Arended pages Reci procati ng piston engine 5 Th ntion
r es to a reciprocating piston engine, N
. WH ES BIGENTUM ,,
PCT WELTORGANISATION FOR, SR -

:' JINTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG UBER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF.DEM GEBIET DES PATENTWESENS (PCT)

.~
(51) Internationale Patentklassifikation 7 : (11) Internationale Verdffentlichungsnummer: WO 00/48849’
FO2F 1720 - “AL | (43) internationles : : B
) Verdffentlichungsdatums: 13. Juli 2000 (13.07.00)
| ktenzel 0266 | @

o hen: PCI/EP99/1, (81) Bestimmungsstaaten: AE, AL, AM, AT, AU, AZ, BA, BB,
@b Internaﬁongles A chen ¢ O CHL, N, &t CU, CZ,ll)ll)i. DKI,IEI)B{;: EIE.
s S22, ber 19 ES, I, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
(22) Internationales Anmeldedatum: Dezem TS LT LUV MA

¢ (22.12.99) KE, KG, KP, KR, KZ, LC, LK, LR,

30) Priorititsdaten: l ' ~ US,UZ VN, YU, ZA, ZW, ARIPO Patent (G:H-, GM, KE,
@0 199 00 385.8 8. Januar 1999 (08.01.99) ]?{ ~ LS, MW, SD, SL, SZ, TZ, UG, ZW), eurasisches l.’ausnt
. - / (AM, AZ, BY, KG, KZ, MD, RU, T, T™M), europlisches
- Patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR,
1) Anmelder (fiir alle Bestimmungsstaaten ausser US): ‘B IE, IT, LU, MC, NL, PT, SE), OAPI Patent (BF, BJ, CF,

N @ & W DIESEL A/S [DK/DK]; Teglholmsgade 41, D 0 CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Copenhagen SV (DK).
(72) Erfinder; und : Verdffentlicht ) i
“-. 1 (75) Exfinder/Anmelder (nur fiir US): MOCZULSKI, Lech ) Mit internationalem Recherchenbericht,
B [DK/DK}; Klydevej 16, DK~2650 Hvidovre (DK). FOGH, | -

Jesper, Weis [DK/DK]; Folkets Allé 41, DK-2000 Fred-
erll_(sberg (DK). :

(74) Anwalt: MUNK, Ludwig; Prinzregentenstrasse 1, D-86150
Aungsburg (DE). ) ' .

(54) Title: RECIPROCATING PISTON ENGINE
(54) Bezeichmung: HUBKOLBENMASCHINE
(57) Abstract

. The invention relates to a reciprocating piston engine. with at least one cylinder whose
cylinder Jiner (2) is provided with at least one groove-shaped oil pocket (8) in the area of -

‘the running surface (4) of said liner (2), whereby the running surface (4) is assigned to
f;;:-,,_.;__,j the piston (6). The oil pocket (8) is laterally defined by material areas which are provided
" 21 with an enhanced resistance to wear capacity when compared with the base material of
.\ | the cylinder liner (2) outside thereof. In order to obtain higher operational reliability, the
material areas which respectively and laterally define one oil pocket (8) are configured as
a filling (11) for a groove (10) whose depth (d) corresponds at least to the maximum wear
and tear thickness of the cylinder liner (2). . '

£1)] Zusammeilfassung

Bei einer Hubkolbenmaschine mit wenigstens einem Zylinder, dessen Zylinderbuichse
(2) im Bereich ihrer dem Kolben (6) zugeordneten Lauffiiche (4) wenigstens eine
nutfrmige Oltasche (8) aufweist, die durch Materialbereiche seitlich begrenzt ist, die
eine grifere Verschleififestigkeit als das Grundmaterial der Zylinderbilchse (2) auBerhalb
5. hiervon aufweisen, l4sst sich dadurch eine hohe Betriebssicherheit emeichen, dass die
jeweils eine Oltasche (8) seitlich begrenzenden Materialbereiche als Fullung (11) einer
Nut (10) ansgebildet sind, deren Tiefe-(d) zumindest der maximalen Verschleifdicke der
Zylinderbiichse (2) entspricht; ‘
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|n pértlcular a two-stroke large, diesel engine, having at | east one

cyllnder whose cylinder liner, in the . region of its running surface
facing the piston, has a greater resistance to wear than the base
material of 10 the cylinder liner, and contains areas of materi al _
configured as a filling for at |east one groove of the base materi al
for the lateral delinmtation of at |east ~1- one groove-shaped: oi

pocket arrangement of this type is proposed in CH A 493 738
as an aItermﬂﬁ%ﬁiQEP%P?%R IphﬁFP%tﬁﬂﬂlﬂﬁ har deni ng of t he base
material. Bronze, white nmetal or hard - chrop}un1are proEosgd as thteh
mat eri al used el filin ove. The difference in hardness w
respect to 20 qﬂ??é&%ﬁﬁﬁ?%?&%ﬁ %9 ForﬁSIREBGFtﬁﬂgHBlSt?Wbeﬁﬁﬂﬁﬁbed

in particular a two-stroke large diesel engine, having
5 at least one cylinder whose cylinder liner, in the
region of its running surface facing the piston,
contains areas of material having a greater wear
resistance than the base material of the cylinder liner
for the lateral delimitation of at least one groove-
10 shaped oil pocket.

Eﬁw‘ A reciprocating piston internal combustion engine of
this type is known from JP 6-105102 B2. In this known
arrangement the cylinder liner is provided with a wave

15 _ coﬁtour for forming groove-shaped oil pockets on the
running surface side, the elevated places in this wave
contour being hardened by a hardening process. To
improve the run-in_properties the hardened places can
be provided with an MoS, coéting which disappears

20 quickly, however. Producing a wave contour and
carrying out a hardening process limited locally to the
raised areas are relatively éxpensive procedures.

There is also the fact fhat, from experience, the

f l hardening depth which can be achieved by the hardening

25 ‘process is relatively small. In addition, the degrees
of hardness that can be achieved merely by a hardening .
process are also limited. In the known arrangement,
therefore, only a relatively short service life is
achieved for the wave contour. There is a further _

30 disadvantage-in that the hardening limitedflocaily to
the raised areas may also lead to undesirable
distortion and undesirable changes in structure in the

_ adjécent material areas. Accordingly, the known
arrangement has not proved to be simple enough or to

35 _have a sufficiently long service life.
THIS SHEET HAS BEEN
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gﬁoové depth is to be at least 0.02mm and therefore is of the order
of magni tude of the depth of penetration whi ch can be achi eved with
nitration or hardening. A . | ong service life for the cylinder I|iner
cannot be 25 achieved with an arrangenent of this type. Wth
this as the startlng point, it is therefore the aimof the present
invention to inprove a reciprocating -2- piston engi ne of the above type
with sinple and 30 i nexpensi ve nmeans so that a long service life of the
cylinder |ineWidin thdiss@s &v@tarting poimp; siti hsi therafevedthe admor dance

With a first of the Prdddd¥ RlvddiddVES imProvet Botebliprbbhting (11) for

plston engine of the above type with simple and
inexpensive means so that a long service life of the
5 cylinder liner can be achieved.

This aim is achieved in accordance with the invention
in that the material areas each provided with an oil
pocket for lateral delimitation are configured as a

10 filling for a groove, the depth of which corresponds at
least to the maximum wear thickness of the cylinder

P
o l'.‘ N
"

i,
B

liner.

These steps advantageously make possible the free
15 - 'selection of material as regards the filling for the
grooves and hence the oil pocket delimitations. A
material which is different from the base material and
is better suited to any requirements thaf occur than
the hardened base material can therefore be used. The
'20 depth of the grooves may far exceed the depth of
| "hardness which can be achieved during a hardening
process. During production there is first of all a
smooth surface which can be processed, preferably
honed, relatively easily. Because the base material

R

25 has a lower resistance to wear and teér, it wears -
faster in the area between the groove fillings made of
foreign material, and hence the desired oil pockets are
automatically produced. These remain until the
cylinder liner is cdmpletely worn. Using the steps of

30 the invention, therefore, the disadvantageé—of the
known ar:éngement that are set out above are completely
avoided.

Preferred constructions and suitable developments of
35 the principal steps can be found in the sub-claims.
Thus the filling may preferably comprise an at least
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35

pocket,

-2-

0.1-10% Ni ,
Cr, .Sn,

10

15

20

25

30

35

" a gr oove, provided for the lateral delimtation
conpri ses an al um ni um bronze which

of each oi |

contains 2-20t A, 0.5-10%Fe, 0.1-8% M1, 0.1-2% Si,

.0.1-2%c and at | east one of the conmponents
Cd, Zn, Pb each with at the nost 5-

-3-

partially ceramic material, preferably a

Sb, Co, Be,

ceramic-metal-

mixture (Cermet). This gives a particularly good
stability. Furthermore, materials of the above type

are applied in an extremely simple manner, for instance .

by the high speed plasma spraying process or by the

laser coating process.

A further possible preferred provision is that the

depth of the grooves each laterally defining an oil

pocket is greater than the maximum wear

and tear

thickness of the cylinder liner. This ensures that the

groove fillings are well secured in the base material

until the cylinder liner is completely worn. It may

also be conducive to this if the cross-section of the

groove increases inwardly.

_Further preferred constructions and suitable

developments of -the principal steps can be found -in the

other sub-claims and can be seen in greater detail in

the following description of an example by means of the

drawings.

The drawings described below show:

Figure 1 a partial section of a cylinder of a two-

stroke large diesel engine,

Figure 2 an enlarged section of the area provided with

oil pockets in the arrangement
Figure 1 and

according to

'Figure 3 an enlarged section through a groove provided

with a filling in the arrangement according

to Figure 1.

The present invention is used in reciprocating piston

heet Has Been Replaced
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2Q96aﬂd t he remai nder Cu, and has a depth corresponding 5 at least to

t he maxi mum wear thickness of the cylinder l'iner. A further
solution of the invention is that the filling for the groove,
provided for the lateral delimtation 10 of respectively one oi

pocket, is made at | east partially of ceram q gt eri@s SFET RAS BEEN
depth correspondi ng at |east to thd-maxi num g@irkness of

the cylinder liner. 15 These materi al s_have very—good resrstance 1o
wear and engirede Ha\Rexbiewlar yinkegeal oporbpstd@npy the pl asna

hi gh speed prog&SfpPbchefsy SPSEONeRGPRESS  prBeEeEY1y in the form of
slowly—running two-stroke large diesel engines. The
structure and method of operation of such arrangements
5 " are known Cper se and therefore need no further
explanation in the present connection.

The cylinder of a two-stroke large diesel engine shown
in Figure 1 contains a cylinder liner 2 provided with
10 inlet slots 1, onto which is placed a cylinder head 3
containing an outlet arrangement not shown in detail
1_)§ here. The inside of the cylinder liner 2 is formed as
' | a running surface 4, and co-operating with it is a
backwards- and forwards-moving piston 6 provided with
15 piston rings 5 on the circumferential side. The
running surface 4 is supplied with lubricating oil by
means of lubricating oii supply lines 7.

To achieve a good-distribufion-of the lubricating oil,
20 and in particular a good supply of lubricating oil to
' areas in which it is known_from experience that the
_iubricating oil supply is insufficient, for instance in
_ the upper region of the running surface 4, oil pockets
ffl " 8 which are suitable for thlis purpose are provided in
25 this area but indicated only in Figure 1. The
depressions forming the oil pockets 8 are not present
from the start. However, provisions are made at the
start which, in the course of operation, cause the
' automatic formation of depressions forming the basis of
30 - the o0il pockets 8 by wear and tear of the base material
of the cylinder liner 2.

The oil pockets 8 are each latéral;y defined by '
material areas 9 flanking them. An oil pocket 8 can be

35 formed between two respective material areas 9 of this
type; As can be seen from Figures 2 and 3, the

This Sheet Has Been Replaced
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ré1atfve|y deep grooves can also be reliably and easily filled, thus
achi eving a good service |ife and hence 20 mai nt ai ni ng the desired

ef fect throughout the entire service life of the cylinder |iner.
Preferred designs and advant ageous devel opnents of the - pri nci pal
provisions are given in the sub-clainms. The 25 depth of the grooves
respectively laterally defining an -%1i | pocket may preferably be
greater than the maxi num . wear thickness of the cylinder liner. This
ensures materigheageasve® eachi hgtenpdlvefipfindnge@n pidheasked

material untilgtlpeCybhPi§hrbhNgE hS£EPIPhS! @hyfwera réfpectible1ypy al so be
conducive to this if the Cross-section - the groove i ncréases
i nwar dly. associated groove 10. The mater1a1 forming the filling
11 has a greater resistance to wear than the base
5 material of the cylinder liner 2 which is generally
made of cast steel. As is indicated in Figure 3, in
the new state the grooves 10 are filled to the level of
the running surface 4, producing a smooth surface which
can be easily processed, for instance honed. First of
10 all the grooves 10 are cut in. Then the filling 11 is

introduced. Finally the running surface 4 is finished.

A

Because of the greater wear resistance of the material
. forming the filling 11 with respect to the base _

15 material of the cylinder liner 2, the wear of the base
material is already greater during the run-in phase
than the wear of the fillings 11, as shown in broken
iinés in Figure 3. This therefore means that the
resbéctively desired groove-shaped oil pocket 8-is

20 _ pfoduced between two adjacent fillings 11.

A material which is completely or at least partially
-made of ceramic material, e.g. a ceramic metal mixtufe
fi} (Cermet) may preferably be used to form the filling 11.

25 This material may preferably contain carbides and/or
oxides and/or nitrides and/or borides and/or silicates
with Cu and/or Al-bronze and/or Ni and/or NiCr and/or
Mo and/or Al graphites-and/or Ni—graphite and/or
Al—Br—graphites and an organic binder, whereby the

30 carbides, oxides, nitrides, borides, silicates are
preferably present with 10-60% in the hard phase and

 5-80% in the soft phase. ' It has proved to be

particulérly advantageous if thé carbides, oxides,
nitrides, bofides,_siliéates are present as

35 Cr-compounds. C€Cr0 is a partiéularly useful material
since it not only has good stability and allows a high




Furthér preferred constructions and suitable. devel opnents of the

principal steps can be found in the 35 ot her sub-cl ains and can be seen
in detail in the foll owi ng description of an exanpl e by means of the
_6_._

working temperature, but is also non-corfosive and non-
oxidising. ’

In a preferred embodiment'of the above-listed
5 specifications, the filling (11) may contain 20-50%,
preferably 20-40%, carbides and/or oxides and/or
nitrides and/or borides and/or silicates, and at least
Al-bronze with at least 20-40%, preferably 60-80%.
Preferred embodiments may contain 20-40% oxides mixed
10 with 60-80% Al-bronze or 30-50% oxides, nitrides or
. carbides mixed with at least Al-bronze, or preferably
ihjﬁ with 10-20% Mo and 20-30% Ni or NiC or 20-40% Al-
bronze. Materials of this type can be applied/
introduced into the-éssociated groove 10 in the arc-,
15 flame—,'plasma- or high speed spraying process.

Another material group which contains silicon and boron
with a content of respectively 0.1-10% can also be
'applied in the above manner. Preferred material

20 compositions in this connection are 10-18% Cr, 2-3% Fe,

| 2-4% Si, 2-4% B, 0.1-0.5% C and Ni as the remainder, or
10-18% Cr, 2-3% Fe, 2-4% Si, 2-4% B, 0.1-0.5% C,
6-12% Mo, 0.1-0.5% C, 30-40% Co and Ni as the

fﬂh remainder, or 10-18% Cr, 2-3% I, 2-4% Si, 2-4% B, 0.1-

25 0.5_% C, 6-12% Mo, 1-6% Cu, 0.1-0.5% C and Ni as-the
remainder or 10-18% Cr, 2-3% I, 2-4% Si, 2-4% B;
0.1-0.5% C, 6-12% Mo, 10-20% Ni, 65-88% WC and 12% Co.
Flame-, induction- or laser sintering can also be
considered here. '

30 | . ) .
A material containing carbides and/or oxides and/or
nitrides and/or borides and/or silicates with 10-60%
in the hard phase and 5-80% in the soft phase and '
2-10% Cu, 20-30% Al-bronze, 10-85% Ni or NiCr,

35 10-30% Cr, 0.1-5% carbon, 1-8% Fe, 2-15% Mo or
Mo-sulphide or Mo-disulphide or Mo-oxide or




dfamﬁhgs. The draw ngs descri bed bel ow show 5 Figure 1 a

partial section of a cylinder of a two- stroke | arge
di esel engine Figure 2 an enlarged section of the area provided
W th oil pockets in the arrangenent according to 10

Figure 1 and
-T =
Mo-dioxide or Mo-peroxide, 2-7% Cu, 10-40% Co,
30-80% WC or 88% WC and 12% Co can also be used when
the filling 11 is made as a sinter filling.

5 Powder materials are ‘also suitable. So, for instance,
a powder having 0.2-5% C, 20-50% Cr, 1-20% Mo,
1-20% V, 0.1-4% Si or B, 0.1-5% Mn, 0.1-5% Fe,
0.5-50% carbides, oxides, nitrides, borides or
silicates, Mo-sulphides/~-dioxides/-oxides/-disulphides
10 or Mo-peroxides can be used, where silicon and/or boron
- with fespectively 0.1-5%, and as the remainder Ni, can

Lo

W 2 be provided. A particulafly preferred material in this
connection comprises 20-30% Cr, 1-10% Mo, 2-3% C,
2-5% v, 0.2- 1% Mn, 0.2-4% Si or B and Ni as the

15 remainder.

Alternatively, however, the filling 11 can also be
formed as a welded coating. A material can be used
which contains 2-20% Al, 0.5-10% Fe, 0.1-8% Mn, 0.1-2%
20 Si, 0.1-10% Ni, 0.1-2% C and at least one of the

components Sb, Co, Be, Cr, Sn, Cd, Zn, Pb with 50-20%
at the most and the remainder Cu. A particularly
preferred composition may contain 14-17% Al, 3-5% Fe,

juk 1-3% Mn, 0.1-2% Si, 0.3% C at the most and the

- 25 remainder Cu. '

The depth of the groove 10 indicated in Figure 3 at d
eorresponds at least to the maximum wear thickness of
‘the cylinder liner 4. The depth d is preferably |
30 greater than the maximum wear thickness, so that even
with a completely worn cylinder liner 2 good anchoring
.of the filling 11 in the base material is guaranteed.
In this connection it may also be advantageous if the
cross-section of the groove 10 is inwardly widened, as
35 shown in Figure 2 by the cross-section shape 12 shown
by broken lines. A preferred grobveldepth may be in




FLguré 3 an enl arged section through a groove provided

wth a filling in the arrangenent according to Figure 1
15 . The present invention is used in reciprocating piston

engi nes, in particular internal . conbustion reci procating piston
engi nes, preferably-in the form of sl owl y-running two stroke | arge
di esel engines. The 20 structure andgmet hod of operation of such
arrangenent s are known Cper se and therefore no need for further
expl anati on irtﬁéeraﬁga@amétmemiouo 0.f%ecofythaddianetert Mooft thee | arge

Cr e oM I urgabd £ Ouffe 1150048 O1aBnctk Mg Sl okt ded

8 being formed corresponds to the spaclng of the
associated grooves 10, each provided with a filling 11.

5 This distance indicated in Figure 2 at w is preferably
within the range of between 1 to 2% of the diameter D
of the running surface 4. The inside width of the
grooves 10 and hence the width b of the fillings 11

_ associated with them preferably corresponds to the
10 groove depth 4. Good.étability with respect to shear

e stress is thus achieved.

" One or more oil pockets 8 can be provided. The grooves
10 associated with them and each provided with a

15 filling 11 are preferably arranged where, from
experience; the danger of insufficient lubrication and
accordingly the dénger of heat corrosion etc. is
particularly great. ThlS is the case particularly in
the upper region of the running surface. In Figure 1

20 the means provided for forming an oil pocket 8 are
arranged in the region of the running surface limited
by the first and second piston ring 5 in the upper dead
centre position of the piston 6. A further oil pocket

fn} 8 or the means necessary for this can be provided in

. 25 the region below the lowermost piston ring 5. In the

examplé shown, other oil pockets 8, arranged even

deeper, are also provided.

The oil pockets 8 and accordingly the materiallareas
30 defining them may be of circular construction. 1In
addition, or as an alternative to this, however, one or
‘more oil pockets 8 extending helically, and hence
helical material areas 9 defining them, can also be
provided. These may éxtéﬂd over an'area or over the
35 - entire guide length of the running surface 4.



dontaining an outl et arrangenent not shown in detail here. The

inside of the cylinder liner 2 is forned as a runni ng surface 4,
and co-operating with it is a 30 backwar ds- and forwards-novi ng pi ston
6 provided with . ~piston rings 5 on the circunferential side. The
running surface 4 is supplied with lubricating oil by _ means of

| ubricati-ng oil supply lines 7. -9~

~
\.\-.,/"
oY

10

- In the case of a helically extending 0il pocket 8 the

pitch indicated in Figure 1 at p may be about 1.5% to
20% of the diameter D of the running surface 4. This
pitch may be constant over the entire length. However,
a variable pitch would also be possible in order to

~obtain an oil pocket density that is greater in areas

particularly at risk than in areas less at risk.

In the example shown, the groove 10 and accordingly
also the filling 11 associated with it has a
reétangular or trapezoidal cross-section. The inner
edges may be rounded so as to avoid notch tehsions.
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-4- Amended cl ai s ' 1. Reci procating piston _engine, in

particular a two- stroke | arge di esel engine, V|n at_Teé“r‘Une
5 -~ cylinder whose cylinder liner (2) in the region Hi 'l If”",l

runni ng surface (4) facing the piston (6) has a great ”mu”"l ance
to wear than the base material of the cyl i nder | nef ("), and
contains areas of material (9), -¥0nfigured as a f||||ng (11) for
at | east one groove 10 (10) of the base material, for the lateral
delinitation Claims of at |east one groove-shaped oiI pocket (8),
characterised in that the filling (11) for a groove :

1. Reciprocating piston engine, in particulér a two-
stroke large diesel engine, having at least one
5 cylinder whose cylinder liner (2) in the region of its
running surface (4) facing the piston (6) has a greater
resistance to wear than the base material of the
cylinder liner (2) for the lateral delimitation of at
least one groove-shaped oil pocket (8), characterised
10 in that the areas of material (9) provided for the
. lateral delimitation of each oil pocket (8) are
LJ% ' ' configured as a filling (11) for a groove (10), the
depth (d) of which ddrresponds at least to the maximum
wear thickness of the cyiinder liner (2).
15 ' _

2. Reciprocating piston engine'according to claim 1,
characterised in that the filling (11) is made of an
aluminium bronze which contains 2-20% Al, 0.5-10% Fe,
0.1-8% Mn, 0.1-2% Si, 0.1-10% Ni, 0.1-2% C and at least

20 one of the components Sb, Co, Be, Cr, Sn, Cd, Zn, Pb
each with at the most_5—20% and the remainder Cu,
preferably 14-17% Al, 3-5% Fe, 1-3% Mn, 0.1-2% si, at
the most 0.3% C and the remainder Cu. | |

25 3. Reciprocating piston eﬁgine according to claim 2,
characterised in that the filling (11) is configured
at least partially as a welded coating.

4. Reciprocating piston engine according to claim 1,
30 characterised in that the'filling (11) is domprised at
least partially of ceramic material. '

5. . Reciprocating piston enginé according to claim 4,
characterised in that the filling (11) comprises a
35 ceramic-metal-mixture (Cermet).

\
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('10) brovi ded for the lateral delimtation of r especti-vety—one oil

pocket (8) conprises an alumnium 15 bronze ﬂﬁ*ch cont @6 ,
0.5-10% Fe, 0.1-8% M, 0.1-2% Si, 0. 1- 10% N| ﬂ

| east one of the conponent s Sbh, Oo Be, w each
w th at t he nost 5-20% and t he renalnder CU and has a depth
(d?.cgrrefpondi?g)at | east to the maxi mmt-dear thlckness of the
cylinder liner (2 2. Reciprocatin i on _en acc! rd|n to
claimi, 6. Rﬁﬁ%QRRQQF%Rﬁi?*ﬁ?%%tePﬂ%nﬁl%ﬁBﬂFéﬁPﬁrSﬁ P&Pﬁlng t%e

filling (11) cpntsi rtﬁméﬂaéﬂééi%edemﬁ%ﬁst ha8YEMM1iRG (11)0chn2Wisis, at the
nmost 0.3% and the renaind
carbides and;%r oxides and/or nitrides and/or borides
and/or silicates with Cu and/or Al-bronze and/or Ni
5 and/or NiCr and/or Mo and/or Al-graphite and/or
Ni-graphite and/or Al-Br-graphite and an organic

binder.

7. Reciprocating piston engine according to claim 6,
10 characterised in that the carbides, oxides, nitrides,
) borides, silicates are present with 10-60% in the hard
'{:& phase and 5-80% in the soft phase.

8. Reciprocating piston engine according to

15 - .claim 6 or 7, characterised in that the carbides,
oxides, nitrides, borides, silicates are present as
Cr—dompounds. |

S. Reéiprocating piston engine according to one of the
20 -precédiﬁg claims 4 to 7, characterised in that the |
' £illing (11) contains 20-50%, preferably 20-40%,
carbides and/or oxides and/or nitrides and/or borides
and/or silicates and at least Al-bronze with at least
' 20-40%, preferably 60-80%.
25
10. Reciprocating piston engine according to one of the
preceding claims, characterised in that the filling
(11) is configured at least partially as a spray

coating.

30 _
11. Reciprocating piston engine according to one of the
preceding claims, characterised in that the filling
(11) is configured at leaét’parfiélly'as a sintered
material. '

35 '

12. Réciprocating piston engine according to one of

This Sheet Has Been Replaced o "'HIS SHEET HAS BEEN
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3. Reéiprocating pi ston engine according to claim2, _____ .-eharacterised

in that the filling (11) is configured at Ieast
wel ded coating. 30 4. Reciprocating piston e m\m mm‘ﬂ“ ar
a two- stroke | arge diesel engine, having at

cylinder whose cylinder liner ((2) in thegiiglon of its runnlng

surface (4) facing the piston (6) has a at er resistance to wear

E)Panrm: Qrel glase trpxiet e;;:r_l"é%eg{né hcelaims, cha%ac erisetlingn g:%llta%g\ec %!hn%. areas

of the grooves (10) is greater than the maximum wear
thickness of the cylinder liner (2).

5 13, Reciprocating piston engine according to one of
the preceding claims, characterised in that the cross-
section of the grooves (10) increases inwardly.

14. Reciprocating piston engine according to one of

10 the preceding claims, characterised in that the depth
(d) of the grooves (10) is within the range of between
0.1% to 0.4% of the diameter (D) of the running surface
(4).
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15 15. Reciprocating piston engine according to one of
the preceding claims, characterised in that the
distance between two grooves (10) associated with the
‘£illings (1) each defining an oil pocket (8) is in the
range of between 1% to 2% of the diameter (D) of the

20 rﬁnning surface (4).

.16.'-Reciprocating piston engine according to one of

the preceding claims, characterised in that the width
{,} ' (b) of the grooves (10) corresponds approximately to
' 25 the groove depth (d4d).

17. Reciprocating piston engine according to one of.
the preceding claims, characterised in that grooves
(10) are provided, associated with at least one screw-

30 shaped oil pocket (8), and are each provided with a
f£illing (11), whereby the pitch is preferably 1.5% to
20% of the diameter D of the running surface (4).

18. Reciprocating piston engine according to one of
35 the preceding claims, characterised in that the grooves
(10) associated with at least one oil pocket (8), and

is Sheet Has Been Replaced

||I|lI|HIII||Il|I|I||II| e




» v

-5- R configured as a filling (11) for ‘at | east _one groove —LIO)
of the base material for the lateral delimtation
groove- shaped oil pocket (8), characterised in mm “I D (11)
for a groove .5 (10) provided for the lateral deli vel y
of an oil pocket (8) is conprised at l|leasf_ partially of ceramc
material and has a depth (d) corresponmlﬁf t he maxi num wear
e o iRt idfded, WPn (&) 11148 (115, BECbEbRLAG P St On
least in the upper region of the cylinder liner (1).

19. Reciprocating piston engine according to one of

5 the preceding claims, characterised in that grooves
(10) are provided, associated with at least one
continuous oil pocket (8) over the guide length of the
running surface (4) and each provided with a filling
(11).
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characterised in that the filling (11) conprises a PCT/EP99/10266
cer am’c- netywbooiapdagre (Cernet). - 6. Reciprocating piston engine
accofding.to claim4 .15 or 5, charaft,'er.i sed in that the filling (11)
cont ai ns carbi des and/or oxi ded arld/or nitrides and/or borides
ahd/or silicates with Cu and/or Al -bronze and/or Ni and/or N Cr
and/or Mo and/or Al -graphite and/or Ni - graphi te and/ or

Al -Br-graphite and an organic 20 bi nder. 7. Regi pracatdq ng
pi ston éngine according to cl aFn] G 1 characterised i Eaﬁ t&e '
car bi des, oxides, nitrides, botfides, silicates are present wth
1Q-60%in the hard :
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25 % phase and 5-80%in the soft phase. 8. Reciprocating piston
engi ne according to claim®6 or 7, characterised in that the
car bi des, oxi des, " nitride, borides, _silicates are present as 30

Cr - conpounds. 9. Reciprocating piston engine according to one of

t he preceding clains 4 to 7, characterlsed in that the -

filling (.11) contains 20-50% preferably'ZO 40% 35 car bi des and/ or

oxi des and/or-nitrides and/ or borides and/or silicates and at |east
Al -bronze wit RBgnded pages |

Reciprocating piston engine

.5 The invention relates to a reciprocating piston engine,
in particular a two-stroke large diesel engine, having:
at least one cylinder whose cylinder liner, in the
region of its runniﬁg surface facing the piston, has a
greater resistance to wear than the base material of

10 the cylinder liner, and contains areas of material

) éohfigured'as a filling for at least one groove of the
iw% base material for the lateral delimitation of at least
' one groove-shaped oil pocket.

15 An arrangement of this type is proposed in CH-A 493 738
as an alternative to a ldcal nitration or hardening of
the base material. Bronze, white metal or hard
chromium are proposed as the material used for fillng
‘the groove. The difference in hardness with respect to

20 the base material is to be about 50 HB. The proposed
groove depth is to be at least 0.02mm and therefore is
of the order of magnitude of the depth of penetratibn
which can'be achieved with nitration or hardening. A

) long service life for the cylinder -liner cannot be

25 achieved with an arrangement of this type.

With this as the starting point, it is therefore the
aim of the present invention to improve a reciprocating
piston engine of the above type with simple and

30 inexpensive means so that a long service life of the
cylinder liner can be achieved.

Thié aim is achieved in_accordahce with a first
_ solution of the ihvention in that the filling (11) for
35 a groove, provided fof the lateral delimitation of each
0il pocket, comprises an aluminium bronze which



S 20-40% preferably 60-80% 10. Reci procating piston

engi_.ne according to one of the preceding clainms, characterised in
that the filling 5 (11) is configured at |least partially as a spray
-2~

contains 2-20% Al, 0.5-10% Fe, 0.1-8% Mn, 0.1-2% Si,
0.1-10% Ni, 0.1-2% c and at least one of the components
Sb, Co, Be, Cr, Sn, Cd, Zn, Pb each with at the most 5f
20% and the remainder Cu, and has a depth corresponding

5 at least to the maximum wear thickness of the cylinder
liner.

A further solution of the invention is that the filling
for the groove, provided for the lateral delimitation

10 of respectively one oil pocket, is made at least
/m} partially of ceramic material and has a depth
1@@% ' corresponding at least to the maximum wear thickness of

the cylinder liner.

15 These materials have very good resistance to wear and
can be advantageously welded or applied by the plasma
high speed process or laser coating process, whereby
relatively deep grooves can also be  reliably and easily
filled,-thus.achieving a good service life and hence

20 maintaining the desired effect throughout the entire
service life of the cylinder liner.

Preferred designs and advantageous developments of the
principal provisions are given in the sub-claims. The

depth of the grooves respectively laterally defining an
oil pocket may preferably be greater than the maximum
wear thickness of the cylinder liner. This ensures
that the groove fillings are well secured in the base
material until the'cylinder liner is completely worn.
30 It may also be conducive to this if the crdss-section
of the groove increases inwardly.

Further pfeferred constructions and suitable

developments of the principal steps can be found in the
35 other sub-claims and can be seen in detail in the

following descripfion of an example by means of the



. Coatfng. 11. Reciprocating piston engine according to one of

the preceding clains, characterised in that the filling 10 (11) is
cohfigured at |east partially as a sintered mat eri al . 12.
Reci procating pi ston engi ne according to one of t he preceding cl ai s,
characterised in that the depth d 15 of the grooves (10) is greater
t han the maxi num wear t hi ckness e8~the cylinder liner (2).
13. Reciprocating piston engi ne according to one of

drawings.

The drawings described below show:

5 Figure 1 a partial section of a cylinder of a two-
stroke large diesel engine ,

Figure 2 an enlarged section of the area provided with
. oil pockets in the arrangement according to
10 Figure 1 and

o’

Figure 3 an enlarged section through a groove provided

. s“?‘.

with a filling in the arrangement according
to Figure 1. '
i5
The présent invention is used in reciprocating piston
engines, in particular internal combustion
reciprocating piston engines, preferably in the form of
slowly-running two stroke large diesel engines. The
20 - structure and method of operation of such arrangements
are known Cper se and therefore no need for further
explanation in the present connection.

.ij) The cylinder of a two-stroke large diesel engine shown

A 25 in Figure 1 contains a cylinder liner 2 provided with
inlet slots 1, onto which is placéd a cylinder head 3
containing an outlet arrangement not shown in detail
here. The inside of the cylinder linexr 2 ié formed as
a running surface 4, and co4operating'with it is a

30 backwards- and forwards-moving piston 6 prdvided with

piston rings 5 on the circumferential side. The '
running surface 4 is supplied with lubricating oil by
means of lubricating oil supply lines 7.



;fhe'preceding.clains, characterised in that the cross- 20 _ sectionof
the grooves (10) increases inwardly. 14. Reci procat i '
engi ne according to one of t he preceding cl ai nﬁ \ E‘\ﬂ%@ﬂ%‘ml n
that the depth (d) of the grooves (10) is w thil i sOT *
bet ween 25 0.1%to 0.4%of the dianeter of -the running surface
(4). 15. Reciprocating piston enrgtne according to one of
the preceding clainms, characterised in that the 30 di stance between two
grooves (10) Amendesd: edajimsh t he fillings (11) each defining an oi
pocket (8) is in the range of between 1% to 2% of the dianeter (D)
of the '

-1. Reciprocating piston engine, in particular a two-
stroke large diesel engine, having at least one

5 cylinder Wh¢se cylinder liner (2) in:the region of its
running surface (4) facing the piston (6) has a greater
resistance to wear than the base material of the
-cylinder liner (2), and contains areas of material (9),
configured as a £illing (11) for at least one groove

10 (10) of the base material, for the lateral delimitation
of at least one groove-shaped oil pocket (8),

_;".V R
'\-E !

characterised in that the filling (11) for a groove
(10) provided for the lateral delimitation of
respedtively one oil pocket (8)-comprisés an aluminium

15 bronze which contains 2-20% al, 0.5-10% Fe, 0.1-8% Mn,
0.1-2% si, 0.1-10% Ni, 0.1-2% C and -at least one of the
components Sb, Co, Be, Cr, Sn, Cd, Zn, Pb each with at
‘the most 5-20% and the remainder Cu, and has a depth
(d) corresponding at least to the maximum wear

20 thickness of the cylinder liner (2).

2. Reciprocating pisfon engine according to-cléim 1,
characterised in that the aluminium bronze forming the
2) filling (11) contains 14-17% A1, 3-5% Fe, 1-3% Mn,
T 25 0.1-2% Si, at the most 0.3%, and the remainder Cu.

3. Reciprocating piston engine according to claim 2,
characterised in that the filling (11) is configured at
least partially as a welded coating.
30 . ,
) 4. Reciptocating piston engine, in particular a two-
stroke large diesel engine, having at least one
cylinder Whose cylinder liner (2) in the region of its
running surface (4) facing the piston (6) has a greater
35 resistance to wear than the base material of the
cylinder liner (2) and contains areas of material
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fﬁnnfﬁg surface (4). 35 16. Reciprocating plston en “ng to
one of the preceding clains, characterised int HM““ ‘ |
-7- .

~5-

configured as a fillihg (11) for at least one groove
(10) of the base material for the lateral delimitation
of at least one groove-shaped oil pocket (8),
characterised in that the filling (11) for a groove

5 (10) provided for the lateral delimitation respectively
of an oil pocket (8) is comprised at least partially of
ceramic material and has a depth (d) corresponding to
the maximum wear thickness of the cylinder liner (2).

10 5. Reciprocating piston engine according to claim 4,
characterised in that the filling (11) comprises a
S ceramic-metal-mixture (Cermet).

. 6. . Reciprocating piston engine according to claim 4
15 or 5, characterised in that the filling (11) contains
carbides and/or oxides and/or nitrides and/or borides
and/or.silicétes with Cu and/or Al-bronze and/or Ni
and/br NiCr.and/Qr.Mo and/or Al-graphite and/or
Ni-graphite and/or Al-Br-graphite and an organic
20 binder. |

7. Reciprocating piston engine according to claim 6,
characterised in that the carbides, oxides, nitrides,
éw) borides, silicates are present with 10-60% in the hard
25 phase and 5-80% in the soft phase.

8. Reciprocating piston engine according to claim 6
or 7, characterised in that the cérbides, oxides,
nitride, borides, silicates are present as

30 Cr-compounds.

9. Reciprocéting piston‘enginé accofding to one of the
preceding claims 4 to 7, characterised in that the
filling (11) contains 20-50%, preferably 20-40%,

35 carbides and/or oxides and/or nitrides and/or borides
_and/or silicates and at least Al-bronze with at least



i(b) of the grooves (10) corresponds approximately to t he groove

depth (d) 17. Reciprocating piston engine according to one of 5
the preceding clains, characterised in that grooves. __ (10)-are—

provi ded which are associated with at | east one sc

pocket (8) and are each provided with a filling l\im\%m m“) ‘“\
pitch is preferably 1.5% to 20% of-6rhe di aneter RN ng
surface 10 Reci procating piston engine according to
one of QQRJQﬁ&xﬂiﬁfﬁfﬁh%ﬂr& gfacterlsed in that the grooves

(10) aSSOCIated with at | east one 0|I pocket (8) and

10. Reciprocating piston engine according to one of the
preceding claims, characterised in that the filling
5 (11) is configured at least partially as a spray

coating.

11. Reciprocating piston engine according to one of
the preceding claims, characterised in that the filling
10 (11) is configured at least partially as a sintered
o material. '
)

12. Reciprocating piston engine according to one of
.. the pfeceding claims, characterised-in that the depth 4
15 - of the'grooves (10) is greater than the maximum wear
thickness of the cylinder liner (2).

13. Reciprocating piston engine according to one of
the preceding claims, characterised in that the cross-
20 section of the grooves (10) increases inwardly.

14. Reciprocating piston engine according to one of
the preceding claims, characterised in that the depth
iﬁ% {(d) of the grooves (10) is within the range of between
25 0.1% to 0.4% of the diameter of the running surface
(4).

15. Reciprccating piston engine according to one of
the'pfeceding claims, characterised in that the

30 distance between two grooves (10) associated with the
fillings (11) each defining an oil pocket (8) is in the
range of between 1% to 2% of the diameter (D) of the

running surface (4).

35 16. Reciprocating piston engine according to one of
- the preceding claims, characterised in that the width



.fﬁ "t each provided with a filling (11) are provi ded'ar”T"
pi ton engi ne. according to one of - the preceding 4 mm\tl IIlﬂ\l\Iﬂ\ll\

characterised in that grooves 20 (10) are provided, asséci atell with at
| east one continuous oi-l pocket (8) over the guide |length of the
runni ng surface (4) and each provided witTh™a filling (11)

(b) of the grooves (10) corresponds approximately to
the groove depth (4)

17. Reciprocating piston engine according to one of
5 the preceding'claims, characterised in that grooves
(10) are provided which are associated with at least
one screw-shaped oil pocket (8) and are each provided
with a filling (11), whereby the pitch is preferably
1.5% to 20% of the diameter D of the running surface
10 - (4).

cﬁﬁ? 18. Reciprocating piston engine according to one of
the preceding claims, characterised in that the grooves
(10) associated with at least one oil pocket (8) and
15 - each prqvided with a filling (11) are provided at least
in the upper fegion of the cylinder liner (1).

19. Reciprocating piston ehgine accordihg to one of
the preceding claims, characterised in that grooves

20 (10) are provided, associated with at_ieast one
continuous oil pocket (8) over the guide length of the
running surface (4) and each provided with a filling
(11).



