 Z[ e3eW] , 6 <- WD 00161935 , ' P 23 (00001 "° i ston and a
pi ston r%’&“ﬂ&?”&n i nt ernal conbus'jmﬂmmﬁmﬁ@mmm pr esent f%?/@h‘ﬂ”@%g% el ates
to a piston for an internal conbu Y the piston having a piston 5
top which, at a distance fromthe | ongé®®tti nal centre axis of the piston,
has an abutnent surface extending in the circunferential direction of the
pi ston and being adapted to be cl anped g@gai nst an abutnent surface on a

pi ston rod. 10 JP 8-218940 describes a piston for a diesel engine, the

pi ston top of thedistomghavigigtan iFdErigk FaWINREH 1Pr RGNy
peripheral rib, which is clanped against a piston rod by nmeans of bolts. In
a radially cP893 §ectional view, the rib has a sem -circular 15 projection
abutting on a corresponding sem -circular recess in the piston rod. As a
consequence of ex sions int i.Ston hgat ing .t here the rib can
perform an angul a%ro gﬁefsoennq:l nﬂ%@%tfsll%}\ %%P?ﬁéés p?ét SnPrASECR ﬁgedr an

sem - ci r cul ainpeajnedt icombeitigraleng itne + twhe ipi 2O feviswess, pidtereby a
maxi mum abyt gpAt JUHACE,d S%”&iQEQhBSdeBmaUnet '1'5‘?13ift‘?fditrfaainsé@§éfe°“ of
force between the rib and the piston rod. This results in a constant, even
| oad on the pxBs wifertdby PESTGue RRAcCRDr abutpanti urdace agigndine t hread
of the bol ts;CBRe25: POuAYOLERE:ad R Br2dOIB0 shewe BiBEShOMnd Pe hdli esel
engi ne, in which tegte plgon t(r)ﬂp,eg n addition t belqr%cla%gd against the
pi ston rod bfdgRtEt &hAe KRTH é‘i%“cﬁtarﬁ?e@%é’d'é'] FHT LR Fovihwar dl y
faci ng abut mpaktd3n swid.ace on the outer wall of the piston top, thus

di stributipg the | _ N4 pI istonrod_across,these two

cl anpi ng IIlgcati ong%aghgﬁg\ggt%n%%g%gg?gg‘% pglssct %efg%t%r&%/\e/aﬁliesn%lenn?’- circul ar
to have the thee péfsfteyt tep debcrh®edifopn)Paging8en) integmede dowsd 001 61935

2 PCT/ DKOO/ 09%&%1 UB¥BYecRing CHLSETNERSE ofi Y, heyyeey |§§gec1da?€ﬂ%éﬂc | oads

transmtted from the piston top piston rod, the material "on the
cont act surf agedngdt iedhl i ¥t ofPd opY aRE2PF sPENPPSESI- n Iy iforcattiaklint ons

soneti nes tepds sl focdagnnar aka e Sere degheenadhes Olyeaet- OfrddiePresent
invention_is to provide ?a}epl ston that has_a bettgr. stability of the

abut ment  $ar PEOJ &R PP h e OFodtl FPOATEREPBHEE0IF YUY $3F THE Di st on
rod. 10 I n vireweefs tihi shetphesposton acdcoadeogségquéehee i ol entganisiicns

characterizedq_in at_.t b SHr of kSt top. Lo | Sses a
first surfacg,n \A}fﬁ%l%hfpligr]f%ar?r gégglr&k’ %nggg'% ecﬁ%ﬁ%&ﬁ gvl}v)e eg %n?sgrli n a
strai ght |ineead@riorar IATURT crofabedRetR Fednagigs ot Fhe ISistomal pl ane

to the |ongi tugdi ngheCceBkecaxcalak %b@jei:s_aeﬂ,béﬂﬂg%ﬁf@f)@@%dx&%ﬁ ace,
which fornms an angle of |ess thﬁg 178 or .nore than 182 with_ the fjrst

surface . 2¥h&NgHuERERESsur FRRESRAY 3 hTS*AMBY | EBUERBNE ur $AEERC20 ¥hch of
whi ch, in a madndihert 038- S&Tli anahey | yrof tirhrspiskddbn | 6f defdred by a

straaht Ll ngedfel|age bl ngdigel LLoenal edobrygt o sastt, Ths, prov des
t.0 the pistoronatargi nceverhel podsobi theyrib, whereby fatigue frac-
tures, particularly around the thread of the bolts, can
25 be avoided.

JP 8-210180 shows a piston for a diesel engine, in
which the piston top, in addition to being clamped
against the piston rod by an internal rib, is also
clamped against it at a downwardly facing abutment

30 surface on the outer wall of the piston top, thus
distributing the load between piston and piston rod
across these two clamping locations. The abutment
surface at the outer wall is semi-circular to have the
same effect as described for JP 8-218940.

AR AR
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25 of even very small nutual displacenents of the abutnment surfaces of the
pi st on t &Y 8HeI93he piston rod, respectively, is reduced aRETIHDOPIZK of
degeneration of the material on the contact surfaces is substantially
reduced. 30 In pistons where the dynam c influences acting on the piston
top in operation seek to press its abutnent surface towards the

| ongi tudi nal centre axis of the piston i%lrelation to the abutnent surface
of the piston rod, the first surface of the piston top may, in the 35

radially outward dj,rection,_jncl] fr h 0 00{.61935 3
PCT/ DKOO/ 00123 si diéo‘é’%%?%e %% 5 gﬁg’%a%}ﬁ%ﬁehg@ c"lolrl‘r%u‘;s i Yonla::%enbdé’ﬁa"{lhcus
count er act i ngldagpl tcamemi t oéd tromibenpastonr tapet oft hded jwtonrddy

relation to the ahut oppl) st faee Qndde RISARJLhe ke rﬁr&%ﬁvgﬁgﬁventi on

also relates to_a piston rod for an internal conbustion engine, pi st on
rod havi ng an2BBuPHERPNsHPHatR RALEH REC| BeateBSafoRedigesntedma t s

| ongi t udi nad g@@éﬁgraxgstoegb@gdaegﬂeéhe circunferential direction of the

piston rod and Ts adapted to bg ég clanged a?ains .an abut nment surface of a
pi ston top. The pi SPBn°Pe8Chcebr BPfigPFGothRE TRVERELGR i*§ &raPFdedSed in
t hat the abut aeptssonf admtofhddeapbstorrr et abdiptys est ather stousutefrace

15 o me an SRGFE"6F DLTUEER ot SR wih Bonorna P brERd (g R erle® &1

| ongi t udi nal pestee ¥Rids of the piston, and a secondary surface which forns

an angle ofgless than \lif8, o fMDER; Ehan B2 pWiskBnt hgcbbratnguré@cend n the
radially outward directjon, the first surface naﬁﬁéo incline towards the
opposi te end BRVERBLIERstBFRBERCHRHEY RV Yhe EhEa GOt IESS iShed 285ove are

achi eved. Theopi shenpostbhetppstonprodesny beradaptiedase,t hatidH,s ifd r st
surface) in a radéalig cross-sectjonal ,vi ew forgs an angl_e %& 3 .- 20 ,
and preferabl § 5241243y CTOESGFERCACRBE Al B aRE“EBEhE™ SnFitGdHI™E centre
axis of the plstenaod tfeensi strorengbe JFhi beawkeows 22 sand aBe pisport i on
between hes exbenky obibhie Goit BAL SUdAG G egoRt SLORLAP grd dieSt on Tod

in the direction o he centre axis a he radi al direction, respectively.
30 As the | argéstonpadndcussqoRndyy SUEacs r sttidh, fapuendmt adglcaces

extending in gheidigsecthon afygbhercenbre @Ham W sbe defienm ehéf erientd y al ong
their nutual contact surface owing to the elasticity of the material. It is
t herefore desFtab?€®to linmt the extent of the 35 contact surface in the
direction of the ctherabuwment suMBaE 6293Bhus comprise two surfaces

20 each of which, in a radially cross-sectional view of the
piston, is defined by a straight line, the lines being
mutually angled by at 1least 2°. This provides an
extremely stable transmission of the dynamic forces from
the piston top to the piston rod, since the possibility

25 of even very small mutual displacements of the abutment
surfaces of the piston top and the piston rod, respect-
ively, is reduced and the risk of degeneration of the
material on the contact surfaces 1is substantially
reduced.

30 In pistons where the dynamic influences acting on
the piston top in operation seek to press its abutment
surface towards the longitudinal centre axis of the
piston in relation to the abutment surface of the piston
rod, the first surface of the piston top may, in the

35 radially outward direction, incline away from the top



4 PCT/ DKOO/ 00123 Furthernore, the secondary surface may b tantiall
par al | el YR P81 BRe nor nal pl ane to the Iongiyt udi nal cen%/reg(é%gﬁ%?m%%e Y
pi ston or the piston rod. This provides a good proportion between the
transm ssion of 5 the axial and the radial forces. As nentioned, the axi al
forces are larger, and a surface at right angles to the centre axis
transmts these forces best. Furtherm)r? such a surface is cheaper to
manuf acture than, for exanple, a conical surface. 10 The first surface my

be radially Quler Qest e Jigledld dhdind hehsacansasy; S Eashpefdditignal Iy,
t he abutnent surface may extend over "a di stance which, In the direction of
the centre agPyntiegacddng rhrwlaremers ahdtpeedrdmeny esdrfagn 0f2 15

tines the di $hangs MRl Mhigdnatiext eadshien s et adusiLE8t benehehi s
limts the extent of the contact surface in the direction of the centre
axis, and t h®iHOFar% spl acenent of the abutnent surfaces clanped agai nst
each othersis redmtedpaesexpl anredtdbovels20rAlaeeesso prgfietabl yohavi ng

soft roundi ngs, nay. be formed he en the first ,surf.ace _and the secondary
surface . Th%ogr 3§eh?t?ﬁ?/aeg‘tacloom%‘$surjt%%rerﬁﬁlener’eltgieeg ltsi)éoél lrloﬁlgRSVlﬁﬁ annul ar
menber for beingbulawpédsbefacenwhiphsienlosasrd atphsddbatrode Themmenber

i s characteri;zedibRdiRakinkinaend bl b4 sabULPBAKSSYR! BRE e&rgua@ége
substantially corresponding to the shape of the abutnent surface of the

pi ston, and &4EEdnGarEcEEermett ther PasEosf re%sRRFe 1suBSAREECaPybe

cor r espongpn@ e sgfapestofart hnahwdnenduSthsaréacg pistba popton rod.
The ring or the annul ar . e of another material than the

nmenber rr(&y be ma(g
piston top or the {hicst BASFGE, EPF o TPTOIRehdUsd s APWERELCn RASvi ng
especi al |y f areu=altlericent dat thaopekié idsutimentelairfoncd oft hte3pigabari al of
the piston top or the piston red. _The ri .00/ 61935 5 PCT/ 0/ 00123
mat eri al may,rp orc%gé%ﬁ%f’%? e ggﬁ%r sol%rjﬂarede\rv/v\gtlﬁg‘h thé rfat gigigé?fg?' t he
pi ston top orcrole -Eiesttgeredd. vie, | axsanden i | & stwaighexpl tieednidn nore
detai | behewduyIPansag l@ﬁ@g%@%@éneim%ﬁ@éthar ﬁB?Fn%'lC?lgnEo the

schematic drawing, iIn ich Fig. 1 is a cross-sectional view o
conventi onal b9 sit¥h HBUStREUALREL FREEES rpfts of the piston, and a

secondary surface which forms an angle of less than 178°

or more than 182° with the first surface. In the

radially outward direction, the first surface may

20 incline towards the opposite end of the piston rod.
Thereby the advantages described above are achieved.

The piston or the piston rod may be adapted so that

its first surface, in a radially cross-sectional view,

forms an angle of 3° - 20°, and preferably 5° - 13°,

25 with a normal plane to the longitudinal centre axis of

the piston or the piston rod. This allows a suitable

proportion between the extent of the contact surface

between piston top and piston rod in the direction of

the centre axis and the radial direction, respectively.

30 As the largest load occurs in the axial direction,

abutment surfaces extending in the direction of the

centre axis will deform differently along their mutual

contact surface owing to the elasticity of the material.

It is therefore desirable to limit the extent of the

35 contact surface in the direction of the centre axis.



Fig. 2 is aradially cross-sectional view of an enl arged segnent of a

pi ston nOYALEEI9H a piston rod, 10 with abutnent surfaces P5CAYFHI%PH3t 0 the
invention, Figs. 3 to 9 are cross-sectional views corresponding to that of
Fig. 2 of different enbodi nents, Figs. 10 and 11 are cross-sectional views
corresponding to that of Fig. 2 of enbodi nents having an 15 annul ar nenber
cl anped between piston top and piston rod, Fig. 12 is a cross-sectional

vi ew of the abutnment surfaces of the piéton top and the piston rod in a
cold condition of L.an [ hawe j , _Fig. 13
IS a cross-secti ong}lggﬁégﬁ%g%‘Zés%%n%(%gm?%rfhat oéfé%:iﬁgag’ Jl?% S§§§@%€ t he
abut nent surfatadlyfparpisebnvipll theirstannl edanscsodihg Longheudhventi on,
alsoin a CO'Hﬁf%BQ%&E@naﬁQ 9t hk 1SR SONMENt ) 0Bab, PESAONTHA; BOUNt ed

on a piston ro pistaon is intended for a two-stroke diesel engine

and, dependi NBrOKLERF ReISPFePTRBYY baCReRGFYEEHr ERCi hranfFPéfFehPRsPies with
di aneters typigaldyiad 4@ thet eadaklf forme@50 manntemthiQeaym:hd0aRiaing t he
conmbustion in_the engine thg cyliémkn J¥£§§§Eﬁ;%€9%ﬁ tge gis%on %ises to a
maxi mum conbuSPF SRS prEsshPEISHini T iy 61 i e b8 HaFRe&R 189 and 200
bar, and si nutéaneeusidist herdamsmperat thesat fiohwesppeestendFotthaemoyki nder
rises to nore n 50 ist r ] r oad o the

pi ston rod, aﬁ%gﬁeébyQS%gépgoﬁgi9§Eeg£§%7?%i£%%§8ggégggﬁan §h3re§?%erefore
made on the jekanpbetweeAopisadnsuraadepi ston rod 2. The piston 1 has a
cylinder-shaped pighen 403 LQFFRde anadn B! e8HAL18L MR e riMlCh; ARY

possi bly be 5 cast and which conprises a tog wal | 4, "the upper surface of
whi ch may be E®hBh¥8N0ECCHRFeRSERBIPPYESFBFY2FSced with a speci al

heat - resi st ant fachagivwebdellon, tihe dvumeael o derdimag exkendesvehaped
outer wall 5 form t he r r f r_su o t he 10 piston,
and in the IoﬂeglﬁggPCwa§E?§h ggvé?gld%?%FgggﬁiﬁgsgﬁﬁogegﬁgﬁnéxéFé
enbedded i n aikndessnanrer PnScitioglsarang opveserahdyan esiss o lbownaz dl y

eXtendingdf%ggﬁgé%ceherE?éEQﬁBSdo@é§awﬁicHhiEhek%ehegaiﬁdthgstgﬁiéfe out er

wal |l 5 an ower horizontal abutnent 15 surface 7 clanp In a known

manner agai ns@isfActpper BB nefiteuthgcexbeBt 2hdhs sPpfarsdserb§ceeans of
a nunber of bohteh® dheedtivd bs ther edarterd haxsyppamnd nghdérerienawhi ch

transmts the_|arge forces hetween. the piston and the piston rod 2 during
operation of Bh&P BCEHGPHePQTﬁ €a Wﬁﬂé%%HRV %ﬁ?%ycngégﬁhﬁgﬁFngn top 3
and t he pi st osachdoherespeceduets, aar expbaupati shalvey fornmed at right
angles to e centpe LS. of i o] r f S y be
slightly C%Qi cal b FRaEe%s ?%%Fea u?fr?gg“ta‘}s}‘g{rgf %’?7“"899?23 FrbEY B3 T he
abut ment surf fesmedofbatiess stbg riobrst | sugkaceol drd ortdier i 8ACORARAE pi st on
1, when it isgfipkzekanped agai nst the piston rod 2, have a gap of a few

m cronetres at the Ladiall outernost rimthereof, see Fig. 12, where this
gap is The preséent invention furthermore relates to a ring

or an annular member for being clamped between a piston
25 and a piston rod. The member is characterized in that

it has a first abutment surface of a shape substantially

corresponding to the shape of the abutment surface of

the piston, and a secondary abutment surface of a shape

substantially corresponding to the shape of the abutment
30 surface of the piston rod.

The ring or the annular member may be made of
another material than the piston top or the piston rod,
allowing for the use of a material having especially
favourable contact properties in relation to the

35 material of the piston top or the piston rod. The ring



30 exaggegra or the sake of clarity. The gap is partially equalized when
the'pistg&)@@%g i s clanmped agai nst the piston rod, and agcfﬂggﬂwgfﬁn top 3
expands nost in the central area of the top wall 4 upon heating to
operating tenperature, a small angular rotation of the 35 rib-shaped area 6
occurs in the direction of the arrow, Wfl 00/61935 7 PCT/ DKOO/ 00123 thus
providing conplete equalization of the gap, a uniformcontact pressure
across the entire extent of the abutnent surfaces 7, 9 and an even | oad on

the ribshaped, 383 0. nfay t FeBkEmpliBE BBULBBREY SOF fiaefier Afhah tdie Pi ston
top 3 is typically formed with an annul ar recess 10 so that the material of

the rib in t R@étegdéds ofp th9 IPIFHOTMIRRAP G tHe dbitRthtrSr face 9 of the

pi ston rod and t henef drereedn dve widdhnbedbtoeRpl QUGS it hefaaisee Fi g.

12. Sone of %%ﬁ théou%h holgg fxg_ﬂrm tlheS 1(% clmgrrgiingngol‘gs 8 ¢c comruni cat e

with the oil PEHEHHEY BERRBH (HETH Ot 5F°3 ARG eV SWT e i Shsths of

bor es, not 5shawthearmtlmathie btawing esin Meraddomuni cate via the recess 10,

any of | captured ifydng hol i Bobes-gBdciBRaicoesy IP £ ARSI Ch
url d the recess 1

prevents an inappro~l5 priate a-up o ressure In . Figs.
2 to 9 show @ilfsftemeMowsHRSHI e LRV WYy to the invention of the

abut ment surfaces ghig 9 of ikha Rt 1WPcBosfdst b€ HhST 0016Rd o2 an
respectively, the sape reference nuneral s belng %sed for‘corre%§§¥d|ng 20
el enents as FETFIEELGAREM Mot i BEBROPNTRREECE. OPt 2apiéEid 494t t he

abut nent sor ket amfrndre phatfacdomEonid ses the adivaddyidut er nost first

surface 11 and a radially rmst _seco . rface 12. The abut nent
surface 9 of the piston 3¥ot(§3n%ecaor$prc|r§°esgsa |ér/ls %slur‘?laeces BT ﬁﬁjo_si teto

and corresponrding to thes stfagsiaf 2 et fdikiemnpt ambodimgntshe pi ston top 3,
and a secondary swyface Q2PRO$H t .10 ARd Lol egppadi t \ape of

t he secondary sur#:alcgzsc'lzﬂéf tﬁe is'gron top 3. eC%orrgaspon ietﬁ% t%ﬁt%;

convent i onal ske3igmy the &befa Bpg112 12f embodiymenks| Rayiast isde have an

i ntermedi ate FRrASS lReMBER Bedmbeda Hednghar ;spét_ets@nw% bhds dardhdrdi ng a
nore econom cal , manufacture, see Fig. 13. The recess 10 may possible
conprise or nd into a rounding 16, which forns a stress-reducing soft
transi 35 tion betmigen 1hel o ia sirewt ddve secdndarew uff frdeebutMdt00/ 61935
8 surfaces of the piston top and the piston rod in a cold
condition of a conventional piston as shown in Fig. 1,
20 and
Fig. 13 is a cross-sectional view corresponding to
that of Fig. 12, but of the abutment surfaces of a
piston and a piston rod according to the invention, also
in a cold condition.

25 Fig. 1 shows a conventional piston 1 mounted on a
piston rod 2. The piston is intended for a two-stroke
diesel engine and, depending on engine size, may be
manufactured in different sizes with diameters typically
in the interval from 250 mm to 1000 mm.

30 During the combustion in the engine, the cylinder
pressure above the piston rises to a maximum combustion
pressure, which may, for example, be between 160 and 200
bar, and simultaneously the temperature at the upper end
of the cylinder rises to more than 500°C. The piston

35 transmits very large loads to the piston rod, and heavy



PCT/ DKOO/ 00123~ respectively, as shown in Figs. 7 and 9. Likew se. the
first suPYQRYUE93| 13 and the secondary surf aces 12 , 14PCTDKOpONZ}\e|y -
may be formed so that in a cold and uncl anped condition of the piston top 3
they extend with 5 an increasingly thin gap between them so that at the
radially outernost rimof the abutnment surfaces 7, 9 a gap of a few

m cronmetres occurs, see Fig. 13. During_operation this provides an even
distribution of stress in the rib-shapeg area 6 as explained above. 10 In a
radially cross- j i i S i f 1, 13
and the secon én%;?/%séur acet\gle%%fglﬂé Bﬁatl%%\d&?gt%e si?g?%h%éﬁwﬁghaﬁgggpé

mut ual |y anglle@nd Ristsrovwiafl iy a very stabl e clanping of the abutment

surfaces 7, 9. InfdHencescon Lheabud mepl i AGesushapes Qi ocbpesvery
| arge dynam c | oads on the piston durie?r’lﬁ%(l)gera i,op can thus be_reduced, as

mut ual novemdEdess 3FepP F958FR 1 ¢ r oWBLF8s 5 tPesabitHeke

surfaces 75 Yaeanahd whtiBhetconpedseand tdw svLledn 4 edhecupher sakfate
unfortunate injurious effects, such 20 as frgttin g o thebibu%nent
surfaces 7, &F MRS TAWECaf BI04 nght CPRVRAT SRS iRCTREPTRAEACEY out war d
direction, theath rat specadly maerresissant ackscidg M@ lided i m:,anvay from
the top wall f i§5g% ' a C S es A 14 are

25 substanti a wglwéatgzﬁi ght angrfde)lgh%o t ieﬂg%%fre a |% o?ﬁ%%g pf"ét%%n 4f1 so t hat
radi al | y i nwéicdmdingp| sleemewmreof PRRE A Bhat qutembavrEaces @ ¥ atbe7 are

count er act@d.piHiich effieeticapnal sewbe htdi nad Wivi dhesepbedi mpakeeh Fig. 4,
in which the secondary radiall y mnernBs%l sgrf,aces ]3;0 12, 14 1ncline away
from the topBA&9S 4 Pt t RBOPRst GHF & opMPRAGED. 18 47 d KB OWRoWPEMBRBHI ABNnts in

whi ch a di spldeenBnrir ofrbbeeahut ardat swr fadee 7defntwhedliyb 6xtaddahby away

fromthe centre .axjs of the pi,ston. 1 is counter 35.ac e.abut.ment
surfaces 7) §Y qdﬁiﬁ?%ﬂﬁﬁ%ﬂ%%ﬁﬁ%? 3 0 76@3§§§91%C%?gﬁﬁéaoﬁTféan a
radi al |y croshesenttieonavallew aichghasibst dowmwieal Ihomizowrall abotmean axi s

ext endi ng NI QUAGR, ) 1Dz 3PeRed ndl L4 folfl RahALKClagH itk hgnceggre% axis of
the piston 1, conpared wth the enbodinents of Figs.” 2 and 4. 5"Figs. 6 to
9 show enmbodidRyientn st kara i 9pl &HLEmitsHn thedaButieriteans fa€ed7 of the

ri b-shaped argmfer off Belakl §. prieventied ik bakkedorecthensuppotehayi on to
t he abutnent surface 9,of the piston éﬁd ?l as bgth the first sug&aces 11,
13 and the s@EIREEr yWRITFalE@ TP 125 ar@ 5t ubPT §eEndiT 'S &RGl ed i n
rel ation to toiestoor ralampd anlee t pishenceptr @ akirsding dpergti soownof. tkeg. 9,

for exarrplfg, e%gﬁ\g%_an enbodi ment in which the secondary radially innernost

surfaces are nore steep in relation to the nornal plane to the
centre axis The abutment surfaces 7, 9 of the piston top 3 and

the piston rod 2, respectively, are conventionally
formed at right angles to the centre axis of the piston,
but one or both surfaces may be slightly conical so that
25 the abutment surface 7 of the rib 6 and the abutment
surface 9 of the piston rod 2 in the cold condition of
the piston 1, when it is not clamped against the piston
rod 2, have a gap of a few micrometres at the radially
outermost rim thereof, see Fig. 12, where this gap is
30 exaggerated for the sake of clarity. The gap is partial-
ly equalized when the piston top 3 is clamped against
the piston rod, and as the piston top 3 expands most in
the central area of the top wall 4 upon heating to
operating temperature, a small angular rotation of the

35 rib-shaped area 6 occurs in the direction of the arrow,



15 than the t surfaces 11, 13, whereby substantially i.al i hwar d
movenent ¥ oq{’ﬁtl%’z abutment surface 7 of the rib 6 are couné(gf/hg{’% 123 ¢
shoul d be noted that the extent of the secondary surfaces 12, 14 in the
axial direction of the pistonis limted to reduce the 20 possi bl e nutual
novenent thereof owing to different dynam c conpression of the material in
the piston top and the piston rod, respectively. Figs. 10 and 11 show
enbodi nents in mhich an annul ar nmember 15 is clanped between the abutnent

25 surface 7tghst her Pﬁ%t Qdmp 1t t Bguahytaenbrsupkacend ¢fad heapi ston
rod 2. The annu Iar rrenbe 5 has abut nent surfaces having shapés

cor r espondi nﬁn%goFﬁeCQWéﬁ‘éE RFCFFRISRRTRIE f eRtdL e exgegt Bﬁs’t’-%ﬁ top 3
and pi ston regugmeand s@fdian7inserdnd f an exaipl FoadOogardhed Ngipozzl es

for coolant oy _the Like, or be ar o] mat erial . havin
especial |y gﬁ%ﬁpggntalg@ta pG?oprel‘?"ftfqg%rT(ﬁr? el léﬁgoﬁ‘fbf%mteﬁ‘é: r‘?lé‘fre]?"’f%%“ B?OF he
pi ston tops 3thedptiseom stam BOdSZ.t}mJtdaiUg,h fbemedventtihormrmhasnibekar
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to the invention of the abutment surfaces 7, 9 of the
piston top 3 and the piston rod 2, respectively, the
same reference numerals being used for corresponding
20 elements as for the conventional piston in Fig. 1. It
appears that the abutment surface 7 of the piston top
3 comprises a radially outermost first surface 11 and
a radially innermost secondary surface 12. The abutment
surface 9 of the piston rod 2 comprises a first surface
25 13 opposite to and corresponding to the shape of the
first surface 11 of the piston top 3, and a secondary
surface 14 opposite to and corresponding to the shape
of the secondary surface 12 of the piston top 3.
Corresponding to the conventional design, the surfaces
30 11, 12, 13, 14 can in practice have an intermediate
recess 10 machined to a rougher tolerance, thus provid-
ing a more economical manufacture, see Fig. 13. The
recess 10 may possible comprise or extend into a
rounding 16, which forms a stress-reducing soft transi-

35 tion between the first and the secondary surfaces,
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20 as fretting, on the abutment surfaces 7, 9.

Fig. 2 shows an embodiment in which, in the
radially outward direction, the first radially outermost
surfaces 11, 13 incline away from the top wall 4 of the
piston top, and the secondary surfaces 12, 14 are

25 substantially at right angles to the centre axis of the
piston 1 so that radially inward displacements of the
rib 6 at its abutment surface 7 are counteracted. This
effect can also be obtained by the embodiment of Fig.
4, in which the secondary radially innermost surfaces

30 12, 14 incline away from the top wall 4 of the piston
top. .

Figs. 3 and S show embodiments in which a displace-
ment of the abutment surface 7 of the rib 6 radially
away from the centre axis of the piston 1 is counter-

35 acted, the abutment surfaces 7, 9 in these embodiments
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secondary radially innermost surfaces 12, 14 are more
steep in relation to the normal plane to the centre axis
15 than the first surfaces 11, 13, whereby substantially
radially inward movements of the abutment surface 7 of
the rib 6 are counteracted. It should be noted that the
extent of the secondary surfaces 12, 14 in the axial
direction of the piston is 1limited to reduce the
20 possible mutual movement thereof owing to different
dynamic compression of the material in the piston top
and the piston rod, respectively.
Figs. 10 and 11 show embodiments in which an
annular member 15 is clamped between the abutment
25 surface 7 of the piston top 3 and the abutment surface
9 of the piston rod 2. The annular member 15 has
abutment surfaces having shapes corresponding to the
shapes of the abutment surfaces 7, 9 of piston top 3 and
piston rod 2, and may be an insert, for example,
30 carrying nozzles for coolant or the like, or it may be
a ring of a material having especially good contact
properties in relation to the material of the piston top
3 and the piston rod 2.
Although the invention has been described for a

35 piston having a rib-shaped area 6 located inside the
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skirt then being considered an annular member clamped

between piston and piston rod, or as part of the piston
top or of the piston rod. It is also clear that the
abutment surfaces 7, 9 may extend continuously or

15 discontinuously in the circumferential direction of the
piston, and that bolts for clamping together the piston
top 3 and the piston rod 2 can extend through the
abutment surfaces 7, 9 or outside thereof.
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direction of the piston and being adapted to be clamped
against an abutment surface (9) of a piston rod (2),
characterized in that the abutment surface
(7) of the piston top comprises a first surface (11),
10 which, in a radially cross-sectional view, extends in
a straight line and forms an angle of between 2° and 88°
with a normal plane to the longitudinal centre axis of
the piston (1), and a secondary surface (12) which forms
an angle of less than 178° or more than 182° with the
15 first surface (11).

2. A piston (1) according to claim 1, ¢ har -
acterized in that in the radially outward
direction the first surface (11) inclines away from the
top side (4) of the piston (1) facing the combustion

20 chamber.

3. A piston rod (2) for an internal combustion
engine, the piston rod having an abutment surface (9)
which is located at a distance from its longitudinal
centre axis, extends in the circumferential direction

25 of the piston rod and is adapted to be clamped against
an abutment surface (7) of a piston top (3), ¢ har -
acterized in that the abutment surface (9) of
the piston rod (2) comprises a first surface (13) which,
in a radially cross-sectional view, extends in a

30 straight line and forms an angle of between 2° and 88°
with a normal plane to the longitudinal centre axis of
the piston rod (2), and a secondary surface (14) which
forms an angle of less than 178° or more than 182° with
the first surface (13).
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acterized in that, in the radlally outward
direction, the first surface (13) inclines towards the
opposite end of the piston rod (2).

5 5. A piston (1) or a piston rod (2) according to
any one of the preceding claims, character -
i zed in that the first surface (11, 13), in a
radially cross-sectional view, forms an angle of 3° -
20°, and preferably 5° - 13°, with a normal plane to the

10 longitudinal centre axis of the piston (1) or the piston
rod (2).

6. A piston (1) or a piston rod (2) according to
any one of the preceding claims, character -
ized in that the secondary surface (12, 14) is

15 substantially parallel with the normal plane to the
longitudinal centre axis of the piston (1) or the piston
rod (2).

7. A piston (1) or a piston rod (2) according to

any one of the preceding claims, ¢ haracter -
20 i z e 4 1in that the first surface (11, 13) is radially
outermost in relation to the secondary surface (12, 14).

8. A piston (1) or a piston rod (2) according to
any one of the preceding claims, character -
ized in that the abutment surface (7, 9) extends

25 over a distance which, in the direction of the centre
axis, is less than 0.5 times and preferably less than
0.2 times the distance over which it extends in the
radial direction.

9. A piston (1) or a piston rod (2) according to

30 any one of the preceding claims, c¢character -
i z ed in that a recess (10), preferably having soft
roundings (16), i1s formed between the first surface (11,
13) and the secondary surface (12, 14).

10. A ring or an annular member (15) for being

35 clamped between a piston (1) according to claims 1, 2
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sponding to the shape of the abutment surface (9) of the

piston rod (2).

11. A ring or an annular member (15) according to

10 claim 10, characterdized in that the ring

or the annular member is made of another material than

the piston top (3) or the piston rod (2), and preferably

of a material which is softer or harder than the

material of the piston top (3) or the piston rod (2).



