1 Wear protection device and method for the production thereof The invention relates to an initial
inventive concept of a wear protection device for machine components made of a metallic base material,
in particular in the form of a coating applied to the components of large two-stroke diesel engines, which
consists of at least one layer with particles made of ceramic material included in a metallic matrix. Another
inventive concept relateWeanpratictibfodévicerandshethotidovdhe praidettiordtheceodf this nature. A wear
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existing carbides. The measures taken by the invention therefore result in excellent load capacity.
Foreign bodies will find it difficult to penetrate into the coating which results in its providing a long
service life. Furthermore it ensures that warping of the base material, as well as cooling stresses
and cracking will not occur.

Beneficial versions and expedient developments of the above measures are set out in the sub-
claims. For example, the matrix may preferably be made of a nickel alloy whose other alloy
components at least contain phosphorus (P). By adding phosphorus (P) the melting temperature of
nickel (Ni) can be reduced from around 1400°C to approx. 850°C and therefore well below the
melting temperature of cast iron or other materials which are normally used as base materials. The
presence of silicium (Si) together with phosphorus (P) allows this benefit to be increased even
further.

A composition of the matrix material perfected by testing is beneficially made of 1 — 15% v/v,
ideally 3.65% v/v of P, 1 — 6% v/v, ideally 2.15% v/v of Si and the remainder of Ni.



2 The closer the ceramic particles are located to each other, the fewer possibilities for attack are offered
to foreign bodies. Expediently the coating material therefore consists predominantly of ceramic particles.
A beneficial volume ratio of ceramic to the matrix of at least 60 to 40 or a weight ratio of at least 75 to 25
is proposed. This benefit is reinforced by means of thexfact that ceramic particles of different sizes are
used wherein the smaller particles can fill the cavities between the larger particles. Expediently the
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The low melting point of the matrix material allows the added heat to be used beneficially for
sintering the coating directly to the base material. The coating material can therefore be
beneficially added to the base material in a solid aggregate state which makes the whole process
particularly straightforward.

Beneficial versions and expedient developments of the above measures are set out in the sub-
claims. For example, the quantity of the applied material mix may be such that the heat added to
the base material is sufficient to melt the matrix material contained in the material mix. This results
in a reliable sintering process.

It is of benefit for the first sintering process to be followed by at least one more heating process.
This beneficially leads to the strengthening of the areas close to the surface and produces a
smooth surface.

The material mix can expediently be applied to the base material in powder form. This allows the
application process to be very simple in design.

In a further development of the above measures, the surface to be coated may be exposed to
shielding gas at least during the sintering process. This will prevent oxidation.

Another expedient measure could be that the material mix to be applied to the base material is
preheated before and/or during the application process. This will accelerate the sintering process.

The expedient versions and beneficial developments of the above measures are set out in the
other sub-claims and in the specimen description below on the basis of the drawing.



Another expedient measure could be that the material mix to be applied to the base material is preheated
before and/or during the application process. This will accelerate the sintering process. The expedient
versions and beneficial developments of the above measures are set out in the other sub-claims and in
the specimen description below on the basis of the drawing. 3 The following drawing shows the following:
Figure 1shows a section through a component to which a wear protection coating has been applied
Figure 2shmnslmwingtidrathingLaifiowsahedaligwatection coating in operating condition on a scale which has
been increased compared to Figure 1, and Figures 3 - 5 show several process stages for the production
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Figures 3 -5 show several process stages for the production of a wear protection coating on a
piston ring groove.

The invention may be used wherever there is a need to reduce or prevent wear on components
which are at risk of wearing. The main area of application for the invention include the support
surfaces of piston ring grooves, the bearing surfaces of piston rings, cylinder bushes, pistons,
cross-head guides and the like in large engines, in particular large two-stroke diesel engines.

As Figure 1 suggests, components of the above type are made of a metallic base material 1, for
example cast iron, and have a coating 2 in the area metallic material 1 which is at risk from
wearing. In the example on which Figure 1 is based, the coating 2 comprises several layers. In any
event a load bearing layer 3 is created by the central layer which comprises ceramic particles,
ideally tungsten carbide (WC), which are included in a matrix comprising metallic material. Below
the load bearing layer 3 in the example shown, there is a binding layer 4 and above the load
bearing layer 3 there is a top layer 5. The binding layer 4 is designed to produce a good bond
between the coating 2 and the base material 1. The top layer 5 is designed to facilitate the
retrospective machining of the coating 2.

After the top layer 5 has been removed, in other words in normal operating state, the load bearing
layer 3, as shown in Figure 2, is exposed and forms an outside of the component concerned which
is exposed to wearing. As mentioned above, the load bearing layer 3 comprises ceramic particles 6
which are included in a metallic matrix 7. The ceramic particles 6 are expediently spherical in
shape with their diameter being in the range from 30 p to 400 y. The preferred diameter range is
between 40 p and 160 u. This means that smaller ceramic particles 6 can be positioned between
larger ceramic particles 6 and Figure 2 shows. This allows the load bearing layer 3 to have a high
ceramic content. This may be predominantly made up of ceramic particles. A volume ratio of
ceramic particles 6 to matrix 7 of at least 60 to 40 is expedient in this respect. If the materials yet to
be described are used, this results in a weight ration of at least 75 to 25.

Foreign bodies 8 indicated in Figure 2, such as combustion residues, material wear, etc. which
may have sharp edges and are pressed against the surface which is subject to wear with a force F
and are moved against the latter at a velocity v, will have very little opportunity to penetrate into
this surface since both the large ceramic particles 6 and the accumulations of small ceramic
particles 6 will repel the foreign bodies 8, as shown in Figure 2.

As mentioned above, the ceramic particles 6 are preferably made of WC and have a hardness
value within a range of at least 3000 HV. The material which forms the matrix 7 is expediently
made of a nickel alloy, which in addition to nickel (Ni) also at least contains phosphorus (P). In
addition, it may also be a good idea to include silicium (Si). The melting temperature of Ni can be
reduced from around 1400°C to approx. 850°C by means of P or P in combination with Si, taking it
well below the melting temperature of the base material 1, which for cast iron, for example, is
around 1100°C.



As Figure 1 suggests, components of the above type are made of a metallic base material 1, for example
cast iron, and have a coating 2 in the area metallic material 1 which is at risk from wearing. In the
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The heat may also be supplied in several stages. For example an initial sintering process can be carried
out on the applied material by means of an initial heating process. In a subsequent additional heating
process it is then possible to carry out a final sintering process. In the event of the coating having a
comparatively high thickness, the processes of heating and material addition must be carried out several
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layer 3. In many cases it may be expedient to carry out a further heating process without applying any
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After completing the coating process the applied coating 2, as indicated in Figure 5, may be covered by a
cover element 14 formed by a metal plate, etc. for the cooling process so as to prevent oxidation during
the cooling process. The cover element 14 may expediently be treated with a separating agent before it
comes into contact with the surface of the coating 2 sgthat after the cooling process has been completed
it can be removed easily. 6 In the example shown, the coating 2 is inserted into a pocket-shaped recess
16 which extends from an internal radial lip 16 on the piston ring groove 9 to the external radial edge of
the pistomrihg examries M (e raEsisg id ispeseHerd i @ ARTKRItRRRATE eSesad fovicalstsiendsoply a
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base matspalrélingragenticubaceaiggoreptsivhlarggibvasttoke diesel engines, which takes the form of a
coating (2) which can be applied to the base material and consists of at least one layer (3), and contains a
metallic matrix (7) consisting of a nickel alloy which has a lower melting point than the base material and
has at least phosphorus as an alloy element and also contains ceramic material particles (6) and is
available in such a form that a powder containing the material which forms the coating is applied to the
surface of the base material by means of a thermal coating process wherein the ceramic particles (6) are
spherical in shape and have a diameter of 40 to 160 Il and a hardness of 3000 NV. 2. Wear protection
device as described in claim 1, characterised by the fact that the nickel alloy which forms the matrix (7)
has a melting point which is considerably lower than the melting point of the base material (1). 3. Wear
protection device as described in claim 2, characterised by the fact that the nickel alloy which forms the
matrix (7) has a melting point which is at least 200C lower than the melting point of cast iron. 4. Wear
protection device as described in one of claims 1 to 3, characterised by the fact that the matrix (7)
contains 1 - 15% v/v, of P, 1 - 6% v/v of Si and the remainder of Ni.
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5. Wear protection device as described in claim 4, characterised by the fact that the matrix (7) contains
3.65% v/v of P, 2.15% v/v of Si and the remainder of Ni. 6. Wear protection device as described in one of
the above claims, characterised by the fact that the volume ratio of ceramic particles (6) to matrix (7) is at
least 60 to 40 and/or the weight ratio is at least 73 to 25. 7. Wear protection device as described in one of
the above claims, characterised by the fact that the ceramic particles (6) consist least in part of WC. 8.
Wear protection device as described in one of the above claims, characterised by the fact that the coating
(2) has a multi-layer construction with the layers at the bottom and top (4 and 5) contain comparatively
low quantities of ceramic particles (6) or none at allCaimear protectlon device as described in claim 8,
characterlseg by the fact that th bott? ) and the are éﬂé%e at east |n tan

preferably in full %gar companen s o et dl n |nes gﬁgﬁgrm E tTescrlbed
in one of the ab%h ﬁ éﬁ % gl% é%wté d

blank which is s f?l ng"é!?érn&r@r?éﬁﬁ Ci‘?aésa EF'%%‘H %%P“
above claims, Chﬁdﬁﬂﬁérﬁe@,‘é kyatBeagt W@%taﬁl%tmégn&@pﬁ'ﬁﬁ oy enpronantWRiskdatase of a
temperature-sersitiveidmaiesiall paaiekals) casl isaivagdble a8 sk fNg3hiSIPaving gretaamaciHnder
bushes, pistonsraa@drinlideriofdargetiie easitiogasappite ngithesuBak2. dYieid od Jonih by oieExne bl wear
protection device tfermalatiatngopnprase b engiddhef @ ramialperbelse (Gateeablkyidal padiaparodmponents
of large two-strdiavelie sigrasiginelst Wi dip @k esdireianass 2t deBd g1 {2) which can be applied to the base
material (1), the coatlng |s made of a low meltlng point nickel alloy with a metallic magmé? with a lower

melting poinfth Vit RISl c IehRk 5t8i5k¢!in
particular as dexﬁﬂfj ﬁ@“ﬁfﬁ'? %f‘@ é&%fﬁ it eCHI ROBHY %ftﬁ@tﬁa‘g#@é@ {RYH 08 N R erial (1)
is heated Iocally IR the grea 0 be coa?ed T 53e perature just below the melting point of the base

material (1) %”W%&'f@cﬁmvwﬂ JRUnaLatE e oVt A IBALIIPL ke MERIRAA RS aderial

based on the mafily Whic bR 9?4%‘&%9??’%&%@&&@@%% ihRAvislst i1 3adhe Ilaral s ated
surface of the bm.ﬁ@t@rm dfle andkdm sintered on to it using the heat locally added to the base material

(1) wherein the quantity of the material mix applied is such that the heat added to the base material (1) is
sufficient to melt\therpatiéctinatdeiatéradntbsd ibdt énap@ieticaeriatlnlixchadacterised diyr ihg flaetheating of
the base materithdl Jrendatix addivoraiosthe Jo6%dey mikRyhictb YomtamiSirend deeirgmamderaf Mirelative
movement paraIIeI to the surface takes place between the heat source used to provide localised heating
and the surf@ce WFBERIBIREH ? %%&%Tﬁmgmﬁ%mét‘%lf%ﬂ WIREH @R Arix (7)
is based and thé&/ é&%@?}grﬁél/éé’% ?ﬁé’c@d%/aﬁ/ &f&agméﬁftﬁr@é? RRUSYAY heated area or in the

heated area itseff, 13, Method deseribed in claim 12, charpsterised by the fagt that afier an infialisigrering
process at 1S3 SR LA TR e, %%éjnwg OB P&fmxﬁ{% AR Oand/c\f} e,

weight ratio is at least 73 to 25.

7. Wear protection device as described in one of the above claims, characterised by the fact
that the ceramic particles (6) consist least in part of WC.

8. Wear protection device as described in one of the above claims, characterised by the fact
that the coating (2) has a multi-layer construction with the layers at the bottom and top (4
and 5) contain comparatively low quantities of ceramic particles (6) or none at all.

9. Wear protection device as described in claim 8, characterised by the fact that the bottom
layer (4) and the top layer (5) are made at least in part and preferably in full of the material
on which the matrix (7) is based.

10. Wear protection device as described in one of the above claims, characterised by the fact
that the coating (2) takes the form of a sintering blank which is sintered to the base material

(1).

11. Wear protection device as described in one of the above claims, characterised by the fact
that the coating (2) is applied to a component which is made of a temperature-sensitive
material, preferably cast iron, such as piston rings, piston ring grooves, cylinder bushes,
pistons and guides of large two-stroke diesel engines.



14. Method described in one of claims 12 or 13, characterised by the fact that the surface to be coated is
exposed to shielding gas at least during the sintering process. 15. Method described in one of claims 12
to 14, characterised by the fact that the material mix applied to the base material (1) is preheated before
and/or during the application process. 16. Method desgribed in one of claims 12 to 15, characterised by
the fact that ti2e Methiinf¢2)hs polietdn skxevahtgyetsctibnidlica Rucoaskion chmpblethischdekcabead in
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that the base material (1) is heated locally in the area to be coated to a temperature just
below the melting point of the base material (1) and that at the same time or immediately
afterwards a material mix containing the material based on the matrix (7) and the ceramic
particles (6) is applied in powder form to the locally heated surface of the base material (1)
and is sintered on to it using the heat locally added to the base material (1) wherein the
quantity of the material mix applied is such that the heat added to the base material (1) is
sufficient to melt the matrix material included in the applied material mix and wherein during
the heating of the base material (1) and the addition of the powder mix which contains the
coating material, a relative movement parallel to the surface takes place between the heat
source used to provide localised heating and the surface to be coated and wherein the
powder mix containing the material on which the matrix (7) is based and the ceramic
particles is placed in an area which direct follows the heated area or in the heated area
itself.

13. Method described in claim 12, characterised by the fact that after an initial sintering
process at least one heating process takes place without adding any further material.

14. Method described in one of claims 12 or 13, characterised by the fact that the surface to
be coated is exposed to shielding gas at least during the sintering process.

15. Method described in one of claims 12 to 14, characterised by the fact that the material
mix applied to the base material (1) is preheated before and/or during the application
process.

16. Method described in one of claims 12 to 15, characterised by the fact that the coating (2)
is applied in several layers (4, 3, 5) in succession.

17. Method described in claim 16, characterised by the fact that the successive layers (4, 3,
5) have different material compositions.

18. Method described in claim 17, characterised by the fact that a bottom binding layer (4)
and/or a top layer (5) is/are used and these are predominantly or completely free of ceramic
particles and are ideally made of the material on which the matrix (7) is based.



