1 13 December 2005 Piston for a large-size engine and method for the
production of a wear-resistant layer in such a piston This invention, according

to a first invention concept, relates to a piston for a large-size engine, in
particular a large-size two-stroke cycle diesel engine, having a pistoReEraReT 2005
made of a ferrous material and provided with circumferential piston ring
grooves, each of thenf’ ié@@i?ﬁ@d%r@é@i%@@%%@t@ﬁtﬁ%, with a least the
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on its lateral surface away from the combustion chamber with a
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chrome plating which, as a rule, is applied by way of an electrogalvanic
BPBELSS Mihid WRAEHS'1addaYeEar-resistant layer, however, under high
loading in the form of high pressure and high temperatures and/or a high
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achieved, and to make provision for a simple method of applying a
wear-resistant layer in accordance with the invention. The first part of the
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provide for an increased durability as compared to the known protective
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eonipedalve s oftyican b isf ithis wear-resistant layer is achieved, and to make provision

for a simple method of applying a wear-resistant layer in accordance with the invention.

The first part of the above-mentioned object in connection with the generic-term piston is
achieved in that the wear-resistant layer contains a metallic matrix in which load bearing
particles are embedded, with at least such load bearing particles possessing 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.



nevertheless ensured that the wear-resistant layer possesses a sufficient
degree of ductility. 13 December 2005 2 Since the hard load bearing

particles are embedded in a matrix, it will be possible for the formation of the
said load bearing particles to advantagepusly use such materials {Hthiespmpper 2005
the form of solids cannot in situ be produced in the desired thickness. The
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service life thereof. Advantageous embodiments and expedient further

ACRRLRIMHR e '(B‘f"ﬁ'?@o&éﬂe?lB%b@ﬁr@@d&%%‘e‘ﬁﬁeﬂ‘?ﬁrtﬁé YRty 3y flesired
thiguess, banarinthphetidtsizan g ipatimating capkedyundeich tursiiguratdramagsous

AR sl they vl sigtiestiip thadwanner of abrasive grains, so that
undesirable wear of the associated piston ring is avoided. At the same time, a

reliable support and anchorage of the load bearing particles in the matrix is
BAseEgeaUrPtRRPBRGBIERE riveslife! VA HIRMICRMeRIRI AL tHRARBRSIS fRARSUres
the deackbeatieg padiglas. Naeta thamaiernof fetisies m2P axpddahimicsansounded

{BisgRaResThicUnRRLUMaIION Aardet: mé"rﬂgﬁﬂ%‘éﬂ&@r‘één%s&ﬁ?h@% that

of the load bea;%g&Fartlcles EX edlently the amount of load bearing

BAARIEE ! HRa Wl T RS Rer PGy B Iy PHaR eI 48" péPéEﬁtW\‘?oHﬁ‘?ﬁe apeliable
furhbert devempaiage of mtelmwmgmstlmes imtig omisigs ientivaedhe matrix is
made of an alloy containing Ni, Cr, B and Si as constituent elements. Such

\alley Inanadvaniageous, mannet ISsUls I SOmORIRINGLY AISALBAIGIERR s
e mat IX. In ad(% {Heysalgsma erla aEfé) possesses goo g par

Eh\éﬁa?ctjéari%ﬁt%,oé H’ﬁb’(@?@r?& érﬂf!;ﬁPe@'ﬁiﬁﬁﬁleTaﬁrﬂ[@é?dﬁﬁnW@ RpRilyepyrBigasontent
andl éabﬂﬁamamhﬁauhng)anunifmmeth\dmldne@m@ thartivear-Fepsi@ntjayer amoent of

|8§z§’6%%ﬁﬂ& PRIS FH I ANRUBAEQYSYGOMSIRE A 6 HABAG BAISTIAle,

preferably” tungsten carbide. These measures in a particularly cost effective
manner result in very hard load bearing particles. The wear-resistant layer
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The load bearing particles may advantageously consist of a ceramic material, preferably
tungsten carbide. These measures in a particularly cost effective manner result in very hard
load bearing particles.

The wear-resistant layer should expediently have a thickness of 0.3 to 0.5 mm. This ensures
that the amount of clearance in the piston ring groove will not be getting too large in the
course of time by wear of the wear-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



groove, which means that this range must have the highest load bearing
capacity, which 13 December 2005 3 condition will be fulfilled by an

increasing density in the radially outward direction. The aforesaid measures
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lateral surface of the piston ring groove, with the matrix-forming metal alloy
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obtain a desired greater density in the radially outer range. The _
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@L%ba@éq{ter%aatﬂ%a\‘?mgn%nsures that any differences in thickness which might result from
the spraying angle will be reliably compensated for. At the same time, the heat treatment
serves to obtain the desired hardening of the base material.

It may be expedient to alter the spraying angle over the width of the piston ring groove, using
a steeper spraying angle in the radially outer range than in the radially inward range. This
makes it possible in an advantageous manner to obtain a desired greater density in the
radially outer range.

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



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 13 December 2005 4 1600, is applied onto the
prepared lateral surface of the piston ring groove in the form of a 'BiRersmber 2005
material and that a subsequent heat treatment is carried out during which the
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Further advantageous embodiments and expedient developments of the
H"aim measures will be evident from the remaining sub-claims and from
the description of an example given below in conjunction with the

ﬁ%ﬂﬂa@ﬁiﬂ)ﬁﬁg @H@é’\ﬁa%tl@d&[ﬁiﬂnﬁ%ﬁ [} Jvnﬁ!,l%ﬁs@tSﬁ@lﬁi&mé’étﬁrBhﬁFﬁ’éhPfsﬂzarried
ize two-strﬂlé?dlc cle di.? glvﬁm ine: Figure,2 shows an enla{%ed viéaw of
g

Ié’:brlgoe-%hz lying a shi S reyent oxidation, in particular |n banding zone
8 Sedtion of tHe wear-resrstant ayer fthe arrangefner'[w)f’l according to ?—qgupe
vitrigareasesRaiREchihwhlergEMnIieRrdranprenss AhGrsaUEcstart layer to the base
arsgmgement according to Figure 1 with a wear-resistant layer partially

sprayed thereon; Figure 4 shows an enlarged view of a piston ring groove of
the arrangement according to Figure 1 during heat treatment of the _ _
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Figure 1 shows a section of a piston of a large-size two-stroke cycle diesel engine;

Figure 2 shows an enlarged view of a section of the wear-resistant layer of the
arrangement according to Figure 1;

Figure 3 shows an enlarged view of a piston ring groove of the arrangement according
to Figure 1 with a wear-resistant layer partially sprayed thereon;

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 1 shows the upper part of a piston 2, i.e. the portion referrdd B§%8#Re2005
piston crown 1, of a large-size two-stroke cycle diesel engine. In large-size
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piston rings 3 arranged underneath one another, which piston ring package
seals the gap between the outer surface of the piston crown 1 and the
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grooves 4 with such a wear-resistant layer 5, In the embodiment illustrated,
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Figure 2, contains load bearing particles 6 possessing a great degree of
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The hardness of the load bearing particles 6 is greater than that of chromium or chrome
oxide which forms on the surface of chromium. For this purpose, load bearing particles 6 are
used whose degree of hardness is greater than DPH 1600. The material forming the matrix 7
possesses a lower degree of hardness than the load bearing particles 6, which ensures
sufficient ductility of the wear-resistant layer 5. A suitable material for forming the matrix 7 is
an alloy containing Ni, Cr, Si, Fe, B and C. Such an alloy expediently contains 74 % Ni, 15 %
Cr, 4% Si, 3.5% Fe, 3% B and 0.5 % C.

The load bearing particles 6 expediently consist of a ceramic material which can be provided
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 expediently of
rounded to ball- shaped configuration. The diameter of the load bearing
particles 6 is between 20 and 60 microns. Expediently the load bearing
particles 6 are homogeneously distributed all over the matrix 7. TtPecember 2005
proportion of load bearing particles 6 in the wear-resistant layer 5 may be up
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e vRRtedf iR gRndngartingrskhe wear-resistant layer 5, as can further
be seen from Figure 1, is designed as a filling of a pocket formed by a step 8
integrated in the base material of the piston crown 1, which pocket is open at
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spray%g or high-velocity oxyfuel (HVOF) spraying. For this purpose, a spray
device, indicated in the drawing by a spray head 11, is used, which serves to
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pocket is open at the top and extends in a radial direction from an inner web 9 to the outer

rim of the associated piston ring groove 4. The flank of the web 9 facing the step 8 is
inclined, so that the step 8 and the wear-resistant layer 5 filling up such step 8 form a
pointed end in a radially inward direction. Between the web 9 and the radially inner limit of
the piston ring groove 4, provision is made for a circumferential groove 10 which may serve
to prevent notch stresses and heat fracture.

The wear-resistant layer 5, as is indicated in Figure 3, can be sprayed onto the base material
by means of such spray methods as plasma spraying or high-velocity oxyfuel (HVOF)
spraying. For this purpose, a spray device, indicated in the drawing by a spray head 11, is
used, which serves to spray the material 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



13 December 2005 7 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 layetSRRFRMBEr 2005
obtained in the range of the outer rim of the wear-resistant layer 5 than in the
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During heat treatment the piston crown comprising the piston ring grooves 4
Re B8l PR L0RIA manner that the entire circumference is subjected to heat
treatment. As a rule, one full rotation will be sufficient. This process is
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several heater segments distributed over the circumference which would reduce the angle of

rotation. Instead of providing an inductively heatable heating device it would, of course, be
equally imaginable to make provision for a heating device comprising one or more burners,
or a laser heating device.

The temperature obtainable by means of the heater device 14 is higher than the melting
point of the material forming the matrix 7. In the example described, such temperature
should be between1000° and 1200° Celsius. Such heat treatment will compensate for slight
differences in thickness which cannot be avoided during the spray process. At the same
time, the range 15 of the base material imnmediately adjacent to the wear-resistant layer 5 is
hardened, as is indicated by a broken line in Figure 4. It may be expedient to design the
heater device 14 and to carry out the heat treatment in such a manner that not only the



hardened, as is indicated by a broken line in Figure 4. It may be expedient to
design the heater device 14 and to carry out the heat treatment in such a
manner that not only the 13 December 2005 8 range 15 at the lower lateral
flank of the piston ring groove 4 is hardened, but also the range dBtheeiphser005
lateral flank, as is likewise indicated by a broken line 16 in Figure 4. In the
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the spray process itself. In any case, the spray process and the heat
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treatment is carried out during which the metal alloy will be melted and the
ﬁW%rﬂW@YHW%%@MJG%F@V@H@ PREAifEETTES likely to be expected

during the spray process, in particular in the case of very deep and narrow
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assoclated
binder burned .Such a method prevents the difficulties likely to be expected during the spray

process, in particular in the case of very deep and narrow piston ring grooves where the use
of comparatively small spray angles would be required.

The binder may be designed in such a manner that, together with the material forming the
wear-resistant layer 5, it forms a paste which can be spread on the associated lateral flank of
a piston ring groove. It is, however, likewise conceivable to develop an intermediate product
in the form of solid, plate-like or strip-like green compacts which are placed in the associated
piston ring groove 4. In either case, subsequent heat treatment is carried out during which
the matrix material is melted and the binder burned .The latter may, for example, consist of

diluted polyvinyl alcohol (PVA), silicone or latex.



piston ring groove 4. In either case, subsequent heat treatment is carried out
during which the matrix material is melted and the binder burned The latter
may, for example, consist of diluted polyvinyl alcohol (PVA), silicone or latex.
13 December 2005 9 The green compacts described above may '&X5&efstly005
be produced in the form of segments 19 of the annular wear-resistant layer
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cover means 20 which is attached for the tion of the application process
£A5L A be removed afterwards, that is to say after solidification of the
wear-resistant layer 5, as is indicated in the Figures 3 to 5. Such cover
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and can be removed afterwards, 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 comprising several
segments, which on its inside is treated in such a manner or consists of such a material that
bonding with the wear-resistant layer 5 is prevented.

Alternatively, it would likewise be conceivable that the wear-resistant layer 5 is formed by
soldered-on segments which have previously been formed by molten matrix material and
load bearing particles embedded therein.



load bearing particles embedded therein. 10 Patent Claims 13 December

2005 1. A piston for a large-size engine, in particular a large-size two-stroke
cycle diesel engine, having a piston crown (1) made of a ferrous material

and provided with circumferential piston ring grooves (4), each of #fggpmber 2005
designed for receiving a piston ring (3), with a least the uppermost of such
BesepieSIaimsnext to the combustion chamber, being provided on its lateral
surface away from the combustion chamber with a wear-resistant layer (5),
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(7) in which load bearing artlc es %5-; re embedded, with such matrix (7
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homogeneous IStribution o
6. A piston according to any of the preceding Claims, characterised in that
the 2prapgiston aictloacd eadrgnparticlesd&eisticinehatresistant (ayandShts wear-
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in that the roportlon of load bearing partlcTes ) in the wear-resistant layer
(5) i is 58 mant by volume. 13 December 2005

3. A piston according to any of the preceding Claims, characterised in that the load
bearing particles (6) have a greater hardness than DPH 1600.

4. A piston according to any of the preceding Claims, characterised in that the load
bearing particles (6) are of rounded shape.

5. A piston according to any of the preceding Claims, characterised in that provision is
made for a homogeneous distribution of the load bearing particles (6) in the matrix

(7).

6. A piston according to any of the preceding Claims, characterised in that the
proportion of load bearing particles (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.



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

that the metal alloy forming the matrix (7) contains 74 % Ni, 15 % Cr, 4 % Si,
3.5%Fe, 3% B and 0.5 % C. 9. A piston according to any of the preceding
Claims, characterised in that the load bearing particles (6) consist3dfegember 2005
ceramic material. 10. A piston according to Claim 9, characterised in that the
load-béeRifi§paraeIdsqdy avneisherasriitertaimndeharacierisebindbabiamegetal
to any albthiepriegading diliaimscettaracrarisad, insbatihe h8ikasss 6bife% B and
wear-rggistant layer (5) is up to 1 mm. 12. A piston according to Claim 11,
characterised in that the thickness of the wear- resistant layer (5) is between
0.3 and 0.5 mm. 13. A piston according to any of the preceding Claims,
cha?actepistad inctioeditigeialensioy tid theoading-fdsiviamhasantéBedche dsatsthe load
from ragliathipavaces ie)thsslisestiobenfmiadialbrigutwards. 14. A piston
according to any of the preceding Claims, characterised in that the base
material receiving the wear-resistant layer (5) is hardened in at least the area
immediaRiPRdjeRBANoithEe B - eaststariage inhatsha Iprst Srasireoraite® (6)
any of ¢bespretadiggdolaimsjecharacterised in that the base material

possesses a hardened area (15, 16) within the range of both lateral flanks of
the piston ring groove (4). 16. A piston according to Claim 14 or 15,
chaf&d%eﬁ?é?i"iﬁ?ﬁ%rﬂﬂ% I 0P RFPERE NSy 220P th S PALASIRYRREL AN that the
surfacéhoktieespiston wiery-(reioiant(ayés (pishartiehetn17. A piston according

to any of the preceding Claims, characterised in that the web (9) is

separated from the radially inward surface of.the piston. ri roove (4 a
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any of @RsiEdREh G IThRIveeh Ard éitidedNA that several upper piston ring
grooves (4) of a piston ring package are provided with a wear- resistant layer
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grooves g4) are , _ o , L
of the wear-resistant layer (5) increases from radially inwards in the direction of

radially outwards.

14. A piston according to any of the preceding Claims, characterised in that the base
material receiving the wear-resistant layer (5) is hardened in at least the area
immediately adjacent to the wear-resistant layer (5).

15. A piston according to any of the preceding Claims, characterised in that the base
material possesses a hardened area (15, 16) within the range of both lateral flanks of
the piston ring groove (4).

16. A piston according to Claim 14 or 15, characterised in that the base material in the
area of the radially inner surface of the piston ring groove (4) is not hardened.

17. A piston according to any of the preceding Claims, characterised in that the web (9)
is separated from the radially inward surface of the piston ring groove (4) by a
circumferential groove (10).



provided with a wear-resistant layer (5). 20. A method for the production of a
wear-resistant layer on a piston according to any of the preceding Claims,

such wear-resistant layer (5) being applied to the ferrous material of the

piston crown (1) in the area of that laterg| surface of the associated }feteher 2005
ring groove (4) which is disposed away ffom the combustion chamber,
chatBclePiSk iACAoAi f9e! t2itkrPAl ther RRRE 8IS Witimse Shasfipiirad &), i geveral
consistppdrapivietalicgag@pvesnun i anasion (Mapdckagerperaieddadhatiatiavear-
a pIur%gbétgH(p%gng?nng particles (6) having a greater hardness than
chromium, is sprayed onto a previously prepared lateral surface of the piston

ring groove (4), with the metal alloy forming the matrix (7) being present in a
molténfspitioraactdndinoeitHelrinutss sharaatgrinediinuthahebostpnthiegsprayes{dhare

materigldsigsthiatedven hratstipatinent) 21. A method according to Claim 20,
characterised in that the spray angle over the width of the wear-resistant

layer (5) is varied, with such spray angle being steeper in the radially
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radially inward rim of the wear-resistant layer (5) are covered by a covering
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onto the prepared lateral surface of the piston ring groove (4) in the form of a
13 Ded&RBE005 13 binder material and that a subsequent heat treatment
is carried out during which the metal alloy forming the matrix (7) is melted

ancina hirdematerihdwnedind 20 AdnadaerasOiklihiareapig dngle over the

Character{ﬁ Qtlﬁet\bvggrr%rs% Qr? %FU&% Ilgovrarl%rég qﬁ such spray angle being steeper in

the radially outward range than in the radially inward range.

22. A method according to any of the preceding Claims 20 or 21, characterised in that,
during the spray process, the areas of the piston ring groove (4) which are adjacent
to the radially inward rim of the wear-resistant layer (5) are covered by a covering
(21.)

23. 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 lateral surface of the piston ring groove (4) in the form of a



wear-resistant layer (5), in combination with the binder, green compacts

having the form of a segment (19) of the annular wear-resistant layer (5) are
produced which are placed onto the associated lateral flank of the piston ring
groove (4) and then subjected to heat treatment. 25. A method at2ERIRTE 62005
any of the preceding Claims 20 to 24, characterised in that the heat

treatmBRERS BaREY 80¢ HALaSHRARG A R IFRF AN SBCa i mbduitsorai the
to any mbtheweteaing Giammagi (7j0s2beltkthaadtierisectin thatbriliehead.
treatment is carried out at a temperature above melting point of the material
formlnsgz‘ge matrix (7). 27. A method accordln%to any of the prec
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that trfé’q’ié‘é?ﬁ@ah??érﬁﬁe@f&émed out by using at least one burner and/or
laser device. 29. A method according to any of the preceding Claims 20 to
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(8) incorporated in the base material. 30. A method according to Claim 29,
characfstised iIPHRPEThE SEPEss 5 MrsHRRMRPZ TiRdRg&d&htial ring (20) on

its radially outward side until the wear-resistant layer (5) has solidified.
26. A method according to any of the preceding Claims 20 to 25, characterised in that
the heat treatment is carried out at a temperature above melting point of the material
forming the matrix (7).

27. A method according to any of the preceding Claims 20 to 26, characterised in that
the heat treatment is carried out by using an inductively heatable heating device (14)
extending over and across a part of the circumference of the piston ring groove (4)
and along which the wear-resistant layer (5) is moved by turning the piston crown (1).

28. A method according to any of the preceding Claims 20 to 26, characterised in that
the heat treatment is carried out by using at least one burner and/or laser device.

29. A method according to any of the preceding Claims 20 to 28, characterised in that
the wear-resistant layer (5) is inserted into a step (8) incorporated in the base
material.

30. A method according to Claim 29, 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.



