r

- uve3e%HX% : 6TXCL ﬁm 25 30 35 _ _ _ Method for producing
machi ne parts thagmmm‘m“\&m d wth at |east one slide face The | i
relates to a neth n &&9prdance with the preanble of claim1l. Awﬂ%@mwwﬁﬂmwm
this kind is already KRown. JP 01 1163 26A presents a brake disc .
coated in the region of the slide faces. In order to formthe coating, &
powder m xture is used that contains all the coating material si5 mlpgowder

form here a proportion consisting of an -dl-um ni um bronze, a proportion
consisting of a chromumalloy and a proportion consisting of carbides

and/ or oxides etc., and is applied to the base material using the

t her no- spr ayi rdetked ofior Srodaed hgofdchdiner pax tsetthat fayre proicded) a

wearresi stant coating ofwgtﬁeggi@gaggrghgnslh@émgygato formthe coating,
here as well a powder m Xxture is used that contains all the coating

materials in powder form here a proportion consisting of alum nium bronze
and a proportion forned by oxides, carbides or the like, and is applied to
the carrier material using the_ plasmaspraying nethod, by flame-spraying or
by det onati on.TRP YBVSELHIT ﬁ?%@FSﬁgFﬁgatﬁeF%QdaﬁﬂiQESﬂrQﬂﬂRﬁsy%Fleinder
el enent, such @se apeyhipler ofi Berimalpi ston, piston rings etc. of diesel
engi nes which in the region of their slide face are provided with a coating
that is sprayed on using the therno-spraying nmethod and consi sts of

al um ni um br onzemethotii cfi hatd Rantdi dkealireatdye kinowm .of JXidles]1€arbéaes

and the |ike can inclu I 1.1 . _possible.to, i.nfer_fromihe A
ment i oned how %$§?5$e50g§gﬁg ﬁéﬁ%r?gﬁgﬂm%%cﬁogFg% 1;1%he,r%%%%%|%¥2002
-2 nel tew duringet hbidpr &gcag. pr doessdamd tohd omat éhicalcoathirch, a e not

mel ted during ﬁ&?déﬁ.rﬁi’j(@ rerggeaéehstkgtb%owt%m_t 20yt o 5&9{1{@
consi derations on t'IS, t e o0 jeCt of the present |nven_t|on IS ' 0 1 nprove a
met hod of the R#PSrhehsi bRecHCHESrhEOBRYI HRIFRg il B IOWE td ofmycarhssting s

possible to preguge 4hemcRatinn8rbAza,ShMprepand ilcRexRensi Me fRMEera which
coating, in relation to %ge 10 qt her coatlng materi.al s that_nelt during the
sprayi ng proceSSrORbHaf h§O¥ofPar 4t PYEPYTHAPE CREFISTHNY idf tFFILHSS of a

powder timt i samdfonebkededuetng,t badspsayippdipdoeesshe base material

using the thermo-spraying method.

US-A 3941 903 covers a method for producing a wear-
resistant coating of a bearing portion. In order to

20 form the ccating, here as well a powder mixture is used
that contains all the coating materials in éowder form,
here a proportion consisting of aluminium bronze and a
proportion formed by oxides, carbides or the like, and
is applied to the carrier material using the plasma-

25 spraying method, by flame-spraying or by detonation.

WO 98 25 (017 A belonging to the applicant covers a
cylinder element, such as a cylinder liner, a piston,
piston rings etc. of diesel engines which in the region
30 of their slide face are provided with a coating that is
sprayed on using the thermo-spraying method and
consists of aluminium bronze in which hard particles in
the form of oxides, carbides and the like can be
included. It is not possible to infer from the WO-A

35 mentioned how a mixture of the materials which are



*15'This object is ‘achieved by neans of the characterising part of claim 1.
The use of a hollow wre, the hollow space of which contains a powder which
forms the inclusions, 20 guarantees that when the hollow wire nelts off
(this powder automatically reaches the nelt and therefore the spray jet and
is thus sprayed on together with the other nolten materials.

Advant ageously, additional outlay on mxing is not then requirethsJuly 2002t her
25 advantage can be seen in the fact thaLZLeIiabIe dosage and uni form

di stribution of the inclusions can be achieved in a sinple manner. ,

Advant ageous devel opnents are specified in the 30 subclains. A few exanpl es
are expl ai ned i i r R\ lh the
drawi ng whi chl?%%égcé%ielgwi ﬂg?\(l\keb??)?ﬁ}o% %9{5@8&,9 rg%l d:h% él&%elrg%lu y 2002
Fi gure 1 showsvhirche@rgl et orebppi daribg ghet RETRYARJoP TR Cf&Sai s gor ti on
of a cylinder f wdagge gpghPe; 5 Figure 2 shows a diagrammtic
representation of an apparatus for carrying out the nethod in accordance
with the invention; and 1o Figure 3 shows a devel opnent of the apparatus in
accordange wi tﬂﬁﬁrﬁ%ﬂclﬁoﬁsia—@.ﬁaﬂﬂbﬂsf bEl ﬁh@.fs, aFnlei @btjie@:’lt Q:ffl th prlgsent
invention is that of |arge engines, such as or _exanp| e, rge .

two- stroke. di E2TSGhgi HALSBELA" abs SP pLmPEPY Ge8, MEhitn Ahdt s n
particul ar thengarienedi b ghe pegvndédgwihhsnohnengalyacést sitchisas t he
cylinder I|iner ' ' rLpgs o Tk X t as a basis
for Figure 1 f@?%ﬁ?%ggs%yﬁ#ﬁgggelFﬁgrc§g§fpﬁ 232§ %g%kgﬁ %hgﬁat i's
arranged t her einezpehs svernynded, whhchi spakingngén3 reftiadsenarte grisvi ded
with a cgatin j [ St S kC it iy t ion of
their r&%ningg?ggﬁmg%%$%%ﬁéef?gﬁg%gpgs?ﬂgF @%ygogygéﬁﬁiflﬁbul féﬁgnge
possi bl e to cdMoe®SsHhel FonERinheCeBARr251VEAY BRTEl LRCAMSIAEISy 1t He 1§ unni ng

face of the cytdmgdess|d neswdeAndh9t tHhenptshentaki Burehe thEhes@ARRANRS US
taken as a basis for Figure 2 contains a receiving device, here in the form
of a platformBE°tT%9°Bo receive the base material that is to be coated, here
a piston ring 3. A spraying head 7 is provided at a di stance above the

pl atform_6. Thi,s, spr.ayi ng head .7.has .a tubul ar. hqusi ng t hat, i.s. cqonically
narrovve?sat i '?féh,l% r%bri/e%%dl?a%??lbe}’ﬁg Byaﬁ 8r'm 8%d%:h§ 6?]3\}%% et(?%stl%‘%S an
out | et openi ngdct Thie dibasihng. 9 can be provi ded

The use of a hollow wire, the hollow space of which
contains a powder which forms the inclusions,

20 guarantees that when the hollow wire melts off'this
powder automatically reaches the melt and therefore the
spray jet and is thus sprayed on together with the
other molten materials. Advantageously, additional
outlay on mixing is not then required. A further

25 advantage can be seen in the fact that reliable dosage
and uniform distribution of the inclusions can be
achieved in a simple manner.

Advantageous developments are specified in the

30 subclaims.

A few examples are explained in the following with
reference to the drawing.

35 In the drawing which is described in the following:



_ 4 15 July 2002 with a handle, which is not shown here in detail, for
manual operation or can be accomobdated in a displaceabl e manner on a frane
that is associated with the platform6. O course, it would al so be
possible 5 to arrange the spraying head 7 in a stationary manner and
provide the platform6 with a di spl aceabl e workpi ece receiver. Associated
with the outlet opening 8 there are two 10 wire-feed |ines 10153ﬁwwmuzh end
at a short distance fromthe outlet openidg 8. A wire 14, 15 which can be
drawn off from an associated drum 12, 13 can be supplied to the wire-feed
lines 10, 1,1 respectively. The advance of the wire is effected by means of
a 15 respective advanci ng device 16. The druns 12, 13 and thus al so the
wires 14, 15 tfiajurd €l drsﬁWﬁWinnt@ﬁél@;ﬁl@”‘f@feappmmeétﬁdnt qndithieerfytm pol es
of a current source 17. T, e c rrenf intensit current source 17
is rated so that betweer’ ?1 i fp?ﬁglﬂfrég @nﬁybﬁﬁ fr 8h PhdafiF%e- f eed
lines 10, 11 an eleCtH(EﬁginéB is produced that results in the front ends
of the m%res 14, 15 nelting off even in the case of different nelting
tenperatures of the materials 25 that are taken as a basis for the wires 14
and 15 respectBipine ZTheshets i mgdi egppenmtuiesreprehentatépinalos wmat ar e
taken as a basis for th 4 C e C ref.ore be
different. As a rule, %?ﬂ%eft?%% ?ﬁﬁp%%g% ?gso%hg E%ﬁn?%ﬁ%%@%ﬁ%@ is 30
lower than the melting tx¥pe¥danee witlkhibai invanrégs; snfce the wires 14,
15 are advanced continuously, a nelt is produced constantly. This is blomn
away in the foarmof small droplets by neans of a gas jet that is 35 -5

15 July1?002(fHQHﬁQNP(NﬁQPW%eap?%Y?%?HW%ntTﬂg EPFapPParasutndd f or med,

upon striking the base red¢esr@dntdahitls Fogheecpated, forns the coating 4
whi ch then contains not only the material of the wire 14 but also the
material 5 of the wire 15. In order to, produce the gas jet that , has been
menti oned, a jTite pigiien 22 ¢ kd pwf)viiplgetlid:eh‘aioandﬁ thet heekenm dhvantdzon e
above the end fe r 4, | ti [ ected
to a SU|tabIe%€%nﬁ%£§§%% Eigi%d%ri M%% ?g %%f kﬁg QQBT%ﬂ%ﬁ ?ﬁ% exanpl e

i n accorldance tMatstRiQje %ﬁﬂye@@bn%®r9§¢ﬁgaﬁeahlpsfsdgﬁﬁﬁﬁde@nﬁoﬁitmo

Wi res, between yh %é@elﬁrﬁaﬁ&é@lagntﬁsdpafﬁsmmeh howeyehyidesp be
pOSSIb|e for each wire to have its own spraying head 15 _associated with it,

with it bei ng WodsiBIn iR i kpFee afueh c2¥ ntRachYtaBeehet wBEA St wo
sprayi ng- head gagytidrds, pf S oexaipd & @e@weenﬂaev\ekgmpmtel etak@@zalse aand a

bl ar ) Scket ST A0S 00, Lhe | SLLELan Bl SoD1£n2 BEL2XPT LR, @ o

20 piston 2 that is arranged therein and is provided with
piston rings 3. These are provided with a coating 4,
which is to prolong the service life, in the region of
their running face on the peripheral side. Of course,
it would also be possible to coat as well, at the same

25 time or alternatively, the running face of the cylinder

liner 1 and/or the piston skirt etc..

The apparatus taken as a basis for Figure 2 contains a

receiving device, here in the form of a platform 6, to
30 receive the base material that is to be coated, here a

piston ring 3. A spraying head 7 is provided at a

distance above the platform 6. This spraying head 7

has a tubular housing 9 that is conically narrowed at

its front end facing the platform and is provided with
35 an outlet opening 8. The housing 9 can be provided



"20°the tubular jacket: In sinple cases it suffices if the coating 4 is in
one single layer, since in many cases the desired properties can

al ready., be attained by nmeans of a 25 suitable material m x. Such a coating
can advant ageously be applied in one operation. A nmultilayer, for exanple a
doubl e-l ayer, configuration of the coating 4 is, however, also possible and
of ten advantageous. 30 In the case of a oyiti-layer coating, adédoly@gedusly
it can be possible to provide a first, conparatively soft |ayer and on top
of that a conparatively hard layer. The, first layer in this connection

results in gopdtBS5abaRANG , OfwHiRG: QW §lot AwPThd e DRSG-PRIEII &by A 15
July 2002 -6 material m x that results in very great hardness and whi ch

woul d be subj@éﬁuﬁé SPRILGH 1Ars I Do fCathiRpi aAfF WdRE e hksef ter first |ayer

can thereforedhgpusedabike @ ineut &n |aay&"ameﬂ’tﬂla}ﬂt_ﬁ§ 4ayetisgaadt heeheaSI Iy
base materi al resultin

5 be 3 to 5 ti er t e

stability. ThEHEaPEPngrm 'fodkﬂﬁ?WQﬁ%ﬂ HEnﬂﬁu%i % %n?ﬁg@BﬁngTEhosen in
such a way astboagirdega hanredrs@ﬂ%ymgwgmetmi Vieeim tahes that toeasy ohahherbase

mat eri al and thg hggdn %st% qQ terf%%%gﬁland Io orreggondlngly snmal
junps 1in har BR8sEXOTRE S &0 6 188t st dhce can' 4 fl uenced by
appropri ate chWorépiefematesialer.In the case of a nultl-layer coat i ng,

advant ageously 15 conparatively great overall thickness of the coating can
be achi eved. Such a coating can be conpressed a little after the
appl i cati on pReeessateni ¥iddyadleagadusity qreyuing iy thevm anerbdse in the

hardnesgy The,¢erpressi QA pidiat o, s 1desiHikt idhd M a’—%l’i@ﬁ@e&isﬁ"éﬂc@e
achi eved by neans of a freatnent process, for exanpl e grindi ng process,

or resul ts auf&RBt LB&I PR TGS P SR on A i frark cu1%rWBhth@aPh€erun in
phase. The COHEéﬁﬁstﬂI Witiogh ah‘ﬁ%si&ﬁﬁaﬁﬂﬁldlﬂﬁd 15, ai@%@@srgébl e in the

case of a sin | .aye oat i.n extent.in_view of the

| esser thickn Egp ?ﬁg ¥8at%ﬁ r%h éﬁ%€é§ﬁsgéLS| %sr%?p%ﬁtéﬁﬁ}ggatlon of

al um ni um br ofike auﬁaabeleﬂSﬁﬁmnauﬁufuhemﬁﬁﬁqﬂedﬂbﬁoné&as b8 aot alloyed

with theg alunkghggbggggz%qygﬁff%é|dé4rg%f g mof a nelt. In any case, hard
0

i ncl usi ons whi not Uri°ng the spraying process are provided in
this connection. In addition, at Ieast one further material that nelts but

does not ent e*i‘hb”&l?uﬁ\@ 32, a|1|303én‘6! thdde i ymbionze, f{orcgxanple a
chromum 15 July 2002
are drawn off therefrom are connected to different
poles of a current source 17. The current intensity of
20 the current source 17 is rated so that between the ends
of the wires emerging from the wire-feed lines 10, 11
an electric arc 18 is produced that results in the
front ends of the wires 14, 15 melting off even in the
case of different melting temperatures of the materials
25 that are taken as a basis for the wires 14 and 15
respectively. The melting temperatures of the
materials that are taken as a basis for the wires 14
and 15 respectively can therefore be different. As a
rule, the melting temperature of aluminium bronze is

30 lower than the melting temperature of chromium alloys.

Since the wires 14, 15 are advanced continuously, a
melt is produced constantly. This is blown away in the
form of small droplets by means of a gas jet that is

35 ‘ '



“‘alloy which is harder’ than the al um nium bronze, can be provided. In the
case of a nmulti-layer coating the individual |ayers can in each case
consist of the same material mx or different material mxes) The 5

al um nium bronze then acts practically as a matri x which takes up the
further material or the further materials. In the exanple shown, the wire
14 is to consist of an 1o alum nium bronze. The other wire 15 d3July@02i n
the further material that is used to forab+he coating 4 and does not enter
into an alloy with the alum nium bronze. As a result of an aggregation of
materials that are not alloyed together, the qualities of the al um nium 15
bronze forni ngiraeteadt phgongher ipdlatdmrnbed i niitey exb¥ay ahgt desthed
direction. A HGLREUM BHORZQ39)And 3B 0GR IAN PROPEILI €5 paS a
result of additional use of afurther material.that melts upon application
and which is faprbed,t RARMEl Gfienic@atBienZe Whigh é’%&ﬁfbl%o%tQBn%hEQEi um al | oy,
in addition conparehbVehYe34@al JFRARIRESS @nd 4 Mis: A0Sk, WerE - heskstgnce and
corrosi onresi stance can be achi eved. The corrosion-resi stance can al so be
i nfl uenced byPSuFRabréréhdirce o Cheatatte iRACOdYEe £hesitt »etthBakven

har der i ncl ushg8sShbd&naheaadynieit ioned g, 24 hies el feeiged hahahangdbeen
nment i oned are,fur%her intensified. It H;\Po%ﬁiblecio igfluence t he A
properties of "RhEMfafPFR Pdr Fed B eh&Pa Vi Riufi ozt by ntdRsSot4the 30
choi ce of thelal Wbychoasti tieéntisigofofithexral UM niarmdxrtomnd eto Tausuanabl am ni um

b havi 0 ) f 0% , % 0 f bly 1% F
bonze e 16361 12 BRI e g Gutkimne preferably 1 Fe

rnms a conparative sof rix. If a
conparatGvely hard matrix is desired, an 35 alum nium bronze with 14% Al,

2%10 8% PrefarahlyeddiniB sniBlaN02 ik GA310 S%nprebarabl y 2%

M and the renmi nder as can be used. An inexpensive chromumalloy can
contain 10% t ®P18Y4ng Beafer/aBisy Praspided Pk WiBes, peeteeably 0.35% C

and the renai pgderhasnEearkn 10r der it iG] ease: tha, har diessvyihe pigportions
can be changed and further elenents can be added or exchanged= Thus with a

chroni um al | 0§©hBIFRGP250ELE SEGP pridie b NP BB o4 torown oSRE4 Y Jngofead
preferabdy 5% s€ocablalt @id¥ iprefvdrtablix 1éirh wouk ilhike reonal gdeteasnfFe
greater hardn s t i th the ove- t | one ] I1oy. A
further incr e§§§ %gngééﬁag%%%vgﬁttvﬁeteh}% a@}g rsg)rr]{%nl%daqoﬂb%%\ﬁhéﬁ%g&}%b 35%
preferably 28%prCexappd Rhbe3weiyBa 15 re-stdietambadike ramdi adenbusaFe, with
|t Deing possi bbget OsUBEYHAG ol RAY 11%0f MhoP And Shpbye 1%
Particularly great hardness 1s produced wth a chromumalloy having 40%to
50% Cr, 6%t oc4R9d-M8d DY B09I5% Get2nk @ SMF&hatd thes Rl pdefra® Ni. In
this 20;conneghéopupplatenablet45% Cr, 9% M, 3.5% C, 3.5% Fe and the
remai nder as Ni can be provided. Each of the above-nentioned chrom um
al l oys can be conbined with each of the alum nium bronzes further

In simple cases it suffices if the coating 4 is in one

single layer, since in many cases the desired
properties can already be attained by means of a

25 suitable material mix. Such a coating can
advantageously be applied in one operation. A multi-
layer, for example a double-layer, configuration of the
coating 4 is, however, also possible and often
advantageous.

30
In the case of a multi-~layer coating, advantageously it
can be possible to provide a first, comparatively soft
layer and on top of that a comparatively hard layer.
The first layer in this connection results in good

35 bonding of the outer layer on the base material. A



" 25 nmentioned above. In this connection given a conbination with the harder
al um ni um bronze greater hardness of the coating also results and vice
versa. In this way favourabl e coatings can be produced for each individua
case. Tests have shown that a 3o conbination of one of the al um nium
bronzes nentioned above with the first chromumalloy nentioned above
having respectively preferably 13% Cr, 0.2%to 0.5%C and the riéJuly2062 as
Fe results in a particularly good piston=8kirt coating, with it being
possible to 35 influence the hardness thereof by the use of the one or

_0g_ 15 July 2002 ot her al um ni um bronze. A conbination of the one or other
al umi ni um br oR2&estath 8Ly Ad dfedis OHEF doVEETY tHhe RRESNESEr 2PRI r d

chrom um al | oyhhawi m@ua@smﬁcts jaetpres @raﬁgm 2806 Ko f 58h CopifigVh and t he
7% Si _and the renainder as Fe

remai nder as Fe 2/o 7% B
Fesul £5 in a UGERENG A SUEURE CHAR i Y 4 GOt SE FBFS o8t BReH ngs. The
combi nati on ofotheheneudzrerotﬂweral urile umtEonzeyeaf danttieeki adstpti oned

above with a %8 ghtgm aII 5hei,lw r40é’{gatno Oé%) C%SG %}%}3&% g%to 5% C
Y%

2% to 5% Fe an eremaln der ‘8 Nt or prefera 3.5% C
3.5% Fe and t mesnémaingdem godd stegdultisyn aifrpmrmamutmlymgaoﬂor the
cylinder-line ti nctaasg% i r .cases as
wel |, the ove?fé %Qhérg%r?erlssqs\(lzgn be re u%%&%yét sgerbg?en ?uéﬁ f’ggl nlgum

bronze havi ngtpegpet iavdiar daaserlabing dwptacen %ire iedraesrefmbher as Cu

and can be rapged métteaelaqsearﬁi‘ e I?Afaﬂégyraﬂormeo@@afnga]g@§pgﬁal vely
preferably 14% Al, 20 40 Fe, 2% Nh and the remai nder as urther

possi bi FPt esCPéFelsHPF‘@éﬁéierg Sc“}?ellprjdﬁ‘é?st iidy }Eﬁr‘%rl‘?eg%oatwhﬁ FPETPR1PRe

choi ce of therbkowtanktegamrusado v sinflie:taseH R dpsadpbeatsedhbotet hi s.
It would, 25 h wev%r al.so be possible to use N2, argon, helium or hydrogen
or conbi nati off ﬁé?& ‘gases. Wen air is used, the formation of oxides

i s pronoted, th| s inproving the wear-resistance. V\hen N2 is used, fewer

oxi des devel o i E Fg% Lexje tr%lny roge\}rzl Isclatgaagll 5’\9&9{5?& 9959”655

When argon an I"um and/ o are compara Prve y high
t enper at¥ir es GampbesaépMQlad gwietdt td@l@dﬂedﬂb}ﬁb‘rﬁt’eﬁ @fp‘aln@l eohbinhg high

level of Conpé%nﬁésa%ﬁqﬂe%opoatéd& tah%oa{&r&{ Oéjé’r?% SOmprdssdyl ¥ 2002 -10

In connection_wth the conbination one of 1he above rrentl oned al um ni um
bronzes with tlhétéﬁr éﬁl‘t@rﬁ &h%?ﬂ?&\h%%%ﬁ&ﬂq%fy Hheferably 13% Cr, 0.20
to 0.50 C andatifentageon@ary asedatihe userofimtrefse aihl Me out

hardness. The compression that is desired in this

20 respect can be achieved by means of a treatment
process, for example a grinding process, or results
automatically during operation, in particular during
the run-in phase. The compression which has been
mentioned is also possible in the case of a single-

25 layer coating, though to a lesser extent in view of the

lesser thickness.

The coating 4 in each case consists of an aggregation
of aluminium bronze and at least one further material
30 that is not alloyed with the aluminium bronze applied
in the form of a melt. 1In any case, hard inclusions
which do not melt during the spraying process are
provided in this connection. 1In addition, at least one
further material that melts but does not enter into an

35 alloy with the aluminium bronze, for example a chromium



" 5 gas has proved to be particularly advantageous. In connection with the
chrom um al l oy having respectively preferably 28% C, 5% C, to M and the
remai nder as Fe, the use of N2 as a bl owout gas has proved to be

particul arly advantageous. In connection with the 10 chrom um al |l oy havi ng
respectively preferably 28% Cr, 2% M1, 3.70 B, 1.70 Si and the renai nder as
Fe, experience shows that argon is to be preferred as a bl ow odf Jgx2002 n
connection with the chromi um all oy havi ng7+espectively preferably 450 Cr,
9% Mo, 3.50 C, 15 3.5% Fe and the renainder as Ni, heliumor a conbination
of helium and/or argon and/or N2 is/are to be preferred as a bl ow out gas.
Further vari atilongl whassi did iHareked itham tie choieiwh Roohbhe, sperdbef
advance of the vvir.«ﬁalf% 14, 15 %nd/or the thickness of the wires 14, 15. These
vari abl es ar ePEQVARFSgeoddl yIEhSEES i Sudh A ¥FatCeH l?)go%la?ti on of

t he al um ni umibdarnzduial tllageamatdang ianmattls dasatcdreasst 5084 tladvaamageousl y

to over 500, a acy., i ults f th rther material
that is still ﬁlgggggra%dgégs. %%h?tﬁ%sﬁ%é%r&st{eg’ffegdl g%l()}\géesi ne'lélfé%eral W th
respect $o thelepaniing dirooeer $dem adie cagectdfcal ufas -2 ayaer8e coating
al' so applies {Q;f etb&%‘sv'u%uac'he' Bl thed hFAQL i hendrepie gads of two,

wires 19 and 20 that have been nelted off are shown, wth the one wire 19

here being foPAE@rddl&-solid wire that consists of an 35 al um ni um bronze
of the above-nentioned kind. The -11 15 July 2002 other wire 20 is forned
a.chromum al | oy of the, nent i oned

as a hollow w re ich consists of above-

ki nd, pref eraﬂipytg}{f13 feﬁé‘“\?ﬂteorﬁhﬁ’r‘ﬁ“al B H’d‘\ﬁ%gl‘fllo’% t'P 5(6‘%1?}?1:6@/ft 3112% Mo,
2% to 5%C, 2%taib%ukebantzche Mermicwerr viase NI odn chohasih hehgr eat est
har dness of the rom um al.l nt.i oned. , The hol |l ow space,of the_hql |l ow
wire 20 cont a?H%CﬁEefri f“laitr?ﬁlf%y\?\‘m%%h % St b@o%%r%#%lggo%i?l%% Eegnér esent
i n powder fornpekonogxamiles WhEo @nCalNiay orit®r Q. hdha bupbmiden bsonrel eased
when the wires,19 I ff. W o f j S rried
away with the %O& gtgsS%gftmt%fte a?#oﬁ"@r#%%r‘%’%ﬁ? @é%%igggapg?#t%gg i's

suppl i ed. Thene#r bildeyesr tedieddse/hdtheaard pridsiear 9h *ﬂmd@iumbmhv% are
accordi pgly sprayed eotainRe thrsendtatiel mluetiefe ddie syl indesvéanen I,
together with the nolten nmgterigls in aorder to forma coatm{gﬁg| fZ and

t hereby form §P¥i A&S3FSCh & T&E 19l udfedd™ i1 R TR 222 ahid! &r B2 Rar der

t han the ot hegoedatung imapaopalrs iigs .t had or meiif dheadd i sma bsenze and

the chrom um al.l gy, i.ng_the aqperatiaqn of..the coated chine part, as
soon as the cgﬁfbﬁdgél?éilegxim é:sertlﬁ‘gl %&agc [SnreelstesntuplOnn pa et ot A a?lladhave
been sprayed whitbgeshérndierh thtae rdlumem inat drialz= f of o negxahelei ae 19 and

t he hol Low w . F pased, i r%ﬁ:! | rtain honing effect
by meangg)of \M%?(J::I%eréﬁl ?r%grogéi g&e%df%&g?%on t 'eat%du%‘g%%}?o#%%% _
count er - wor kphagangseeanchd&hugn goe divese —dres isdrverl. and  epereahenti me, oil

pockets whi chrgyacanhee kah 3 @ dnikiieat | ahare f 5 desh-3sistance
can also be influenced by suitable choice of the
material. As a result' of the even harder inclusions
25 already mentioned abové, the effects that have been

mentioned are further intensified.

It is possible to influence the properties of thé
matrix formed by the aluminium bronze by means of the
30 choice of the alloy constituents of the aluminium
bronze. Thus an aluminium bronze having 7% to 12%,
preferably 9%, Al, 0.5% to 2%, preferably 1%, Fe and
the remainder as Cu forms a comparatively soft matrix.
If a comparatively hard matrix is desired, an
35 aluﬁinium bronze with 14% Al, 2% to 8%, preferably 4%,



Wi | st sone preferred exenpl ary enbodi nents of the invention have been
explained in detail above, no limtation is to be linked therewith. On the
contrary, a series of possibilities are available to the person 35 skilled
inthe art in order to adapt the general idea -12 - 15 July 2002 of the
solution to the circunstances of the individual case. It would, for
exanpl e, be possible for the coating or a_|ayer of the coating16July@00Ddr ned
only by al um ni um bronze and i ncl usi ons rB~the formof the 5 grains 23
menti oned above. In order to produce such a coating, a hollowwre

consi sting of the desired alum niumhronze and filled wth the powder

mat eri al provf&edofg% Fﬁéfﬁbnﬁﬁ?égfé%l¥ré}1:H%L%?%nghﬁoﬁﬁﬂadeﬁ§e&F for
exanpl e. -18u- chn Bbd yus2D2 Cains 1. Method for produci ng machine parts
that are provided with at |east one slide face, in particular 5 piston
rings (3) and/or pistons (2) and/or cylinder liners (1) of engines,

pref erabl y | ange inwxpstrsdkes ditesstiwng hbsy odm chonbhaihelPé&gkonldR,t heir
slide fagce ar r-QVi i 4o oat i 4 ang, 2 hvehykebhat. i s
applied fo th rl%éf%\efarra e\r%|§a ! ?sf’ngé't%{% tg%e(?'rrg% '13%%’?55?%%%&?8&@% is
formed by an aggr édat irsmagfndgwrdanilan bronzerded be Leaseasmethert her
material that phydaals ALY G SdTEmiAd cah U L Ra 60841 BAG( 22kcRERl A ning I n

relation to the other coating materials conparative d 1 nclusions (23)
whi ch in the Pdemestsizan REvRHIehAr i sxAAngRd t edTAUPi HGthhe spraying
process are S%@mﬁu%ﬂ a1ty _tmaﬁziq_@eﬁhm@éI@%J&%ﬁéf@fkgbwaﬁsacecﬁel ted for
sprayi ng_purpgses, aracteriz inthat i yder to formthe ray jet at

| east 038 Wi r f(m%tﬁhatp]?es{eﬁ?&g]éﬂ%{' & ho 1§WWr%°an8rW§8§ébﬁtg’l ﬁdw space
20 contains t Na povdehd hadmdiorder tde Facjnsions (28)nessnektedtef f. 2

Met hod accor di to.claiml, .characterized.i h ting (4, 22)
contains in a %%Pi&ﬁggbtéehﬁQﬁYﬁnqﬁP %%ﬁﬁ% %b#%ﬁ%%%rg%%ggfiag that nmelts
duri ng the sprfayithgrmprocessasnddrs baralghiehed whehakuahnponmubr edzeyt hat i s
used. 3. thh%qt?pggﬁdgﬂgzgg_cl'é@é%ag r;@%eréggdzgn Bhag'gg he further

material that e ts.ﬁurlng t He sprayi ng rocess is ac romum a Vqé. 4.
Met hod aécor dilnd %t &icladidntdhe cieraidtdgy 229 F'er thhtht he BRLBAE pAsaibdy

contains at |eastate el Wiofs 35r angl, F€and si by + 1%.
Particularly great hardness is produced with a chromium
alloy having 40% to 50% Cr, 6% to 12% Mo, 2% to 5% C,

2% to 5% Fe and the remainder as Ni. 1In this
20 connection, preferably 45% Cr, 9% Mo, 3.5% C, 3.5% Fe

and the remainder as Ni can be provided.

Each of the above-mentioned chromium alloys can be
combined with each of the aluminium bronzes further

25 mentioned above. In Eﬁis connection given a
combination with the harder aluminium bronze greater
hardness of the coating also results and vice versa.
In this way favourable coatings can be produced for
each individual case. Tests have shown that a

30 combination of one of the aluminium bronzes mentioned
above with the first chromium alloy mentioned above
having respectively preferably 13% Cr, 0.2% to 0.5% C
and the remainder as Fe results in a particularly good
piston-skirt coating, with it being possible to

35 infiuence the hardness thereof by the use of the one or



"-14 - 15 July 2002 5 5. Method according to one of the preceding clains,
characterized in that the chromumalloy contains 10%to 15% Cr, 0.2%to
0.5% C and the remai nder as Fe. 6. Method according to claimb5,
characterized in that the chromumalloy contains 13% Cr, 0.35% C and the
remai nder as Fe. 10 7. Method according to one of the preceding clains 1 to
4, characterized in that the chromumalloy contains 25 %to 395%ug2002 %
to 7 %C, 0. 5 %to 3 %M and the remetheder as Fe. 15 8. Method according
to claim?7, characterized in that the chromiumalloy contains 28% Cr, 5% C,
1% Mh and the remai nder as Fe. 9. Method according to one of the preceding
clainms 1 20 totBerchiumihéninzbdonzet.ha?r deskdmedriiamef | tlye come abns 25% t o

325% G, 2% Nho\:ﬁezc%ﬁum%nZu%’ §'r.oﬁr2% e thMRLe I As: Fohed CapdBE NQd
according to claim9, characterized in that 25 the C portion amounts to
28% 11. Met holde azeepafngrt 6hénd 6hroRd Upr édddivhdadididsraspecBively
characterizedojaréhabiyheseheem um al,l oy eeNtAiNT 0% dma DAY £ras 68t 0 12%
M, 2%to 5%C, gogto % Fe 30 anggthe re |nderr%i Ni. 12. Method

accordi iy to ®Faf #f 197 char ¥Br eri-Z&d Birn lt'ﬁg%t FhéThridi vreBR 19 oAt ai ns
45% Cr, 9% More 3r&%nCr s3ih%Feocard nghe hagmdisngeirttisciNiar Bp weld July 2002
-15 13. Method ac%$rging to _one qf the preceding clains, characterized in
that the al unfhtuff bf 8hzB1E5RFaFAG9St | east the el enents Al, Fe and Cu. 5
14. Method according to one, of the preceding clains, characterized in that

the al um ni um,pronze, contains 7Z%to 12% A .bo%t % Fe d the repuni nder
Lol b NetRE SRR ERAERERT oE EhE SRE O gt hdtiiud ISrodfe [ 67
al um ni um br obze kondamastemAt, ab¥viee warkdh tehehmomindesrl ey Guavisg Met hod

according to ppe of the BLecedi R ghal R 1450 (3.5ocharaci erh zed o that the
al umi ni um bronze 15 contaihs 13%t0 18% A1, 2%to 8%Fe, 0.5%to 5% M and
t he renmai nderaad the remainder as Ni or preferably 45% Cr, 9% Mo,
3.5% C, 3.5% Fe and the remainder as Ni results in a
particularly good cylinder-liner coating, in which case
15 in turn, as in the other cases as well, the overall
hardness can be reduced by the use of the aluminium
bronze having respectively preferably 9% Al, 1% Fe and
the remainder as Cu and can be raised by the use of the
aluminium bronze having respectively preferably 14% Al,

20 4% Fe, 2% Mn and the remainder as Cu.

Further possibilities for influencing the properties of
the coating lie in the choice of the blow-out gas used.
In simple cases air can be used for this. It would,

25 however, also be possible to use Ny, argon, helium or
hydrogen or combinations of these gases. When air is
used, the formation of oxides is promoted, this
improving the wear-resistance. When Ny is used, fewer
oxides develop with the expectation of comparatively

30 great hardness. When argon and/or helium and/or
hydrogen is/are used, comparatively high temperatures
can be applied with the expectation of a particularly
high level of compactness of the coating that is
produced.

35 ‘



" 17. Method according 'to claim 16, characterized in that the alum nium
bronze contains 14% Al, 4% Fe, 2% Mt 20 and the renai nder as Cu. 18. Method
according to one of the preceding clains, characterized in that the
proportion of alum nium bronze in the coating,anounts to at |east 50% 25
19. Method according to one of the preceding clains, characterized in that
the inclusions (23) which,do not nelt during the spraying procé§dulg2602
formed by carbides and/ or oxides. 30 20.-Wt hod according to one of the
preceding clains, characterized in that in order to forma spray jet (5)
two wires (14, 15; 19, 20) are nelted off, at a predeterm ned di stance from
the base matefPaFORAGCAL o5 Widdstthim e Jainatiomapti engi Péctbg 8RO rhe

base 15 Jul }eR083nelb aTaingiir ialm iSrapndd efli ¢l thenthwbihupnglwoke (14, 19)
bei ng associated at | east with the alﬂeg %m ﬁ(pnze agd one w r%°(15, 20)
bei ng associ aP8Y1RE FESREHIIPLY MAtHradbY et 11 5 8125MEPN8d °&cor di ng
to one of theapte¢ad ngraligidey; ahdFactEiée zese i vf that atk heb3bwenatel ectric
arc (18)_is gener%ted i%voer ro o neallgtffglépf V\érgs é14 1%; 1 h 20) . 10
22. Methdd acS8rdiig F& U MR HirEetatized TAVEREFIERE W r &8 (14, 15;
19, 20) are conneetédono wiit ertentclpoiresuofableyrheningoueepeftiyelw t h
preferably th i ) atcd S aspoGhAt 1 g umi Nim
Broibeabld, 2b3) dfalad S ASPOGIAl S WAD JenhliRqBludl T 0,

bronze bei ng ected’to the positive pole and t urther wire (
bei ng connect €8¢t 8seh@indgatisve palca- 28 IR Hok deedvFe nget®eone of the

precedi ng cl apEB+2@u2Qa G 2avLahH RSB ] zeth | dohhaétribe dianetge of the

wire (14, 19) associated with the alumni‘um bronze is greater _than the
di anet ef0of t RBTBFRER FlleY IRV respeqet oty detst af A§1Yo28/eCsr t he
precedi ng cl apesMn?53char agt eri7zedsi midathd heeg@asnfietr sbatel s produced for
sprayi ng purposes contains air .and/or nitrogen and/or g%gon and/ or helium

and/ or hydr og8KP58 SNt IKO® st (1R i 99" ohie ©F Y RePpPECREPHG2EI &i ns, 30
charact eri zedbilnwtbat tghe .codin rgprrd ct2)n i wisprayedcbnomhumukiilple | ayers.

26. Method ac .ng | ai. C Lzpdo ip thgt (0 theccase of a
mul ti-1ayer cgg??hg (r%%p%ﬁj{gﬁgl@ plheafeag&y S 1818 1B, 1 BecoRS
15 3.5% Fe and the remainder as Ni, helium or a
combination of helium and/or argon and/or N3 is/are to

be preferred as a blow-out gas.

Further variational possibilities lie in the choice of

20 the speed of advance of the wires 14, 15 and/or the
thickness of the wires 14, 15. These variables are
advantageously chosen in such a way that the proportion
of the aluminium bronze in the coating amounts to at
least 50%, advantageously to over 50%, so that a

25 spacious matrix resulfé for the further material that
is still to be added.

What has been stated above in general with respect to
the coating of course in the case of a multi-layer

30 coating also applies to the individual layers.

In Figure 3 the front ends of two.wires 19 and 20 that
have been melted off are shown, with the one wire 19
here being formed as a solid wire that consists of an

35 aluminium bronze of the above~-mentioned kind. The



35 outer layers) is/are fornmed so as to be thicker than 1 ~ 15 July
2002 the inner layer. 27. Method according to claim25 or 26, characterized
inthat in the case of a nulti-layer coating (4, 22) 5 the outer |ayers)
is/are formed so as to be harder than the inner |layer. 28. Method according
to one of the preceding clains 1 to 24, characterized in that the coating
(4, 22) is 1o sprayed on as a single layer. 29. Method accordi n§Julg2002 of
t he preceding clains, characterized in tiat-the coating (4, 22) is
conpacted after having been sprayed on. . AFH A3% A

h. AY. A&r . A& AL. A. A& A. A As+. A. A2. A A&L. AL$ p DEyz=-.!.2 Zc

{vqgl gb] X] ca] caktelcalica] ¢4) da dcajuedtad<ad da@l:h@wa]ta?ca]id:a]lca]ma]isa]sca] cal
cal] ca] cRa] ca ca c
, f g]n] a} n| vv]r rrh]c)%Y}a] ]é‘f(%g‘] ca]] 5’} d:ﬁ cal] ca ca ca Tarea %g] }éafca] ca] ca] cal] ca
] ca] ca] ca] cal pa:]E(f&]r@@]lG’a]Oo‘%l]td'xﬂ ey calloy haging 40% to 50% Cr,
A% T (() $3AB, 185 Vih d.ds | “@<U] £2] ¢4l e8] pal &ﬁhcehgalgﬁmﬁh%fﬂ cal Jca
C

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] ‘ca] ca] ca] ca] ca] ca] ca] caJ cal
X3d3555N@06}66§9H91 whi has 'the ‘greatest "hardness of the c romlum

i oo ooy A Sapestastenl e rbembesiesie ke bachatlon skl sl
L ALFL HL MVNNNOEP G Wa]%a{ﬂ@aﬂ%i]&lﬁ]%ﬂ § ‘&’é}]‘%‘g] E&] €afRadpeaPca) cal c
a] cal] ca] ca] cakdalkeapsrlseaitcalrc ajoa]en] tadma] f)@l} caxk £XPxPRRBEPPEPENPPLAQ QQQXQ
el 1 el ledlee el e gl enlead ol
TTTHTA TTT UW] B0UaldUEUS\EKV VAINANAMENVY SAp MK Dxiag o ed Zik CRYFcaficabea] cal ca
Lga‘ﬂcg?ga]cgalﬂ] gakrakeaU s pad e calirallspl &al katd £ak €8l 531 eakeghgad ca cal
XXXX) Y’?YUYVYYYWZZPZZZZtS[ AUHRIAG 7\ k] 1] Bz~ _~yt ni dAYKf [ V] ca] cal] ca] ca] ca
U] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal
ca] ca] ca] ca] ca DZ
4 <A 7 The carhvgEsa o] AT dRAYE 3% RT3t taj RaPRYPPE] E8FRaU] ca] ¢
a] ca] cajsa] cahealUpeabealdnealic alwad el ool s af @] 68 s ahs b eabll caheakcal] ca] ca
the cylinder liner 1, together with the molten
materials in order to form a coating 22 and thereby
form grains 23 that are included in the ccoating 22 and
are harder than the other coating materials in the form
20 of the aluminium bronze and the chromium alloy. During
the operation of the coated machine part, as soon as
the carbides or oxides that are present in powder form
and have been sprayed on together with the molten
materials forming the wire 19 and the hollow wire 20
25 are exposed, these resﬁlt in a certain honing effect by
means of which run-in residues found on the surface of
the counter-workpiece after the run-in phase are
removed. At the same time, oil pockets which guarantee
reliable lubrication are formed.
30
Whilst some preferred exemplary embodiments of the
invention have been explained in detail above, no
limitation is to be linked therewith. On the contrary,
a series of possibilities are available to the person

35 skilled in the art in order to adapt the general idea
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coating or a layer of the coating to be formed only by
aluminium bronze and inclusions in the form of the
5 grains 23 mentioned above. In order to produce such a
coating, a hollow wire consisting of the desired
aluminium bronze and filled with the powder material
provided for the formation of the inclusions could be

used, for example.
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1. Method for producing machine parts that are
provided with at least one slide face, in particular
5 piston rings (3) and/or pistons (2) and/or cylinder
liners (1) of engines, preférably large two-stroke
diesel engines, which in the region of their slide face
are provided with a coating (4 and 22 respectively)
that is applied to the base material using the thermo-
10 spraying method and is forméd by an aggregation of
aluminium bronze and at least one further material that
is not alloyed therewith, with the coating (22)
containing in relation to the other coating materials
comparatively hard inclusions (23) which in the form of
15 a powder that is not melted during the spraying process
are sprayed on with the other coating materials that
are melted for spraying purposes, characterized in that
in order to form the spray jet at least one wire (20)
that is formed as a hollow wire and whose hollow space
20 contains the powder that forms the inclusions (23) is
melted off.

2. Method according to claim 1, characterized in that

the coating (4, 22) contains in addition to aluminium
25 bronze a further material that melts during the

spraying process and is harder than the aluminium

bronze that is used.

3. Method according to claim 2, characterized in that
30 the further material that melts during the spraying

process is a chromium alloy.

4. Method according to claim 3, characterized in that
the chromium alloy contains at least the elements Cr, C
35 and‘Fe.
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5. Method according to one of the preceding claims,
characterized in that the chromium alloy contains 10%
to 15% Cr, 0.2% to 0.5% C and the remainder as Fe.

6. Method according to claim 5, characterized in that
the chromium alloy contains 13% Cr, 0.35% C and the

remainder as Fe.

10 7. Method according to one of the preceding claims 1
to 4, characterized in that the chromium alloy contains
25% to 35% Cr, 2% to 7% C, 0.5% to 3% Mn and the

remainder as Fe.

15 8. Method according to claim 7, characterized in that
the chromium alloy contains 28% Cr, 5% C, 1% Mn and

the remainder as Fe.

9. Method according to one of the preceding claims 1
20 to 3, characterized in that the chromium alloy contains
25% to 35% Cr, 2% Mn, 3.7% B, 1.7 % Si and the

remainder as Fe.

10. Method according to claim 9, characterized in that

25 the Cr portion amounts to 28%.

11. Method according to one of the preceding claims 1
to 3, characterized in that the chromium alloy contains
40% to 50% Cr, 6% to 12% Mo, 2% to 5% C, 2% to 5% Fe

30 and the remainder as Ni.

12. Method according to claim 11, characterized in
that the chromium alloy contains 45% Cr, 9% Mo, 3.5% C,
3.5% Fe and the remainder as Ni.

35
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characterized in that the aluminium bronze contains 7%

to 12% Al, 0.5% to 2% Fe and the remainder as Cu.

15. Method according to claim 14, characterized in
10 that the aluminium bronze contains 9% Al, 1% Fe and the

remainder as Cu.

16. Method according to one of the preceding claims 1
to 13, characterized in that the aluminium bronze
15 contains 13% to 18% Al, 2% to 8% Fe, 0.5% to 5% Mn and

the remainder as Cu.

17. Method according to claim 16, characterized in
that the aluminium bronze contains 14% Al, 4% Fe, 2% Mu

20 and the remainder as Cu.

18. Method according to one of the preceding claims,

characterized in that the proportion of aluminium

bronze in the coating amounts to at least 50%.

25
19. Method according to one of the preceding claims,
characterized in that the inclusions (23) which do not
melt during the spraying process are formed by carbides
and/or oxides.

30

20. Method according to one of the preceding claims,

characterized in that in order to form a spray jet (5)

two wires (14, 15; 19, 20) are melted off at a

predetermined distance from the base material and at
35 least one gas jet that is directed onto the base
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§ e e e R
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further material.

21. Method according to one of the preceding claims,
characterized in that at least one electric arc (18) is
generated in order to melt off the wires (14, 15; 19,
20) .
10
22. Method according to claim 21, characterized in
that the wires (14, 15; 19, 20) are connected to
different poles of a current source (17), with
preferably the wire (14, 19) that is associated with
15 the aluminium bronze being connected to the positive
pole and the further wire (15, 20) being connected to

the negative pole.

23. Method according to one of the preceding claims 20
20 to 22, characterized in that the diameter of the wire
{14, 19) associated with the aluminium bronze is

greater than the diameter of the other wire (15, 20).

24. Method according to one of the preceding claims,
25 characterized in that the gas jet that is produced for
spraying purposes contains air and/or nitrogen and/or

argon and/or helium and/or hydrogen.

25. Method according to one of the preceding claims,

30 characterized in that the coating (4, 22) is sprayed on

in multiple layers.

26. Method according to claim 25, characterized in
that in the case of a multi-layer coating (4, 22) the
35 outer layer(s) is/are formed so as to be thicker than
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28. Method according to one of the preceding claims 1
to 24, characterized in that the coating (4, 22) is

10 sprayed on as a single layéf.

29. Method according to one of the preceding claims,

characterized in that the coating (4, 22) is compacted
after having been sprayed on.



