Machi ne part belonging to a sliding match and net hods
of producing it This invention relates to a machi ne
part belonging to a pair of mechanical nmenbers in
sliding contact with each other, hereinafter referred
to as sliding matches, conposed of two nutually
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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 heing softer ihan 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.



opposite machine part. 2 These neasures w ||
conpletely elimnate the above di sadvantages of the
known arrangenent. Since the run-in coating consists
of a run-in material, it cap be expected to possess
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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 undermeath thereof can be kept very thin. The brittleness which is frequently
to be expected in these boundary layers will thus in an'advantageous manner have

only a slight effect on the total result.

Favorably the run-in coating, when newly applied, may have an average thickness of
between 50 and 300 microns (um). Experience has shown that this thickness is
sufficient for a run-in period of 1000 to 2000 hours, in which case the abrasiveness of
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wear resistant structure receiving the run-in coating
nays ergiydveialey contain a matrix formed by a N al l oy
in which the particles consisting of a ceramc

material are . _ . . _
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
embedded, with the proportional volume of the ceramic material in the fotal volume of
the wear resistant structure may be more than 60 percent, preferably 85 percent.
These measures result in a particularly high load capacity and wear resistance. By
adding minor quantities 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

run-in coating on the wear resistant structure and/or of the lafter on a base body.
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Figure 1 is a sectional view showing an example of application in the form of a
piston ring cooperating with a cylinder liner and possessing a supporting
structure coated with a run-in coating;

Figure 2 is a partial view of the run-in coating with the neighboring area of the

wear resistant structure;



interval. Such a procedure will at any rate m nim ze
t he equi pnent expenditure. Further advantageous
enbodi ments and expedi ent devel opnents of the generic
term measures will be descrigded in the remaining
subclainms and will be evident fromthe descriptions
of various exanples in conjunction with the
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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, percent by volume of P, between 1 and 6,
preferably 2,15, percent per by volume of Si, and the rest nickel. The percentage by
volume of ceramic particles in the total volume of the wear resistant structure 6 is
higher than 60 percent and may preferably amount up to 85 percent. The embedded
ceramic particles 9 are preferably of spherical configuration with a diameter of betweaen
40 and 160 microns (um). The thickness of the coating formed by the wear resistant



wear resistant structure is already integrated in the
base nenber. The said wear resistant structure 6 is
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For forming the run-in coating 7 use can be made of a metallic materia_l containing
copper (Cu) andfor 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) andfor zinc (Zn) in the proportions usual for babbitt metal

materials. The melting point of such materials lies in the range between 600 and 900



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 ard the associ ated interna
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by volume of brittle crystals is kept within narrow limits, and on the other hand good
metallurgical bonding is nevertheless ensured hetween the coatings. Depending on the
desired coating method used, a greater or lesser volume of energy is employed in the
process. When alloying is used, both the coating material and an upper zone of the
material underneath are fused. When diffusion is used, only the coating material is

fused, while the material underneath thereof is heated, but remains in solidified

condition.



such a manner that a netallurgical bond is obtained in
t he boundary range between the wear resistant
structure 6 and the run-in coating 7. This
metal | urgical bond is achigved by a boundary |ayer 15
formed, as indicated in Figure 2, in the boundary area
bet ween the wear resistant structure 6 and the run-in
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contains constituents of both the receiving layer and the coating applied thereto. To
this end, both the material to be applied and the near-sutface zone of the support are
heated to such a temperature that the material changes over into the liguid phase.

When using the diffusion method, only the coating material to be applied is transferred

into the liquid phase.

Suitable equipment for such operations is indicated in Figures 4 and 5. [n both cases,

the wear resistant structure 6 is applied to a base body 5 in the form of a coating, and



expedi ently 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 thegcoating material is fused

conpletely, while the material underneath thereof

remains in solidified condition, a process that, in
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in such a way that the energy suppiied is su |C|ent to fuse ot coating material
and a near-surface zone of the support. If, on the other hand, the intermediate layer 15
is to be merely in the form of a diffusion zone the energy source 16 or 17, respectively,
is adjusted in such a way that only the coating material is fused, while the associated
support remains in a solidified condition, When a laser gun is used, the amount of

energy supplies can be controlled in a simple manner.

The energy sources 16, 17 shown in Figure 4, w;ith 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



In the enbodi nent shown in Figure 4, two

tandem arranged energy sources in the formof two
tandem arranged | aser guns 16, 17 are provi ded, each

of which produces a |I|aser fxeam 16a, 17a. Instead of a
| aser gun provision it is also possible to enploy a
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18a, 19a and a naterial feeder to the energy
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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



10 resistant structure 6 has not yet solidified at

| east at the top surface when the run-in coating 7 is
applied. In the exanple shown, a wear resistant

structure 6 conposed of a nigkel alloy wth enbedded
ceram c particles attached to a ferrous netal base

body 5 and a run-in coating 7 nmade of a copper and
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obtaining the desired coating operation. However, it
woul d al so be conceivable to arrange the base body 5
as a stationary elenment and nove the coating
arrangement. In such a case, all energy producing
units with associated material feeder units, if any,
may be conbined to a coating head formng a jointly
novabl e assenbly. In the enbodi nent shown in Figure 5,
provision is made for only one energy source 21 in
the formof a |aser gun, which produces an energy
transm ssi on beam 2la. Fed



thereto are two material beans for carrying out a
first coating operation for obtaining the wear
resistant structure 6, and a second coating operation
for obtaining the run-in cpating 7. To this end,
provi sion may be made for two material feeder
arrangenents. In the exanple shown, only one nateri al
feeder arrangenent 22 pgTENOEZLARS Which is of the
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arrange energ ransm ssion beam 2 rray be used in
t he seaebingmAter as in the enbodi nent in accordance
with Figure 4. The sane appliestothe provi sion of a
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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).

6. A machine part in accordance with any of the preceding claims, characterized
in that the run-in coating (7), when new, has a surface roughness of between 1

and 20 Ra.



designed as a piston ring (4) or a cylinder liner (1)

or a piston (2) having at |east one piston ring

groove (3), or as any other sliding elenment of a heavy
engi ne, characterized in that the wear resistant
structure (6) is coated with a run-in coating (7)

whi ch | evel s out such unevenness and roughness of the

sai d weaachinepars haaetordencectitirany of thelprameding nigims, characterized
consi S‘ih {#dt %e ﬁm—lHnméthlﬂac‘ifet%arl i c&aqjﬂéeqi 2hm r\l\l%? empedded
of f durin -1 n process and belng sreRt>F rY

t he nﬂ?ta@rq%l(%fcommmg wbmmaiedslic gmater Bardnass.ur e (6)
underneath and netal | urgically bonded thereto, and
further being softer than the said wear resistant
s®ructAumacliay pafidisaaimed in Peimng, clipragtadzedanethaktecunhspded
wear r@g;cgsqm%o,%%tbhgcégﬂnglrﬁge@wf ace of the opposite
machine part. 2. A machine part as clainmed in claim1,
characteri zed |n that the run-in coating (7)

p@SSGS@ﬁ&cﬁn@@éQ%@S&anﬁ&j RetmeeD, EimdOfzeand tBROtheIambAdded
machi ne Eﬁ’éf( i n acco&ﬂance with any of the precedi ng

cl ai mPar He cans'ss g\ P:Rng/REETQ MRS Eri al  for mi ng

the run-in coating (7) has a melting point of max.
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part in acco ance W e prec I"ar ns,
characterized in that the run-in coating (7) when

nﬁw fﬁgﬁla%ﬁneaﬁf ARk r\]\ﬁtﬁsan9fof B phQedf claMisS Eﬁﬂ%cterezed

ne part In accordance W th any t he
pr ecedn Hept dhreatimdn matedRldering e dasd of tha-in FREUg &7) Cﬂ“tams at

coat i q&s(gappem%yb,ﬂﬁw has a surface roughness of
between 1 ‘and Ra. 13 7. A nmachine part in

accor dance W|th any of the preceding cl ai ns,
char at eddcriad dan tamtawﬁdrteirr dhin M1 ehemt@kized it Keat the run-in
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that the enbedded particles (14) consist of a ceramc

material. 9. A machine part as clainmed in claimS8,
ctiar act emdchiod pant ahataimerk ire gaise ddd characterized in that the run-in

matefial of the run-in coating (7) is babbitt metal which contains antimony (Sh)

in addition to copper and tin.

14, A machine part in accordance with any of the preceding claims, 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,

15. A machine part in accordance with any of the preceding claims, characterized
in that the wear resistant structure (8) receiving the run-in coating (7} is fomed
as a coating on a metallic base body (5) preferably consisting of a ferrous

material.



particles (14) consist of A1203 and/or CrO and/or
Cr3C2. 10. A machine part in accordance with any of
the preceding clainms 7 to 9, <characterized in that
the proportion of the enmbeddged particles (14) in the
total volume of the run-in coating (7) is between 5
and 30 percent by volune. 11. A machine part in
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antinmony (Sb) in addition to copper and tin. 14. A
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#8-ai rismagiing part Bracswdanceviteay of he bicasing elaims, Spracterized
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st r ucolyms- (6) receiving the run-in coating (7) is
formed as a coating on a netallic base body (5)
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resi sguant structure (6) receiving the run-in coating
(7) is higher than

21. A machine part in accordance with any of claims 7 to 20, characterized in that
the preferably ceramic particles (14} embedded in the run-in coating (7) are of

spherical configuration and preferably have a diameter of 20 to 50 microns

(Hm).

22. 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.

23. A machine part as claimed in claim 22, characterized in that such machine

part is designed as a piston ring (4).

24. A machine part as claimed in claim 22, characterized in that such machine

part is designed as a cyfinder liner (1).



60 percent by volune, preferably up to 85 percent by
vol unme, or 85 percent by volune. 19. A machine part
in accordance with any of the preceding clains,
characterized in that the cqgamc particles (9) of
the wear resistant structure (6) at least partially
consi st of tungsten carbide (W) and possess a
hardness of between DPH 3000 and 5000. 20. A machi ne

past A nReRAE GRAGR MitBd dYiaiRf 25 Il@lafycf‘é}ﬁgﬂ g tﬁgtagugpf" machine

characterized in that the preferably ceram
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heavy two stroke cycl e diesel engine. 23. A nmachine

part as clained in claim 22, characterized in that

s&bh rﬁa@'htmsé asplained ig clais 2§ ebaragterigeinsthatithe rungin cdating (7) is

24. A JIBEN I, B UaPiSs Sl B eC! &1 M 22,

charac Int at such nmach part is designed
as a cylinder liner (1). 15 25. A machine part as

cha ”&dprbfbs@ a8t in €RAN Qﬁtcﬁﬁﬂaéf%?lizéd‘mtthﬁithé W& Din coatmg (7 is
machi ne_part i s designed as Pl ston g'v n§£|5| ng
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M that o dhacrele (B BREA Ryt W TR 6T He ph Hesisan
st r uctstrueiueqay) ursiemaﬁwefelmam In salidified-conditborat i ng (7)
covering the said wear resistant structure (6), with

t he amount of energy supplied in the coating process
b2g. ng Asyndreshan acontteatd uiv:@ eat dbothel peceding ciamg 26 to 28,
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obt a process as c Imed 1n claim?2
chara(%réiﬁtp@é@) in that the run- |n coating (7) |s

30. A process in accordance with any of the preceding claims 26 to 28,
characterized in that the run-in coating (7) is fused onto the wear resistant

structure (6).

31. A process in accordance with any of the preceding claims 26 to 30,
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.

32. A process as claimed in claim 31, characterized in that a laser gun or a PTA

burner is used for producing the hot spot.



al l oyed onto the wear resistant structure (6). 28. A
process as clained in claim 27, characterized in that
the run-in coating (7) is diffused onto the wear
resistant structure (6), w g only so nuch energy

being supplied in the coating process that nerely the
run-in material formng the basis of the run-in
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resis r

sol i d%‘}%{‘ta“ Fé'ﬁtnlﬁé;é?&% Hﬁf’ %docess}? o5 ?Pngglgﬁer# 51“?18?%“? h of
any of wirber @stgpedi ng cl ai ns 26 to 28, characterized

in that the run-in coating (7) is sprayed onto the

wear resistant structure (6). 30. A process in
aécorfiapreeessi thh ageaydanee twigh e cddineg Preceding gams 2628 33,

char agifadtéfskd iR thixat tHe@sé Ba WEarQ@ﬁ%thﬁ%trﬁZthre' (8) (ﬁéé@ﬁé’d as
onto the wear resistant structure (| A proces

in ack 6P a BASE hodn (s othe 1aid WF%’C@E’P'?EF& Birugiurs a%ffteom“"'“
30, &Rerpehelklditd iherdoRadre f@hlie@0atthéld rddpecte &pports in the
resistant structure (6) with the run-in coating (7) a
heat i TURAPINS(-17; 21) is used which is novable

relative to the mear resistant structure (6) and

roduces a hot atter :
5 erk BORoT 75 AETTeh i 3 carcieg 2R i B4 g Syeny gpsisant
such fiaktusp@ and thanureineaatingi(T)exd prpduedgha eingla gperhién.
latter. 32. A process as clained in claim31,
characterized in that a laser gun or a PTA Dburner is
used for producing the hot spot. 16 33. A process as
claimed in claim31l or 32, characterized in that the
material constituting the run-in coating (7) is fed to
the hot spot in the formof powder, of a wre or a
strip. 34. A process in accordance with any of the
preceding clainms 26 to 33, 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 sane
manner. 35. A process as clainmed in claim 34,
characterized in that the wear resistant structure
(6) and the run-in coating (7) are produced in a
si ngl e operation.



