 0.5 mm This ensures that
t he anmbunt of clearance in the piston ring groove wl|

The wéﬁﬁe@ﬁaﬂ%}ér%ﬂoulﬁ Rub&digy! H%VB %echlcﬁﬁégs%f 0% told. FrYThis ensures
wear -resi stant | ayer. t her

that tham&nagéél%ra@ﬁed@ ithes Ristany ”'?Q‘n@m@éﬁé‘f”i eomﬁgaﬂ@g tagjerge in the
course P NMe Yy Wehr BRiHeReear-resistant layer.

A further advantageous embodiment of the generic measures may consist in making
provision that the density of the wear-resistant layer increases from radially inwards in the
direction of radially outwards. Loading is highest in the radially outer range of the piston ring
groove, which means that this range must have the highest load bearing capacity, which
condition will be fulfilled by an increasing density in the radially outward direction. The
aforesaid measures will thus ensure that the density distribution over the radial width of the



provision that the density of the wear-resistant |ayer
increases fromradially inwards in the direction of
radially outwards. Loading s highest in the radially
outer range of the piston ring groove, which neans

) that this range nust have the highest |oad bearing

piston EapaANY, ap%??‘%?ﬁte't SRAAFIACHHS {7l the 19nding, se that @oPOB}Daaﬁtlvely uniform

wear d)\fé@ rigasémige AAAHI tsy td Det BEhechl a]f HigY mﬁIPthﬁfrigu@ fo‘%\?atrésorbreventlng
aforesai d neasures will thus ensure that

he
UndeS'E?é’ilF‘s‘F%anaiOE'&hﬁpdﬁﬁ?“ BiRe BVBe 9E9R¥er adi al wi dt h of the 3
pi ston ring groove approxinmately corresponds to the

| oadi n so that a conparatively uniform wear over
A furthphgd\@,nggeguwﬁuqegn@bcwlséyb@g@ang the ferr@ps material of the piston

crown @PIEa"st UtR fRWRr S§adtine e Md Maar-+R3E0H: rIéVé'r eIl B8urbract any
piston ring in the groove. A further advantageous

tendenﬁiéaéﬁh‘fiéve@we%ﬁw@ter t%Slﬂ%\rna%wier?@S@ aterial apd gt thasamedime avoid

an exceés.\reh@iffsﬂeab@m h&rEAYd3 @étwé@aﬁe webrir8fstRAb Pt i tRE BREe material
wear -resi stant | ay This will counteract any

undem@éwdamordhattvw& ligRndse P@@ %iaaﬁlﬂrablaﬁﬁcw ayralilitynt o t he
base naterial and at the sane tine avoid an excessive

di fference i n hardness between the wear-resistant
The Sefcgpérpaatnaf theeiniiale mestiangch pbiegtefethgeiivention insganpectionawith the

generidnidthdd kLWEISEBVRPWE trat ftﬁé’%’ét@fbél efoﬁﬁlﬁﬁ%e %a‘?#&@&bﬁt‘ fafY/er which
The second part of the initially nmentioned object

COnS'SttSI‘R'f Ihaegregien With arne@lic allowifermingha Mgl eande "W@fﬂ%@fed in the

latter, 'aSpl%Fd'Flhﬁ‘\b?doém bbaﬁﬁg td&ﬁ[cfé%t RaViRg %”ré'ﬂt&g hEltEﬁess than chromium,
wear - r esi st ant consi sts of

preferablys e@&ﬁrd}@me@ﬁ Hampt 106 i8IPEYeA SV IA Agraviowsbirarpared lateral

surface.'f'l%ﬁi 1hé PRI AR GRSbVENwith @he | rdthiformfhgPindtzldlIby b@fngl G€ent in a
I ng part| cl'es having a greater hardness than

moltencﬁ?f@n?rmn hat,eidftes ratppgauenty @atwulmpevfébsthﬁmﬁamwn material is
subjecﬂs@%)a shﬁalﬁé’hééﬁﬂaaﬂﬁérﬁ a previously prepared | ateral

surface of the piston ring groove, wth the

matrix-formng netal alloy being present in a nolten

Since ﬁb%ﬁteﬂé‘ldfot'rhlﬂb thé We%ﬁfes%ﬂﬁ}ﬁqw&né E%‘ra?éd irBtlyt @rﬂ@ %l—?laé’soc;ated
he sprayed-on nateri al to a suit

lateral ﬁ@ﬁcetqf &g piplep ringjoreQvet g@qmn@qt ypth fhsy basggnatpeal W|Ii be obtained.

SubsedRM nERIeatrAdt nd)RE that ahP LERchcES fPRickie RNRcH Rfght result from
associated, |ateral surface of the piston ring groove,

the spigying s Wek bevreliRblyHOMRessatad tfer |/-"é|thw8ﬁrlneHtﬁn%gh@hﬁefdtreatment

serves B BERMURE LeSiRRL hdri&atd1Bithe BBSUMateribNat any differences
in thickness which mght result from the spraying

angle wll be reliably conpensated for. At the sane
It may Bé @ﬁpedam té) s@ér tﬁé §.§fwﬁatang@%¥reﬁewdtﬂ% @Herbl&teﬁ rﬁ&%k&o@g using
har deni ng of base matéri al may expedl e

a stecpartBFaWE g aythegraalw@v DUty Ganden ey a e mdlallmenwgtrange This
makes rif B e‘fﬁlr)EQQH &n AfaRt e@ui?r?a%ﬂ@rr tcﬁBBt@bﬁ' Qg:ielgy réarl]eol't Géhsity in the

y outer ran an 1nt radi
radlallyr%gerangw s makes it possible in an advant ageous
manner to obtain a desired greater density in the

The afore-mentioned object in connection with the generic method may further be achieved
in that the material forming the wear-resistant layer, which consists of an aggregation with a
metallic alloy forming a matrix and, incorporated in the latter, a plurality of load bearing
particles having a greater hardness than chromium, preferably a greater hardness than DPH
1600, is applied onto the prepared lateral surface of the piston ring groove in the form of a
binder material and that a subsequent heat freatment is carried out during which the metal

alloy forming the matrix is melted and the binder material burned. This method avoids the



radially outer range. The afore-nentioned object in
connection with the generic nethod may further be
achieved in that the mater#al form ng the
vvear- resi stant | ayer, which consists of an aggregation
metallic alloy formng a matrix and,
d'ﬁlcult'%@rwna@t@@ With @rserayaproeess whigh mex nariicutsirlyl asise in comparatively
deep., hg,%w Bi@tonﬁﬁx@tdfr%\%%. having a greater hardness than
chromum preterably a greater hardness than DPH
1600, is applied onto the prepared |ateral surface of
It mayt B eRbethidH tB'pﬁﬁc&rdoiﬂV cha W&g tﬁﬁtr R 1 mgié?g??ormmg the wear-
material and that a subseque eat treatnent
resistaphlayere i embiration thithe @Wdﬁ‘h Srefs cempagts rmylrfgdhﬁfcngm aoffresegment
of the Wtﬂér’ﬁvéé—ré@étéﬁqaﬁﬂ Qré &%d@éémlc%%ééld s f'ﬁ%qnasg Eﬂa?enal and
met hod avoi ds the ficulties In 'connection
then sypjegipdpicdess tmﬁmwtnéf;hepafqdu@tmnapf yuah i green mompacts facilitates
handliffg?mpar at ively deep, narrow piston ring grooves. It
nay be expedient to proceed in such a way that, from
the material formng the wear- resistant |ayer, in
A furth%P R 'aﬂ?'bhég‘ aWatnlihgteBS? bfhﬁé’ﬁfre n%‘;/ec%ﬂsigpimﬂ&t Fed? ﬂ'\é?fﬁ%nﬁ Recarried
ormo nment e annular wear-resistan
out by é\dlé‘)'}d%é&@@éf?mmg%ﬁw Taisewip preayett edasionhe pediculanin téf-'lbahdlng zone
with th@'ﬁ)@se Hé?éha? lil’%seéﬁs%qné @og@ hhdrb Rt o gﬁ%sﬁfﬁ§%3+ f8he base
such gr €en conpac acllitates andl 1 ng.
rrlate”@'urther in any case advant ageous, mneasure may consi st
in that heat treatnent is carried out by supplying a
shielding gas. This wll prevent oxidation, in
FUTthebaﬁVPB@QQ‘PUS rerpslirpenta; ﬁ'@f?zmdiem tdevelopmiaise of the main-claim

measuf@ &1l Bé -evidBHE fr@HleHe' Fé%ﬁr‘ﬂﬁéj s@glE%rrﬁQ%dOfr?ﬁ\ htﬁe description of an

wear - r esi st ant er to base nmateria
examplegli¥ait %Qj% u‘sccéumwéorwﬁh &%ﬁﬁ@o@ﬂﬁﬁdngaﬁﬂame‘ﬂfbﬁﬂﬁht s of
the main-claim neasures will be evident fromthe

remai ni ng sub-clainms and fromthe description of an
Figure dx anmplsBoys @ saclinn &\ Ristor ohf ianas-bim twe-strokerpycle diesel engine;
acconpanyi ng drawi ngs, wherein Figure 1 shows a
section of a piston of a |arge-size two-stroke cycle
Figure @i eselshewg)iafe enlergas siew Qﬁme@twnenﬁ hegagarresiptatt layer of the
sect i QRraRferhif 2MEEH ge[gl,: . layer of the
arrangenent accor gure 1; Figure 3 shows an
enl arged vi ew of a pi ston ring groove of the
rran
PO -SR0S P ar S o ok 8 Ayt il ot B fhe aranaeent secording
4 shoisFighreehvith geveapiresistant layep pertie wraxgedgthswe, of
the arrangenent according to Figure 1 during heat
treatnment of the wear-resistant |ayer; and
Figure 4 shows an enlarged view of a piston ring groove of the arrangement according

to Figure 1 during heat treatment of the wear-resistant layer; and

Figure 5 shows a plan view of the segment-shaped wear-resistant green compacts,

placed in the piston ring groove.

The main field of application of this invention is the realm of large-size two-stroke cycle diesel
engines and similar large size engines. The principal design and the method of operation of

such engines are known to the art.



Figure 5 shows a plan view of the segnent-shaped
wear - resi stant green conpacts, placed in the piston
ring groove. The main field5sof application of this
invention is the real mof |arge-size two-stroke cycle
diesel engines and simlar |arge size engines. The
Figure jrshewsiae UBReyirgH cladistar 2niq- Huripertion fréers '@rﬁsdhe pmcrown 1,
of a |a?@ageemrs%rokaQ:\Qaetd?eéeh%na(nte lélaﬁgeéiy.&s ehgftlag rjoed in this
upper part of piston 2,71 8n re errecf?
inventigr fhﬁélsﬁlns@féwnc? wimade of @ffeaomsarr@éer@i zeélch\ﬁﬁ @ey-oksi iron or cast
I [ I
stecl. THE BRI SRFIn T8 S8R B, P8R i BroGRel Vo, Episfon ing packege
compriggigeseyeral piglpn gingsndtaranged undermeath gneyansdhar, whiph piston ring
packa§@§éals ﬁ'ﬁa?@p bemé‘erpﬂh%tdﬁ'fbr%ﬁﬁ%b bf R p%?&hcr%%hl &Hdstthg%u?face of a
provided with EI ston ring package conprisin
cylmde§ é'O%rr mceivingttoe pistayd. Bachy ofdheg distamdegnd i received in an associated
piston ﬁﬁ?bltb%(/e A HLigbs LRV 1 N9 package seals the gap
bet ween the outer surface of the piston crown 1 and
the surface of a cylinder |iner receiving the piston
At Ieas@theﬁ?ﬁﬂér@&sttﬁh‘forph & §fdold BOPatis tS séfﬂﬁ@' Ys%jn Hify gi%ove 4 next to the
assoclated 'piston fing groove pi sto
combugtlom@hqn@k@gﬂlwtﬁ@ by HFepirtest2, i |§ttf¢mar,e|an:§ ltgllqyw@uztgcq, fhat the lateral
surfacd SwhP FréAtthe 'ESmBlJ&Fo‘Hrbh%\HBQr Qbrr \ﬁltmgweal; Reidtnt 1a erﬁ on which
conbustion chanber limted t pi ston 2, i's i1t he
the asgpaiatedPisters ring\gefestaurt witlebe BXQedIQFﬁéOIPa@\@deaBevewraC&@@nt upper
piston ANE%rdd/RH'4 Win SAEPUSEATCEEANDEYer £ Y Lol L ilustated, ail
r-resistant layer e assocl ate
piston ripggrogvese4 e provided with suches peai-tasistard lIayeod. de sever aI
adj acent, upper pi ston ring grooves 4 with such a
wear -resistant layer 5. In the enbodinment illustrated,
The weaartresiglast tayer bngs gaa@gb be sger Irptrm/em@ew \i¢w shewin an Figure 2,
t t
contau‘/@%%Eg%"ir@e Secé%saié’ 5?%3&?; & feeﬂwé‘f t%?&m%éséﬁﬁéiegﬁegaed in a
metallip matio Atveiels is| l@mﬂieaéarthm@ermst aée gwraterigl dersuing thegpigton crown 1.
[
T nififials SoBE B beli D158 Ble ATDEH B fator BREI Sy crome
oxide wiieanigs ondhe Putane & chramiam. Farbisturrnsesioad oeating pam@les 6 are
used iB38 HBGHeBRF hoRNES: R o PP BEL UR. THE el ARG 4R matrx 7
possesshs Grower degreet pi Bardnegsothan the dead bearingg pdicies &, adhidh ensures
suﬁicieiﬂgg%ctfﬂﬁ(etﬁ tH@%Sr-%%Q;éarﬁ IRr B%&@G%‘a‘ﬁe h%t#i'é?l%? %rmtl@atﬂ e Phdtix 7 is

) he nmateri al orm ng trix 0SsSses
an alioy gerteininggiic&r,dH, FaxardS mmart ai@ylea;aeldlmtyrqongams 74 % Ni, 15 %

Cr. 4%)%[ Wifd a5 & o Wi, ?r%s&r es sufficient ductility of

wear-resistant Tayer 5. A suitable material for
formng the matrix 7 is an alloy containing N,

The logj pedripapfiis Cexpdyfi Sothus Y aTREHE R W&‘%‘%ﬂ%e Blovided
at low cost. Experimentation with load bearing particles 6 made of tungsten carbide has
yielded good results.

The load bearing particles 6, as is indicated in Figure 2, are expedienily of rounded to ball-
shaped configuration. The diameter of the load bearing particles 6 is between 20 and 60
microns. Expedienily the load bearing particles 6 are homogeneously distributed all over the
matrix 7. The proportion of load bearing particles 6 in the wear-resistant tayer 5 may be up to
80 percent by volume. Experimentation using an amount of 50 percent by volume has

yielded good results.



The | oad bearing particles 6 expediently consist of a
ceram c material which can be provided at |ow cost.
Experinentation with | oad bearing particles 6 nade of
tungsten carbide has vyielded good results. The | oad
bearing particles 6, as is indicated in Figure 2, are
expediently of rounded to ball- shaped configuration.

The deﬂﬁ@e o ARE&Ss dfthd Weal-RaktperLENS |s°é'a"lt§dléiéc?ﬁ1 c'nsa manner that the
tween 20 and 60 m crons, pedi ently the

permlSﬁ@iﬁ Flrgrapas Ebyees heigon singgered (ke pisiersfing tsu@cys 4mill not be

exceed®lhdmBe WE-résistdnt Idyee SH{a%WrﬁJoﬁ‘nEﬂfedﬁéﬁﬁg the We'ap Hemstant layer
particles 6 in the wear-resistant |layer 5 na
ks tartommm, In the

5 Sho%tﬁ?@fer@rﬂwﬁ?s% maprueteneas At éﬂ“rﬁ,npféﬁr?@)’
case oﬂEar@i@ulQ@f REdH aPahgéfldhre tﬁ@ﬁore‘ébi%'tﬁi%%é%@%@ tHee\ﬁé‘értrémst@nt layer 5

degree of thickness of the wear-resistant l'ayer
lies Cloi5§rt@éh%HP%ﬁré‘H"tlwdﬂF@nVe&S%nner that the permissibl e
cl earance between the piston ring 3 and the piston

ring groove 4 will not be exceeded when the
The wgapresisiantsiayat 3 49 h9vRad DRPegwsops #ssini ever| ijs atiee width.

Exped@Bfl, Hofal&t ﬂ{étcdu?ééeéf thé déhawléérdsaqnsWtﬁ r&%@e&?reﬁponds to the
maxi mum t hi ckness of ng}‘ preferab

course| of {geloaging eapssptiier W@\m “F%W'%G'bethﬁr‘#%@bﬂ%Gﬁﬁésestﬁﬁ@“ radiafly

|nward§f|ﬁrae|%€|a‘ﬁy %ﬂt@?ﬂ%ﬁl@cﬁgn hl'ik? |§’\ﬁ?ﬁe§t‘?§ ited fdHge! VR o@ter rim of the
[ies closer to the vi ce versa.

piston (i@ Brqous i4s vk th”ﬁ)ﬁ@re@UWhﬁbW%ards ﬁéﬁﬁﬂ@é‘ﬂo‘é@foﬂé r@grq3§ the width
of the Bi&In lhﬁgscf:;%‘&é F& Waflife asdatipedl ;ﬁﬂbh antg@}%eﬂr%{rent&f‘?rom tilting and
course of the density across the wid roughly
Can"'”Sborresponds to the course of the |oading across the
WI dth Accord| ngly, the density increases from
inwards in a radial I¥ outward direction and
The W@%"rﬁiﬁtﬁ@fs]?y?frﬁ BRcap dyer be sepe gt igure) imipdlesigned as a filling of a

pocketRbSie by 4 88 &l pﬁatéd inlthe Whdd mbidva cgﬁheeﬁéféh%%\ﬁm ‘?twhlch pocket
wear is essentia uni form across the wd

is operpatsthe foR ?Wbeﬁ‘?'?ﬂ?\)@ % ragiat rpclien o acarasiah SbtoSth@ QU Figp of the

associateH %l%rﬂ'ﬂﬁg{‘bﬁn@vé UOThé bk BOth@Ntb & ARingnHe stpes IS |nc!|ned so that
wear -resi stant | ayer 5, as can further be seen

the stepiSgnddhe weagr%@éar@ tayer Bdiliag up isuehgtep® farm w@md wr ifegradially
inwardQfre@ticH. %t\ﬁeérmh%%éﬁ § Gnb Qhé 'Ehﬁj RS drah 6f‘5\he ‘stt&rhﬁng groove 4,

pi ston crown 1, pocket 1S open at
provisigr isgRade fon aélrﬁam‘f%ﬁnttﬁl geeve dA whichnmay, seiNg &9 pWéantg!Oﬁ@ stresses
and hetapﬁa&t,lrteer rimof the associated piston ring groove 4.
he flank of the web 9 facing the step 8 is inclined,
so that the step 8 and the wear-resistant |ayer 5

The wéérlréélélgnﬂﬁyér%c Bs % RlicSel ¥ Ford?®i3hed s‘?oﬂﬂ/eh Q)nﬂ) the baﬁe material

radially 1nward direction. Between the we
by mepgge|icalJughi spiay metheds s RIaRMDISBERYIOr prngggr\@bméy szyfuel (HVOF)

sprayirlf. #¢f @6 i Bulpds&BslSpraf rdealcgl |F18|H%8 i e SlawiHCBY & shfhy head 11, is
may serve to prevent notch stresses
used, whtch serves to spray the matenal forming the wear-resistant layer 5 into the pocket
formed by the step 8, as is indicated by spray jets 12. The spray angle, as indicated by a
swivel arrow 13 in Figure 3, may be varied in such a manner that it is steeper in the range of
the outer rim of the piston ring groove 4 than in the range of the inner rim of the wear-
resistant layer 5. In this manner, a higher degree of density of the wear-resistant layer 5 will
be obtained in the range of the outer rim of the wear-resistant fayer 5 than in the range of the

inner rim.



and heat fracture. The wear-resistant layer 5 as is
indicated in Figure 3, can be sprayed onto the base
material by neans of such gpray nethods as pl asna
sprayi ng or high-velocity oxyfuel (HVOF) sprayi ng
. For this r device, indicated in th
During e GPIRY ASY-o < e A9 REA dorming e maieied 15 RrRsent | dAvEsthetis to say
in moltpr faymtae emesy intd aftﬁlfnﬂl Wl@’l lH@bé@afnatéP%I %éﬁtsoh%%{g The load

he gPoc¢ t he step i s indicated
bearing Palidah 6 e TSpers e 5 Mgpit Toattx maleriancanch et spraved on
togeth&Witrethe adttedVWhan tHe lﬁh%drnﬁht@rtal RBY s&téhﬂé@rth%doédqbééﬁiﬁp pArticles will
it is steeper in the range of the ou

r _that
befterHthhgfm? % piston ring groove 4 than in the range of
the inner rimof the wear- resistant Iayer 5. In this
manner, a hi Eer degree of density of the
The SRk, PI9dess dt 44 Wieay*%yr heat,fraatmeplowhibh d¢ indicate! i Eigkm, geFor this

purpos@f plfobﬁloﬂl-ié ﬁ’fadélf@ﬁ Dhedtl d@@éﬂﬁQ%e‘it‘éaﬁﬁtohl?é/ﬁ@toﬁ rfn'@ad?oé\}'é 4 and
rangﬁ?of the inner rim 7 During

spra
Seﬂ"nqa 18 8 P e il srrpi: ?rbrvvﬁ%ﬁget'ﬁantnﬁm o prtiage device 14

comprlls@s ht Iéustcbnet&wpdrﬁtlvb@ shayt hdafer %@bx‘h@ﬁt \ﬁllﬁi&lﬁnisalﬁger?ébt |ﬁf03the piston
base material_ when solidify

ing rie 4 B Dty hGaIePle R o ' SpicBami st one coi o

which am @léclicriarenXcdiPbe hpied ADGriRY Kedt éatnidH: MELHisRA crown comprising
the p[%%rgether wth the |atter. When the matrix nmaterial has

"9 TBENest Ad | 91 b BHF BpERTR] Bt i enieciauederence is

subjecteﬁ toheeaiehtitent TAE 5RNAYorR RAGSELIbS wWilP bk QUi ﬁﬁ@tprocess is
ment |S|nd|caed|nF gure 4. For thi

xpedigfioiBERteg L S8 b RIKED HaagrIRsE h MR ear-asstant laver 5. I

would Ilkb‘i\ﬁ%é sl cbﬁﬂéﬂra‘b%opélﬁth@éheroutﬂg AP Vet R treBfat A&t deleral or
heat the new ra ed-on wear-resistant |ayer 5. The

all pistep, Hpg ﬂ@ooé@?/i“ actesisignt laygg 1 Prgyjgion may also be made for

severaﬂ%ﬁtéﬁsﬁghtéﬁ@d@th@utbd ket Bk oﬁ@tﬂﬂ‘l@@nc\éﬂ‘hﬁiﬁ Wéull Fécﬁ!cb @6k angle of
0 the Blston ring groove IS inductivel

I nt
rotation, dastaad 6 ProNGHNG an {ngUsBely teatgblwset%aewq i warld, eh spurse, be

equallyoiffagifable fomakdpNisdn fBF & Hehiitg GV deewmﬁfﬁfhgf)@nea&phb%dburners
During heat treatment the piston crown conprising th

°ra‘a§ﬁr§t96t|'t‘9rql@r’g°egrooves 4 is rotated in such a manner that
the entire circunference is subjected to heat
tment. As a rule, one full rotation wl|l

The telppRHEPaRtainable Sy MBRRsaal fne hasigroinian 4 1 bisber Hanitbe meting

point oﬁ@t@hnéléﬁél‘?&n’f ﬁg"fﬂtegﬁﬂﬂy 2. Ift the éia@ﬁ’plé"d&ébr@e&‘%’t‘fch k&SRpThRA should
kewi se be conceivabl e

b belsEhT 400k e8I VOBAGaSitnt DUt PREla(ToRIaRt kit crapensate for sigh

dtffererﬁ,%!% ahicRiess i icaAkdt e Q\%l&foo&‘.(rﬁ% ﬁte%b?ﬁ’@%?dc@gs aAt the same
ar-resistant layer. Provision | so

time, ttgeegp@ggnSﬁg megbasge@ﬁ{gﬁptsmmn@iﬁtelb @g@@eratvt@ rthQ w@ar-reSIStant layer 5 is
harden@h! 8475 RLRAES Wé%ol&‘?\uﬁr% |'i'|ef%'tﬁ*§ 4he gf%@%eeeﬁedﬁent to dF5|gn the

rotation. Instead of provid an i nductivel
heater dgyies it aaeia ey Qut fisunent tr@ﬁtnmgwch [ggmnanner that not only the range

15 at the lower lateral flank of the piston ring groove 4 is hardened, but also the range at the

upper lateral flank, as is likewise indicated by a broken line 16 in Figure 4.

In the example illustrated, heat treatment is carried out after the spray process. It would,
however, likewise be possible to carry out the heat treatment during the spray process itself.
In any case, the spray process and the heat treatment are carried out in a shielding gas
atmosphere, so that oxidation is prevented. As is indicated in Figures 3 and 4, the shielding
gas, for example argon, may be supplied by the nozzies 17 or 18, which are associated with



equal |y i magi nabl e to nmake provision for a heating
devi ce conprising one or nore burners, or a laser
heati ng device. The tenpera8ure obtai nabl e by nmeans of
the heater device 14 is higher than the nelting point
of the terial] fornmng the matrix 7. |n the exanple
- the Spffé!s'@%dbgﬁm hetternﬂ%\f' tferesemtivaly. ad MbicheR coppected with a
shieldigd gasl €0csBdtShown hSHCR deeat treatment will conpensate
for slight differences in thickness which cannot be
avoi ded during the spray process. At the sane tine,

In ordérhte ;ﬁr@ff@ﬁ ukdlesifed beatipgser tﬁ&twﬁb glandnimBirab Y0 & WEIERS of the
r-resjistant layer 5 is hardened, as Is

racially (EFLHELE! B GRITORSETPPToY e Yaratrot sapiaipyasds sprayed on,

provisi€X PR RN atle feles isOifatid eovetingtar a8 ey skdwrlth Rigdrd 9 %hré’overmg
out. the heat treatpent in such a manner that not only

may CpRRisty iingeling: 5Mgertschdntp oiiEr PIFtAN &g 9FI0YRKA ANct KEMBFighG peveral

segmehtsnﬂlﬁbqgvarcﬁrrif&eh@é ﬂ%n@ﬂ/enk@is fRéAted i SudrAR GRarmbr bh@onsnsts of
ateral fl as |1 kewi se indicated by a

such ablggtggﬁ L ferrexaemple rqsﬁgmag bgndupghtlieﬁ%o Xihipegwear-resistant layer 5 is
preventdd. Thé Caletthg Jr&aly fédsnﬂatteam spréy prakédsed out after the

spray process. |t woul however, |ikew se be

possi ble to carry out the heat treat ment during the

A furtt%prp@}és@léorﬁéﬁﬁdldfseﬁipfymg tHe @edr-@astint 1d\Rr SPHRY d%@l@teﬁﬁthat the
e heat treatnment are carried out in a Shieldi

mafenajgermleq RS RRITESISieB! [t SRt 6AY i plabienaiedal geaiaing the

load bééﬁHgCFérﬁQeé B, ki @tarcee oh ﬁl@dprépal"ebelo%\' PAteiaN Glanid 3% thé @bsociated
e ar e sup%l [ ed the nozzles 17

piston #ig J opred ?éorabe%’aeatbadn nsief 8 tt"tf’@r%t"a%/mﬁé'ﬁtfriqf%m and that

subsedtﬁéﬂt ReatRatned iis Sarfidd olLERRGWHIEH the rAdtel aMaly &Il BS ?nelted and the
onnected with a shieldi na@%as source not shown here

binder PH”'@Qt Aveh a methadggrevents Kitigf e tode @paeten glugrg the spray
procesk, hﬁ déﬁl%u%r ﬁ'ﬂﬂetohﬁe of %W @ieé@ aAd n¥RbW pRsorPiing HBoves where the use

radially inner wall of pi ston ring groove 4
of compﬁr@tl\l,%ﬁmp@gmrgy angles H&‘?étd hesreg‘ﬁfeékled on, provisi on rray
be made for a suitable covering 21, as is shomn in
ure 3. Such covering nmay consist in a

The bifdedrehe REGNEHE TS MG thg deariher wiffuthe daterial fagning the

wear-résitantadyer SCH MRHs S paMtWBich lcain Bk lsBHELVNGAE Gsddifuted lateral flank of
coveri n(%ﬁl‘s treated in such a nmanner or consists of

a pistog ipg GOGHR: Hiig. dower s iksuishFenasivatis, todrkelop 8A ditggnediate product

in the foff bESdlidMplate- ﬁl@%r‘&'ﬁﬁf likeQfrb &t 8dthpdcly/Rhick al s plabéEnaRt 8Ssociated
The coveri ng greatl facilitates the spray process .

A
piston fiig GFRENSfbS ieBNal GASENRPSSAUGI flest HERtmeBt (seariach.anisdusing which

the mdtrﬁymbteﬁaﬁeynaeasaretthb rblrtdeabuztr@a THet@E} Aayf BF BkdlHpik NEonsist of
resi stant |ayer that is to say thée matrix

d'|UtedrP§tyéWleﬁ|CQﬂ9htPéﬁtl ﬁbcotnﬁé’r |ﬁt%d bearing particles 6, is
placed on the prepared, |lower lateral flank of the
associated piston ring groove 4 in a formbonded b

The gregreMeActRdeRciBed aBeve Hay expasianty dpdicqusesin tedoth at segments

19 of the annular wear-resistant layer 5, as is evident from Figure 5. Several adjacent
segments 19 can then accordingly be formed to a ring which may be inserted into the piston
ring groove 4, with the web 9 representing a reliable inner abutment surface for the green
compacts 19. The groove 10 which is located radially inside of the web 9 will thus in an
advantageous manner permit the heat treatment to be restricted to the range of the pocket
formed by the step 8. The groove 10 thus practically represents an untreated area serving as

a precautionary measure against heat fracture .



subsequent heat treatnment is carried out during which
the netal alloy will be nelted and the binder burned
Such a method prevents the Bifficulties likely to be
expected during the spray process, in particular in

t he case of ver and narrow piston ring ooves
Heat Wzrpgr%t gy Upgecarg?g E‘B&r'ﬁ??’\?eq’f any ﬁﬁcrrlcsimaélyg a:f%mcgsas described
above\/\bu|adhwln@ed|®uldeeﬂrov'5éﬁ With afnef@or e 14485 igvied dry %Uéfbedlentiy

a manner er with the material formn
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ng
To engyirg g g 4A ﬁ?eoa@&rtx TPieTihat PoRiK BEssess) Canod flow
charadﬂér&h@s— whike l@ﬂ'\esdaéé Withi Retl BRIy oPPERAG ﬂﬁeV@érﬁEnt@rl\ﬁ Cr B and Si.

t he oci at ed iston ring groogve
The Q%"? Ogéﬁé indhadig Elsments MR EoTTBRNAEAINSS & fher sraERin described
above.dTd infigrovd irflovi BitarB@kfidties Brh8Y bélexpsdidm!ih 8ImaNGstd & add a so-
i nder burned The |l atter may, for exanple, consist of
called |- 4t ed pol yvinyl al cohol (PVA), silicone or Iatex.
The green conpacts descri bed above nay expediently be
roduced i rm of se nts 19 of the annul ar
In orddL G punt e ATl 8] TS PG U HemE AU ke fim of the
respecﬁ@é/ Qisﬁin il greevs 4 vﬁﬁﬁﬁﬁ@hﬁéaﬂ-ﬁes%@éhtﬂé}@ﬂ 53§ Spf: !ﬁ@%)br Beited on,

rin may, be jnserted into e piston
the POFW&E w%ﬁ% the Sgﬁpt\l\g "t‘%c’wﬁ rgdially, outes fircvgfesence beyimged by a
circumfeiditial adek RItns DON{Aeeisi MachdPiod Efﬁe@uraﬁéﬂ BBk %{Jﬁ%atlgﬁ‘ Brocess
ve 10 is located radially inside

and caj %fﬁmov%gﬂ?wa% thati dn payetrIsofikifnatien ﬁéthmweqrﬁ%ﬂﬂératlaver 5,

as is ifidi @aiédﬁ?ﬂihet Flg@(%s repl 5.1 Suchidedver Mans aeeh ring okl several
The groove 10 thus practical

segmepgp;\'lgg.gr%gtsdﬂsgwsrtéeaqt%ma%@g aJBRVIR §T ggnsgs of such a m);tenal that

bondingvetBiané e BaregiskRRRYELS bistedieat fracture . 9 Heat
treatment may be carried out by nmeans of an electric
heati ng device as descri bed above, or a heating

Alternziosly Cie WoLRY liltRfsarbé toREEIHDIES tHaE e bvééle{es@.@h't ‘I‘eﬁleﬁ@% If§rmed by

ediently |ikewi se carried out in a shie
soldereg} g’iﬁﬁ%?'%ts WHEN BBYRPFRAAUSY: kaspelosmed &y mﬂlteahmagess@atena! and

load béBiny phRicRR@diBES tHigeinoi Nt of the matrix material,
that is to say above 1000 Cto 1200 C. To ensure
good, uniformdistribution of the matrix material, it
shoul d possess good flow characteristics which is the
case with a netal alloy containing the elenments N,
Cr, Band Si. The quantities of the individua
el enents may correspond to those in the exanple
descri bed above. To inprove the flow characteristics
it my be expedient in sone cases to add a so- called
flux. In order to prevent the liquid material from
dri pping off over the radially outer rimof the



respective piston ring groove 4 when the
wear -resistant layer 5 is sprayed on or nelted on,
t he pocket fornmed by the st®p 8 may on its radially
outer circunference be limted by a circunferenti al
cover neans 20 which is attached for the duration of
the application process and can be renoved
Patenfllafth®ar ds, that is to say after solidification of the

wear-resistant layer 5, as is indicated in the
Figures 3 to 5. Such cover means may be a ring

1. COMRtbS ki ﬁe?r‘égfsfﬂe er?g%@qﬂtp%chHrqqla?%—‘sitzé thlg-%'trgﬁe 'c¥cle diesel
treated in such manner or consi sts such a
rfgEe; daving pl%@h@rqvgw W)t made of e farrous snaterialt andhpevided with
| .. .
(B RERIoE o it BRDLAPAAY e, A LEIRRA RE rpEeinga piston
B Sl with &dlegpt ﬁ@gmﬁr@oampfcwqhagr@om%ﬂ)ouemytob@encombust:on
f r
pdg.?@glrg%éﬁeao @%@gm{nh.m . n&ﬁéddf”é'ca ity @g%@%@ﬁbg&.on chamber
pYigy 8riveasregstpal qyers (5 e chargictasisedninpthat itlhe: wear-gesistant layer (5)
| R fsSh %%télN@m%%r&Q‘f’FmC%ﬁzbﬁ d!l'deoqe%hn%ggﬂl'cfég GJ@%’ efodided, with

pi ston crovvn?é terral ‘an

mtdeasiewcw load bepring pREicieat Ghlpopsessing 2 idegregr oobasginess that is
(&éateﬁﬁﬁﬁtﬁt oﬁaﬁ'aﬂnﬂﬁﬁ' gned for receiving a piston
I ng , a | east the uppernost of such grooves
(4), next to t he conmbusti on chanber, being provided

2. Wpiﬁ%o% chﬁ:ro?dlr?d tS BIiRCE RARYCtér fnhﬁw gl;i@‘b%ﬁ't%@mng particles (6)

W th a wear-resistant |ayer

d’l@&?écﬁtr%ﬁt%'@idnﬁstthﬁ! DPHel6R€ar - r esi stant | ayer (5)

contains a netallic matrix (7) in which | oad bearing
particles (6) are enbedded, with at |east such |oad

3. Hepktaigagsarding feany ef ﬂ}ﬁo&@é@bnm §laims, eglmecwisadnu thatsthe load

t chromium 2. A piston
al%%grrlé ?%rélgltég g?rbrf%ﬂna%%r %erl sed in that the | oad
bearing particles (6) have a greater hardness than

4. PPhs mogccoélngAtcphﬁ} Bf‘th%‘?;t%gﬁé’d ﬁtgcﬁé?mér‘&hé’r&ﬁ{ehggg in that the load

precedi ng characterised in that t
thearing parpeles (@ haye gajanagter effbehwrandibandBpesicrans. A
pi ston according to any of the preceding O ains,
characterised in that the |load bearing particles (6)
. Hapigton ascerdingde 2oy obteviwesediy Glatins Ghatastenised i9.that provision is

Rhadelfor %Cﬁ&ﬁgééﬁgo&ﬂd%mbu%n b hePbSS %gé{}% Earﬂbl@lé (6) in the matrix

characterised in that provision iIs
Héhogeneous distribution of the |oad bearing particles
(6) inthe matrix (7).

6. A piston according to any of the preceding Claims, characterised in that the

proportion of load bearing particies (6) in the wear-resistant layer (5) is up to 80
percent by volume.

7. A piston according to Claim 6, characterised in that the proportion of load bearing
particles (6) in the wear-resistant layer (5) is 50 percent by volume.

8. A piston according to any of the preceding Claims, characterised in that the matrix

(7) is made of an alloy containing Ni, Cr, B and Si as constituent elements.



6. A piston according to any of the preceding d ai s,
characterised in that the proportion of |oad bearing
particles (6) in the wear-resistant |layer (5) is up to
80 percent by volunme. 7. A piston according to Claim
characterised in that the proportion of I|oad
9. u%mtwg aceifing dp dslaims B, ichartacterigesh iy that $heymetelagioy foB)ing the
| BaffiQ (PRIohRIts RyoMal 418, CB 4 oh SpiSh %‘Fé‘%c%féjhﬁkgoﬁs% ey
of the preceding d ai ns, ¢haracterised in that the
matrix (7) is made of an alloy containing N, C, B
103 Pistin Q&o?&ﬁ%tté bHERE 18 Sﬂé@é&ﬁg Cldme: cﬁarﬁbﬁeﬁ‘&%d in that the load
accordin aim 8, characterised in that the neta
EAEEGIY Pél%ﬁ*ieﬁéa)tqszéS'Sh%ftarWar("p)mai@mlau ns 749N ,
15%Cr , 496, 3.5%e, 3% B and 0.5%C. 10. A piston
accor d| ng to any of the preceding d ains,
1. Ristan: ¥creding fonCleja10t ﬁgame@dlsegearth#gthpmad ke asiog (r@ticles (6)
c&ﬂggﬁéftlgﬁ ferC&drggkc material. 11. A piston according
daim 1gO characterised in that the | oad bearing
partl cles (6) <consist of tungsten carbide. 12. A
124 %)tls%‘n e Mg b taﬁy 8cm/’ch@f prib&aiRg Qﬂglmsn%lﬁrﬁétgﬁsed in that the
characterised’in that the " thickhess
ViBigknesg of meamartra%)@am(lsyen 8)igPpt®1MMm 13. A piston
according to Claim1l2, characterised in that the
thi ckness of the wear- resistant |layer (5) is between
13.07 pistmiyaeeondipgnto {4aima13i chasactgeised dn rthat theathickngsst pfethe wear-
I%QQ:%FH |aeer%ﬁsr5§me@w@sﬁ@b'5$ﬁﬂ in that the density
he wear-Tesistant [ayer (5) increases from
radlally inwards in the direction of radially
14, Wbl%hda%corjd%g B ol OF e Frecidy @%wﬁ@ tﬂﬁ‘n‘a&%ré{lﬁn that the density
preceding C ains, characterised in'tha
RhttBe waarresiennt [ayet R inegesescEPmY radially dpwardgSh the direction of
ngglgmwé,@sat | east the area inmmediately adjacent to
the wear-resistant layer (5). 16. A piston according
to any of the preceding O ains, characterised in that
15. tﬁh?lsﬁﬁs&comgff 8hy bﬁth@%’r@@ébﬁ‘@ Blafnkd, rbﬂa'?fct&%’&? rpghat the base
lateral TlankKs of the piston ring gro z
1ratenal pieseiving atbeovaamigsistanhigyest (5) He hgrcger@du WgaClegsinthe area
r istant |ayer (5) is
g@ﬁeg%téﬂﬁ gsjgger*t fh{éﬁgeatorp gségig?elayer(g?’ integrated in the
base material of the piston crown (1).

16. A piston according to any of the preceding Claims, characterised in that the base
material is hardened within the range of both lateral flanks of the piston ring groove

(4).

17. A piston according to any of the preceding Ciaims, characterised in that the wear-
resistant layer (5) is designed as a filling of a step (8) integrated in the base material
of the piston crown (1).

18. A piston according to Claim 17, characterised in that the step (8) is limited by a
circumferential web (9) at its radially inward side which web is separated from the
radially inward surface of the piston ring groove (4) by a circumferential groove (10).



18. A piston according to Caim17, characterised in
that the step (8) is limted by a circunferential web
(9) at its radially inward ® de which web is separated
fromthe radially inward surface of the piston ring
gr oove %4%% a circunferenti al 8roove (10). 12 19. A

191 Sigdep fiag g any oripe drecedingp l@tf@%juq’fgnr@tanmd in that several
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Claim19, characterised in that all piston ring
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20, (fspfstomaccm'.%q todeiaing A 9¢ eharpsterised i thasfall piston ring grooves (4) are

VRSVidéEWits b dtlar-ayRant¥4ayeR (i ston according to any of
the preceding C ains, such wear-resistant |ayer (5)
being applied to the ferrous material of the piston
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(RPN MiNG7 ProaNel, (4) niuein ds a’ilwse% WY lfram e cambustlon chamber,
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greater hardness than chromum 71s sprayed
FPE%EEUS| § metaliadey fafmingae waiikAdk ap¢., tnﬁ@fppr%@d)rm thentptter, a
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bei n present in a nol'ten state and ,
wwea@@ ﬁwrwm@ivmrﬁp%\rﬁéd@rgwa}/ sufage @‘ﬁhw@tpndmg groove (4), with

TR ﬁ{ét@laub@ fommgetﬁé %tﬁp dré&at memnon%ﬁ steﬁb BR4 BeA either

accordi daim?2 karac erlsed In that t spray
aﬁh‘@‘ﬁ@l@{? théfm%a@ws&r HRespiayed-eesingicsal is aayibjecteg) to heat
IifeaRgdted, With the spray angle being steeper in the
radially outer range than in the radially inward

range. 23. A nethod according to any of the preceding

22 @ ?fie‘iﬁodzécéyrdiggt gﬁﬁﬁ'laﬁﬁ eél?a?ﬁﬂtehge& RRlthat a4 gﬂ?gy taH&I ver the

Spray process, ar eas I st on rrng
whdterfdhe weal- %@ﬁ@ntti@rert(@ersrvaﬂe@uww 1hﬁvmr@v angle @smmﬁéeeper in

Wﬁ@raoﬁaqzloafea?én AN &Y inlthe a’aﬁaﬂu a%&’r}g@ a covering
(21.) 24.

A net odfort uctlo of a
wear - resi stant | ayer on a pi ston according to any of

23. tmﬁ\eﬂfo%%@b%gqoaé%f Jthé eEQd:nd"dennE be grear cﬁé‘r%bﬁ:tri?@& in that,

| ayer (5) belngaglle ferrous materia
tchlﬁf'@ﬂ'!ﬁ YHACPORESS, 1he arpas ﬁfethgp@épndfngtgfa@vel @ whigh are adjacent to

StHé f’ ﬂ'fgvégrg ggneﬂ‘stgﬁaﬁls%; r‘rae%ﬁ]@tnﬁféa?glb {?% ngst %{%Fé\ﬂeoy(adféovenng (21.)

24. A method for the production of a wear-resistant layer on a piston according to any of
the preceding Claims 1 to 20, with the wear-resistant layer (5) being applied to the
ferrous material of the piston crown (1) in the area of that lateral surface of the
associated piston ring groove (4) which is disposed away from the combustion
chamber, characterised in that, the material forming the wear-resistant layer (5),
which consists of a metallic alloy forming a matrix (7) and, incorporated in the latter, a
plurality of load bearing particles (6) having a greater hardness than chromium, is
applied onto the prepared iateral surface of the piston ring groove (4) in the form of a
binder material and that a subsequent heat treatment is carried out during which the
metal alloy forming the matrix (7) is melted and the binder material burned.



chanber, characterised in that, the material formng
the wear-resistant layer (5), which consists of a
netallic alloy formng a nmdtdrix (7) and, incorporated
inthe latter, a plurality of |oad bearing particles
(6) having a greater hardness than chromum is
applied onto the prepared |ateral surface of the

25 ﬁie%dfacﬁlrcﬁ}fgqg\tﬂalﬁ'ﬂﬂ i JhaFdtReriddTindthalfror it Blaterial forming the
mat eri al and a subsequent heat treatnent 1Is

vRarresista ! a?b‘%fr G5hg” mmﬂalt'ﬂ'é withethe, jbinger, giree eamMAacts having the
T8t biKa 6dgmért ('I@)' dresk Qﬁ]ﬂjlér%amrébqgiéntﬂﬂe?%)aére H‘fd&@é‘d which are

13 25. A nethod according to Caim24,” ch arac?erl se
iRRGeRaPNtP 1R a3ReciAiade [aterp! f'@}?kfwﬁéhq istorysiag - gregvest(éhﬁnd then
| stpRictedd hehttrea@fBihthat i on wi th the binder, green

conpacts having the formof a segnent (19) of the

annul ar wear-resistant |ayer (5) are produced which

26.% MetidasRerdiY @ ér’ﬂreofacﬁé gﬁécaaiﬁg ISR A tof 32 RMalictd&ed in that

pi ston ring roovﬂgé4 and then subjected to heat
the Apsidrraimend is garied Addyipalye iehiediaggast the

preceding Clains 21 to 25, characterised in that the
heat treatment is carried out by supplg/i ng a shieldin

27 S gethop acgorRchoRny ¥ dhelPrRyeting é}wnﬁﬂ (chaeasiterised in that
Ghéha® tehtrhOntd€ caiBa oAk bed tevisbratlrd Afive rhdifhd8@ht of the material

treatnent is carried out at a tenperature above

femingedaatix (Of the material forming the matrix (7).
28. A nethod according to any of the preceding C ains
21 to 27, characterised in that the heat treatnent is

28 Aamethed angerdiyg tesaygPf ke Prasaeing daipisRdatoadl, €hneasteriged in that

d8Y h&& thekdmhentax baMdl et BY B%ingBH iftkichrly ﬁezﬂ%ié h@gtlﬂq“@eV|ce (14)
circunference of the piston t1ing 515” oove

Virterdingrevenagd 5\°é°§§s’=t aaﬁ! of Hhpegircy rﬁ@cemafvf@a RiStOR fipg |gﬁg3ve (4)
the d%n@tMCr?fh%\%baﬂ%smtg@t laydr [@t@ Ribvae 6P IFhiRG tﬂeop.aeu cRdwn (1
the preceding Clainms 21 to characterised in that

the heat treatnment is carried out by using at | east

29 Q0 MetiddRicoritl t‘érarlyacﬁﬁtﬁe g b&iflg C?ers/iﬁ%tiW‘ihﬁ%?éﬂéagm that
to any of the precedin ai ns 0 29, characteri sed

ithe F%ttfeaﬁm@‘t\iﬁe%ﬂm?fé@lﬂt Ya§ing| EIH%S‘ ?'E byrger aryiéerilaser daviee-
a step (8) incorporated in the base material. 31. A
nmet hod according to Caim 30, characterised in that

30.¢medadAcegdingstor anyi af dbe Biecading iGlaimsr2r torR9, sharacigrised in that
(tI?@)wé%z?-réélﬁaﬁtaQP(@rl ) Buﬁﬁ@ﬁéﬁ Hide 'é{é;p 8)tlhé‘orporated in the base

wear -resi stant [ayer has solid
material.

31. A method according to Claim 30, characterised in that the step (8) is limited by a
circumferential ring (20) on its radially outward side until the wear-resistant layer (5)
has solidified.



