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The present invention relates to a cylinder el ement,

such as a cylinder Iiner a piston, a piston skirt, or a piston ring,
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whichet pﬁ*é’ssu.l@aéf feefst 3A0r ik, and in which the

piston 1is provided with several piston rings and is
moved in a reciprocating movement in a cylinder liner
with a stroke of at least 600 mm, which piston rings
have an external diameter of at least 150 mm in a
mounted condition in annular grooves having a height in
the axial direction exceeding the ring height, and each
of which has a radial outer surface sliding along the
inner surface of the liner, the cylinder element being
provided with at least one thermally sprayed on layer
on at least part of the side of the c¢ylinder element.
Two-stroke crosshead engines of the diesel type are
today designed for operation at very high maximum
combustion pressures, which generate very high loads on
the cylinder elements, partly becauss the differential
pressures across the rings necessarily become high when
the rings are to prevent the pressure in the combustion
chamber from spreading down below the piston, partly
because the high pressure produced by the combustion is
accompanied by Qery high temperatures having a negative
effect on the tribological situation so that the
cylinder elements sliding along each other are more
easily exposed to seizures that can damage especially
the piston rings and the liner. To seal against the high

pressures, the abutment pressure of the piston rings

Y
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2 agai nst the inner surface of the liner has to be high. Thi s

| eads to re er tendency for the piston rings e
| ubri cat ?‘%bgséﬁ% filmand in pl aces to run dry agai ns&%@@éw

surface of the liner. 5 The Applicant's publication

W05/ 21994 describes a cylinder liner, the inner surface of mhlch

is provided with several |ayers having dlfﬁerent pr op- erties, viz.
an innernost hard wearing |ayer, a nedium hard internediate Iayer

and a softer ru&'@éﬂﬂstnth@’@hner %lecﬁa@%ﬂqeihgalghb%' Hekate d e harger

| ayers. As appl le materials are pro os for the innerpost
| ayer, 61?%+§t9§é§§ §ﬁtarﬁﬁ%ﬁ??f hERFER ?sFHS SSEA U ings
ni ckel and nol ybdepdnevirhlhchahe pmmaamregrb@ﬂneﬂlum and id e 0

carbi des, oxides or . nitrides. For the 5.1 e l.ayer_is proposed
a mxture 0frnﬁ9%dgﬁﬁnﬁgaln5t %& m%ﬂﬂﬁ%h%ﬁ%ﬁ%%?yB% %&ﬁ % or the

runni ng-in Iayer Thenet apptbated ’ grappubéﬂmdﬂxpnweIﬂropogmmsxnn9mmalIy
mxed wth a sg 2s Ou%BEEaE c?,‘i%d%% S.L.'Ll Ve%f Tlté‘% e?f surfacd

materials for t ernost ers of |nder elene nay cause
probl ens of achievpngvided wdg ﬁﬁ%ﬁﬁﬁ%/%ﬁkﬁ?%dhé§l@ﬂ ofl ffferdrdy @rew- t he

subj acent &ggl adriz Thegh ayite Fhé St 18DF@WEEL PInGUBLvadhes end®idhe
t he base naterlal the cy [i nder _el ement ch suaII cast

iron, cast steeRasf %PE@Fmeéﬁ&chéaﬁﬁﬁﬁeangm%SSaEEﬁF F&%QJQQ Nﬁw%ﬁ%eﬁust
adhere to the subj agefther materdiyerthabi chemhaldwe pagpest.i s deyphi+ ng

substanti al | t.h rqoperties of .th u uent | ayer

further a digadﬁﬁﬁ}sg@agﬁ§raﬁﬁp|#%eﬁ#é%%ﬁ?%édg?%rgﬁﬁqlnnermeg%t%ﬁ¥ﬁ%t

| ayers are ratherremathyely st metaldipatmentrie. cEBm@8E 0567 davorniws, a
four-stroke ER9108y &tn;@%éﬁwmwm r%mﬁ*ﬂcués”% Hady 34

alun1n|un1alloy an as sever ores constitutl I nders of
the engine. Thethanefoxyl iafdecaglifdpsos grddes or pnévmé@s\m ox highd

wearing |ayeys of naBrAkaRHRR78 AldOYis proifodbich ARt S RIBYRM BRadNueans
of a HVOF technique to
and preoxidized molybdenum, and for the running-in layer

metal-coated graphite balls are proposed, optionally
mixed with a soft material, such as silver. The use of
different materials for the outermost layers of the

20 cylinder element may cause problems of achieving
sufficiently good adhesion of the layer to the subjacent
material. The layer first sprayed on must adhere to the
the base material of the: cylinder element, which is
usually cast ilron, cast steel or steel, and the subse-

25 quent layer or layers must adhere to the subjacent
layer, which may have properties deviating substantially
from the properties of the subseguent layer. It is
further a disadvantags that the materials usa2d for the
outermost layers are rather costly.

30 US patent No. 5 080 056 describes a four-stroke
engine, the cylinder block of which is mads of a 319
aluminium alloy and has several bores constituting the
cylinders of the engine. The inner cylinder surfaces are
provided with a hard wearing layer of an Al-bronze alloy

35 which may be sprayed on by means of a EVOF technique to
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3 provide a conpletely dense and hard coating. The Al - bronze
is considered to be especially suitable here because it has good

sl i ding operties together with pi stons made of aluminium It is
describegV9§W§§%ént|al 5 that the coating is dense and PSTHREHMOSR |y

W t hout pores. The coating has been applied in a thickness of

up to 0.1 mm and after the application about one third of the

t hi ckness of the coating is renoved by neans of honi ng. 10

The high maxi mum pressure conditions fdr the engi nes relevant to
t he present |nvent|og diffe stanti al m the .conditions._.in

y. fr
f our - stroke eng? a QHﬂﬁ%Ft?%¥ B@PF&I iﬁ@§8 PRI prE’Sufds in
t he or derbﬁcbnéé Har aonsmslem‘ealnotéobedimpécéagilyesuﬁmgmn hexkb
pressures in the ord a urtshe e . n e bl ock
pi stons and pis %‘ﬁa'l’lgﬁgs of % &Foﬁ éﬂéﬂ% Prgggrgﬁ&snets %%%m‘ﬁ&& ured
in light netal ,pibersasmade oftakuoyhinder Iti heréeschébpiisaonsgseheipilst on
skirts and o enbBC dhies!0Batings £ bBAskAl e CRANIBRANRIIY Tl bhour 20

manuf act ur ed fron1cast iron, caSt steel or steel to
wi t hst and the|E@§@5pre§§uﬁ9%%ﬁfﬁeﬁﬁ%r%@apeapplleqIﬁnlﬁnkbscknﬁés of

differences in &@etav@eilﬁ$$ asedafeadethe a plibaduBBlsgbhttenQOHBa&%
properties for s gs wi.th each ot her nce the

tribol ogi cal gSgﬁ8n8ﬁ3F5H§§% 5&ﬁé§9ﬁ¥%ﬂﬁmﬂf|fﬁ@°v?@a%Y|Eﬁ?nFOOf

thermal influenkesingtc., deviate conS|derany bet ween cast iron and
cast steel one hapd_an gh uc alnl on the
ot her hand.erb ElgleThHl obj %@?@%ﬁk Pﬁessuﬁéengpgﬁ glg g Povi ¢&e

30 cyl i nder eleﬂeginahichelawaMGmeﬁIto§M§(ﬁprﬁﬁ%wtaJlPV%nt‘on gndWEded
with a coating Mbgbaﬁeas&@ag pebh £ thditionSHld RAGk -hemat eﬁgqnesl

provides fine running-in an oper ational properties.
view of this theheyer nd&T ePBRERL | FNEHRAF ed MaXIFHIN; Pﬁeﬁﬁu%&stl‘?v\éheayer s

of Al-bronze, opgaer bepsofbhheare used and for diesel engines maximum

15 pressures in the order of 80 bar. Furthermore, the

engine block, pistons and piston rings of the four-

stroke engines are manufactured in light metal, whereas

the cylinder liners, the pistons, the piston skirts and

the piston rings of the large engines are normally

20 manufactured from cast iron, cast steel or steel to be

able to withstand the large pressure and temperature

influences. The differences in the materials used render

it difficult to compare properties for gprayved-on

coatings with each other, since the tribological

25 conditions, the adhesion conditions, reactions to

thermal influences, etc., deviate considerably between

cast iron and cast steel on one hand and light metals,
such as aluminium, on the other hand.

The object of the invention is to provide a

30 cylinder element which, at lower costs of material, is

provided with a coating which adheres well to the

cylinder element and provides fine running-in and

operational properties.
In view of this the cylinder element is sprayed
35 with at least two layers of Al-bronze, one on top of the
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4 ot her, the outernost |layer of which is a running-in | ayer
having an average hardness of at the npost 330 Hv20, and the subjacent

| ayer is | ayer havi ng an average hardness e j at of
t he runniﬁ"gﬁs-l\ﬁﬁ{s{)p"g 5 layer and being at |east 130 HV20. ¥E$Eﬂ&98%§€ of a

running-in layer of an alloy of the sane type as the subjacent
wearing | ayer achieves extrenely good adhesi on of the running-in

| ayer so that tearing off or scraping, off of flaky pieces of the
running-in 10 | ayer is avoided. The surface of the Al-bronze has good

sliding propertiggand e&av'&péeﬂ@@&tnwao%@awlch 1§0@d'1tdr99§n§hﬁt1
counteract seizures. The soft runnin er of Al -bronze produces
a surface on thda¥%Ay ngeving an op¥g ﬁ?“v%hatﬁﬁi‘ﬁ’a%g nB8Lt éHdehly TR ¢330

sei zures duringgvadls drite ﬁnmrymg;a@emf Tayew 1yld Wrﬁh@nﬁbﬁer Qié;\hﬁﬁgl n
t he cyl i nder el enent |ts in thg sur%gﬁﬁi fth% e

abutting and sl Edt iV &FBHG O §%d§?c8F rEft ng Wﬂplng in
reci procati ngsmiwgrentand béengi atoideast 130 HV20The Al -bronze starting

material used for appd%gaof g‘gnh{lggtg[ﬁ geg_,ugry -iap_]_V\J/:1 ecg Qa5 s %ggut

hal f of a gr aphi contarnin mat éri a nmeans
the running-in Itajps asantike ﬁ@hmﬁééﬂﬁrEéaﬁﬁnanlé@@ﬁmehleves esthirgmely

substantial |y my&,d aveueabbs BS%“H-_EHa bRathife-in 1a EEO% U NGsd Ping
| ayers. Furtheriore, by suitabl 25 ggftrol of t gp i cation
condi tions, sucP@%;?%escraplnSo i %#YtﬂéeES?rP QQeFﬁQRQ&RQTﬁPgas

used at the 10 1a3;etmrlrmlax£cmcwcﬁngrbé rmﬁa@ém&mmbebﬁad%rmg gxsocﬂess

hard. Moreover, the hardness of . the | ayer li.ed can dlfle
sui tabl e post- t FER TN OPEPRBTFAFES, & X% ﬁﬁT%:33ﬁﬁﬂlcﬁﬁ£?%£

further detail. cﬁmuioms that copnﬁm:ialce: B@l&@lﬁelm| "‘t’rﬂ&espfbparrtmasgo:ht he
pavers of M- 1ayePr8RZ8:1LR,SUG L ABANGLS thaL,bREckayer Jacat et el ow

t he runnln | ayer "ac mearln %ayer proper.
material costs %m&#ﬁawhééhl@@ﬂaﬂﬁﬁt%@@¢%$30t§wﬁ§@§nﬁelZures during

15 the running-in of a new cylinder element, either in the
cylinder element itself or in the surface of the element
abutting and sliding along the cylinder element during
the reciprocating movement of the piston.

The Al-bronze starting material used for applica-

20 tion of the running-in layer costs about half of a
graphite-containing starting material, which means that
the running-in layer can be manufactured in an economi-
cally substantially more favourable manner than the
known running-in layers. Furthermore, by suitable

25 control of the application conditions, such as the
composition of the carrier or protection gas used at the
thermal spraying, the Al-bronze can be made more or less
hard. Moreover, the hardness of the layer applied can
be modified by suitable post-treatment of the layer,

30 which is mentioned below in further detail. Thus it is
possible to control the properties of the layers of Al-
bronze in such a manner that the layer located below the
running-in layer acts as a wearing layer proper. Ths

material costs of such a wearing layer are also substan-
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5 tially lower than the costs of a wearing | ayer of the above
type conpri sing nol ybdenum In case scratches are fornmed in the
surface of the coating at the running-in of the cylinder elenent, the
5 use of WD-9R&MZe neans that the scratches do not devel op pcT/DK9T/6d589

sei zures, which are characterized by highly i ncreased | oca

t enper atures, because the Al -bronze has | ubricating properties al

the way up to its own nelting t enper at ur e. 10 Preferably, the
wearing |ayer of Al-bronze is an inté& nmediate | ayer |ying between the
runni ng-in | ayer . and a subj acent wearing |ayer having a higher

har dness Ehad lohelowrer panathe| gpses ofThre wedraveniawear iofg the
layer may al so BBo9e Alydd fprdihd HEYybgeRfimanother 15 hard and

wear -resi stant material, such as a material containing hard particles

in the form of carbi d&s case scrafiches grenfiaymed idhifdiarntinge dihd ¢

matri x, for coaexapler aratammingunploedehy Eheinwed o hpm DARES
AB under one fugheoﬁgﬂyggcial trade mes E?Q’ PMLO, 20 PML4,  "PMRO,
PMR8 or L1. Thi 8 buPFd tp-6f ésr B2l orat the |sgxratches dQeetafevelop
advant ageous weantpg- iseicfundw, whicleylamelercieaeaebbrizadwhibgh, ldyHing the
weari ng-in, ¢ b BGE i e rja eXR0S i.th a higher
I T DR Ve T s ST g

wear resistance, . . he runf dy
have a por 4PKy et i MTPPEntd &0 agdr thenvapyuy ot ainig;s wiwrhme 1t iriche
consequence thatefpersuifrace of Al -bronze has a nunber of depressions

produced by the pores of_ th material. These depressions are
typically f%‘ﬂew §6e§ie§%iilt}ixtetoh?nW%WélgarfL&af@,ra%%%-@p@maeiéﬁ @ t he
engi ne they catthtpatedifateeldydr | TpinggbeitvestPrii@drunning0ihha ssu:f ace.
During the inte M&Ig gﬁ%ﬂgg%ﬂeﬂ%g(ﬂﬂlrﬂi oil.is dosed to thg sarface
from out si de, t%e | Gbrrcat™ g TS LA MR TS RhBlghpFeBarsRe sty be
spread onto BEhBhetﬁuzfa@@ammid&aﬂatlmyeyLind@heﬁsmhﬁﬁcénmrwéa&Q%g
layer may also be of Al-bronze, or it may be of another

15 hard and wear-resistant material, such as a material
containing hard particles in the form of carbides,
oxides or nitrides embedded in a metallic matrix, for
example a material supplied by the Swedish firm DAROS
AB under one of the commercial trade nanes PM2, PM10O,

20 PMl14, PM20, PM28 or Ll1. This build-up of sprayed-on
layers provides an advantageous wearing-in of the
cylinder element, in which, during the wearing-in,
increasingly harder materials are exposed with a higher
wear resistance.

25 The running-in layer of Al-bronze can suitably have
a porosity of from 0.2 to 40 per cent by volume, with
the conseguence that the surface of Al-bronze has a
number of depressions produced by the pores of the
material. These depressions are typically finely

30 distributed in the surface, and at operation of the
engine they catch part of the lubricating oil supplied
to the surface. During the intervals when no lubricating
oil is dosed to ths surface from outside, the lubricat-
ing oil reserved in the depressions may be spread onto

35 the surface and keep the cylinder element lubricated.
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6 This effect is especially advantageous on piston rings whi ch
have no lubricating oil supply of their own. One enbodi ment has
fromtwo | ayers of Al - bronze with nutually
propertigé?miﬁ%ﬁﬁhe 5 thi cknesses of the individual |a§§?§ﬁ§?g9?ﬁ t he

i nterval from0.02 Mmto 2.5 nm preferably from0.10 to 1.0 mm

The use of several |ayers with individual |ayer thick- nesses in said
interval renders it possible to carefully ¢ adapt the properties of the
coating to the application 10 desi red. A pi ston skirt, for exanple, nay
need a few, Thik €k AEEYE! YsthF}elciléqu%ﬁ a‘@ﬁ)&rﬁ:é@@ou§§’8f~spgguénp'ﬁ

t he area above the uppernost on rin Y. have a Substanti al

| arger thi cknes$hieh ﬁ%elﬂﬁegu?E#FéEéqﬁ=°11 SuEP%¥IPﬁdEPePFnéW”%he nunber
of layers may be ada@ﬁéderﬁleodlméﬁtthab Ehemhawdness serencasse ey &JH Wl -

t hrough the coatin and .t er l avers t hen be hjgher than
on the oUREPILR PSR BRSBTS ERAP Yy o i O Ehe
substantial | y5i dhntknabspsoqnéruheaamahdamm are in thiecintesvaly be
built up by ne fos I ings n SR, tions
unti| tﬁe %’ayefﬁgorﬂ 8?:!%@ tégz’aé’ :I{‘g %reﬁgréblk} L QEMoS HoaQFho”Q. deD’?rQA
Al -bronze may, Thepéﬁec@ﬁtSbyeﬁéﬂgﬁﬁyers Wk%hi%Rﬁ#Ylﬁuéh1ééﬁﬁ§nPble-

occurring inmpurjhtigss ﬁ?@%{uﬁ%ntervalf &@Hd%§§ 1%0%%151%1% ¥Ry 'c%Q@ﬂlecl\{{‘e or
nore of the 25 conEonents
a

Pb and C in i ndR9RREE hﬁnﬁaﬁ%réﬁeét Othé'—%scio%‘%% tqt tns" applA&akian 5o
Co, at the mpstds%aBed.ah bh@,-tmstsma for exa@:tpltehe gt ndbfo an.feik, t he
nost 5% Wh, at th 2% Cd, at _the st 15%

L st
ot i he’ most o Ta B0k lrehin, LK Roal e, R JAVATE MG BSOS Mt he
nost 2% C and thbebalxzmceamsrstth@tlu@mmdmastpmmnng mayrhhavethae

m i mum amount. gtnCuaARdath i $553% eAdckhess. on 299 S03kE. AMUAICPloL e
ot her conponents 1s_naxi na¥ vant ageousl vy, |n1ted
to 25% a cyllnder llner the number of layers may be adapted so

15 that the hardness increases evenly through the coating,
and the number of layers may then be higher than on the
outer surfaces of the piston rings. Each layer with
substantially identical properties across the layer
thickness may be built up by means of several sprayings

20 at uniform spraying conditions until the layer has the
desired thickness.

The alloy of Al-bronze may, in per cent by weight
and apart from commonly occurring impurities, comprise
from 2 to 20% Al and optionally one or more of the

25 components Sb, Co, Be, Cr, Sn, Mn, S8i, Cd, Zn, Fe, Ni,
Pb and C in individual amounts of at the most 5% Sb, at
the most 5% Co, at the most 5% Be, at the most 5% Cr,
at the most 15% Sn, at the most 5% Mn, at the most 15%
Si, at the most 2% €&, at the most 15% Zn, at the most

30 5% Fe, at the most 20% Ni, at the most 20% Pb, at the
most 2% C and the balance constituting at least 50% Cu.
Thus, the minimum amount of Cu and 21 is 52%, and the
aggregate amount of the other components is maximum 48%
and may, advantageously, be limited to 25%.
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7 The additions of C, Sb and C increase the hardness of
the alloy by formation of carbides, and these conponents are
typically added in the subjacent |ayers acting as wearing | ayers.

5 TWO 28RH0LT ons of Zn, Be, Co, Si and N increase the PCT/DEKIEHI58hgt h
of the alloy and render it possible to increase t he hardness of the

| ayer by neans of a nechani cal i nfl uence, such as sand bl asting, ball
bl asting or rolling. 10 The addition of Cd raises the
recrystallization tenperature of the7al | oy and increases its
strength. The ddition_ of har dness and
renders it nore tenp ?é‘gl?%gf‘it 5@6?% oficsfFase %tnng‘alrM

t he hardness ofof heted I @Llc@ndbtyhefadmattlm ofl5 cafriBhiad vesrtdhe draeas
advant ageous prg oﬁ@cﬁﬁéﬁté‘ta%a&pécal%ﬁ) %Qfé%é’eﬁ?‘%ﬁepguﬂﬁééeﬁ% g 3

| ubri cant. The roves the corrosion resistance and
reduces the actingtasevessing dB¥edS-oy and at the sane tine can

contribute tg an inofgasea®itishdnes 2l Bechay) % and 3 HAARNGE the
A type of alloy especi alcﬁg preferred for runm n l'ayers 1 n

particul ar conpfiiERRI%RRf Fh% aidyarnd repder t @ots(gup%q:god,a@qzw@se
bal ance Cu. The thar daeshedfs tHES the lagklkOyboy s me@iHd obked prieddiEidedy t he

the 1 o e uohe: A PRacTRUB gRehUR a4t hobLARend ox ©

oxi de formationroklsuppressed, and the alloy becones very soft.

N erbodagent | n ALCRS ] dee ool opls oot e 30-0LLAY s Atsed, T

control the hardnesses o] e cy I nder enent
formed so that teepsryense of th%falA{O}b énggpFsese itromtrangdo. ﬁl:hre cent

by vol une &il@ﬂ;ﬁeéf ARdihbakatRe AMUMatindxbdes theSEBNASng
preferably Iess than 10 cent by volune, in the 35 running-i'n layer,

and is at Ieastre}lwscé tmgyevgpgtggrature resistant. The addition o
Fe increases the hardness of the alloy, and the addition

15 of Pb gives the layer advantageous properties at heavy
loads because Pb acts as a solid lubricant. The addition
of Sn improves the corrosion resistance and reduces the
brittleness of the alloy and at the same time can
contribute to an increase of hardness at mechanical

20 influence.

A type of alloy especially preferred for running-in
layers in particular comprises from 9 to 10% Al, from
0 to 1% Fe and the balance Cu. The hardness of this
alloy is controlled primarily by the resulting content

25 of oxides by means of the gas composition used at the
spraying. By using an inactive gas, such as argon, the
oxide formation 1s suppressed, and the alloy becomes
very soft.

In an embodiment in which the oxide content of the

30 alloy is used to control the hardnesses of the layers,
the cylinder element may be formed so that the layers
of Al-bronze comprise from 1 to 30 per cent by volume
of oxides, and that the amount of oxidas 1is smallest,
preferably less than 10 per cent by volume, in the

35 running-in layer, and is at least 2 per cent by volume,



8 preferably at |east 10 per cent by vngSthaSBee I ]dcedweari ng layer -
bel ow the running-in layer. The higher ,m‘:ﬂ"ﬂ u s in the subjacent
| ayer or |ayers pr wls;sgégmwé';&z a_ hi g an the running-in
5 | ayer [ ER [suppl enent to contro |
hardnesse‘goﬁﬁlzﬁ%gns f t he RERLABRDcont ent, the  cylinder el %ﬁgﬂg@ﬁ[gwge
formed so that the | ayers of A= brofize are sprayed one on top of the
other, that a 10 sprayed-on |layer is exposed to a hardness-increasing
mechani cal influence before the spraying-ongof the subsequent | ayer and
that preferably no roughness- reduci ng machi ni ng has been perfornmed on
the | ayer | ast o] esq pa e Ni,,0 ve ;

di fferent mechahi Ca%.fgl nt uer%gesilé%%lrtea%?n\gﬁlﬁe%%gggnie)gsn@gl)g'?gf helq_ the
sprayed- on | ayeWeaBinhnbRHPHg RO ypBEoFUnN IR eI ealenf | ThtrcBighen

al | oys contai ni &%r&r&moroﬁor&ude@f imetﬁléovguﬁgaa@a@ntﬁa;ér By €8vest and
Nl it is possi bl e tain .great va § I n thsﬁ]ha{:ﬁgesses 26 of the
i ndi vi dual | ayePEGidsR H%l'bfa Rll graness, than tpg RRRNERE-1n

har dnesses nay, ifaq;rexexarrpl e, be varied within the interval bet vveen 50
and 500 HV20. |, advant a cylin
that the |ayer |ast spr a?/rédagﬁ%%gle%&gvr% %?ngs%%ﬁglegr{%ht goﬁ% grpn@m ch

is costly to pether mhexrdniesdes gby wegphisndef eﬂfememrsxcac@pdntmgtt,o the
| nvention mg% Ve 90 Ak thiers &8l &% tthEﬁ: Rﬂh%t AWy r'yoffof\
speci al

use in anlnterngll ustion enlne of the diesel
t wo- st r oke cr os$HFERERNGFRe, SWX% eﬁﬁ}%eoeoté?otﬁé cﬁ}&ePthﬁﬁe H-'d%a%l a

mexi num combyst |s%a{¥ﬁ$éﬁelaﬁze&x&€§déﬁ@o§b@@ bes at ﬁé&cﬁné@@dlnéﬂéabﬁ!nﬂfm ch
t he piston s pr.ovi de everal }%efton ri.ngs and i,s nmoved in

reci procating nﬂ\?&%@rﬂ T a TV HRARTE | iR ¢« i SEHFYGRE H7 af] eﬁEF 750
mm whi ch pi st osubgwgpudratve JazyeBS aand etthalt dpaegieeakdly athio eastighh8sem i n

a rmount ed reducing machining has been performed on the layer last
sprayed on. Examples have been mentioned above of

15 different mechanical influences increasing the hardness
of the sprayed-on layer. By combining the type of
mechanical influence with alloys containing one oxr more
of the above components Zn, Be, Co, 8Si and Ni it is
possible to obtain great variations in the hardnesses

20 of the individual layers in the coating of Al-bronze.
In this manner the hardnesses may, for example, be
varied within the interval between 50 and 500 HV20.

It is a special advantage of the cylinder element
that the layer last sprayed on needs no finishing, such

25 as honing, which is costly to perform on the large
cylinder elements according to the invention.

The invention further relates to a piston ring in
an internal combustion engine of the diesel type
especially a two-stroke crosshead engine, the maximum

30 combustion pressure of which at full load exceeds 100
bar, and in which the piston is provided with several
piston rings and is moved in a reciprocating movement
in a cylinder liner with a stroke of at least 750 mm,
which piston rings have an external diameter of at least

35 150 mm in a mounted condition in annular grooves having
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9 - condition in annul ar grooves having a h axi al
direction exceeding the ring height, each pi saﬂ 'II[M I]Ml/l ng a radial
outer surface, in use sliding al ong the in the |iner,

which piston ring is 5 provided with at |east one thermally sprayed on

| ayer WO bd/ssonadi al out Wth a view t opprostenodsgs a
piston ring which is iaﬂ‘gdgﬁgf %}W&h’f}eousl y low material costs,
with a coating which ad Les BBPUACED t he ylinder elenment and 10 yiel ds

fine running-in and operating properires;—tte pi ston ring according to
the invention is characterized in that tiee at | east one |ayer sprayed on
Is of Al- bronze, that the aggregate thickness of the coating of

Al -bronze is at aedstighto5imm thad atalt keinrattiomstexkt®ddiyey thea ring
runni ng-in |ayery &’!L%Hta” AP ré&@hh%ffd%%?cﬂf has & {»Qsl Stou%%(} 'ér{?ﬁo

pi ston rings, the cdati bronze may b S|ng or several tayers
which is or a$é1§9n§ye@1m$e@ﬂey bANes tsr‘r@’ﬁﬁ%% Rét cfhel lénesyeethich

casting steel orpgagbnl rHMET itsh ﬂbﬂ&@dr Wik h Oh t Wl s 200he Mhéfally
sprayed on to a subj acent s rayed-on agf anot her wear -resi st ant

material, whi ch FRyAYEEr X afyeE on Jo‘é ohBddplt RUESH FUMEARS: PMR2, PMLO,
PML4, PMZO PMVR8 owilkh arheiewt elomstodayengofa Abidronzeiagt s 1s

sei zure-preventin ning-in | r Il ch en ers assible the ra

runni ng-in of neﬂ? 58 rlaﬁ‘gsafv‘\.ﬁ?tc eguSS‘ E%g:le%ﬁéd a"H&beEFow
During the initi ad:atmmgﬂ ngpdiah @fdhevee@i‘sebh tpngbe cythm&eadleallermnterand
surfaces of the sar o] p t I ng
grooves have a h%ig%? SOﬁer%:eggﬁr?l@lb%lrhelnét %&tﬁ%ﬁtﬁ? E’r" t%?il‘%%ttgﬁb%an
be moved aXi a}PWtPﬁL ERSIDr aEEOFEdnid & AMVRTHOVES  1smharagimisrzede
influence of thejharggdrersue didd & eaegRs layélﬁr%%%atyl'é% réMoss e £1ngs

wll tilt or be é&g%;gd th;ﬂléﬂﬂlg’lp tht(:ae L ov S So t a%j}he out er

surfaces of , ggrega ness o e coating of
Al-bronze is at least 0.05 mm, and that the outermost
layer is a running-in layer with an average hardness of
15 at the most 330 HV20. On piston rings, the coating of
Al-bronze may be a single or several layers which is or
are sprayed directly on to the base material of steel,
casting steel or cast iron of the piston ring, or which
is or are sprayed on to a subjacent sprayed-on layer of
20 another wear-resistant material, which may, for example,
be one of the Daros types PM2, PM10, PMi4, PM20, PM28§
or Ll. The outermost layer of Al-bronze acts as a
seizure-preventing running-in layer which renders
possible the rapid running-in of new piston rings, which

25 will be explained in detail below.
During the initial running-in of the piston rings
the radial outer surfaces of the rings are ground into
a facetted shape. Because the ring grooves have a height
exceeding the height of the rings, the latter can be
30 moved axially in their respective annular grooves, and
under the influence of the large pressure differences
across the rings, the rings will tilt or be twisted
slightly in the grooves so that the outer surfaces of
the rings form a varying angle with the inner surface

35 of the liner during the reciprocating movement of ths



9a the rings forma varying angle with the inner surface of the liner
during the reciprocating novenent of the . .

10 pi ston. The first nmany tines ;hat tpe Lingsltllt, t?ﬁ|r upper F{

| ower ed il _abut the inner surface of the i ner w a very sm

ar ea andqggpggp§g7ni ng extrenely i gh surface pressure resﬁ@?@ﬁa%f)??-”?api d
' N .| presunably because the ring edges
nonent aneousl y perietiist 8 hthg oil filmon the i nner surface of
the liner. As the {i vyt Lhe--- facefped shape, the abutnent area is
I ncreased, and the ace pressure reduced to below the linit where the
10 oil filmis t : rs - : -pron .
prevents the | Pacaeends o fards Uy MY o FRts AP Ve
has been groundYPREF He Houtest teifeshapd Waki perani inner surfa¢eadf nghef

the piston ring1viddiouii REREHedll @Al La-ddheddly ifatd it 0ld é:%éx”%r?&?. en
the outer surfa eﬁ’gﬁfeﬂf hctrgepl ston ring and the inner surface of the ner.
o}

In case only a $it PTRFSPrEnFESUs gy in Bﬁpﬁﬁevﬁ%ﬁmra‘ﬁgy t he
hardness of t&i sfouher misig mayerial My driddBILasashwké e S2ify avegage

har dness of at S HV20. by, means _of echani cal Lnfl uence as
descri bed above?ﬁgﬁlec%%r#r’]{:geélll orfmFFﬁgE§%Fﬁd3&‘%?%ngge Ojg]r ot?ﬁi@d% t hhe
several |ayers ohnar pgentacei df nubealliner. dh$f éhiengrimopentitain the

Exampl es of {he roputiidnmdd, o BouerlAl Makd 1 23,100l del 441 pe! ow
with reference to the highl schematic drawi ngs, in whic rg. 1
shows a | ongi t udPFERCSe RTVPRTSi EFANAEBuEP below the limit where the

10 oil film is penetrated.

The running-in layer of Al-bronze prevents the
occurrence of seizures, at least until the piston ring
has been ground into the facetted shape which permits
full loading of the piston ring without penetration of

15 the lubricating oil film between the outer surface of
the piston ring and the inner surface of the liner.

In case only a single layer of Al-bronze is used
on the piston ring, the hardness of this outermost layer
may be increased by means of mechanical influence as

20 described above in connection with cylinder elements
provided with several layers of Al-bronze with mutually

differing properties.

25 schematic drawings, in which
Fig. 1 shows a longitudinal sectional view through
the uppermost part of a cylinder liner in which a piston
with piston rings is at its upper dead centre,
Fig. 2 shows a cross-sectional view through a
30 piston ring on which a running-in layer of Al-bronze has
been applied directly on the cast ring material,
Fig. 3 is a cross-sectional view through another
embodiment of a piston ring on which a running-in layex
of Al-bronze has been applied on top of a hard wearing

35 layer sprayed on to the cast ring material,
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t he uppernmost part of a cylinder liner in which a piston W th piston

rings is at its upper dead centre, 30 Fig. 2 shows a cross-sectional
vi ew t hrough a pi ston ring on which a running-in |layer of Al-bronze has
been applied directly on the cast ring material, Fig. 3is a

Cr 0Ss- seaw00Ba5017i ew t hr ough anot her enbodi nent of a pi SREHDKPTHYPSFh
which a running-in layer 35 of Al-bronze-has been applied on top of a hard
weari ng | ayer sprayed on to the cast ring material, WO 98/ 25017
PCT/ DK97/ 00539, Fig. 4 is a segnmental lateral view of a
piston with a piston skirt, both fork®d with a | ayer of Al-bronze

according to the invention, ,and ] Fig. i is a segnental )
cross-sectional viewFd@-a% is 8 3SITRAERY I 1REFrR3h WhEEPE i & 9tRR M th
Al -bronze have a pisthgersiappt) eBoth formed wikilg.a 11spewsoEha luppaiimst
section of a cylinder

der. . li.ner. generally designated 1 for a |arge
t wo- st r oke acEP&Q&h"@acf%rﬁf%elrgﬁ%?t%%ﬁ' bﬁngsed as a stationary engine
10 for operation of @&ipnwed (ener adegmentahscrbespremiisiral view @fgiae of
a ship. Dependi t ' (1= LpdeE: hhn e
manuf act ur edn?ngﬁég‘gld&qff%?%n]{]%é v;}?léslggte%re\amet %Q%{all'l:lgn er hgor%’%s?%p?%aa\ﬁ y
being in the been gp@M#d from 250 nmto 1000 nm and correspondi ng 15

typical Iengths beingiigh thesholsrvak U bR ngad®ion of 45QQ1WMRadL 1S,
however, al so possible™to use_the invention in connectionwth

two- stroke crosshBgd generghly designaiedh thef@yl AndeRrdRr &Yy St¥dke

i nterval tromshzld endddanthagndannbehisegase d e dvireiarpehiame
20 a length oé ggvvnoto 5%0 mm fTh_e Ivivner i S nornlt;ll Ié/rrgad% . of. cast
iron or of st®efFO%r FBFEE P WAIRAVFE FTEAF 4t I RISREEPRDN
wearing |ayer oenges nofr ssushape dfepending henl ities, eagdnet shyebeche
TSR o7 ORI W0y AL QLIRS GATLAY B SR e
gizes with cylinder bores typically being in the
interval from 250 mm to 1000 mm and corresponding
15 typical lengths being in the interval from 1000 mm to
4500 mm. It is, however, also possible to use the
invention in connection with two-stroke crosshead
engines in which the cylinder bore is in the interval
from 150 to 250 mm, and in this case the liner may have
20 a length of down to 500 mm. The liner is normally made
of cast iron or of steel or cast steel which is provided
with a sprayed-on wearing layer on the inner surface of
the liner, and it may be integral or divided into two
parts joined in extension of each other. It is also
25 possible in case of the divided liner to manufacture the
upper part from another base material than the lower
part.
In a well-known manner the liner is mounted in the
engine, only partially shown, by an annular downward
30 face 3 being positioned on the top plate 4 in the engine
frame box or cylinder block, whereupon a piston 5 is
mounted in the cylinder liner, and a cylinder cover 6
is arranged on top of the liner on its annular upward
face 7 and clamped on to the top plate by means of cover
35 studs, not shown.



upper part from another base material than the | ower part.

In a well-known manner the liner is nounted in the engi ne, only
partially shown, by an annul ar downward 30 face 3 being positioned on
the top gl n the engine frame box or cylinder §peupon
a piston %@25%1% nmounted in the cylinder liner, and a c?h ﬁ%@r co%er

is arranged on top of the liner on its annul ar upmard face 7 and
clanped on to the top plate by nmeans of cover 35 studs, not shown.
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12 The | ower part of the cylinder |iner has an annul ar

row of scavenge air ?Hétﬁawﬂi’t showe thhe d@»ﬁtrrau Siner ha@xabéﬁnwakhe
| ongi tudi nal directiaon of the ?I ner between a top dead centre at

whi ch the upperf®¥ sPén SCavenger fade RPTES| 0B8Rt FRWRA: hEPE -S4 c¥Fi nder
cover 6, ra@dalaléotiromtdﬁadlﬁﬁgttedaha\ahl &brébeivppesf picdeOnliner

porte o B SRebugn wOB SO rOUTDS B Ccrbhfball nd B TorRLEren 10

ing rod the B sﬁmnfasecbnnecledat\ﬁtihlnhe lquenencthakeyllnaersbafrtarr 6,a
wel | - known man For Bt hgg ihe t kshaf
rotation of 360 err ﬁé‘E iy Jg\aé o a th&rcg% ?ﬂe t510 tom ea'c:i centre
to the top deacFeefage 9 18 l%ﬁtmﬁlr@%ﬁw b81<’i‘5 the lawexn Racupfethe

section | ocateds bgtuRrgR Lhe Lases.3 and 7, the cylinder liner is
formed wwth a | arger ext e nal di aget er, and the top of this

secti on many eF BRGHEEI2BLFF Y 012 &T& ﬁ‘fioat%%nll?ﬁér wal |
froman ext e.rmaingegcasmé $A stload 1’rshe:drﬁﬁgjttsmlvvta&hat<l®§ engl?l@eocf:réhﬁ—
straight coolin res ext end pbknggrell Yoo aske%rv .rel akgrlon ﬁ t he

| ongi tudi nal a the % i Kett e '?ﬁe?agﬁ‘r ft&&? t HhE

cylinder liner cr:naaynlbehaxt perfovime i wrohabhenop fnm®ed ¢ herhmal i ysspn aysd- on
hard Wearr‘n&'@ é%?ﬁrﬁ VAL Gho By R 04 cf%q@{]é)rtzc? SCL B MELY QLnrre2S @
nunber of | ayers o? ronze supplenented wth one

and back again.

15 In the upper section located between the faces 3
and 7, the cylinder liner is formed with a larger
external diameter, and at the top of this section many
elongated cooling bores 14 are bored into the liner wall
from an external recess 15 so that the longitudinal axes

20 of the straight cooling bores extend obliguely or askew
in relation to the longitudinal axis of the liner.

The inner surface 13 of the cylinder liner may be
provided with one or more thermally sprayed-on hard
wearing layers which may be of Al-bronze exclusively or

25 a number of layers of Al-bronze supplemented with one
or more harder, subjacent wearing layers of ceramics,
a mixture of ceramics and metal, so-called cermet, or
wearing layers consisting of wvery hard particles
embedded in a relatively soft metallic wmatrix. The

30 matrix may, for example, include Cr, Ni and/or Mo, and
the hard particles may, £for example, be carbides,
nitrides, bcrides and/or oxides. The cylinder liner wmay
be manufactured with a wave-shaped pattern on its inner
surface where the wave tops in the pattern have been

35 removed. It is possible to manufacture the liner with



or nore harder, subjacent wearing |ayers of ceramcs, a m xture of

ceram cs and netal, so-called cernet, or wearing | ayers consisting of
very hard particles enbedded in a relatively soft netallic matrix.
The 30 matrix may, for exanple, include Cr, N and/or t he
har d par\vf)c‘ﬁs@mﬂay, for exanple, be carbides, nitri 2@%‘,‘5%?/?0&3%

and/ or oxides. The cylinder |iner may be manufactured with a

wave- shaped pattern on its inner surface where the wave tops in the
pattern have been 35 renoved. It is po§§i ble to manufacture the liner
with WD 98/ 25017 PCT/ DK97/ 00539
13 t he t i td elgleRgls eHd 15 d ANer S ag The
pattern may al g%%b?%adc%ﬂg?%gbtﬁn an u%%er ﬁgaret ln_,r'ée lnglf"{ %g‘%%anceer', such
as the sectionThgepatiermenpysgbfc be maghjged pndye in pst WPRYOPAHe

downwar d pi st ogsStigkel iner,5stil@ R ttHBYsd tSToMayRepLNBY k@leatd g S zes,
such as 20% 25% 30% qr, 35% or, internediate values. The wave-

shaped patter nTH&SE B FBEnfdFs S B D& PosPBrEward pigten Shxse -

condi tions between phet pmatoraldagsaaadother relatinnersspesaceueh tde
liner, since lubricaling oil may... Ln.the hottomof the wave
troughs and pr |°dea£é°' Q{Dheof)lga’t éaégagggé%ﬁ%fi\}\égﬁ the"Rave tTodGhes it h

| ubri - catiappdi patitisem nbalpestton maigdadre the ibestn pddgidile

the outer surf3acgs. pl i I : v i wely

pl ane pl at eau % easl(.)éaéb%% ééﬁ@{l‘f%&glgab%‘bg%nhg{%% g?%)sht%l i‘slﬁ%\%lﬁ'i‘f s top
dead centdir@eITheusFae6n ofs thcoh Mar mi $in¢outuprscahingngdl may
general |y degi geatiackd9i n ot nehinelh tldie diPReie Ph&LONLEbAGhs and igkrtandard

oblique cut ring or is of a gastight type viz., the gap of .the ring
is formed so tﬁ%’te R feau ageagu ?F‘éﬁggaﬁr‘? ﬁPK@eﬁF@&gi‘rSoM%ﬂeb\%i%%hr ough

the ring deariind icoil . When nmRyw pasebieetiads hoe exanphein by ldisxend
of the ring haying a flat proiection-passing.into a. ot respondi ng
recess at the éthherO‘é%ﬁrofso%‘héea?elsngsz%zle rkg]lét%ec %&gg‘nasf%%etﬁlgr &%T ston

rings fromtheapgrantnabely p2&ngoplatepusavrasi.ng may be conventi onal
oblique cutyg In Fig. 1, the piston 5 is shown in its top dead
centre. The piston is provided with four piston rings
generally designated 19, of which the upper piston ring
is a standard obligue cut ring or is of a gastight type,
viz., the gap of the ring is formed so that gas is
20 substantially prevented from flowing through the ring
partition. This may be effected, for example, by one en
of the ring having a flat projection passing intc a
corresponding recess at the other end of the ring. The
second and the third piston rings from the top and th
25 bottom piston ring may be conventional obligue cut
rings, in which the ring partition is formed like a gap
extending obliquely in the circumferential direction
from the upper to the lower ring surface or may be cf
the approximately gastight type.
30 The piston ring 19 in Fig. 2 comprises a cast
piston ring body 30 of cast iron, cast steel or stesl.
The radial outer surface 31 of the ring body has been
provided with a running-in layer 32 of Al-bronze in a
thickness of at least 0.05 mm, preferably at least 0.14
35 mm, by means of thermal spraying. The piston ring 19 in



rings, in which the ring partition is fornmed like a gap extendi ng’

obliquely in the circunferential direction fromthe upper to the

| ower ring surface or nay be of t he approxi mately gastight type.

30 e ophstion ring 19 in Fig. 2 conprises a cast PQI/BKOM00539Ng
body 30 of cast iron, cast steel or steel. The radi al outer surface
31 of the ring body has been provided with a running-in | ayer 32 of
Al -bronze in a t hi ckness of at least 0.05 mm preferably at |east
0.14 35 mm by nmeans of thermal sprayimg The piston ring 19 in
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14 Fig. Figonprcoepraseast pgiestopisitog hdhg Ibdy 3t axf sjreel or
cast steel. Singadhe-dady b3l (JRISARY G35hdd dkad lof cast!frdgcepsary,
on the radial outeér steel surface : ppl'y a wearing Tayef

a material havi A§ s@destsary. on Bﬂi%rliﬁ%%@?dl%‘gtﬁroséﬁﬁlle§ua’§aﬁcr%t35het¢ nner

surface of the 1 %.Yl,vleﬁdﬁ'h h Bge: §@CBfa§ B @4 DL WMERY it | Lk S of
Al - bronze and/orapp i gl %r e above mae J‘al l\/Ql PMLO,

a
oMLa a0, PRBEOSY Bl ieno RESPEAF AP o aoRIhot Ehe (LARSE WSt aFeL BE YR i ng

| ayer, a runni n@yllrirﬂmerlmer, é.@ch)f aél oheorze dsse beearapp Ileaqlelﬁs dof
t hi ckness of at

neans _of t rmal a
runni ng-in AlI Z’f@rnsz p| Pst g%érlﬂ?g allfff al (gnr?a\%’% e?/é}%eerrlt‘ﬁ%k-
ness, such as aPM2iclayass |HMJt4he EMRGr VY28 rom D11 ©Op the ra'm(h]m*quter

preferably at t%ﬁ%%e %.BO%gﬂ’ehcfdlwéérln 15%93:, 45 5?%}%1 éasradl réf ihe

p|ston5 omtti ep|s ction out er
surf ace lOopftﬁé prengs, hag BAenppepliedt inne 3higknensekf ensleast

fromthe annul ap @s0aMe By te&nPREF W@ﬁérﬁhit @gaxraﬁgaglp The rd;rfhfn@rp@ve
39 for mounting_of a |sto liftin | ayer 40 o

Al -bronze has b&@YekspPrel ypﬁﬁﬁﬁg rlngs ’B"I’Yt%]e??r}ra"é%raa ViHFEEhH t&‘le'
t hi ckness of fromsd,05dach lasma thicknpsef drmahihe ainteasal0£f4amnmo Theto

out er nost part gf thls ererlaa}y a(é’?t[cﬁéoﬂéshs I‘UBI’II ng- in layer, and the

| ayer may t B Sare ¢ nposi Ti on as e runni‘ng-in |ayers used
25 for the pléton n|ﬂ¥g 4 shows a segment of the piston 5, omitting

the middle piston section. On the radial outer surface
of the piston, in an upper section 38, which extends
from the annular groove of the uppermost piston ring up
to a groove 39 for mounting of a piston lifting tool,
20 a soft layer 40 of Al-bronze has been applied by means
of thermal spraying in a thickness of from 0.05 to 5 mm,
preferably at least 0.4 mm. The outermost part of this
layer functions as running-in layer, and the layer may
be of the same composition as the running-in 1ayers used
25 for the piston rings.

A piston skirt 41 is bolted on to the lower surface
of the piston. The outer surface of the piston skirt is
provided with a running-in layer 42 of Al-bronze in a
thickness of at least 0.05 mm, preferably at least 0.14

30 mm, by means of thermal spraying. Below this running-in
layer, there may be one or more wearing layers of Al-
bronze.

Fig. 5 shows a segment of a cylinder 1liner 1
provided with an innermost, relatively hard wearing

35 layer 43 of Al-bronze 1lying under the intermediate



A piston skirt 41 is bolted on to the | ower surface of the piston.

The outer surface of the piston skirt is provided with a running-in
| ayer 42 of Al-bronze in a t hi ckness of at |east 0.05 mm preferably
at least 0.14 30 mm by nmeans of thermal spraying. Bel ow th|s runni ng-i
| ayer, thdY@9%23P1he one or nore wearing |ayers of Al- PGIBHIU00537
Fig. 5 shows a segnent of a cylinder liner 1 provided with an

i nnernmost, relatively hard wearing 35 layer 43 of Al-bronze |ying under
the internedi ate WD 98/ 25017

PCT/ DK97/ 00539 15 wearing | ayer

36 of Al-bronze and the uter ni Ia 37 of Al - bronze
It is very well-¥rd3hi™Eo @ﬁ?ag-‘??a%:ﬂg' lq?%eeﬂr}ﬂ tq“e OB(ﬁ:oen‘ FUHE AT es
by nmeans of therimal lapea'yBﬁgoleﬂ\lls-bron'{e.rray be, for exanpl e, flarre

sprayi ng, plasma sprayin " c

nmet hods are des)é;cl ef' r exarrp)ﬁﬁ{ P‘Q%r%{%}l%gg%? Q%P‘%}(r)%gg
556, W95/ 02023 andtpnmw&msmymﬁﬁéﬁpwé gpermal spygydyichg This
perfor”Ed"1t§em§9”3e”a@3¥ dRimpDE, VAN hAYS sprakfiky! | pdakmel efwind he

sprayi ng equi pnent”and 't he cy [ i nder el enent” be ng .made to rot-ate
nutual 'y, wher e-EVOF SRFEﬁ%lrf-%eo’s’pr%VF n§PrEYiIMg | a??&f%ﬁd*%o‘ﬁ?i‘h@é@‘ Are
uni form Spﬂé!ébﬂﬁlbéaodlftdror@ca’;tﬁ@.é,epmt BO-passapes evposgrlhe 0 203

bui | up Lo e HE&r SR ThIARE e in hed¥r 21 99N Eh peredbag p e

sprayed on, the ppoegdugeissperformedpentidoe véame thenser aydongloondit ions

i mparting the cy1iffshy eglg&%@rt'e%b@ Eg%aéﬁ p&ﬁéﬁéc %&"péoﬁe
wil | now be” gi ven of e spraying on der e‘rrent
Exanple 1 avdindsdeellemestt RaAT "aRe t@r FaFabpametar 13ty 60thewe -

was provi ded W tfpanl ayer sphadinbr 982€n98ikted BRY continues at uniform
spraying conditions and repeated passages across the

surface of the cylinder element until the layer sprayed

15 on has been built up to the desired thickness. When the

next layer 1is to be sprayed on, the procedure is

repeated with the spraying conditions imparting the

desired properties to the layer. A specific example will

now be given of the spraying on a cylinder element.

20 Example 1
A cylinder liner having an internal diameter of 600 mm

was provided with a layer of Al-bronze on its inner
surface by means of a standard plasma spraying apparatus
of the make METCO. The distance between the spraying
25 head and the inner surface of the liner was 115 mm, and
a current intensity of 500 A was used. The mutual
rotation between the spraying head and the liner was set
at 27 rpm, and the feed in the longitudinal direction
of the liner was set at 7 mm per revolution. Powdery
30 starting material of the alloy 9% Al, 1% Fe and the
balance of Cu was supplied in an amount of 95 g per
minute, which deposited a layer of 0.02 mm per passage
of the inner surface. Nitrogen was used as the carrier

gas. The layer was built up to & thickness of 0.1 mm.



surface by nmeans of a standard plasnma sprayi ng appar at us of the nmake
METCO. The di stance between the spraying 25 head and the inner surface
of the liner was 115 mm and a current intensity of 500 A was used.
The nut uakg gg25017f Ot ati on between the spraying head and the Hﬁ;? set
at 27 rpm and the feed in the |ongitudinal direction Pc'?lfrt gma?ssr?er
was set at 7 mm per revol ution. Powdery 30 starting material of the
alloy 9% Al, 1% Fe and the bal ance of Cu was supplied in an anount of
95 g per m nute, which deposited a | ager of 0.02 mm per passage

of the inner surface. Nitrogen was used as the carrier gas. The | ayer
was built up toThehhithenebsyot @at mwilled by m¥énh88bZ5Ql%olling tool.
PCT/ DK97/ 00539 . - . 6 = .. Then the | ayer
was rolled by nBa §%otPE FOMMRG 1 S6F averageAPtagrdlntaﬁc’és P61 Fpﬁgia%’ﬁﬁ ¥@8rage
har dness of themeageairaghso be 36feH¥dPedThenbs 860cHI2Day&hewan sprandd

| ayer was spray i ng OPhHESIdNG.d SAHE P, it . qhis | aver
was 5 sand-%ﬁa&selfgmgereupon t Jé ave}sage ar d%aérgg'o B?L%e 1J§er ¥ ?er
was neasur ed % osBaA3Rd a9EEsl, THWESTEUPRY dthgyeaverage \raxrdpesyedfonthsi ng

the same procesgagardiiddNBeadhit&d to be a¥y8F MRSobaliheh! %St&?imtfﬁgg?"
steel balls, whereupon h aver%&e har dness of the | ayer was asured

t he ) B¢

to be 280  10YRR26PYRYRA 197 USHRANTIG- PATCaPECSRES SRnffddiems . This
recei ving no posayereabmehallTheaavedagithasdadissoéel balléhiwhé ByEponas
measured to be , e biner was then mounted in _an_engine
and was run t]fﬁgl %M%%Sgtehgﬁrv?‘nntehssaggi § gnﬁ\%yteﬁ Yogo PP UsCanbar Bep?‘g?on
15 rings. THe eHyRAe hEdnaldgr.mak nuxnningecdmbudeiyerr was pspsayed obnl45
bar. After half, .apRoums L9 YUl -t E‘ﬁ%ﬁé ng % L oad, ad-was
increased to 106%,e & urfllngtdlS m rfuetaes er e&gltgna%%glf/%%rogla(%neﬁgnsge “for
one hour, FRéSedgivfr WS stepperedaha bie 188 iHWEL - |iner was 20

inspected. No signs efheqtivalr sRiZihes welRteksarnvabl 8ngine 28R §AE Lnger

surface of the cxl i nder_.liner.. , X _ ]
in together with a piston with a set of standard piston

15 rings. The engine had a normal maximum combustion
pressure of 145 bar. After half an hour’s initial
running at a 15% load, the load was increased to 100%
during 15 minutes whereupon operation continued for one
hour, the engine was stopped, and the cylinder liner was

20 inspected. No signs of actual seizures were observable

on the inner surface of the cylinder liner.

Example 2:
Four piston rings of cast iron and having an external
diameter of just below 600 mm were set up beside each
25 other and were provided with an Al-bronze coating by
means of a spraying apparatus of the same type as was
used in Example 1 and using the same spraying condi-
tions, nitrogen being used as the carrier gas. The layer
of Al-bronze was built up to a thickness of about 0.15
30 mm, whereupon the sprayed-on coating was sand-blasted.
The average hardness of the layer was measured to be 215
HV20. The piston rings were separated and without
further post-treatment were mounted con a piston in a

standard cylinder liner in the same engine as was used



Exampl e 2: Four piston rings of cast iron and having an external

di aneter of just below 600 mm were set up beside each 25 ot her and were
provided with an Al -bronze coating by means of a sprayi ng apparat us
of the sane type as was used in Exanple 1 and using the sanme spraying
condi - WO9% g‘Hﬁs, ni trogen being used as the carrier gas. POR®KIA)EB9

of Al -bronze was built up to a thickness of about 0.15 30 mm wher eupon

t he sprayed-on coating was sand- bl ast ed. The average hardness of the
| ayer was neasured to be 315 HvV20. The piston rings were separated
and w t hout further post-treatnent wefe nounted on a piston in a

standard cylinder Liner.in.t her sane _engi ne,as was usefd . WD 98/ 25017
PCT/ DK97/ 00539 *1 xample 1. THe running-in was pPg¥formed ir, %rﬁﬂf@f 1.
The runni ng-i n masnper ber methtiiondd SanBxample TRNREYL AN GNathuFs

Exanple 1, only with. UL S m e er.ation . at 100% At .the inspection
after the runni?%é-g%g":}m?1 ?g’ :it%chduf\& E‘):gl%aé}(;%esrpteéi%ocp taréieﬁ t@epiré’crﬁﬁ-’?g“ngs
showed 5 noiBifascenrldebguresexiidinest that tbhie knisgoofrides showed
running-in | ayefowas 4esluged 405 aueLate k0 ung:. in:fagets
could al so be ob%er\_/e% i.n the o:tLJt er surfacegh% gﬁ%f Q?hlgkﬁfes Sonoffi ?té'%e
whi ch i ndi cat esF¥RBENERANCORYPRUNES reducghekat 2 6AragEn0 t B mi sGuouridigs

can take place imthagkts QU M4 bOf0BELZUERSin the outer sudedUE
har dness-i ncr eas n%éom d%ggar e.desire - bronze, conpressor
S

a %ii n . .. the A _
air, i.e., conp? Q@ REFDED T1RgS/pHRlch dndicatesdhatedhes contdmuad gas
at the sprayi ngoperatibnsweath afhenigpistgem. rifight cha dakier @dace hiiFHodthe

15 anount of ! . bl e, either because the | ayer is
to be soft &rooﬁfe(ggﬁaslgif’gu%? %esll red 1o cause t he hardness mainly by
means of deformation hardening al I oyi ng conponents, an inactive

carrier gas can be 1f mobeCtha UHLAS REPORsing28xides AT TRU;:Q0EM above,
a large number toﬁedkitg;g?ﬁze compressor air, i.e compre d -
; K , i.e., pressed atmos
pheric air, can be used as a carrier gas at the spraying
instead of nitrogen. If it is desired to limit the

15 amount of oxides as much as possible, either because the
layer is to be soft or because it is desired to cause
the hardness mainly by means of deformation hardening
alloying components, an inactive carrier gas can be
used, such as argon.

20 As mentioned above, a large number of different
layers of Al-bronze can be applied to the cylinder
element. Preferably, the layers have increasing hardness
in a direction away from the outer surface of the
cylinder element, and the average hardness rises by at

25 least 20 HV20 from layer to layer. In the innermost
layers with the highest hardness, the hardness can be
produced fully or partially by means of addition of
hardness-increasing alloying components to the Al-bronze
combined with mechanical processing of the layers. If

30 it is desired to have the outermost running-in layer
very soft, such as with an average hardness in the
interval from 50 to 120 HV20, this may be done by using
argon as the carrier gas and omitting the addition of

hardness-increasing alloying components, possibly



| ayers of Al -bronze can be applied to the cylinder el enent .
Preferably, the |l ayers have increasing hardness in a direction away
fromthe outer surface of the cylinder elenent, and the average

har dness W 5§8s09y at 25 least 20 HV20 from |l ayer to | ayerpctBxbh6osso

I nner nost | ayers with the highest hardness, the hardness can be
produced fully or partially by neans of addition of

har dness-i ncreasi ng al |l oyi ng conponents to the Al -bronze conbi ned

wi th nechani cal processing of the layers. it 30 it is desired to have the
out ernost running-in | ayer very soft, such as with an average hardness
in the i nt ebwdlifaddMwi@nt oa 126pré2ingt Mimtrapreerdise by layeg of
argon as the carrier t

har dness- i ncr eas| I%g SJ1}'(i;‘yr}llckr§§'[n éf&g’e%t sgggﬂboésé;qg?re than 20\ReB798E 17
PCT/ DK97/ 00539 by volume. The por051ty contributed &o g1v1ngxnhmrmﬁymrth a
spraying that PLodis @rbPeieddl pecauskelill | ¥ghy iy POLOSELY P as
nore than 20 per cent y vol une. The porosit contrl 0 glrving
the | ayer lgaglsft character because it can yield to hard | ocal 5

| oads. The:rtémgkm&se@é ébetneaweaglhgy%gner@ar td ot Al Yar

of the deepest-| g $ardest arlngh ayer, 1s seleci égglthe %a3|s
of the expect ed®Fi e?ﬂgséy YAgey nardesf WRARiNg: faYRHi ckh S 3Rt A
selected to be sni tahky basil® Icfi gehet hepéedeedi ghietd exfpeched dyelacmcmgrdom
of the | ayer rdn e hi: r hi

especi al ly appl f!'?éis “}%%‘Jt'hgt%gl |tnIh é:% |Snéerge?ﬁé %%%tecg!e:d;ggé -g %ﬁltab%}’on
skirt, and tb0thergest o‘rhahn@éla fhighest bas@ected wrarinal dpynnatf cahe
iron. If the baiaa,@t eshakingl die thSd%sEHe rdﬁgﬁqa&caitanaaﬁgn thi

accept abl e, but eSpecially desirable that the whole wearing ayer
i's Wor n aWe(ﬁ}rﬁlrﬂdfﬁfé’%qse Lorkbeagyrdgses weBerngtReaPimEon and can

t hus have thi ckaess pafstdrorsiexaipland 2 ®rekde Mlston rings if their base
material is not cast iron. If the base material of the
15 piston rings is cast iron, it is acceptable, but not
egpecially desirable that the whole wearing layer is
worn away during the life. The aggregate wearing coating
can thus have thickness of, for example, 2 or 3 mm.



I""L”"H (1)C LAl MS 1. A cylinder elenent, such

a“lll"”l”el“ a piston (5), a piston skirt (41), or a piston

rlng {19), "fof use in an i é”é onbustlon englne of the 5 diesel
type, particularly a two-strdk r SHEE whi ch e f_ the
di esel t yYR9¥A&P1A maxi mum combust i AR A C r? M e exceedi ng Pfgtgb%%/&bg%g full

| oad, and in which the pistoni th several piston rings and
S noved in a reciprocating novenent in a cylinder liner 10 with a
stroke of at |east 600 mm which piston nggs have an external dianeter
of at least 150 mMmin a nDunted cond|t| n |n annul ar grooves having a

hei ght in the axial directi |;Pg t r}An ?ﬁ'sght each pi st on
ring having a radial outer sur ace sTiding a on € inner surface (13)
of the liner, the cyli.ndercylirfencatepentg rﬂtmh déa W tey bindeast iose

thermal |y yed ?FQ éé‘ajﬁ‘r (9)“ 3at ﬂl%n Q.‘?crltrtOf(tltll')e Ydg Bfﬂ stt%":h ring

cyl i nder elenent t he cylinder
el enent (1, 5, {9) 41)111 sarsp#ayeanwlt W%b‘ﬁll%s?ng\%ﬁel Sfershdf diesglonze,

the outernosts | @yge, O%artl\feﬂil@l‘lys & twonsbgoka Ioayﬁshe(a?d)ehgyhag &he
aver age har dness o HV20

(36) is a weariNFFEEY ﬁavgﬁﬁggﬂnav}é?%ﬁﬁuﬁ%r cfﬁg rekgglq’:trll’gut h&PyaE‘F t he

runni ng-in Iay_eéxaéédhelln:g) aba?b laadsunl:iﬂximor_he plStO”Q id pytbmid@rc
el ement accordlngtgo J%fgl 1st8n r§P§ gu§ £s! mov%deég3 ?y&g%ﬁ

wearing | ayer of brohzePT3-ah Fa ate | ayer i ng Eétmeen
the running-in ¢ayeng(abyemn@talmubjayénndaeainngr1ayé#130s¢43»uhau1mg a

hi gher hardnessthap t golqﬁﬁrnﬁﬁhﬂﬁﬁ glskéﬁerrlngs have- aéhc qﬁ%at he

el enent accordlng to claam1l ar acter.|
runni ng-i n | ayediametsr) off am Ja%ﬁ%elﬁasm@ 56r@sﬂ%<§/u%‘fe‘#r6ﬁ¥lé 219@ 4@ per
35 cent by vol UgBnular grooves having a height in the axial direction

exceeding the ring height, and each of which has =
radial outer surface sliding along the inner surface

15 (13) of the liner, the cylinder element being provided
with at least one thermally sprayed on layer on at least
part of the side of the cylinder element, ¢ har ac -
t er i zed in that the cylinder element (1, 5, 19,
41) is sprayed with at least two layers of Al-bronze,

20 the outermost layer of which is a running-in layer (37)
having an average hardness of at the most 330 HV20, and
the subjacent layer (36) is a wearing layer having an
average hardness exceeding that of the running-in layer
and being at least 130 HV20.

25 2. A cylinder element according to claim 1,
characterxrized in that the wearing layer of
Al-bronze is an intermediate layer (36) lying between
the running-in layer (37) and a subjacent wearing layer
(43) having a higher hardness than the intermediate

30 layer.

3. A cylinder element according to claim 1 or 2,
characterized in that the running-in layer
(37) of Al-bronze has a porosity of from 0.2 to 40 per
cent by wvolume.
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20 4. A cylin Ilwlw lﬂil,dl ng to any one of cl ai ns
1-3, character. her e are fromtwo to seven

| ayers afoRknbienze vvith mut uaIIy differi ng propertimsypRetoosivat t he

t hi cknesses of the 5 individual layers are in the interval from0.02 mm
to 2.5 mMm preferably from0.10 to 1.0 mm 5. A cylinder

el enent according to any one of clainms 1-4, characteri ze
d in that the all oy of Al-bronze,2s8tated in per cent by weight and

10 apart from commonly occurring inpurities, conprises from 2 to 20%

Al and optionally ode oA mylkimder helsmwpuheatsording Sho @my BeneCrf Sn,

M, Si, Cd, Zn b apdC,i V. nount e nost
5% Sb, at the rtr:%s?? 1 5 %oh he t Re rmsté%l/oJBdéjaéat@t heHnggthS%hérIQ"

t he nost 15ar90/of5ﬁ>m & KO ﬁ@éfters%awr%toﬁ R “RranzEs oigh martusddy

nmost 2% Cd, at glilg sHisig W@*g@rtﬂés‘;hﬁn@&ihﬁ/ofﬁe ghicknesskBe oPOH20%
Ni, at the nost 2Q0%, éjua at_. the nost 2% C al ance constltutl ng

at |east 500pcindividual lagers gyp r’rcﬁlert}b? e’n‘%"n?r‘é%ﬁof‘ﬁijﬁg Ot 82crip hs,
20 c h ar a cat.senim, preferadvlyhfitomnhe.abl ay aormpmnses from9 to

Low AL rom O Lo LeFeaulilendl IR gecording fo A5 §RETor

el enent according t pr ece
er i zed icleHats 1-4, the hagpersaofc Al chrorizez conpri si frbat1 tthe 30

per cent preferéﬁ '{;’HEA@C Q¥hdes. éﬁ@té&'a%n Sa%lxa"@éﬁ“ 15} %&gﬁ% ghd

smal | est, ess t an 10 'per cent
runni ng-in myétpa(r@)froahaom@oaﬂw @‘é@PrQlﬁgrl‘BEW{ltlesr CERI“W%@]% From

preferably at hLeast 25§ RQraﬁQnép@YoMQthﬁfeonﬂ or mbre tdie trraldoigpdris bel ow

the running-in Iayer J|n | e nt gpcordl to Jny one
of the p€cedichg B(ﬁ'al% Srb’ Whh' r efr? r &y § |khatrﬁja

the | ayers of Ahdjrmnﬂeahrae“amtaﬂyedfmte ﬂmtm@sbfs%rm) at tlof heyst tdeat a
oDr el on | AEL | SEIORRCHLLe SIS whe pol EECE LIRS
preferably B A&dglen, at the most 5% Mn, at the most 15% Si, at the
most 2% Cd, at the most 15% Zn, at the most 5% Fe, at
the most 20% Ni, at the most 20% Pb, at the most 2% C
and the balance constituting at least 50% Cu.
6. A cylinder element according to claim 5,
20characterized in that the zlloy comprises
from 9 to 10% Al, from 0 to 1% Fe and the balance Cu.
7. A cylinder element according to any one of the
preceding claims, c¢charactexrized in that
the layers of Al-bronze comprise from 1 to 30 per cent

25 by volume of oxides, and that the amount of oxides 1is
smallest, preferably less than 10 per cent by volume,
in the running-in layer (37), and is at least 2 per cent
by volume, preferably at least 10 per cent by volume,
in the wearing layer below the running-in layer.

30 8. A cylinder element according to any one of the
preceding claims, characterized in that
the layers of Al-bronze are sprayed one on top of the
other, that a sprayed-on layer is exposed to a hardness-
increasing mechanical influence before ths spraying-on

35 of the subsequent layer, and that preferably no rough-



Spraved on 9 A b sten ring (19) for use in an i wANTM]IEF TN 0D
conbustion engi ne of the diesel typer ially a two- 5°'stfoke ctosshéad

. . . . [t :._»7| . g . .
engi ne, pr ,5J]91 ne of the di esel!"typeiEeT has ggq@ylnun1co?g#%hh9%ogb¢ssure
e [

at full Ioaggexceeding 100 bar | and Rﬂqﬁ@&ﬁh pi ston S provided
W th several piston rings and i§™ - | procating novenent in a
cylinder liner (1) with a stroke of at 10 | east 750 mm which piston rings
have an external di anmeter of at least 150 nmin a nounted condition in
annul ar grooves having a height in the axial direction exceedi ng the

ring height, GQEQSQL§E8Qcﬁh@9mﬁ@%ﬁ&gn§ has' Bkal p@YEBLmEHr bACEhel Nal)s®
sliding along the inner 15 surface (13) of the liner, which pistonTting is
provi ded wi thasE PBZ&Yegn&-hermal |y sprayed on layer on its radi al

outer surface, ¢ h a.rmagistenr ring &1P) iin ant Hatddimlatcbebebt9be

o coatnb of SBURRCDIShod (s GHePahertirbs MAP Rt Lat o He"BUPEFHES:
layer is a runnéngsshekdyeangind, ahhayaragenimr dosbgsbion ratederarnst 330
P e d in (R Rardiese or e sarsr ey B afa" % Mbich Bng G
within said averhgecRalfness providge vhEhnesvensd piRbobyrimgasanfl is
nechani cal inflH8PER in a reciprocating movement in a cylinder liner
(1) with a stroke of at least 750 mm, which piston rings
10 have an external diameter of at least 150 mm in a
mounted condition in annular grooves having a height in
the axial direction exceeding the ring height, and each
of which has a radial outer surface sliding along the
inner surface (13) of the liner, which piston ring is
15 provided with at least one thermally sprayed on layer
on its radial outer surface, c haracterizeld
in that the at least one layer sprayed on (32) is of Al-
bronze, that the aggregate thickness of the coating of
Al-bronze is at least 0.05 mm, and that the outermost
20 layer is a running-in layer with an average hardness of
at the most 330 HV20.

10. A piston ring according to claim 9, ¢ h a r -
actexrxrized in that ﬁhe hardness of the outermost
layer (32) is increased by means of mechanical influ-

25 ence.
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