Eécihﬂocating-piston engi ne The invention relates to a

reci procating-pi ston engi ne, . in particular to a |arge two-stroke

di esel engine, 5 having at |east one cylinder, the cylinder |ining of
which in the region of its running surface facing the piston is
provided with at | east one groove, with which a filling is associated,

wherein the material form ng Recigmodatingwpicfitanhengiaeve is, for the
purpose of formng 10 an oil pocket, less resistant to wear than the basic

material of the cylinder |ining. An arrangenent of said type is
proposed in Bhe duvemgion rekabes afe e NEEFIRY AR INGIP iftora €NGH NEr

har deni ng of thfnlﬁar@ﬁéupaﬂ%sréaiar &effo- éih%lf@t&irésﬂls d@resed for
formng the fil]ing of groove are. bronze, fricti,on tal or

hard chroni8m I‘F‘?fénf‘%r%tjr%%s%fone cyLinde¥. p'i}b?(é’tylllﬁl Se 1ZGPGn 95f t he
filling of the ghO6Nein the ifedbsie @ffitgutmnﬁmngfﬁnnﬂadi mwbamgathe The

result is 20 therefore only a conp aratiy | ow C city of the oil

bocket . “The proSBSelrEractefRB e Rror 9y i Fogrsrt SneBipRye
penetrati on depsd ashtevidie awtdihagroeketng or nitration. As a result,
t he previously nentioned drawback is nmade even worse. An added factor

is that, 25 because of the conparatively small groove depth, the
region sui 18bl cAf BeCiprerat g Upistoni intomaet qmdpmison engigenofel at i vel y

qui ckly, |eadingai® é”ié‘e}‘&nown £ #l5th &t Of £ 3 6B Of ﬁrh%awbndn@,ahl ng
conditions. Wth sai own arran nen%bcggg: over,, S also hTrdIy
r

possi bl e 30  f¥FTHRISRERE- p ¢ i TS F”Qh@o tn@&r ©

IiEi g as a respbtkets hetregiaess oo etlte czt@sé)esemtﬁsﬁe@f the into the
fiklyng material, thereb utting a,sto their fre vement .
% 3 S SYAAPHET

There is therefbFEPECrT FoQGtgred o Y%w?%ﬁ WY pul veri zed
or crushedibet weemids. cThe ndepth iof Nthargirgirwtoiearsagesmmithead to damage

and ext r enprhorabo\eatidl: A0 N1eDcsy AGC A HiHLY R aeprn 81T OST ON
and/ or selzureniEr éinoﬁ% ar rangenent & * JQEF P
the oil pockets formed by the grooves themselves also

decreases to the same extent in the known arrangement.
The result is therefore a deterioration of conditions
20 with increasing age. A further, quite particular
drawback of the known arrangement however lies in the
fact that material particles, which have broken off the
cylinder iining as a result of e.g. heat corrosion etc.,
are not fixable in the grooves of the known arrangement.
25 There is therefore the risk of said material particles
getting between cylinder lining and piston and being
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pulverized or crushed there, which may lead to damage
and extreme local heating and hence to accelerated heat
corrosion and/or seigzure. The known arrangement

30 therefore proves to be insufficiently operationally
reliable. ;

Against said background, the object of the present
invention is therefore, while avoiding the described

35 drawbacks, to employ simple and inexpensive means to
imprdve the arrangement of the type described in such a

way that a high operational reliabilitg;if/ffgigzéd,an,/,
an extended period of time. eplaced

i



2 w theref orug SpécONB BednRefdRed NSUf ficiently operationally reliable.
~GB-A- 14 73 058 eci procating-piston 5 I nternal conbustion
éngi'ne, in whic ﬁa Emnlﬁm l'ining is provided with grooves so as to
formoil pockets. ooves in said case do not however contain a
filling. The depth of the grooves and hence the cross section of

the oil pockets formed thereby decreases véth 10 progressive wear of the
cylinder lining. The result is | therefore that |ubrjcating conditions
deterioriate @SeAd objgatansi Aghigeed ACEPREHRS oFC pelrei LFESLIRR A br eak

of f the cykihaden FifhRfg i8 2586cte@0RStR! €hdti §Foswé d the depth
arrangenent, which nmay |lead to the drawbacks alread I ndi cat ed above.

) 15
Thus, said arr &g¥heRP &PEESEPEUES &b leash et nbhit fPRFEMET W eHer at i onal |y
reliable. thAgainBskE 68 ghbaekUinded, 1ihénghj end chat hehermsemtial

I nvention is therefore to enploy si and | nexpens) ; JEans

i nprove an5arr§ﬁ65ﬁ€ﬁtt%F ?Hzifé%eoﬁgkﬁ?oﬁﬁaévg Pgi%%%§é€$§lln suc<9a way
that a hi gh operati achah the basficabatéetrjal sofichheveyl tader shirdi®nded
period of tine. Sai d object is achieved according to the invention
in 25 that the material formng the filling of the groove conpri ses
at | east partidmn yhel peWnstater obke gnarve BeEY be compketeobyt§ipgsd by

al umi ni um and/ eheabgkeashebar Eidhiyg. Thar2ebile asdchépérére slepth of the
groove is greater t han t he _maxi num wear {hickness of thqﬁc | i nder

lining. 3@ soapth s ARTREAL R SUERRCEr WRbGRKES oF 2P R MR AT ~°
?hzcrsffq knor@aﬁqyaageaﬁaﬁggatﬁearﬁhﬂEﬂg-ihephaéerihbWever, theviatgd f or
1e.filling o ooVe vant ageogusly % t ed period
ofitinme to oiltbﬁgkg%§ %%1§ﬁ39iﬁﬁ Sraﬁiiwgﬁrgr%ggg%gc |%ﬁn%§%:§%%%g over an
material leads to the formation of the desired oil

pocket, the depth of which is however smaller than the
15 depth of the groove and with increasing wear of the

cylinder lining progresses to an extent dependent
thereon. This leads, despite the decreasing depth of
the groove, over an extended period of time to
substantially uniform conditions with regard to the.

20 cross section of the oil pocket, which over an extended
period of time guarantees reliable lubrication in the
associated region of the cylinder lining and hence
reliably prevents heat corrosion and seizure. The depth
of the developing oil pocket or oil pockets correlates

"o s’

25 with the intensity of the wear. The higher the wear,
the deeper the o0il pockets and hence the more intensive
the lubrication, and vice versa. The result is
therefore almost a type of self-regulation. It is
therefore also possible to reduce the specific oil

30 consumption. A further, quite particular advantage of
the measures according to the invention is however that
material particles, which break off the cylinder lining
as a result of unavoidable wear, may be pressed into the
comparatively soft filling material and fixed in said

35 manner. Thus, the free movement of said material
particles is stopped by means of the groove provided

with a filling. The groove provided according to the
v
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ext én’ded period of Time toret+able—l ubrication in the respective
.associ at ed regi on -%ﬂ% I nder |ining,

3  wth the resulj Y _] %t rosi on and seizure are reliably
count eracted. The dep} H i0E el opi ng oi | pocket or oil pockets
correlates wth the il wear. The hi gher the wear, the deeper

the oil pockets 5 and hence the nore intensive the lubrication, and vice
vetsa. The regp It is therefore practically a type of sel f-regul ati on.
It is therefof @ngkaeipaseibheat 6illingeaticerdhmwgbpefuicttians s w\mta on. A
further, quite,. ar ti-c r advantage of t C ' he 10
I nvention is h%‘&s@%}% Fﬁg?gﬁ}’%rgtﬁ&) p%???%‘f' es, mgg@e%r%ﬁ%@# ﬁfg
cyl i nder 1ini nghasiavessiubh bthevafiovedabse effesiiivel yrayreseeny dgwed into
the conparativ f |3k | LAl d i x8dsdd SR ch@ngr . Thus,
the free ngééﬁggtggb é%%ﬁgﬁ%?%??gﬁﬁ%%?fT%fgg IS sto 62@ by neans 15 of
t he grooveSpr oPratdchieshwhieh| havg. braken gebbviche cylindsy detRiEording to

the invention w gh gubikhl bR8/or caRE8ORSEES1 Y1 fuLEh ORSUE Se® i hi ghly
effective stop ove, e nmeasures according to the |Q§§nt|on

ro h
therefore aIsoa&FPé@%ﬁ&@@yhﬁ?Ev%ﬂ?r?ﬁéoﬂaﬂ% SEehatsd  JiStrthce which may
be caused by makasugkspattbelietfg to théi thvéavtoh) oklesrefdrd hea dydrdander

l'ining, e.g. fused, .and/or_caked nmterial leh would lead to
accel er at ed he59r38FFo%F§ﬁ aRd3%ETS ?%?oﬂﬁi% ??égghyggﬁéasures according to
t he i nventtbon, therefore, a |long 25 service life is advantageously

guarant eed. - aavanfdyanhaoe0rsnlRLhPENER Sq shOprBRtEo! the

measures outline e are indicated in the_ sub-clalns. Thus, the
natérial forni mgasHEeri PrLAgned ahevgrabeeindicaed cipthe iyl Praidtsht a
hi gher thermal Texpanghenmhbapibleformingashe ol BihgloPfthdegrydvadely
lining. The effect _. achi eved theﬂﬁgg s that jn the event . of

over heat i ng t h&XPedieptly; REeagRtnds 8 HPERPY t PO AR dlt%er i al |

t hereby stigbil baistig theeplial oof atbe heptingeevihhing. a The effect
achieved thereby is that in the event of overheating the
filling expands more quickly than the basic material,
thereby stabilizing the piston and hence preventing a
so-called seizure. Said advantage is heightened when

20 the £illing material advantageously also has dry
lubricating properties.

In an advantageous refinement of the measures outlined
Sy above, the filling of the groove may at least partially
25 comprise aluminium and/or aluminium bronze and/or
graphite, wherein preferably an aluminium bronze
comprising 9 - 11% Al, 0.5 - 2% Fe and the remainder Cu
may be used. A material of said type possesses the
previously mentioned desired properties to an
30 outstanding extent. It would however also be
conceivable to use e.g. a graphite alloy preferably
comprising 15 - 25% graphite and 75 - 85% aluminium
bronze. Said material also possesses the desired
properties to a great extent.
35
At least one helical groove may advantageously be
provided. This leads to particularly good distribution
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35 S.O cal l ed sei zurem‘d*&d#a&age I s hei ght ened when the filling

“rmat er| al advant ag 1§§heyt;gg§o has dry | ubricating properties.

4 In an adva gﬂent of the measures outlined above,
an® al um ni um bronz - 11% A, 0.5 2% Fe and the remai nder
Cu may preferably be fill the groove. A material of said type
possesses the 5 preV|oust descrlbed desi4ed properties to an

out standi ng extent. It would however al so be conceivable to use e.g. a

graphite al | oy@pflepPerhbrylarly gendrtsangpastat deeef g tilamyersa 85%
al uni ni um gbegpee. r&8idnnetethal c?i§ﬂd@95§ﬁ§§§ dhe wigsid @ 10

roperties to a_great.e | east_one. Hel i cal groove may
gdvgntageously Bg£1 UI%F%¥nB%ﬂh Qﬂgge?egﬁl¥% }aPiliafti cularly good

distribution and a particularly good transportation of 15 the oil over a

d h n a particularly high
dearco of Pl i AcPriEng"to S LB Ay e tagentin are tiRARR GRS Hoct | noment
of the nea@ﬁ&e‘sreatdmhbma@oadeqvé hethe | flr@nmyuaﬂepmmmngl o0 the
suitability Oftﬁées{‘ﬁ%&ﬁiﬂréyb&f%8%&9@&%& Lan sd Paple Apael ded or

Spr ayed coatin € manner tees ‘a pore- ree
filling with rgwab% a Wel%%e@%n%@rmdefﬂ r@omg: meliterd fimple manner

this guarantees a pore-free filling with reliable

10 adherence to the basic material.
i
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iv} Further advantageous refinements and developments of the
measures outlined above are indicated in the remaining
sub-claims and are more clearly evident from the

15 following description of examples with reference to the
drawings.

The drawings described below show:

20 Figure 1 a cylinder of a large two-stroke diesel
engine, partially in section,

Figure 2 an enlarged view of a region of the
SN running surface of the cylinder lining
g 25 provided with a groove according to the
invention,
Figure 3 a variant as regards the groove cross

section and
30
Figure 4 a further variant as regards the groove
cross section.

The present invention is used in reciprocating-piston

35 engines, in particular reciprocating-piston internal
combustion engines, preferably in the form of slow-
running large two-stroke diesel engines. The

PART OF THIS SHEET HAS BEEN
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5 ';, construction and node of operation of such arrangenents are

-known" as such and therefore require no further expl anation in the
present context. 5 The cylinder of a |arge two-stroke di esel engine
ilJdustrated in Figure 1 conprises a cylinder lining 2, which is
provided with inlet slots 1 and onto which is nounted a cylinder head
3, which here conprises an outl et arramgenent not shown in detail. The
inmside of 10 the cylinder lining 2 is designed as_a running surface 4,

with which a reohptouatiog pndtwodé pfovpedration &f s$uch AFNFPIPEMERLS h
piston rings 5?980936@£e$ g@@h andrHH€£EEo§ér£éﬁﬁaf%'ﬁbfﬁﬁﬁﬂﬂéﬁiV“th

| ubricating oi I cating ol lines 7. 15 To achi eve
a good dlstrlbaKpbanét1Phelnubh¢cﬁfﬁﬁgn6|FonteXtand in particular, a good
supply of Iubrlcatlng 0|I supply to regions where enpirically the

| ubricating oil s deficient t he, top, region of the
runni ng 20 s@hﬁaE@llnd?ﬁeoﬁaﬁt proe 5W8V?HgakﬁA§}F§§h ?ﬁhﬁ?(nl

pockets 8, WhlQMlﬁéerEEéalanBdgﬁaéed comprgses 4.cylinder Admiss @ pur pose,
as may best be fron1F [ o) RN

surface 4 at § FPong Pﬁg”%éﬁg 1t§ 58Y gg?(gt%?gw edénéé]%\}#&g l%g

associ at ed 0|Imountedoakeyl8nderfheaddS TWblghonEegch@W¥ﬁeﬁ;%PflII ing 10
made of a ”aterhﬁhﬁghéggaﬁéeﬁgﬁﬁ #ﬁﬁ'%hﬁ@ﬁ iR &@@élihanfhe ind® Rasic

material of theé ¢ I nder litning is normally nade
of cast si®el . thﬁ QV&RﬂﬁEHnﬂSGlngrénéé ARG IGAOANRAROTEIAME used to form

the filliggridcePd, ewRenl WRAER Hafécﬂgﬁﬁa§tiﬂ§ 1s§6n(t provialadn ni um
bronze is to conprise at |east 2 .- 11%%? 0.5 -

8%_jpr ef er abl ya§. §ts pegighery wikh Bl?&ﬁﬁ.ﬁa8950§ Bé?ﬁﬁ% eci

conposi tion ISrﬁﬁnlggaéadfhaethelgl3&pp¢ueduwﬁthnbebrnéammmglox&hvmadual
case. Here it gs a.case of e hlg g lt,he Fg fraction, the greater the

har dness of th uﬁﬁ?@? ard Pﬁ tﬁgp 10es

To achieve a good distribution of the lubricating oil
and, in particular, a good supply of lubricating oil
supply to regions where empirically the lubricating oil
supply is deficient, e.g. the top region of the running
20 surface 4, the latter is provided with suitable oil
pockets 8, which are merely indicated in Figure 1.

For said purpose, as may best be seen from Figure 2, in
the region of the running surface 4 at least one incised

25 groove 9 is provided, in which an associated oil
pocket 8 is formed. The groove 9 contains a filling 10
made of a material which is less resistant to wear than
the basic material of the cylinder lining. The cylinder
lining is normally made of cast steel. An aluminium

30 bronze may advantageously be used to form the
filling 10. As experiments have demonstrated, said
aluminium bronze is to comprise at least 2 - 20%,
preferably 9 - 11% Al, 0.5 - 8%, preferably 0.5 - 2% Fe
and a remainder of Cu. The specific composition is

35 geared to the given circumstances of each individual
case. Here it is a case of the higher the Fe fraction,
the greater the hardness of the material. 1In the case



6 of a cylinder lining of a |arge two-stroke diesel engi ne, good

‘results were achieved with an al unm ni um bronze conprising the

fol 'owi ng constituents: 2 - 20% preferably 9 - 11% A, 5 0.5 - 8%
preferably 0.5 - 2% Fe, 0.1 - 8% M, 0.1 - 2%Si, 0.1 - 1% N,

0.1 - 2%C, in each case at nost 5 - 20% of at |east one of the
conponents Sh, Co, Be, Cr, Sn, Cd, Zn, Pb @nd the remai nder Cu. 10
It~ woul d however al so_be _conceivable to use a graphite al l oy such as

ni ckel graphi t8fof SY1iR8ergliphngeobra large) e retreks abieged or al umi ni um
bronze graphiténgine, COSPEI BéHGLEE REEL SASFePed WM U efBIARIYmlS - 25%
15 graphite ngog fraction of ﬁg%- gS@’ preferabLg,?S - 85% of the
respective ot her “toRponant T4%9 n“h ‘Pjuiﬁ‘ﬁ:f%ﬁncons Wi graphite al | oy
particul arly gdod 20%;) -poefesaloly 9 - B Zhfi-seizure properties may be
achieved. dhe 5 5 _ 144 t al wyg ni um bronze may in said case 20
correspond to th% C09§E§§%%%%R§§§%rQ§%d a %C%ﬁ' The filling 10 may
advant ageouslyobb_TnQ dduced-Int 2¥h@i, 0.1 preMs guisly manufactured groove 9
as a sprayed ceaiings ¢, fPRAd&H éa'sér%?@%mfgt% | asfys ¥ Ay ri%ats‘?:‘:%%q“e or
p chni que.

an arc 25 spraying technique, such as a plasma spraying te
?i ﬂlﬁg

Natural |y, the® NPURPRANEH SRy e BE mifiE alSo 1, 2n, Mnabdctbeed as

a wel ded coat i hemaBndet uti Ni um bronze conprising 9 - 11% A, 1 - 3%
Fe, 4 - Gg Ni, 1 - 2% Wn and the remainder Cu is particularly suitable
for said % pur pose. Filling of the groove 9 is in said case

expediently It edfibdtleovenert alde Bevwainadivdid e waniuzg subraghide The
TS i SRt el 08 R il 8 o Ve IR o,
than the basi GHEFERIEN GHantde or hymimdam [kinenzy Zraghiser|ly as during
the runni ng-i ncomprising in each case 5 - 60%, preferably 15 - 25%
15 graphite and a fraction of 40 - 95%, preferably 75 - 85%

of the respective other component. With an aluminium

bronze graphite alloy particularly good anti-corrosion

and anti-seizure properties may be achieved. The

composition of the aluminium bronze may in said case

20 correspond to the composition described above.

The filling.10 may advantageously be introduced into the
previously manufactured groove 9 as a sprayed coating
applied by means of a laser spraying technigque or an arc

} 25 spraying technique, such as a plasma spraying technique.
Naturally, the filling 10 of the groove 9 may also be
manufactured as a welded coating. An aluminium bronze
comprising 9 - 11% Al, 1 - 3% Fe, 4 - 6% Ni, 1 - 2% Mn
and the remainder Cu is particularly suitable for said

30 purpose.

Filling of the groove 9 is in gaid case expediently
effected up to the level of the running surface 4. The
running surface 4 may then be machined, e.g. honed,

35 throughout. Because the material forming the filling 10
is less resistant to wear than the basic material of the
cylinder lining 2, as early as during the running-in



7 ~. phase the wear of the filling 10 is higher than the wear of
tthe cylinder lining 2. The eroded material is washed away by the

| ubricating oil. The result is therefore the desired oil pocket 8,
‘which is retained throughout 5 the service life of the cylinder lining 2.
The depth of the groove 9, indicated by d in Figure 2, t herefore
corresponds at |least to the wear thickness7of the cylinder lining 2
and is preferably slightly 10 greater._ _As said deep groove 9 is however
provi ded with PhasqlﬁgefWPP?h&fléhﬁhﬁéﬁlﬂpﬁeﬁpsésmbéggerntbéﬁeﬁH%nE%aﬁpon
the wear of thefcHhen@dsn inderngidingherei fhenk¥oded matskight iy fasheqd wear

arises, the result is 0SS- . sectional confiqgurations of the oi
pocket 8, whicﬁ“?ﬁéh?B%Besiﬂ?FéﬁﬁFéPﬁyoa Ffo?ﬁ?tﬁgﬁﬂ hotf FRETEEPTFce life
of the cylthed@edireidngi? andkdif Ber whialm fbheretasnedechroughdut t he

groove 9 itsel . JoqfQr h i Lk , rpiegi al may
advantageogglykgg fﬁIVIgge&?%ﬁEP%hgﬁéscygggg%gp%r?gﬁéf5éxpanding under the
i nfluence of heat to a greater extent than the basic mat eri al of the

cylinder |iningpel [NV TE Y pgop ryal gh | roperty.
In the event of e.h%pPOC§| gé%rﬁgg?yﬁ ?'t%éﬁg?g?éﬁ ?gedf?ﬁlf%%gﬁ% %& ands
to 25 a grealt@eTSIOERt CONERSPRBABaaEc 1AaEEr Fal the Yaar cyhipkesss o

lining 2, withthikecy@sundert hahihe2paflionsbpP@yebsbly s18§BPiyi zed, as is
indicatedlin Fégur 2 by a . giscontinuou expansion |1ne %%é The
material propoSE§ateT- afSvE21Gr IEAR FFPPYRg® 16° aPSECKEE BERHIYRS with

| ubricating 30ther dpditings1o0wkhibhpatkewikarwgara fhedependende upon
overheating is u d t . : oyev . e

conéei vabl e tOt?ﬁtgé%g{8§a§§?0§92%%é%r2%¥£9n8 gﬁdﬁ%?ﬁ%ﬁ %%fgr$al w th good
dry lubricatin§lpebsdivt faster wepr anésesl|thg neseltais GBoss- (ne or

more grooves 9ceRyibeall O¥he@egurdBe¥n8r 8f the SXPegbertt Vs di gpogedid
posi tions_where accord|T9 to”, .
1 substantially uniform throughout the service life of the
cylinder lining 2 and differ from the cross section of

the groove 9 itself.

To form the filling 10, a material may advantageously be
20 used, which has the property of expanding under the
influence of heat to a greater extent than the basic
material of the cylinder lining. The previously
proposed material has said property. In the event of
local overheating, therefore, the filling 10 expands to
25 a greater extent than the basic material of the cylinder
lining 2, with the result that the piston 6 may be
stabilized, as is indicated in Figure 2 by a
discontinuous expansion line 11. The material proposed
above for the filling 10 also has good dry lubricating
30 properties, which particularly in the event of
overheating is a useful advantage. It would however
also be conceivable to integrate and/or embed an
additional material with good dry lubricating properties
in the filling material.
35
One or more grooves 9 may be provided. They are
expediently disposed in positions where, according to



g previ ous experience, there is a high risk of I nsufficient

T'ubrication and hence of heat. corrosion etc. This is the case above
all "in the top region of the running surface 4. In Figure 1, in the
region of 5 the running surface 4 delimted by the first and second
piston ring 5 in the top dead-centre position of the piston 6 a
circunferential groove with corresponding 8il pocket 8 is provided. A
further groove with associated oil pocket 8 is provided in the region

bel ow t he bott BAFYBOUSi SFBRTAERGes. thege Asre Bivhpst®etef 8 di sposed even
deeper are indiaau€diicienlte lubkrishtabadagdaiph€e of heat ThEr1@FHBELS 9

form ng the bagis of . the il pockets 8 nma .take the form of

ci rcunferenti argt?:adi g&’lér 38vELe fgsel—BRBVé all nllégﬁ?‘? i &P eI Hat i vel y

t heret o one or the rumpdieghelirfakcky4ext EndFiguge oby esn X he tiedpissocifat ed oi |
pocket 8 nmay bepRr Qi ter 0 ; QN or over
the entire Iengt}}h gﬁhg%ggr 59‘%?%%[9 1 dg?%?‘?g%gnﬁy %é flrstFiagr{chgJ.ej?%ns based
on a helical | yPagtendragdgPodethe top dghd-tentre powfittaredibythe - of said

groove 9 may beik+d¥ i 9 [ éﬂgy face 4.
The | ead B;g%éi:bg goﬁstr g%{ﬁggg&? ﬁﬁe! g%?%n?éé ‘Iae%t(%%ét he d%glgsglc}ove.
d

A variable | eal ShofiePEPVafed - hep further greais ovith dssacivgeshtain a
greater oil pookétpocketdensst prowigedt iauthel yeyibmasaldve diRYi¥Edhan in

| ess ul nerable regiops. Jhe already. previ ousl enti oned depth d
of the grc‘%sve gllggoglxﬁéggeﬁt‘l y¥|e§ F‘ﬂEeraéiLoW%J&et%e Vé%?‘?f 6SVEE 4% of t he
di ameter D. THeepsirt azk indiwmated wni shexpkiisttdted %xanfeaf the di aneter
D.-- In the illustrated exanples, the groove 9 has a cross section,
the\Eh narrows i nwards fromthe initial width w. 35 This takes account of

the fact that The P&PEVEF Qefprming therbasts of tthexdvidn@owkedge 8 mayFi gure
2 the groove 9take thasfapmaspr exkeahelyekt SHAPAM 03RS 0N Wi th flanks

15 However, in addition or alternatively thereto one or
more helically extending grooves 9 with associated oil
pocket 8 may be provided. The latter may extend over a
region or over the entire length of the running
surface 4.

20
Figure 2 is based on a helically extending groove 9.

The lead - indicated by P - of said groove 9 may be 1.5%
= 20% of the diameter D of the running surface 4. The
lead P may be constant over the entire length of the

25 groove. A variable lead would however also be

e

conceivable in order to obtain a greater oil pocket
density in particularly vulnerable regions than in less
vulnerable regions. The already previously mentioned
depth d of the groove 9 is expediently in the region

30 between 0.1% - 0.4% of the diametexr D. The initial
width w is expediently 1% - 2% of the diameter D.

In the illustrated examples, the groove 9 has a cross
section, which narrows inwards from the initial width w.
35 This takes account of the fact that the rate of wear
increases with advancing age. In Figure 2 the groove 9
has an approximately U-shaped cross section with flanks



9 ~. which are inclined relative to the base of the groove. The
angle of inclination of the flanks, which is indicated by [err], may
be i'n the regi on between 30[err] - 60[err]. The transitions between
the groove base and the groove 5 fl anks are expediently rounded off, as
is indicated by a radi us arrow. The above di nensional data
apply also to the further variants foPning the basis of Figures 3 and
4. Figure 3 10 ,s%gws a,V—ihaped groove 9 with associated filling 10
conpri sing t he“"BifRpadReingl1inge grdatdve £6r FhfgPefie o therOW - Figure
4 has a cross Shet eagliencfhénsidpat@bnaof theS€UaARKE, ofhickkii€l e. Here too,
the result is an.. i;nwardly narrow,ng, cross sectjyon and ce

i nwardly 15 38%88§Fﬁg%@ﬁ8%hm8¥ %ﬁelPiFﬁFnﬁeqboﬁn e?%%¢%i$8ﬂdbk B8
formed therei nThe transitions between the groove base and the grddwat ns

1. Reciprgcatk@%hggsggg Q%géﬁgsng?yfgghbﬁghagff,lgéggs indic%ﬁﬁ?rﬁﬁwa t he

t wo- st roke di esel_ engi ne, east one

cylinder |ini nga@2ysofrEBivch in the region of its running
surface (4) facing the _ piston (6) is provided with at |east
one The abgggoggmgg), with which a filling (1

nsional data apply alsoto éﬂelghrther
variants forming the basis of Figures 3 and 4. Figure 3
10 shows a V-shaped groove 9 with associated filling 10
comprising the oil pocket 8. The groove 9 forming the
Ny basis of Figure 4 has a cross section in the shape of a
segment of a circle. Here too, the result is an
inwardly narrowing cross section and hence an inwardly
15 decreasing width of the filling 10 and the oil pocket 8
formed therein. -

"\"o.,»/



Aassociated, wherein the material formng the 10 filli ng (10)
T-or the purpose of formng an oil pocket (8} —+stess
resi'stant to wear tharm—the-basic material of the cylinder I|n|n

. . She Has 1accd
-characterized in he material formng the This
of the groove (9”! lmlﬂl ast 15 parti al I“““ “
bronze and t hat ﬁﬂ”"r 10 the groove (9)

t e maxi num wear * thickness of the cylinder I|n|ng (2).

2. Reciprocating-piston engine, in partqjtﬁilnbﬁ a lar ge

t wo- st roke di esel engine having at | east one cyllnder t he
cyl i nder Iining1(2) ch i g of it f runni ng
surface (4) fa 4@ﬁ§lpr°catln9 pIStonpﬁggoﬁe(G}nlgaﬁ 69P&%ﬁ i %F%? | east
one tyosereoke) diwisel whigdlhhea hekingga€lleast one

O Al ot et oL " SRS ke COATHA! Bning () pF whieh' m'wg (10),

for the purpose of fdrmng an o €ess
resistant to wear th®gicheof 1tS running suyfece néﬁefaahngfthﬁe cyl i nder

lining (2), assoc1ate@h§5%%bﬁrK%?d1banQ@EdEBCWQBBeétaieié%r@ﬁ@ the
30 filling (10) of th groove & conprises_at | east
partially alunlnlunﬁHﬁHWFhé@ t & asptRk &prmhan oil pocket (8), groove (9) is

greater than the mdhiriicée¥ized in that a filllhhekness 95 hBsosyitedler

I 2 R t t articular a
ron® Pro il e ofSRUB 8T WP HRLER, BRONRSGy' DRI
cylinder, the cyIin@&rlbantngo(?heohawhmuh waarhehlckness of the

2. 1001 00 O sbisR #2008 345 2684 Ehal AEWAILDER 1 cormind OO

(6);|s provi ded wi t §%a
filling (10) is the filddogci(avedofwhbeegroome éd eipalegsrning the 5

filling (10), for theAwiReseef wbQrMERINARLAI basic materPQEKEE €183, 1S
| ess re5|stant to wear than the
cylinder lining (2).

2. Reciprocating-piston engine according to claim 1,
characterized in that the material. forming the
filling (10) of the groove (9) presents a higher

20 heat expansion than the basic material of the
cylinder lining (2).

3. Reciprocating-piston engine according to one of the
. preceding claims, characterized in that the
'_E 25 material forming the filling (10) of the groove (9)
_ has dry lubricating properties.

4. Reciprocating-piston engine according to one of the
preceding claims, characterized in that the
30 material forming the filling (10) of the groove (9)
at least partially comprises aluminium and/or
aluminium bronze and or graphite.

5. Reciprocating-piston engine according to claim 4,
35 characterized in that the aluminium bronze used to
form the filling (10} of the groove (9) contains at

least aluminium, iron and copper.4’

g
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ba5|(}"rrater|al of +he—ey—|—rrrder‘l’|*n‘ng (2), characterized in that —

the material fornin i1l1ing (10) of the gr OMiShdeHas BRHREIRES
at least 10 ﬂM‘M e and that the depth of
)groove (9) is grea mum wear thic l’U’wHuL

cylinder lining (2). . Reci procating-pi ston engin

one of the 15 pr ecedi ng claims, charkkteri zed in that the

material formng the fiJling (10) of the groove ( presents a
hi gher heat exp nslle ‘?‘?Fe‘ iRiston engine ﬁ'EF@FﬂéingoFot ﬁ@%?flhﬁ%r

lining (2). 20 @rec@mgarm'lcaftmstgﬂha‘rtwte&ﬂgleae incehadi agleto one of Lhe
preceding clainms, ¢ d.er I.n that 1he eria ng the
filling (10) of theh%jf’%gvrgl )ei)q:onz'3 usedt i s_f(?rw1 It&ﬁr Fgglt’lf" &ége%l es.

25 6. Reci pr ocattihy-prasron @lgicwepadeesdiatg least! ahm fpllow1ng

characterized in thaj)ilie QNP RiYaRdy.onze used to formthe
filling (10) of the roove(9) contains at | east alum nium iron
and copper . 7Zg Refienadly $t on1dfgPde according to claimé,
characterized | n t hag . 5 he gag urﬁﬁgﬂ@a@lg,n@ewseqﬁt e formthe
filling (10) of the pave (ma? rlses at least the follow ng
al l oy constituents: re 121de 6% Hreferably 9 - 11% A, 35 0.5
- 8% preferably 0.5 - 2% Fe and a rg_mal nder ?)f_Cu.6
3 . Reci pr tan i ne according tq.clajm , or
7, char act e | zgﬁ‘ i nCif% Jtpq%h t}ngmpﬁl o EN2ES acgorglngut@dct%“f‘oﬁs m t he
f||||ng (10) of the ap coveh@@acterized in that the aluminium bronze

: } used to form the filling (10) of the groove (9)

o comprises at least the following alloy

constituents:
15 2 - 20%, preferably 9 - 11% Al,

0.5 - 8%, preferably 0.5 - 2% Fe,

0.1 - 8% Mn, 0.1 - 2% Si, 0.1 - 1% Ni

0.1 - 2% C, in each case at most 5 - 20% of at

least one of the components Sb, Co, Be, Cr, Sn, C4,
20 Zn, Pb and a remainder of Cu.

8. Reciprocating-piston engine according to one of
claims 4 - 7, characterized in that the material
forming the filling (10) of the groove (9)
25 comprises 5 - 60%, preferably 15 - 25% graphite and
40 - 95%, preferably 75 - 85% aluminium and/or
aluminium bronze and/or nickel and/or silicon.

e

9. Reciprocating-piston engine according to one of the
30 preceding claims, characterized in that at least
one helical groove (9) is provided.

10. Reciprocating-piston engine according to one of the
preceding claims, characterized in that at least in
35 the top region of the cylinder lining (4) at least

one groove (9) is provided.
/'
7
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according to one of t he

15
o RO A AR

t He

conprises 5 -

preferably 75 - BS%FaEwmdnmgnnaadmsr characterlaédniﬂluhabramzbe@@ﬂ/ﬂﬁ

ni ckel
one of the 20

one helical groove G@? igrﬁﬁoandeéecond piston E@ngp(@baimngh@|s¢pn englne

di t e of dixRg h cter
T Peaot i 12" ° SeEB centre, ool ORI AL MBLof EFACT LSRR | A

at

according to one of the

at

35

and/ or

| east in 25
one groove (9) is pﬂEVPH@d(9 is " preyidedei procati ng- pi ston engine

| east in 30

13.

111 CRhe region B (RECLALASAL! 0G:PLSLOR PNGLIS, ACCETAI N0 L

.on of
the first and secongeﬁﬂgf8ﬁagﬁﬂg“?%f£Pﬂ tRaipgpacceor :
position of the pisprrcegbingt cleass, oaharacter:.zed gimwonltat Bt i egutovirded.

1eCt Pr 002kha9: 0L EbAT e Pna BBl 1 ap the o

precedi ng cl ai ns
bel ow t he botton1p|§9Endﬁﬁﬁgcesyr¢np©ﬁ@tlon of the piston (6) at least

N

N
%

J

15

20

25

30

35

13.

14.

1s5.

16.

17.

onpr: ' - 20% referab
?prlrgtr)}:r)"sa\les t he fol I—ovwﬂ refer uents 5 o nmSh&t er
M, "0.1 - 2% Si, o”m wmm’uum”m o 1 S 2% G |n eac iﬁ
20% of at e conponents Sh, Co, B

Zn, Pb,and the r emai nder : REC|procat|ng plston engi ne

cl ains eérrze

the re

characterize

one groove (9) is provided.

Reciprocating-piston engine according to one of the
preceding claims, characterized in that at least
one groove (9) extends continuously over the guide
length of the running surface (4).

Reciprocating-piston engine according to one of the
preceding claims, characterized in that the lead of
a helical groove (9) is 1.5% - 20% of the diameter
of the running surface (4).

Reciprocating-piston engine according to one of the
preceding claims, characterized in that the depth

of the groove (9) is 0.1% - 0.4% of the diameter of

the running surface (4).

Reciprocating-piston engine according to one of the
preceding claims, characterized in that the initial
width of the groove (9) is 1% - 2% of the diameter
of the running surface (4).

Reciprocating-piston engine according to one of the
preceding claims, characterized in that the

groove (9) has an inwardly tapering cross sectiogk
7

precedl clains, characterized in that

éhat

precedi ng clains, characterized in that

e runni ng surfgfgg(é del Lén%h?&by

REPLACED
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! o top dead-centre position of the piston (,l,aL~Feasr”/ﬂ_J~
one groove (9) is provided. - 14. Reciprocating-piston
according to one of the 5 precedi ng cl ai ns, cha&“\&n‘mm mt at

» | east one groove (9) extends contlnuously ov
| ength of the running surface (4). 135. ReC|procat|ng pi ston engi ne
according to one of the 10 precedi ng clainms, characterized in that

the lead of 1s. Recfpf@dimmg@sm (ehgirse hd‘dbrdm%@%:@f ohbeodi ahet er

of the running surface ReC| rqcat n on englne
according to one of? ﬁ?ﬁéq%Pg CIalTﬁ@c %h%bﬁ &Pfzed in that

t he depth fofline (roowet (He |g;rcrib\dé’/o(9)0t/aqwf thiee fdrmnefern of

the runni ng surfac cating-pi ston engine according
to one of the 20 (%éfaed e %ﬁr%;é?alns Iq%ﬁaracterlzed in that the initial
wi dth of the groove (9) |s 196- 2% of the di &heter of the running
surface (4). 18. Reci procati ng-pi ston engine according to one of the
25 precedi ng clains, characterized in that the groove (9)
has an inwardly tapering cross section. 19. Reci procati ng- pi ston
engi ne according to one of the precedi ng clains, characterized in
that the 30 filling (10) of the groove (9) takes—the formof a

wel ded or sprayed coati ng. Thi
is Sheet Has Been Re,
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