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. RETLACE- NE PTE 1 i ston for é ,
't wo- stroke%?g g%\d engi ne -of the diesel t ype. ‘I*F@E)’BK&Q!\QW B

invention relates to a twb-stroke crosshead di esel engine piston having a
nunmber of ring 5 grooves for piston rings which have a smaller ring

hei ght in the -axial direction of the piston than the hei ght of the ring
groove associated with the ring, the piston at at |east some of the rings
havi ng pressure reIief passages form ng gas fl ow connecti ons between the

- 10 annul ar spacg oye. .a Io n rln ter
surface of the p| %%ﬁgsggrrgﬁ @’FéPSh aé %g%‘?et}g% 439%%%
partially fornet:ypﬂ the pi st on. .GB-A 2 104 621 and Japanese
patent - publication No. 15 2-48737 describe pistons with, ring grooves for
pi st on rings in which gas flow passages have been made in the pi ston

materi al between t heTR®nBr§esdFesiiveRHON oFralates toe@ i PifkER Ko

starting behi ndcwdestiole WigBkdad NengihBe df nﬁherm\@sélndt?péem?ﬁﬁw
downwar ds and. ob] i elﬁ/aZO outwards so fhat the oresfo en ou

appr oxi mat el yo iREEHRE Having 2 HReR o Jng GRS (£t PIFIERR THBEE ring
groove. This nasnsch Hedve he gmssl sr rrm Helighte dmnatid wxial idigddticn

M eh 5 consequart i, BIsEPRiaEhSa" e \ pRAS TR crPEnc HIS: STITIR 2?3
of | oss of tamsod¢ihatedrwithsthieatringnp tthe pisteonrangastulease somen
gggf:?lct)e\g ;hplt gtﬁ) &ﬁﬁfé ﬁa%lﬂtg b@éshkgéhﬁ}&efl gg%ngl ne. Wé%knovm I
i nvention ailfs BEPwt Q%mtﬁ@n@websmsﬁmﬁhmt apﬁb‘ﬂ-?é‘atﬁimc%ﬁ Jq‘QQﬂﬁlee _
cr ank housi ng igb&ed | %ﬁd@dbbﬂ.o%hethé”q:ﬂitﬁ&yez‘ﬁ.ﬁﬂgl epkBReen the outer
surface of the piston and the inner surface of the
associated cylinder liner, which pressure relief
passages are-at least partially formed in the pisté;i-; .
15 GB-A 2 104 621 and Japanese patent publication No.
| 2-48737 describe _pist'ons with ring'- grooves for piston
rings in which gas flow passages have been made in the
piston material between the ring grooves in the form of
rectilinear bores starting behind the ring innermost in
20 the ring groove and extending downwards and obliguely
| outwards so that the bores open out approximately in the
middle of the upper surface_.of the underlying @:‘ing_ o
groove.' This means that the piston rings in the underly-. ... _.
ing ring grooves are exposed. to unfortunate heat
25 influences from the leakage gas with a consequent risk
of damage to the material of the p.‘LStOI‘l r:.ng and of loss
of the ring stresses that keep the outer ‘ring surface
in contact with the inner surface of the llner.
DE-A 195 14 918 describes a piston. for a four-
30 stroke trunk piston eng:Lne This known invention aims
at reducing the problem that lubricating o:.;_L ﬁrom the

- crank housing is collected in the ring groove. whlle the '

piston ring abuts the upper surface of-the: rlng GEOOVE oo
whereu'oon the. 1ubr1cat1ng oil is dellvered to the
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pi ston ring abuts the upper surface of the rinng groove, “wher eupon the

| ubri cat i ngvops/41789 del i vered to the _ ' WO 98/ 41}4&/1)1(98/00037
PCT/ DK98/ 00087 2

combustion chanber at the subsequent shift of the p03|t|on
ofthe ring to contact with the | ower “surface of the ring
groove. The ring grooves are interconnected t hrough a
connecti ng conduit having one axial secti2on 5 and two radial -
sections. According to the. description in the Gernman

publ i cation, dienbitptien s ahamhest aSketbae subsequent shidifhe&f n§beondui t

‘causes the pi Janididy & the€ring to ‘contac€afitRM thEOTbRER! §ﬁ§:‘f%%h ‘the
upper surfaceof the ring - .groove to contagt with the | qwer

surface of the¥ ithe ring groovey Fheov¥éngnAreRVER BFPUPRECTREIPPEHSEK

| U?“ cating Olﬂhrough a connebﬁﬁ.ﬁgt konBuig H=00MEy SEhé hﬁnalﬂesée@hbﬁg
action agai

st ransport of |ubrjcatin into, the
conbustion % and two raéﬁ?ﬂrb@FC%éL OPFor RSP 4 %‘go&eﬁeggsgﬁépﬁé%e sai d
problemw th t:rrankamGErmh phhmﬂ.caan.ong @ui-lngs:hmtsuctlon strok& thleevant ,

and f ur t her morg, g DL T QBN 8310 he  piston Q_take.

Mbr eover ure th i z’azl section of
t he connectl ngpaﬂolmmtfrom ContaCt Wlth thevappars sacfiasice ofothgi £00g ri ngs

are known, fort_ﬂ%jove to contact""'ﬁ:lh:}{]%’?éSESWE?‘“%MQ@EaQ%S deakpge [asgt the
pi ston ri ng:?L 20 reduce e pressure (rggg across the ring and

thus the 10 groove, whighndmterguptefhe, tloy Sfanpierientirgbedll cakage

tracks fornmed ﬁ&&rﬂ%’%lng”l éﬁ&m@@cﬁ%haftuIthécee@.fllhheactlon againstfing
agai nst the cylinder rackﬁ ext end

romthe
upper surface Q’EF?%°¥\€\A€|£ S%Hekf%%%ah%’fnq h8it A into the §8mbusft .
obj ect of the qlizmisst Hsveimproved. tanraova:rlasshead englne atlpe stsaidt hat

permits _c__on__t_..__r_% &l QWO A SGHATOUE S 100 0A1AGE 035 a0ag)s afdleast

one pi.ston ri O reduce I ng wear, e sane IITE
protects tHhié prstevant, and furthemgasref r@ntwcéffgpke |em9mc1@§s no

30 In Vi e & 1 681 Serokd'® M AEARAGOHY B9 FFAAN® to manufacture
the axial section of the cohnectirig conduit. | _
Various examples of piston rings are known, formed
with recesees causing gas leakage past the piston ring
20 to reduce the pressure drop across the ring and thus the
ring wear; W094/12815, for example, describes leakage
~tracks formed as grooves in the contact surface of the
- ring against the cylinder wall, i.e., the tracks extend
from the upper surface to the lower surface of the ring.
25 ~ The object of the present invention is to provide
a pisfon that‘:'permits controlled flow of limited amounts
e of leakage. gas past'-'at least one piston ring to reduce
‘ | -ring wear, "and at the same time protects the- plston -
rings from excessive 1nf1uences
30 In view of this, the plstdn according to the
invention is characterized in that the outlet openings
'-* - ---of-the- pressure relief passages for hot gas flowing from
i he - annular space above to the annular space below the
S mplston rlng have ‘a location and orientation so that" at
35 extension through the outlet openlngs the axes of the



i.nvention i cgpﬁlg%gterr zed in that the outl et openings
e

pressure re passages- for hot -gas flow ng from PCTMX8/00087 | ar
space above to the annul ar. space bel ow t he pi ston ring have a
| ocation and orientation-so that at . -~ 35 extensr on through t he
outl et openings the axes of the S : 3
passages avoid hitting a piston ring; 3and3that the total . -cross- sectlonal

area Aferr] of these pressure relief passages is in the interval from

Df err] /68000 tﬁa%sgéls 448080hittthdel Ra dev E‘l%bonaﬂaaﬁﬁéértﬁépégéﬁfd i n

mm and Al err] bei ng the area ex ressed I n err] e hot '
| eakage gas ‘F?Bv’v? SGCLiPPgh tRES2 Phassucd rEREEE RKesgREe i¥elieE so in
t he fgr m of paseagésa}iedﬁnetheorinl&e&vﬁ@s ff}ﬁam D&Wb oice Fgemzpmmmh
~trated paint. tin t he, materi t he it ecaysge at_the hit
boi nts ho. heatDFeTie; The EOLIHATE Thptetey sﬁvséﬁglrﬁlfrr&arﬂm?muess
can be mai nt@i heningTbhedaregnexpmeeddlmg .the invention protects the
‘hi ghly. | oaded  :: pi ! S I'nt__hea o] he ets
so that the ri ngs a'rﬂelgget{:gg a% Jkﬁiﬁo a%er %iri;%%pr;%%r yfg&& %’16
preventi ng t hepheghupee sairias masﬂeges, camblmees)nsohanbethér(fmrmenefratl ng
bel ow t he pi st | p Y, troke
@8nce tIQtéd Se€s SE ﬁélt c%?é] %ﬁ@%&%‘r&& F e d i Psrst

crosshead engines t have~ver uts : 'S essentlal
for the operat¥FBREEE Pﬂén’érliﬁéﬁéaaszgfe% rreatrerma Hehey i e degause

control | ed vy tQtnthenhﬁ.& polhhet nbah%altan-o%‘é@Qli% bRfuhdr S 1AR € of
.mnimzation of % éunﬁll on and the contraré/ de re.for a long
life for the c?lT‘Ynﬁ%?nt ?’rﬁﬁﬂgni: ickpegfcap Le adHrined. sﬁﬁ? #S19Rn

Dl err]/ 68000, abeosdihgr ent itdle piresst somcppstedbst hheprrﬁ.tgaﬂylnga&edl be
di sadvant ageouﬁlgtghggl%shfggm the point heatings of the outlet jets

so that the rings are better able to fulfil their

15 prlmary-functlon of preventlng the hlgh;pressures in the
combustion chamber from penetrating below the piston.

This is especially an advantage in modern twd-stroke
crosshead engines that have very high cylinder outputs.

It is essential for the operation of the crosshead

- .20 engine that the ring'wear is controlled within.limits
that take into account both a suitable minimization of
the-fuel.consumption and the contrary desire for a long

life for the cylinder components. If the area becomes

oo BMAller than D2/68000, the differential pressure across
25 the piston ring will be disadvantageously high with an
:“mas3001ated heavy rlng wear. The upper area limit of
.“D /10000 1nd1cates a sultable compromise between a

_ substantlal reductlon of the rlng wear and a not too
heavy deterioration of the combustlon conditions. and

30 thus the specific fuel consumptlon The interval stated
prov1des an advantageously long ring life combined with
goed operating condltlons for the englne as a whole. The

.upper area limit also prevents the pressure below the

oe—espigton-rings from escapa.ng so fast 1mmed:|.ately after the

_
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associ ated heavy ring wear. The upper area limit of = Dferr]/10000

i ndi cates avewsigdabe conproni se between a ‘subst anti al " r'eptebikosioady t'he
ri.ng wear and a not too heavy deterioration of the combustion .

condi tions and hus—ttem3peci fic fuel consunption. The interval stated
provi des arf ﬂsasﬂﬁm “¥-1qng ringlife conbined with good operating
conditions ¥or tf g whol e. The upper area limt also
prevents thg e Pel oW t Qe pistoh rings fromescaping so fast-

i medi atel y aft—er the : ning of the exhaust valve that.
the piston ringeendng pft tm/@ﬂmtdgvaﬁve hehat nghgr pésson rings dCDrrpar ed

wth the knownngtsltng{}erhﬁggrdynh_ﬁhtﬁgerm@' QuicdedeM th | eakage ‘tracks in a -
side surface, i1t is_ 5 possible wt prrston, ,according to the invention

to use piston rin§SmRAFER aW’é:lhtherré@P&m cREPYORe AEU ¥hich) adage |

tracks m achi nggowhakly wat hnaelakaldey tiridks hen aogiaé autfaee offt tihe ring.

" This is a consl deraghI ?gvggt g gecause the | eye f st ses i.n the '
ring is 10 IR gROSEIPHE Wi Gr PAG&ORa AT E&F: nﬁx'r thPe %ﬁ' n YQcesses .
may cause unf auserpbbmntréngsommi:ehntavelm mechanaldadlt;alvm"akadnai he B

outer surface. n ops S .

relief passage% a1$a9'f':‘ocate ﬁ%ﬁ?ﬁgﬁobphﬁynm de‘ggftjl%l:ﬁﬁ g‘ggk%sﬁjerface

of the pi ston ouhgr amdrfat@e m‘fesshee ringel (Bfis pissayesonsidanhhle

parallel —wit ha&@ﬁntagé' glecaus@ g@ h@eqf o'iEh%tQJe§ts%'% iThesR RIERPUE

relief passages - row-w se from [ower surface of the
piston all hehhgh & ttéﬂet%teﬁ FYrigesovanch %V%n ﬂmréoaoassﬁsngv%ratlon

intersecting akbcekBesORYV Rfusd fuhfavourable stress concentratlons
in the material at the outer surface. '

In one_ embodlment ‘the openings of the pressure
relief .passages are located radially on the inside of =~
15 the back surface of the piston ring, and the -pressure"'
'~ relief passages extend in parallel with the axial
direction of the piston. These pressure relief passages
eah be bored row-wise .from the lower surface of the
piston all the way up to the top ring groove in a single
20 boring operation intersecting all ring grooves. If it
is desired not to use a number of the bore sectiOns,
they can -beﬂl plugged. Since the bored passages are .
located at- the bottom of the ring groove behind the
piston ring, the outlet jets of -leekage---gas- are . pre-
25 vented from hitting directly into the piston ring. The
" embodiment provid_es azn' advantageously simple manufacture
of the piston. ' . ] _
- In an- alternat:.ve embodlment the openlngs of the
pressure rellef,passages are located in the peripheral
30 surface of the piston, whereby the outlet jets of
- leakage gas hit the inner surface of the cylinder liner.
Since the'pi'stoh' moves. in the linex, the outlet jets all
the time.. act. on .new._ areas, _which counteracts over-
.heatlng Contrary to the” plston rJ.ng, “theliner-is-also -
-
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1-s . desi red %951', Mse a nunber of the bore sections, ely ﬁﬁg be \

plugged Since "the bored - passages -are. Iocated at the HO87 ¢ he
ring groove behlnd t he piston ring, the outlet jets of |eakage gas
are pre 25 vented fromhitting directdly into the piston ring. The

enbodi ment provi des an advantageously sinple manufacture of x4;he pi ston.
In an alternative enbodi nent, the openingg of the pressure relief
passages are located i n the peripheral 30 surface of the piston, mhereby

the outlet jetgidectly! edbiaed a8y hi tcdbPahBn@hatur beReterl the @dinder
l'i ner. Since the |st wves nthe liner, the outlet jets all

the time act orF5¢ the cheragecslSover - heating. Contrary to

t'he/ pi st ;)n ring, therfi :ber:.sSdebiﬁed toWRe2d 4hedIring dgroove and Ithe o
PCT/ DK98/ 00087 I rectly coo e y a
cool ant t hat r@?tﬁ/%%ntﬁénﬁea‘fompl?t?%mfffgd ‘bﬁl ?ﬁg‘kfaggkatb‘é ath!

it is desired® tprdsmpra healiwf gpassagandmaye comprisen at ng.e:ampl e y

free of |eakag saa?é 5 iy at
| east two ‘:}ss ﬁﬂ}étstlsﬁg{aetz%twe%éfdﬁﬁmr fro ﬁt %%c%%ﬁ%ﬁ?ﬂ “rtat
outer surface (ﬁalt @%ﬁ%t%ﬁrﬁ%@e ®E the m%ﬁ@nfa@w arecpmniutyadi &dawhsi de
the piston, preisimilicdtiondhditte thes PABRYS PPEFRTFad1Vethrduififthe

converging course and 10 neeting at a j,Qi,nt point of intérsection.

Letting at | eastegRARERf htal’fé-nﬁr A sFectidinear C%¥§5§é§9‘e>&%¢r@|ﬂd&
deplreSSI on o tn}féietf:.ﬁ? Qﬁ OQVjaolntSpﬂsﬁﬁ@%faihuerseaaiahl ﬁl with the UDperl
or | ower surface of _the ri rooye and,_op t at _the.peri era
surface of the pist diETeHERr qﬁgt q@é‘?l er ?Bt ‘hﬁfg}é‘ r[elﬁsép p‘ﬁ&slf%g
because t he to_cpasssamb/aexedndnfhdm a deplrebsﬂonecum athefrihg praiowe at
e el act o hstanc 191l " 4 PRabenngd SgRodl TERL, S SV 1Bue | ©

passages extend Tn a i STrenova
surface of the ring groove and open out at the perlph—

15 eral surface of the plston ‘renders it easier to manufac-

' ture the passages because the tool is advanced in the
radial direction of the piston at the manufacturing.

In a preferred embodiment, the pressure relief
passages extend in a piston portion which is removably

20 inserted in a recess at the ring groove. There may be
a removable piston portion at each xring groove. The
piston portion may be formed from a humber of part
portions assembled at the mount:.ng in the ring groove
into a whole'pzston.portlon The separate plston.portlon '

25 is substantially smaller than the whole plston and 1swfm”m
therefore easier to handle at the manufacture of the“
pressure relief paésages Moreover, the piston portlonfmm'“"'
can be replaced 1ndependently of the other portions of 7
the piston, which is advantageous because the material =~

30 around the pressure relief passages may have a tendency
towards eroding away. S

Preferably, the lower surface of ‘the rlng groove
is provided with a coat:.ng of a material, such as

T

chromium, which is harder than. the base__.ma._t_E?-_‘_'_J.-al..._.é—f_'._i‘-_h_e._._;_._.".f.
35 piston, the pressure'relief'passages are upwardly open



20 inserted in-a recess at the ring groove. There may be = a renovable

pi st on por twowss/gizaeach ring groove. The pi ston--portion mperaskdsiodeRd
fr.oma nunber of part portions assenbled at the nmounting in the ring
groove into a whol e piston portion. The separate piston portion 25 is
substantially smaller than the whol e piston and is therefore easier to
handl e at the manufacture of the pressure relief passages. Mreover, the
pi ston portion can be replaced i ndeperglently of the other portions of
‘the piston, which is advant ageous because the nmaterial 30 around the
pressure reh<¥a$saga§e$nnuheh&mwartsunﬁaug/of thearisgegodowg, a\aagd

Preferably. thal oMeLBHELAGRI0brt YR dILUIRNE o oh S PLEVSHLY U o

coating of a rra .such™a A& base |

mat eri al__of tt@@&:pml dhlrm@m@%mm rmlste:n p!:é@snag@s &hd ckmessdiof open

VO 98/ 41749 the harder mater:l.al c?atln% Th%CTﬁng%PQOBErom the
6 éapassages in the |ower surface of the.ring grogve, -and

the pressur & rE83ERIpHahdds th&vep‘aaﬁéém@e%?agqﬁa%ﬁ 1nf1uence(sh§h§)(, al
direction of tfw@rséﬁﬂfhbénofth:Hehlﬁ@t%&ﬁ #irng with anttpwitadgorert eri al

coating. The pressure fro as war,dly open =
passages i nfl Ugit®s® ?ﬁﬁrl@u&es to W&\ﬂ??ﬁﬁ’tﬁg ?\%Pp‘?gt Bﬁgr Pr§EI h an
upward force ring from die dovey butr€ackood theixidg fgndtgra),f fwhehn u:hge pi ston
(419, Crom e | OfeRgold 268, oLyl 19" BRL® R NS, il 01 1S
acconpanyi g Lqmnﬁt:lngﬂdfﬂommrtd accompanynmgengpwavﬂ t aBdpi dpmwamdg in-
the ring grooYfoyément of rAHOPANIA! siackesp Wh rkifigl %oa/&,érq% of

coke or mat1 ons, an.advantage that t assages S
are deeper tha?iﬂ?ﬁ’éailﬁ%ékne%% &esthe ther dEingat SFpaye free aSoK§i s may

be nore sensitfyema©ibeat Eﬂalist faqsw%&f |advantage thaﬂgthés9a@%h§relsa|
Vhen_the passage '&2&%‘“%% t%o %hlckness of the harder material,
15 as this may be more sensitive to heat than the underly-
ing base material. When the passage is allowed to go all
the way through the harder material, only a very small
part of the harder material will be exposed to the heat
influence from the leakage gases.
- 20 It is pbssible to let the pressure relief passages
comprise several passage sections passing through the
piston ring from its upper surface to its lower surface,.
the passage sections in the lower sufface of the piston
ring opening out into at least one upwardly open annular
25 passage section which is formed in the lower surface of
the ring groove and which, wvia radially outwardly
-extéhding pasSage' sections, .communicates with the
annular space below the piston ring. In this embodiment,
a major part of the hot gases avoid passing through the .
30 cavity in the ring groo{re behind the piston ring, being
passed down through' the plston rlng at a suitable
e - gt ance” £rom the front and back surfaces of the latter
J R o o i o3 s 1= upwardly open passage section from where the
- '_”gases flow outwards below the piston ring. The annular,
35 upwardly open passage section distributes the action of



.. the way through the har der material, only a very snall part of the
“harder natéV?g%“VW?l be exposed to the heat i nf | ue MEI/PKSHI0BE

| eakage gases. . . 20 It is possible to let the pressure relief -
passages conprise several passage sections passing through the’
piston ring fromits upper surface to its | ower surface, t he passage
sections in the |ower surface of the pistg ring opening out into
at | east one upwardly open annul ar 5 passage section-which is forned
in the. | ower syt rface o

_ ve an C via radially
~outwardly “he ga%x%%ﬁﬁ?ﬁg°np5§?a§8wegeg % gﬁﬁ PR 09 the
annul ar space s®| othat hehei sing Lsngdvantagegus&woewmamy influenced. ngj or

part of the hot gaspsy eyl ARSI Wdlke' By suieaBOyoBidY fdudde 1ing

groove behind the piston_ri g roug
piston ring atfeusuipueferab Yaﬁé‘@mf BENPRhEOf Séﬁﬁeéﬁda@W%MEW%f t he

latter 5 Lfeiler YpuBKGLY SHBBLAARIANEySRYLhIY Wi e@fmﬁfteea Mlong

gases flow outwards bel ow pi-ston,ring. “The annul a 5 upwardl y
open passage s%b?|BﬁrHPQ?FYbBFeEhFhElﬁEPFonTHP greater thQNBQﬂP

PCT/ DK98/ 000873 assages, the more uniformly the heat load is distribdhe gas

forces on the ace t.he piston.r t the ring
is advantageod@? eVEn%b (Eﬁﬁﬁé;jaround éﬂg Presspyp E?@ﬁ%ﬁiﬁ%ﬁ?rlng
there may sui tapey. bApart| €xetn the heat dbstrlbueienabbyhbmmurmnumhto

'Si xteen actjyve Péﬁéégrﬁay also Ebée{:g EnPa %gegcg a, )
%ﬁ] on. e grea er the

dlstrlbutecil'0 phery “of the
nunber of sultabbassggbgr Pﬁepﬁﬁségeﬁlﬂ@rﬁﬁyeﬁmenﬁdatSuﬂhjaﬂsth%trlb-

uted on the Wfék%%@d?&@@ iRSHIGS EQb fin€ sove. The lediéfye Apart
fromthe heat distribution, Other circum stances nay, al so be

taken into accdmtWihenfia¥ fgwp past Sever§&|P§bFQen§Hﬁ%¥”bfJﬁ&ﬁ%éﬁbs i s
deternmned, sugheapisiten, and if sk prepsieedepisidd opaskagkhe diag

(F:]ir(r)lg\sle.onThel en?tlf@gally dlsplac.gecf V:%.’Inl It 'eo"%ijé’c‘:“@m a]:setngfvfraélrecéfoen P! eton
between the different ring grooves, the gas has to flow
in the circumferential direction of the piston to flow
from the leakage tracks at a ring groove to the leakage
tracks in the underlying piston ring. The gas may draw

20 o0il remnants and residues from the combustion with it,
and the risk of depogition of residual material that may
coke becomes greater, the longer the flow path of the
gas is. In eEnsideration of counteracting coke deposi-

e - tions in the annular space behind the piston ring, the

25 piston ring preferably has from eight to sixteen leakage

-tracks in its lower surface. |

Examples of embodlments of the 1nventlon w1ll now

be explained in further detall,belqw with reference to
the schematic drawings, in which

30 Fig. 1 is a side view of a piston with ring grooves

for piston rings, ) .

-...Figs. 2a_and 2b are longltudlnally sectlonal and

e CEOSSzSectional outlines of ‘a first  embodiment of
. “‘pressure relief passages at ring grooves in a piston,



the piston, and if the pressure relief passages are 15 nutual ly

di.spl aced lwomam rcunferential direction ‘- - . bet weelpdmmoﬁj@rent
ring grooves, the gas has to flow in the circunferential .
direction of the piston to flow fromthe | eakage tracks-at a ring
groove to the | eakage tracks in the underlying piston ring. The
gas nmay draw 20 oil remants and residues fromthe conbustion with
it, . and the risk of deposition8of residual nmaterial that may -
coke becomes greater, the longer the fl.ow path of the gas is. In

consi deration of cddg®er & iamg Sbkardepozide wiewnofi antdhe wentliiealiyace
behind the pi Qi {dAeh w}l*lﬁ: %@sﬁb%ttg.@eﬁ.:yngtﬂf'sa @'ﬁd@gﬂo’ ?Qﬂt to
si xteen | eakage In_1t owe ace les o

enbodi ment s ofa t#@cw@e@mb%l%m %vawmambyefnpaasﬁaes detai | bel ow
with reference to Fig. 4a LBe $Chedrld GedtaWnaas, viBwWbeh a2~ third30 o
Fi g. 1|sa5|q5avcjiewof a piston with ring grooves . , for piston
rings, - © :F‘T'%ﬁ * 2a and 2b are | ongi tudi-nall.y. sectlonal and

crloss]: secti onal - pdds nesb aid @cfafétsﬁd@odimfofoﬁwc/: variantspbgssure
rel i ef passages at.,rin 00 n a-piston -7 WD 98/ 41749 S
PCT/. DK98/ 0008 Sh ”‘9 55 diifent, -8 Figs. 3a and 3b
are a side view of Bigka Sernd&d gre cyeoesi-erativnel, andspédei vékys '
~through a rin roo a ond £nhaql i S

passages, ot é)Filgné‘!)yl ggoovg gﬁ'ggls sectl onalra\q/i% ec\sf)vl o%h'e ?ﬁ ?;5&5%{1?;

enbodi ment 10 relief mwagﬁs.aﬁ@mCshrbesngesmvm\sm &f greetexr sgals, of

the third enbodi mengig. ea isFidScroasARe Bl ALA CHOsH- SOt ipngk rand si de
Vi ews of a r| ng groove with a fourth enbodi ment of pressure 10 relief
passages, Fig.® %F?E;tshom in a greater scale, Fig. 6ais.a
cross- sectlonal Vi epi@s . &P, feld) €d and 6e are side views of different

variants of the fifth embodlment, and

15 Figs. 7a and 7b are a cross-sectional and a side
view, respectively, of a ring groove with a sixth
embodiment of pressufe relief passéges.

Fig. 1 shows a piston 1 for a large two-stroke
crosshead engine of the diesei type. By means of a

20 piston rod and a crosshead as well as a connecting rod,
not shown, the piston is connected with the crankshaft.
Depending on the engine size, the piston may, for
example, have a diameter in the intexval from 240 to
1000 mm. The piston has a number-of axially separated:

25 ring grooires 2-4, in which piston rings can be mounted.
Typically, four piston rings -are mounted on the piston,
but of course other _numbérs may be used, such as from e
-two to eight piston rings. .. . .. ... .

In the following description;, the reference

30 numerals used in the différent embodiments are the same .
for the same sort of elements. _

-The - piston .-shown-—in-Fig. 1 has_a .relatively _

S elongated pistonportlon,a. so=called high top land 5, . .

“located above the Finig groove for the top pistom ring. -
35 This prbvide-s a certain protection of the top piston



enbodi ment Figs. 6b, 6c, 6d and 6e are side views of different
“variants ofN@A¥4¥# t h enbodi nent, and 15 Figs. 7a and 7PGHRK38/00087

cross-sectional and a side view, respectively, of a ring groove with a

si xth enbodi ment of pressure relief passages. Fig. 1 shows

piston 1 for a | arge two-stroke crosshead engi ne of the diesel type.

nmeans of a 20 piston rod and a crosshead as well as a connecting rod,

a

By

not shown, the piston is connected with the crankshaft. Dependi ng on the

o e P e e e e O o SEPTRE g DR AL R

separ ated 25 rtlmlgmgghoaas apnfilam sgash hetwesn rthgsinvnerbeunfiagedf |

Typi cal |y, 10Uty 2l S Bl d L Qi d BB B LG BLELD. t%?%%a&& GRIrse

ot her nunbers Tay such to el ton rings.-

In the fol | @wi#kendeteg; pThenhigh Heop rkand & a0 AL hIYe the ~ - -

different ermgpogl n@ﬁiélaéﬁtéﬁe 88Mehat Eate Hag %%@%o%o&tln%f 1@ qr&f&tsed
The piston shown has a rel ati véel el ongate Jston

a so-called m‘PH-’@tFl'i%"blfgl‘fearH- PF-”G@&tré@ﬂéfbweet hBa

~top piston ri rﬂe1§§tT6f5tﬁé0phd&6narQﬁ§t Bien ofr @hechp@@mn‘ostm@dm mrst on

WD 98/ 41749

9 "ring be65B§ep%ﬁE°ﬁot:&5ﬂﬁﬁ559ﬂ1qﬁ%;%}§?r§?C%S§@ea 4Fas §°wnt*ﬁough

an annul ar spaEigbe2 )Aedmereethe]rnexnngf@maecﬁ for tte ddp Ipiea’tcancrztrtga hi gh

top | and b%&pr tgfgséegghtthPpg ?hﬁ% exd ggﬁ&gﬂlland 5 nay,

f or- exanpl e-7 -~ an axl a eto Iston ring is
| ocat ed nmore thah rav@eruﬁaygepnumbeabpﬁ @§ﬁ§sﬁﬁ§nIQQé¢ﬁ|Bﬁ§$4§ﬁS
hei ght of the pi gken 16&&42?'&% the Beeebmos;tf RN roiy grbBeePizstaig

pi ston may al so be forpmed as shown in
connect it with the underlying ring groove 3. Correspon-

dingly, the ring groove 3 is connected.w1th its underly-

15 ing ring groove, and so forth down to the bottom rlngnrm"m-m"“”

groove 4. The pressure rellef passages 6 may be bored
in parallel with the centre axis 7 of the piston at a
radius locating the passages at the bottom of the ring
grooves, whereby the passeges open out radially on the
20 inside. of the back surface of the piston ring, not
shown, so that the outflow1ng leakage gas does not hit
the piston ring dlrectly The bore sections 10 located
below the bottom ring groove 4 are cut off by plugglng
8, packing, closure by.weldlng”ornln_anqu;hermway_that
25 prevents gas from flowing through the sections 10 down
below the piston. If it is desired that the gas should
flow in the circumferential direction of the ring groove
before it flows down to the underlying ring groove, more

bores can be bored than the number of relief passages,

30 and then some of the bores are closed off et one ring
groove, and others of the bores at another ring groove.
In a second embodlment, pressure 1 relle: passages

11 are each manufactured as two passage segments 12, 13

_located completely -free of- the assoc1ated ring. éreove.“mmm“mmmm

35 (2 or 3), in which a_plstqn ring 14 is mounted. The

The

ortlon
" the



Fig. 2, where the ring groove 2 for the top piston ring 10 is close to the

upper nost Wi 98/41G49 t he pi st on.
relief passages

connect it with the underlying ring groove 3. Correspon- di ngly,

ring groove 3 is connected with its. underly- 15 ing ring groove, and so
groove 4. The pressure relief passages 6
in parallel with the cetde axis 7 of the piston at a -

forth down to the bottomring

may be bored
radi us | ocati

piston ring,
the piston ri

A rat her -1 arge nuffbepcaiprysRdsy’ €
6 are |ocated at -the bottom of -the ring groove 2 and

ng the passages at the bottomof the ring grooves, whereby
t he passages ©faessa@s rini dhey phstom 2dnagnsléle kefept hetbacuteur fategofl the

irectly. The bore.sections cat

ng

'é%:'éiaceS inS @drt@ied Mgy Oyt Bh‘i#r{}%ﬁ e%gfﬂgcggﬁ_gd got hit

ow e bottom

ring groove 4S¥Rdndar oWpldy @F ugyi Aylinder phimeng 17l oFhee PFseRGEi ng or
125 HY LR Kifed ' fiduvinGadvrivwaredls theeseehbons 10

I n any ot her

down  below t.he piston. Lf i

sjired that ‘the s shoul d flowin

t is d _
the circunfer SRR JFFeBt & (ﬁy%_ TiGRL gPBERE SUFASH 1Pt 9 ofRedown to

‘the underlyi ngpistam ginovshe matea albw¥es tdhan Penorg

prbdren ahd nuhber of -

|'i ef er 30 th f, the.b , d off . '
o oove, " and oBREREds: SrRl, 13 HeS hasth be 2l gEhiansey ooharad 1888 Loldng

embodi ment, ptdes pistay ififopddengater sirface df Himdrhe saten doe hewt wo
ssa me 12..13 t |- t i a i
Orooue 35 (7 ofoy i \FTonPes ofF, ERIE) [efs) qdfiaits 42 1asc A8 111

(0]

groove 35 (2
98/ 41749 0

10 S

surface 18 of

15

) piston ring _ ]
converging courses and interseqiCEggitdoog7in a joint

SHANTE D Rt dictih MG, |5 Ul Bf Bd Nbocated
surface 15 in cont %} wi th_an jnnge sggfﬁge 16 'of a cyl i nder walt-
or a cylinderQQd%gi Fionﬂﬁ?ﬁxiﬁﬁiﬂé of the LWNFEHOAY® has been bored
obli quel y downwar dghient enle@iment Zapi Sben hoAHEisé chyi ncbmeainduger

t he

several'passage segments for'each passage. The piston

1 may, for example, be formed with an intermal annular
cavity located on the inside of the ring groove, - and
this annular cavity may constitute a 'segment in each
passage so that the segments are simply bored from the

- outer surface of the piston into the internal annular

20

25

cavity. Firstly, this means that the bores can be
performed with less precision, because they do not need
to hit the joint point of intersection, and secondly,
leakage gas may be distributed between several passages
via the annular cavity. Should such distribution be
undesirable, the internal cavity may be ‘divided in

" between each of the pressure relief passages.

30

During the combustion in the combustion chamber

)

above the piston; ‘hot leakage gas flows into the segment . -

12 above the piston ring and out through the opening 20

of the segment 13 below the piston ring.
The third embodiment is seen in Fig. 4a in connec-

-tion with the second riﬂg-groove 3 from the bottom, . - .
- ‘where pressure relief-péSSages 21 extend from the bottom =

"~ of the annular space 3’ behind the back surface 22 of ~ -

35

the piston ring and obliquely downwards out to the outer



piston in the area above the ri hg groove, and the passage segnent

13 has beenVBB#I™8p) i quel y upwards into : t he pi ston PEEMIKIRGOBAt er
surface. 18 in the area bel ow the ring groove so that the segnents’
12, 13 have 10 convergi ng courses and intersect each other in a joint
point of intersection 19 which may suitably be | ocated radially on
the inside of the ring groove. The enbodi nent can be nodified
by cont ai ni ng several passage segﬁénts for each passage. The piston

15 1 may, for , ropd with,_an i.nt.ernal, annul ar , cavity

| ocat ed” on theg‘“ii%glB g o]Ttget %g ;.Eﬁineg BHE508, bakev tné PIHHP afi@ar+tavity
may constitut eDariegnthe working stroke thpagsbgmosaimptl4 hes yegresds are
sinply bored f t . Qu f 3.0 h | St into t i pt er nal
ot ar oo e pealipbBReRRL RS hA ToRey, At 14 of
perfornmed wit htP@s¥Fipge GEAVIE . betac ethRepiddamtringdhas a smallént the
j oi nt poi nt ®frifgehse§ht OPhaldNEhs UONHY . i ?g&ﬂﬁ;

di.stributed _be,t_v\ig%n s‘eger aa sages of tillllea I’E’T#ege nu a%%%/?%{yfsesmul d

p

such di stri but®ofi°pgldera 55 Angas etwren ke ndpresyisuyringe ef
divided in - the phetemerigachamd the .ﬁbﬁéiurs%ﬂf%!deefzé’aéﬁaﬂﬁ% rin |
During the conbustion in t@ﬁ.co usti on chanber above the'pl%ton,

hot | eakage gadr$P¥%e PRPOCPHE SkGREARCe causes)shghappulpe sRacsh 3 ng and
out through tHeehimdi the2@iston 38ing the begunderld ey t BRePigdmh i Ng.
The third ' LS [ | L. | n nec- tion with the '
second ri ng'rﬁg)%%%%r%r%% e %3@%% %%‘?%%15‘?’5&%% PeELOR Ly 21
extend from t it belie oputer surfatet € Bheupastepace 3' behind the back

surface 22 of (PR HBLP186RAGE YAAAAN | AUGh Ve HOVONALT R "W d R e
PCT/ DK98/ 000872’ through the passages 21 and out through thel openings

surface 18 of 2de whcrafrdieltdid the PetbopassHbddes the annular _S?érdleng the
wor ki ng st rlch%ke%é h‘?%ﬁ'g‘?t gﬁFrlgmgtM LS ol ea-.snsdecLit he i gown I t% seal i ng
contact with the f REE-2% &t % A ReFgSHFEBFE. 186 nce
the piston rimf fde aryddeidesr liner, and at the same time the pressure
in the annular space 26 is being built up owing to the
inflow of leakage gas. The outlet openings 20 are
located on the outer surface of the pistori and.are
20. therefore continuously moved in relation to the inner
surface 16 so that the latter is not subjected to heat
damage. It is clear th_at the annular space 3’ is
supplied with hot gas corresponding to the outflowing
amount of leakage gas, but the supply takes place
25 through the clearance between the upper ring surface and
the upper surface 24, where the flow area is many times
. larger than the cross-sectional area of the passages 21,
and the gas flows are correspondingly sldwér-and cé.lmer.
The passages 21 may have different cross-séctional
30 'shapes, for example a simple circular cross—séction as
shown in Fig. 4b or an elongated cross-section as shown
i e AN Filg.. _4c.. _ The elongated cross-section has a larger
e .. B¥@A_per passage, which results in fewer passages per
- “"ring groove for a specific total leakage area. It is
35 possible to use passages with several different cross-



5 ring height than the height of the ring groove there is a

" consi der abIWO@B4EMANce between the upper surface of . " . -per/pKbdisvo Ston. -
ring and the upper surface 24 of the ring groove, and this
cl earance causes the annul ar space 3 "behi nd the piston ring

~to be under largely the sane - . - ° 10 pressure as the annul ar space 25
above the piston ring, at the outer surface of the piston.
The hot | eakage gas flows fromthe annul %% space 3" through

t he passages 21 and o t br ough the openings 20, wherefromthe gas jets _
passpacrogs t ¥ é%ﬁﬁﬂ Shanes in c°nn$5g 2gnhar b t Kdigi sade r kdggand hi t

the inner surfaesovdd, * . of- the cylinder liner, and.at Lhelsane
time the pressure: th nul ar space 26 is being built u
owi ng to Fhe In: the |ﬁ?P5§£0fe$§@éEMEpﬁas %¥hep6@§ﬁ@F€bp€ﬁﬂh§§ 20 are
| ocated on th@a'aaagesutidi aegtehdt e piaxiadledndvidite the lower Bﬁrtagéef O{ﬁ t
cont i nuousl| ¥ %Vecgf Lfig\bong]o%\;eheffgrg eJéhe bot&gﬁ;a&é t'rsrﬁe §g§}1 QFS? hat at.

the lLatter I's not. su
t he annul ar’ sﬁﬁﬁ9%334ébehlnd the PlssoppMNng\and1rndlqkﬁycoutwapdadlng to.

the outflow ngo the opening 23504RItE 4 4% R4t Hhe ig@gly kes
 giite,

pl ace 25 through™t he clearanc € ‘upper _ring s@f'ace and
the upper surURREDFULFAGRS 1PE Ehewrangagreovenpns mxrovided Wlth a | arger
than the CrOS&dﬂhﬂﬂ?NEd afe&<Héﬁdt?éﬁ?§ﬁQES &bch as chromlumaﬂg pQESESZS'
flows are rrespondin wer_ and cal ner
21 may havi8 %ﬁé&ﬁ?%s 30 are upHREGHHCPSR PaBFAGRSe a
simpl e. ci rcul amdcr}wse sedidmyernpassage depth @Mﬂ&hlﬁh&la%lhéibm?ésaet |
el.ongated cro t wn e el ongate

S oF T FthQEQSQQ This pﬁ?gédﬁgrL%ﬁs@%ﬁ%ntﬁﬁ?cﬁh? Esties in

cross-section has a
f ewer passage§opEAng dg gmimetcf & =ligleridegraotalifdamddidey atlea. hot | S

Sg/ggijgble tQe%%%g@aéﬁ%ﬁ%§mNbEﬁr§§i§raEhQ!£LSE§§%EK5@7%%%ége formed 'O

12 15 witho At EEarsRts crRssoRretirsaliiateasheag adesaided in

connection with the passages 21.

In a fifth embodiment, pressure relief passages 32
are provided in a separate piston portion 33 constitut-
ing the lower delimitation of the ring groove for the

20 piston ring 14. The piston portion has a flange portion
34 placed in engagement with a recess at the bottom of
the ring groove, whereby the piston portion is fastened
to the remaining part of the piston. The piston portion
33 may be made of cast-steel capable of enduring a long-

25 term influence of “substantially higher temperatures,

 normally at least 450°C; than-the usual piston material,

cast iron, which is more sensitive to temperatures.
--Moreover-therefis-themsubStantial-advantage of forming
‘the pressure relief passages in a separate and replace-

30 able piston portion 33 that different piston portions
may be mounted on the same piston base according to thé

~wactual-power_output;chosen;£orwthemengineminfwhich"the“mm
~4piston.iswto_besmountedﬁlEo;mexamplehmthemmost“suitable“;_
Iéékégé“éféi”éffﬁwfiﬁ§“§f66¥é“aébéﬁdé'Onl“intér“alia;
35 the maximum pressure of the specific engine, and through



groove. In the fourth enbodi ment, the pressure relief

' passages 3VQRIYHA® i n parallel with.the | ower surface . PCII0K98/00087
ring groove fromthe bottom of the annul ar space 3' behind the

pi ston ring and radially. outwards . to the opening 20 in the outer
surface 18. The | ower and ‘upper surfaces of the, ring groove are
provided with a coating 31 of a hard material, such as chrom um
The . 10 pressure relief passages 30 ¥d¥e upwardly open passages

and have a | arger age depth g than the thj ckness t of the
coating 31. TR §ubEB€’i&e§ PhEe B RISHRN BRRC ¥y the pPistosabasg Fatonly to
a-slight degrpe aidgsiedl by the hajtual opéfakagg gasameNalry abfyrhhe
passages 30 can .be.forned 15 with different cross-sectional areas as
described in SRI9INE. connection with the passages 21. In a

fifth enbodi ment, [Atedsumecomnbaf fpasﬂng"éﬁbﬁ?ﬁﬁé"‘i‘r‘é:f’iaﬁg esmbodidedtsn a0

separat o pi s{ B POLHLON HA-LHSEHLN! the rots1! MddIe JnRloel I mLglion of

the ring groove Ston Tl
flange portioAgge ©F thszp:mm |m1@ﬁﬁg@mﬂgaﬂ Bbsacaemwattht tbkebot t om
of N 99 a0y s,st%eﬁgé sgesp! Eﬁenlﬂeékrgﬂ J—::?orfnaﬁz?@ggoo

tothererralnln B t he pi st glston
made of cast tOst el/l@QBle ea%?fi eHHﬁf-Fﬁgb Yl ohB- the 251'1'€%¥ﬁaﬂ-nf fHche of

‘substanti al | ynﬁl/gloeroot eBpe? 220666 . For a ty‘?@&ﬁ@l Héoa’sti@ﬁétcfégéﬁééhc
t han-the u 8518' ston,mat er | al
r

, is nore sensitive
to tenpera . the l&}rsé:tﬂf‘eld’tatlﬂ?rt@lﬁ P the B&R}s 9 M a3t Aget of
form ng ist He p:rr&ssimaerﬁl efropassagesol B36a parmef @wrsbIgpiace-
30 able pisto or.t at_diffe I st2n S nay be
nmount ed on thghgarreﬂ% Eté g%é’é“ a]bico{r:g ﬁ'geot%mt hel%g u%\ ¢ &k 1ﬁﬁ§§ut
chosen for englneﬁghavlng anpastoh dhsmetepi Bt ofi absutolbeomomntkd. For
exanpl e, the-Eusta  SUSLANP the indBRYA0CEBLAA . A £LNG Y Ogye depends

on, inter a max| num pr essure-o the “Specl fic engl né, -and
“through 15 pEpggpgyiygln the 1nterval from 33.3 to 50 mm
PCT/ DK98/ 00087 It is seen from Figs. 6b and 6c that the pressure

relief passages 32 may have different cross-sectional
shapes and sizes, and Fig. 6d shows a location of the
passage at the top of the piston portion 33 correspon-
20 ding to the embodiment shown in Fig. 5b. Moreover, as
shown in Fig. 6e the passages 32 may be located at the
lower surface of the piston portion 33, but this is not
a preferred émbodiment. . _
In the sixth embodiment shown-in Figs. 7a, b, the
25 pressure relief passages comprise passage sections 35
which pass through the piston ring. 14, preferably
obliquely downwards, from the annular space 25 to an
annular. passage section 36 which”“is_:férméd-_aé aﬁs;f
-upwardly open recess in the upper surface 23 of the ring
30 groove. From the passage section 36, the leakage gas
flows via radially extending passage sections 37 to the

outlet..openings 20, from where the gas_hits the inner =~

surface .16 _of _th,e____,,lin’é_r__,,__:__-___sl_qws______d_gwg_-__é;l_@________9?4!_?_?%______%____________
pressure increase in the annular space 26:  ~ o e e



13 ‘a suitable choice of piston portion, the piston base can be
- adapt-ed towgdesagupal operating paraneters of. the - engi ngeTmKes/o00sy! i S

a common feature for the various enbodinents 5 described herein that the o

total cross-sectjonal area Alerr] of the pressure relief passages
associat ed”’ wi ththe i ndi vi dual pirston ring is in the interval from

D err] /68000 to D[err]/10000, ‘and preferably in the interval from
D err]./ 30000 to D[ err]/20000. For a typii@al two-stroke crosshead 10 -
engi nethe piston diameter D is about 600 mm and Alerr] is in the
interval from 5. 29 The ﬁﬁfi&#enm]embodﬁmeahbycan be ¢ombimedrimtofnewn 12 to

about - 1000 rrePREeinEih | 3P qeca1Y Mo L Srb el 4" AR SR

mierr], 15 pbef @cabiipech the interval from33.3 to 50 nnferr] Tt
is seen fromFigs. 6b and 6c that the pressure relief passages 32 may
have different cross-sectiopal shapes and sizes, and Fig. 6d shows a-
" location of the passage at the top of -the piston portion 33 correspon-
20 ding to the enbodinment shown in Fig. 5b. Moreover, as shown in Fi'g.”
6e the passages 32 may be located at the . |ower surface of the piston
portion 33, but this is not a preferred enbodi nent. In the sixth
enbodi nent shown in Figs. 7a, b, the 25 pressure relief passages conprlse -
passage sections 35 - which.pass through the piston ring.

preferably . obliquely downwards, fromthe annul ar space 25 to an

annul ar passage section 36 which is fornmed as an upwar dl y open
recess in the upper surface 23 of the ring 30 groove. Fromthe passage
section 36, the | eakage gas . flows via radially extendi ng passage
sections 37 to the outl et openings 20, fromwhere the gas hits the

i nner surface 16 of the liner, slows down and causes a pressure
increase in the annular space 26. - WD 98/ 41749 '
PCT/ DK98/ 00087 : N _ e e



14 : The different enbodi ments can be conmbined into new

embodi ment VO ¥ 742+ al I s fromthe enbodi ments can also  be RCIDKHN0S7
PATENTCLAI 1. A two-stroke crosshead diesel ‘engine X
|M number of ring grooves (2-4) for pisten—ihgs 14
" ring height in the axial 5 direction|dHIZ SHEﬁfHﬂSrBEEP{
thaﬂm"mmnm Jrnmte ring groove associated with the ting, RERLAGEBton
at at* | éast the rings having pressure relief passages (Ol 1T,
21, 30, 32, 35 37) form ng. gas o] onnecti ons bet ween t he annul ar
spaces (25, 26) |ocated abovg JH ﬁIO b&l owCt Re®pilsto® ring at the outer
surface (18) of tha. A pisttewmn (M) cﬂbmram-egﬁﬁk@fcwggﬁgga ahgiak | east

artially for d t S i n that

Fhe outl >elt __ opem nh%s dl5'%‘?%)1 ttg&et’h%he pplrsé"'sc%‘hrl'é"’“F’e‘FSf’eEIl Ib‘é@%%ﬁegg(ﬁlngl 21,

30, 32, 35- 37yrbowe§5(ﬁot4)g§9rfpmtm :f:mgsMiac&nrhal)vH assmaalé%hﬁgove tod :
t he annuka e 4 e h | tion an '
orient atlongs%e?' 3 é”trgg%&%nélggﬁit %rl?u%%q&{ %ﬁ é B %\é%élmtn%% g ¥ the -
axes of the pé§:§-§§‘é‘~s°§v§h§ ringi ﬁtpﬁgeaaESQG@ﬁtﬁdngl(:m49‘-heamlnghathehe o
total .cross- gestest |egtnaéta&gase\t Qonf dHEERe PSS Bl féﬁ%ooo b

n the interval- fromDjerr
ﬁel ng 2relle% passages orm:i.ing gas f[i[ow c]onnectlons be ween the

annular spaces located above and below the piston ring
10 between the outer surface (18) of the piston.and the
inner surface (16).of the associated cylinder 1liner,
which pressure relief passagés are at least partially
formedlntheplston, _characterJ. z e d in that -
... .the outlet openings (20) of the pressure relief passages
15 (6, 11, 21, 30, 32, 35-37) for hot gas flowing from the
annular space (25) above to the annular space (26) below
the piston ring (14) have a location and orientation so
that at extension through the outlet openings (20) the
axes of the passages avoid hitting a piston ring (14),
20 and that the total cross-sectional area A oe of these
pressure rellef ~passages 1is in the interval from
D /68000 to D /10000 D being the cylinder diameter
exgressed in mm, and Atot being the area expressed 1n_
mm-.
25 2. A piston according to claim 1, charac -
t er iz ed in that the openings (20) of the pressure
relief passages (6) are located radially on the inside
of the back suffage of the piston ring (14), énd'that )
the pressure relief passages (G)Iextend.in.parallel with
30 the axial direction of the piston.
3. A piston according to claim 1, charac -
.. r iz e d in that the openings (20) of the.pressuré_,_
o ¥@lief passages (11, 21,730, 32, 37) are located in the
"7 77 " peripheral surface (18) of the piston.

\
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the piston diameter expressed in mm and Alerr] being the area expressed
“i'n nmm{err].wo98@1749 pi ston according to claiml, ¢har a CTIBES’%/%(@ z .-
are :

openi ngs (20) of the pressure reli-ef passages
1 OCEI'[E&% i nsi de of the back surface of the piston ring

5%3) axr!t‘ b M’Imlmfpressure relief- passages (6) extend in parallel with

the piston. 30 3. A piston according to claim
1, char ac- *teri zedintbat the openings (20) of the -
pressure  relief passaﬁg-es (21, 21, 30, 32, 37) are located in the
peri pheral surface 418% piston pcsbm'd:r.ng to claim \X) 98¢4R749r a ¢ -

PCT/ DK98/ 00084 etr i z e d J.g. tha?%%&?%%laé:%%ﬁql Ptg.%s%[gge'sgagﬁ ¢ h a. x

rac - pressurere (11)
conpri ses at- I%@Hr-’tw p%%shgéSEeEW@npélS(Sﬁge E®gmemyts (12, 13)exhand

i nwar ds from teher e | Txelia S ﬁﬁrﬁrtlﬁ”éﬁfn&ﬂ@&al outer sﬁ’;:f%?% R%??at?grggldy

arein mut ug gormuni icatio - insid pi ston
through the él‘#re piston aﬂavﬁ‘f@e alF‘edPli‘tFlil%arflé’Unv%‘P‘g‘PﬁglééEF-@é and
neeting at 1ns1de &heoipistmi nf1)of pﬁﬁﬁﬁ@ty%ﬁd@h the segments 5. A
pr ston accordi in that

£ | d
| east part }{egr:rtr%%%?%éngé{,%lnear conV?EFF'EE ﬁé’y'srg&e?r’(%d“e%‘éanGaW)
ext ends froma dmmm;ss_scunt of intewsédatidre tm)g groove substantially in

parallel with . - fﬁt’:’&?eéccgérhg t§>ur 23) Of%t%ﬁ ri ing gr oove o

and. open out at errphera surfac
6. A pi st oAOakc & & dg 2 ® d ai M'l5t ag lata least part of thet pressuree d in

that  the presw%tega%fsar&%sqg@s (a§2)36 37) ext@ﬁﬁgnﬁr{;{ﬂ 8 8&,5}3& portion

(33) which is,renoya inséried in rece ng groove

(2, 3). ion in t‘¥e £1’B$596H°Xecérla’ﬁﬁgntteaé41¥ A5 Paral kel mth-
20t er i z eht iupgdntor owereiurFddac@I)2DE Ahd heing groove and -

- open out. at--the-peripheral surface of the pJ.ston
15 = 6. A piston according to claim 5, c harac-
t exr iz ed in that the pressure relief passages (32)
extend in a piston portion (33) which is removably
inserted in a recess at the ring groove (2, 3).
7. A piston according to claim 5, charac-
20 t er ized in that the lower surface (23) of the
ring groove is provided with a coating (31) of a
‘material, such as chromium, which is harder than the
base material-.of the piston (1), that the pressure
relief passagés are upwardly open passages (30, 37) in
25 the lower surface of the ring groove, and that the
pressure relief passages have a greater height in the
- axial direction of the piston than the thickness of the
~ harder material -coating. .
8. A piston according to any one of claims 1-7,
30 characterize d in that the pressure relief
passages comprise passage sections (35) passing through
- the-piston-ring -(14)-from-its upper surface to.its. lower
--surfaece; - -t-hét---~—t—he----pas-sa"ée -sections.in.the .piston ring
~ open out into at léast oné Upwardly open annulat pas sage
35 section (36) which is formed in the lower surface of the



ring groove is provided with a coating (31) of a material . such as
éhrom uim \WOON4IHMIhar der t han the base materi al OfP?'F(gKBF/gqanl '
(D, f—hat——t—he—p#essw_e_ rel i ef passaages: are upwardly open

passag 25 the | ower surface of the ring groove, and that

3 |
t he Diu '“LH' wﬁu | i ef passages have a greater height in the
axi al pi ston than the t{;{,ckness of the har der
mat eri al coatl ng 8. A p| on according to any one of cl ai s

S 1-7, . 30 h .
passages corrpf"‘i"s%ga r a‘@eeagedcﬂhd'réi'( clyn 5ggtslgng t%?&%?aﬁé |ston nl’gl ng

(14) -fromit pagyege ssetadenso (37) | owemmunicatesf aclé‘-hthbﬁ tﬂii@u:k?d”ssage

-sections in the g p into at | east one
upwar dl'y open SRGT a?ééjag%%ﬂé‘p the E%Stogt ?gng(%) whi ch | formed jn the

|1 ower™ surface of the. A p.ﬂﬂbogglagqq:gdlng to—any “one of  claims—1-8;"

PCT/ DK98/ 00Q87, p 5 r a &l B9e0509VE @nd WiiLhonatt aféﬁdtﬁle| M A RIH Y |
ext endi ng passage sectl ons (37),. -conmuni.cates with %)51[ nul.-ar space -
(26) bel ow t hepjpssemnripgg. (14) at: ‘lepsty FPU¥ orPEEEEFAPY (S’“hrﬁFo% of

claims 1-8, 5 &lsfefednl éc@:.{'el ﬂe@s@relfeli@f pagsddees i (8 vitual,

piston ring (14) at | east r abl, roms n,
active pressurdOrePRiZef pasdd Sesa’i% gfgsgﬁf 1¥1&¥0 < %XfQS dg'%&l%&géa&
subst anti al | y gvendyeHesperbphedy ofathegptbtoperl phery of the piston. 10

10. A pi ston accordg&g %&o ar@(:c%nea <{oz% %\Ye E acrlaa_n% tlegr iz e

d in that 0(he t ot SecC |ona area sai d pressure
relief passages hsa r anct heel mt dr wake ﬁromlD[ ekhat/ otebad %95%20000.

sectional area Aot of said pressure relief passages is
in the interval from D2/30000 to D /20000




