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chain drive of the engine. Synchronous operation of lubricating apparatus
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cylinder.

15 Background of the Invention
The background of this application is that, generally described, three different

methods are used today for cylinder lubrication.

A first method comprises conventional cylinder lubrication.
For this is used a system with mechanical lubricating apparatuses which are driven
directly via the chain drive of the engine. Synchronous operation of lubricating
apparatus and engine is hereby achieved. Such a system typically consists of
mechanical lubricating apparatus with a piston pump and associated check valves. At
25 the outlet of the lubricating apparatus, a check valve is provided which through a
lubricating oil tube is coupled to an injecting unit (injector/check valve). In this type
of system, the oil is supplied to the cylinder immediately before the uppermost piston
ring of the piston passes the injection unit. Lubricating oil is typically supplied to the
cylinder by each engine stroke.
30
In these conventional cylinder lubricating apparatuses, mainly for large two-stroke

diesel engines, two or more central lubricating apparatuses are used, each providing



| ubrication at points in a single or a plurality of cylinders, i.e.

f eedi ng t oi | under pressure through respecti yg Q0 Ilnes
to the vggpghgp%%ﬁ%ts to be lubricated at rel evant tlne¥?nterﬂﬁﬁkbﬂﬁhese
relevant intervals may typically be when the piston rings are provided
opposite the rel evant point of | ubri cati of during the 5conpression stroke
when t he plston is nmoving upwards. A second nethod for cylinder |ubrication
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fed into $he cyhi Pét@bngﬂrmlvmﬁmtwnwm&vntgt@pm&sage of the 15 piston such
that largely all the lubricating oil is supplied directly onto the piston,.

typically between the uppernost and the | owernost piston ring. Wen the
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they retain the lTubricating o'l better an e piston subsequent

di stri but es t hiesaitled a$ bigh-spded cyhmdeelubpeationof t he pi ston. There are al so
systens as e.g. disclosed in WO 2008/ 009291 where 20hydraulically powered
apparatuses are used, where both the injected anbunt and the timng for

deliveryiof theydatlicelly poiyerb@ latitjchisige thpatdhgsed uw bwRatfonthiPphrpbse wHEB!thed
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| nst ead, 15 he ipijiecisech aapngelphll lthd hitgiRbtinpJoiDiid suppliedairéddlyl &flo e piston,
controlllng the opening and closing tine. An exanple of this technique is

known from e. gyPigplyibeseensihe uppermeass and H]eéEWPIHWS?ﬂ?tO%E‘B&rWB?l thﬁéu?féi@g%e of
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20 hydraulically powered apparatuses are used, where both the injected amount and the

timing for delivery of the latter may be adjusted.

The lubricating oil is supplied intermittently such that the amount is adjusted on the
basis of the frequency of activation of the piston pump as the stroke of the piston
25 pump is constant. The lubricating oil is supplied by these systems via an injection unit
that includes a traditional check valve, injector or an atomising valve. Examples of

this technique are known from e.g. DK 173 512 or DE 101 49 125.

There are variants of this high-speed lubrication. Thus is provided a system where the

30 piston pump principle is not used. Instead, the injected amount of lubricating oil is
controlled by controlling the opening and closing time. An example of this technique
is known from e.g. EP 1 426 571.



Spiston against the hot end of the cylinder where the need for |ubrication

is the Ingdh ﬁﬁ)%@f%ge traditional way by which oil is di %Errntiébfu%sﬁfsﬁoss t he

cylinder surtface 1S by establishing two inclining grooves or t's ‘at™ each
point to be lubricated on the cylinder surface, where both grooves or slots
initiate fromthe lubrication point and 16 are directed away fromthe top
of the cylinder. Wen a piston ring passes such a slot, a drop of pressure
occurs in the Bieoinietionsmay eecysi Bt %h? paspagenpli i¢ pE8siasuEd o) dOENATE r om
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insufficient in In practice there I's observed a stantla vari ation
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rings, whisch igistby aghitst eealot ¥ndeotald SUindt viferd the heRSPr jubritdiidn d0he peatbt.
| ubricating oil. However, it has appeared that if the dosing is increased

above a certain linit which is not 20 unanbi guously defined, the speed of
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| ubrication is so stead of remaining on the cylinder face, it
forms a jet i mStnbhktang:yWo nddml@gropyesamdslbtsezte@phcnog”appelaar ubricdted loa ‘rtli95| ng

is perforned as.desire i st on r|n are. di 051

| ubri cating unPEEder §ariage, ﬁ’%here %cp[grg?qovgs Pr SIBtLSIt tlf‘teefﬁoén ﬁgsfﬁn"%@@ 51u SI de
this perijod, tdedReqs®avsy g efeitbsof2hé cyimder. Maich aqﬁstérhﬁngdmesd sﬁ)ctHasla'ﬂ;le t wo
above nentioned nethods may al so be said tpo concern a system wherg
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| ubricating oi irectly into the cylinder, directl yontothe cyl'i'nder wal
and before pasmagfﬁcmﬁt mh‘éaipmpremce ther ris pb@wdwsub@mﬁdmanﬁilmtrbﬂmvseallsed
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of one or nor e*CEHPESEonedd pr’IP SUpPINTIHG t he |ubricating oil to the
i njector,1seither a trad| tionally mechani cal |y driven lubricating apparatus
or a hydraulic apparatus is used._5b
The development towards still greater utilisation of the engines have resulted in an
increased mechanical and thermal load on cylinder linings and piston rings, which is
traditionally enabled by an increase in the dosing of lubricating oil. However, it has
appeared that if the dosing is increased above a certain limit which is not
20 unambiguously defined, the speed of the oil when injected into the cylinder with the
mentioned traditional lubrication is so high that instead of remaining on the cylinder
face, it forms a jet into the cylinder cavity and thereby disappears. If the dosing is
performed as desired while the piston rings are disposed opposite the lubricating units,
it is not so critical, but if the dosing occurs outside this period, there are no benefits

25 from a part of the dosed oil.

The two above mentioned methods may also be said to concern a system where

lubrication is established by piston distribution of the lubricating oil.

30 A third method for cylinder lubrication uses systems that feed the lubricating oil
directly into the cylinder, directly onto the cylinder wall and before passage of the

piston.



The advantage of this nethod is that the lubricating oil is already |argely
di stri but t cylinder wall before passage of the pj ding to
this met h‘gg,zg{bﬁlé@%lzl is distributed at the top of the c?F?@g{e}Puﬁﬁﬁﬁrﬁe
arrival of the piston, and it is expected that the piston during the
expansi on stroke carries |ubricating oil down into the cylinder. 10Exanpl es
of - this technique are known frome,g. WO 0028194, EP 1 350 929 or DK 176
129. In EP 1 3Bothoosysiemsedr injpder i wst nweichvsither supphiesc e nfrientingj ait én -
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and/ or after possates ofl tohbke jedtan citheniastraditbomally hadchadienllyodravien dutricating f

| ubricating oil _is in%gﬁ)técﬁglgonto the.cl%(léé nder face in at |least two parts as

i ndi cated in tHRBUFHEP ¢ SPRMAFR IS Y& cyl i nder wall is supplied with oil
bef ore passage of the piston, the timng is 20 not so inportant by this
third nmethod as by the two first nentioned systens where the oil is to be

f
suppl i ed exact 18 ddnantags ofdhie saethad s faat s Wrbderding oflris elreasly lopsely divdbyedt on
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| ubri cati on, phssbuledbattthetohiofiestylioddr béfotanartivvl ok Hegsstom ahdhé icgipecidéthavher e
the wear is t reatest, .correspondi ng to.t piston heing.in top position
and in the ar le]Cge glfs{%flh@nﬁ%ﬁ%er%%’sa? Bt %{05(% C?]inr‘?ﬁ?u%lnﬁatb%n?l} yn ?fﬁolr&}fﬁ@&f‘ “has
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thicker oil filmon the rest of the travel surface. 30The pressure existing
by SIP | ubri ca1t7g]639'i s required in the lubricating oil |ines between punps
and nozzles in order to ensure that the intended atom sation is

consi derably higher than the pressure by the conventional |ubricating
met hods whi ch In\§B D #3921 vesopibTd PrROLG/ WiEod Bbrisating oil jets - where atomisation

of the lubricating oil is avoided to the greatest extent - can be delivered to the cylinder
15 face by injection before, during and/or after passage of the piston. This means that the
total amount of lubricating oil is injected onto the cylinder face in at least two parts as

indicated in the introduction.

Since the cylinder wall is supplied with oil before passage of the piston, the timing is
20 not so important by this third method as by the two first mentioned systems where the
oil is to be supplied exactly in the course of the very short interval when the piston

rings are situated opposite the lubricating unit.

Examination has shown that cylinder lubrication according to WO 0028194, so-called
25 SIP lubrication, provides the highest oil film thickness in the cylinder where the wear
is the greatest, corresponding to the piston being in top position and in the area of the
uppermost piston ring. In contrast to this it has appeared that conventional lubrication

or high-speed lubrication provides a thicker oil film on the rest of the travel surface.

30 The pressure existing by SIP lubrication is required in the lubricating oil lines
between pumps and nozzles in order to ensure that the intended atomisation is

considerably higher than the pressure by the conventional lubricating methods which



operate with pressures of a few bars. SIP valves operate at a preset
pressure - ars. The supplying of |ubricating oi nor e

t he purpo‘gzeng&/lﬁgll??ral ising the acid action on the cyli rhl)gg&ﬁ%\z/gw&sﬂl%ﬁe acid
action arises by conbustion of sul phur- 5 containing fuels and they are
best counteracted by supplying the lubricating oil directly at the top of
the cylinder. Measurenents shown that the SIP lubrication provides the
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only the Bi ston that distributes the lubricating oil. This neans that one
of the pé aneters used 30 for assessing the cylinder condi ti'lo'nééqéan‘ail y
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not

piston that distributes the lubricating oil. This means that one of the parameters used
30 for assessing the cylinder condition - namely measurement of Fe-content in the
scavenge drain oil - cannot be used directly by comparing the cylinder condition since

the same Fe-content will give rise to a concentration that varies depending on the

lubrication method.



15 reach the cylinder wall, which is due to it being overtaken by the

pi ston a ed at thetop of the piston. The ori
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interaction between individual droplets agd the gas streamin the cyli nder
20 ensures that the oil droplets hit the Cylinder wall over an area largely
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poi nts. |n thi $hespvengsairgpertygs i\ \epgigidinatly seavergadore-sgpky gisse! gpginesrase y

across the cyl f i

Besi des, theyndo% ed ﬁrrfzajélLf e ggft}g{t?dhggcﬁg%ﬁ%ggtﬁfrmg&% Ezmt%g&? I{é[ cy ?r%er

wal | hi gher upnithn i hetarted z i BanePimls Wlﬁefﬂmtr gabéxemg displaced ugedhrdntio thhie 25
cylinder, the o not tter ribut acrass .t he cyljnder
ot e but Slinadt Teavifioh 42Bhah BF pREnR ot 5l Pnhiihe EfiRER ThiBaCi 0" e
top the c§lindgtinddreie folevderdicil@athl culwmﬂah lit® Wraly FrolBe Sfa0arigR Sir. apBairas Of
these facts will result in i roved utilisation of the oil with assuned

i nproverent of®tthe exkaugt Yare- ﬁ‘levﬁé’e'ﬁe toRatrifygal, forge, | g pufigipntishamall, pjl pagticlengd

the of | consumpof, @0 wiliPaP bOAdIER BETAPIRA AL A ARH0on TR BedAlln®
traditional lubricating systens, but other supply neans w th correspondi ng
properties mayleabsied iva tbmwaﬁa@éds effeqt lsrtld&asedtlny mnsdutceng 1hat011tpwlqmtses1suhe in
the cylinder dg not. go .hac {0 t-he. oi val ve
arranged in a ?g% as\/\gmlsgt tfé\ﬁl 1%8 eSfOft%ét%l’ bszlecg{z)l'%??% Oélgﬁrﬂ%ﬁl%t
before the |i nidpgtind tlieh;&el diniey nazyles, NBeEjedtinapecdwrdgiiesive vl hecoibbdfomShé he

oil to pass fromthe oil line to t cylinder linin but does not | et gas
pass in the opi9gdrt & QipeesdRly fncontg g‘é AuFagkSiga Pl s 0%545%1?11% ihihg ilgmish st

openi ng pressyheyif ?a e d?%ﬁlsaroplépls%@rsﬁﬁﬂ e hifti“eBat®fiod nﬁg i HRE ¢ AOQMEm,
menti oned net hods | ubricating cylinders are: - Lub rlcatlon timng -
when is the | yeitalbi brinoinoved gyptyibydhe spatvmlr@wgr weth@ly(hmﬁg theQuhipdey vaatlount -
how is the reI:@th 1%%0(} 'I-HD eCtIF 11?5&%}% ?o%' t"éf En I S)lnltl nBl gue roai stlgérlugtalng not how
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15 reach the cylinder wall, which is due to it being overtaken by the piston and

positioned at the top of the piston.

The orientation of the nozzles relative to the flow in the cylinder may be arranged
such that the interaction between individual droplets and the gas stream in the cylinder

20 ensures that the oil droplets hit the cylinder wall over an area largely corresponding to
the circumferential distance between two lubricating points. In this way, the oil is
even distributed more or less uniformly across the cylinder surface before the passage
of the piston rings. Besides, the nozzle may be adjusted such that the oil hits the
cylinder wall higher up than the nozzles. Thus, before being introduced into the

25 cylinder, the oil will not only be better distributed across the cylinder surface, but will
also be distributed on the cylinder surface closer to the top the cylinder where the
:need for lubrication is the greatest. Both of these facts will result in improved
utilisation of the oil with assumed improvement of the relation between the service
life of the cylinder and the oil consumption.

30
The supply of oil to the cylinder surface is to be effected in measured portions which

is almost the case with the two previously mentioned traditional systems. The supply



15 1t is relevant to | ook for nmethods of mnimsing the |ubricating oi

consunpti iding an i nprovenent of the cylinder i I of
| ar ge dieggﬁgé%@?ﬁ%s, such as mari ne engi nes. 200bj ect gk¥?ﬁgﬁﬂ%§gﬁ?ion I t

is therefore the object of the present invention to indicate a nmethod of
the type specified in the introduction whérein an efficient distribution of
the lubricating oil is achieved, not only across the periphery of the

cyl i nder but abesssatandet teditioralelubpeatingosysténes, pbit oiher nsuphly eydaphdeith i n

or der thereby(%geﬁﬁg$$§g§gﬁﬁgg?&&%§é%??%@&Je&onsunption 25and/ or to reduce

the wear in the entire I'on of the Invention According to
the present invention, this is achieved by a nethod of the type specified

in the introduction which is peculiar .in that the lubricating oil Jjis .
suppl i ed by a RGP avar ha e H{fséﬁfﬁi%ﬁheo‘ry%ad?ri Joet ngheq bagiayds i g 9ik at i ng
oi | abovesthe IpieShRedk VA4 kY aPdhgad id Bhoah8owsf of HR &\l émdeuihliod gheor e

t he passage of the piston, and an injection of° 8 -a second and/or third

part of the | uBmediptalygelorg thedmingef thebwatcyimder Bee. (The chedkr vabeet allogrsche i s

i njected direct; .St i i I t of
t he Iubricatiﬁ%ﬂ%ﬁ@ﬂfg&ﬁ%?%é%ggn%#{é@gvgﬁ%%qgﬁégggt%%%gmg%ﬁgﬁéga%ﬁpﬁ%%r

wal | under t heopposteaireatidne Thprsbeadevables thallp hsteommodesTbygenaty dresask (& fov part s
of the lubricating oil is supplied preferably according to a principle
where lubricati®fg oil is supplied only once in each engine cycle. This
means thap the first part of the lubricating oil is supplied in one engine
cycle and the second part of the lubricating oil is supplied in another
engi ne cycl e, %lfr@aacgeélsgw. of he thrag abpvpansptiongsi methpdy fopjubgcating sylinders ase:t hat  al |

parts of the | ubfficfdntniRk L wakSisSPRbiGHNE Bil Q051RA $:B€ngine cycle?
- Supply amount - how is the relative injected amount adjusted?
- Pump characteristic - how and how fast is the lubricating oil supplied?
15 '
It is relevant to look for methbds of minimising the lubricating oil consumption by
providing an improvement of the cylinder lubrication of large diesel engines, such as

marine engines.

20 Object of the Invention
It is therefore the object of the present invention to indicate a method of the type
specified in the introduction wherein an efficient distribution of the lubricating oil is
achieved, not only across the periphery of the cylinder but also along the travel path of
the piston in the cylinder in order thereby to reduce the lubricating oil consumption

25 and/or to reduce the wear in the entire cylinder.

. Description of the Invention
According to the present invention, this is achieved by a method of the type specified
in the introduction which is peculiar in that the lubricating oil is supplied by a
30 combination of injection of a first part of the lubricating oil above the piston directly

on a ring area of the cylinder wall before the passage of the piston, and an injection of



sanme engi ne cycle. Wien a conbi nation of several parts of the lubricating

oil is ua‘gggoﬁ%nlﬁgﬁjzust ment of the control is to occur S?%H‘/l#l&ﬁf()/(%l} rithns

are prod are based on injection 150f three partial anounts of the
lubricating oil at different lubricating tinmes. By the present invention is
thus applied a conbination of prior art mét hods f or cylinder lubrication

such that it is possible to achieve the advantages of each principle and at

the same tinme avesPefl andéordhizduparé RE thedoimingiing pipsdhe second parh ohtheilplricaties nay
occur in the f ] i b f a .ol et

Suppl y of 1 ubr s ot HlecBrHeEE) oAInODI iy B HGlgcPaf DAL ppl e
constit ut e parlubridatibhg eil injngctedaticeuthy 615 a aing avdai of hheagydingerovaltewtier thetgigon
cylinder wall. 25 Basic h%yr there is thus used a conbi nation of injection
of a first par 35?w¥%3($' P%%ting oil into the cylinder, directly onto the
cylinder gall and before the passage of the piston, such that this first
part of the lubricating oil is already substantially distributed on the

cyl i nder wall E@r%ﬁrléa%g‘yg ages of tb%éub@%t!%n%ﬂﬁ:hunphag peeferably edccendingniges
condition 30 I, B ' il i | : I [ f a
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t hi ckness is attai.ne nder the injection units. .
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I njection units. The advantage of this conbination is that wear is

mi ni mi sed and SAMCERENSENFE-ti e t he

When a combination of several parts of the lubricating oil is used, an adjustment of

the control is to occur such that algorithms are produced which are based on injection
15 of three partial amounts of the lubricating oil at different lubricating times.

By the present invention is thus applied a combination of prior art methods for

cylinder lubrication such that it is possible to achieve the advantages of each principle

and at the same time avoid the drawbacks.

20 Supplying directly on a ring area may occur in the form of atomisation or in the form

of a compact oil jet.

Supply of lubricating oil occurs via lubricating oil injectors that constitute part of the

injection units and which are provided in the cylinder wall.

25
Basically, there is thus used a combination of injection of a first part of the lubricating
oil into the cylinder, directly onto the cylinder wall and before the passage of the
piston, such that this first part of the lubricating oil is already substantially distributed
on the cylinder wall before passage of the piston such that a better cylinder condition
30 above the injection units is achieved, and an injection of a second part of the

lubricating oil by conventional lubrication with piston distribution of the lubricating
oil such that an increased average oil film thickness is attained under the injection

units.



5 lubricating oil consunption is mnimsed as it is possible to operate
with the ible feed rate. In total, a better f ani thod is
achi eved \\&Egﬁfeollltaﬁ?best is taken fromall systens and cggg%ﬂr#e}gidﬂ%?{(;gﬁa new
system The distribution anong the lubricating oil amounts for the first
and second and/or 10 third part of the Ifbricating oil as well as tining
of injection on the piston above/under the piston, respectively, wll
preferably be Tercatadescordifians direby behes batten ol tho pese at theror ofildie ciylondsr an t he
cylinder may t rmsaing. for- distribution and timng. It nmay be
said that a rru‘{;é[rhls%sﬁlgm%%%&c%&r%%}mﬁc&gﬁ@%sti on is achieved conbined with a
15functionally determ ned cylinder lubrication. It nay be applied in
different situyatiaqns, for. _exanpl.e by sul phur-dependent distribution of the
vari ous partsulg’leagﬁg‘t‘fgﬁbﬁfi%%f‘? f‘at_lﬂfllllls g?PB’Q%rc‘F PRREI$8 G At the same timg thesj ng
the nethosl acq@ibangs b2 dohRuipB¥ENd hifimideaUs iPid PekipR! wesRefl RRML Gie Wast
20application of the method according to the invention are possible. 1)

Fi xed per cent &§esible feadupiechy totaly adbdtier funepeninmethofl inechirrkd Mhartsthe hettiixed
per cent age of @gg] ubr i j il is supplied directly on
the piston or t%}%%t Ogﬁ%/?i n g?ﬁgﬁwﬂg%fgﬁﬁﬁé&g%ﬁ?{%n_ This means that also a
fi xed percentage of the 25total lubricating oil amount wll be supplied to

t he cylinder | 1 ..ahpve the piston.. LI) Reqgul ate i stribufion of

| ubri cating O;Aﬁ‘%h%{ig'ﬂf“’rneﬁ?ﬂn&ttzﬁq‘%ﬁﬁf“t%ﬂl ﬁ’g‘ob‘f“is tg’f gﬁjitlrﬁhf“i‘ PPCRR aﬁ‘gor
appl i ed. 1d7er e thidd phrbbf th®HbH ORI of Rk infell s HRNNDSE iARBidneh the bRlohaBGveMddBr a
fixed amount of the total ampunt of 30 lubricating oil being supplied

ei ther on or dkiBistopEsHsEidtebh Wil peefetably fsrratametereaptrliedhBaeertenh ogérpfien ent
per cent ages of. gk i i t I AT bis@0ek ond part of
the lubricati ﬁgﬂ%?fjﬁs\ﬁgﬁéecgﬂ%%?%%ﬁ%&e&ﬁ&ﬁ e sglrsrtglggté%/n?a%ldts[ 1%[\E/}\IARQ'I be
possi ble to change the lubricating oil distribution between the first and

the third par tlt m'g? "e B4id that avguﬁgt}rg{n]gdfc% 1?1 eecflll-{)r%tzlgr} (1)s/ 2(1)(3 Pe]\'reS cc]irgbined with a

15 functionally determined cylinder lubrication. It may be applied in different situations,
for example by sulphur-dependent distribution of the various parts of the libricating .

oil as described below.

By using the method according to the invention, four principal embodiments of

20 application of the method according to the invention are possible.

I) Fixed percentage of lubricating oil Independent of actial loads, a fixed
percentage of the total amount of lubricating oil is supplied directly on the piston or
on the cylinder wall under the piston. This means that also a fixed percentage of the

25 total lubricating oil amount will be supplied to the cylinder wall above the piston.

II) Regulated distribution of lubricating oil

A load regulated lubricating oil distribution may be applied. Here, a distribution

algoritbm may be applied, starting with a fixed amount of the total amount of
30 lubricating oil being supplied either on or under the piston. These algorithms may be

based on different percentages of distribution between the first part and the second

part of the lubricating oil wanted at 100% load. In the same way, it will be possible to

change the lubricating oil distribution between the first and the third part. Moreover,



it wll be possible to establish a lubricating oil distribution where a
| ubri catl tribution anong first, second and th

appl i ed. ezgieolllé‘?g?)rlthns may be based on the conditi onbgﬁllnﬁéﬁr@éh@)l on of
the total 5 lubricating oil anmount (besides reduction based on change in
revol utions), why the distribution is defihed as a fixed ratio between the
first and the second parts of the lubricating oil anmount. By reduction of
the total anouhtilbpelngssbledeicpighlishia Jubricasingi eibidistributien Mhetei o Rbsryme ethm 10
whi ch provide [ rst and second parts of
t he amount ofsq% l?t{:og%glr?%glt@%t S%F%Iataﬁggﬁ%d\;%ﬁgl n@?lé%dce a given ratio of e.g.
1/10 at 100% | oad nay be used, where 10% of the total anount of |ubricating

oil is suppli on he. pi ston and 9Q% i s, suppl.i.ed ntheclln

above the pi st i\g’é’ngjnést f’?aﬁfuﬁ? g’ﬁsage?‘?z\é]é ’ﬁ%t‘?‘?r tnoaﬁ%d“§ g b%rtP@ is
changed ssich tm@icaang:@nta@wmnamesm&s fea@dto8 RO hdn@e 14 ;@«oﬁ&loﬁé Wﬂg tB4 r oke
of the piston of the dosing punp at 100% is ensured supplied on t

piston. This rfedneutionds defnedsisrpyfized abp |b@a’fqenghq)ﬁrst e theaterond rerigofithtim
where the strqﬁ&cg{m%&?aﬁ _piston for lubricating oil is changed,
conpensation has to e therefor. Regulation of the stroke of the punp
pi ston may thus ampunt to 25% of the stroke at 25% I oad. Exarrpl es are shown

in Fig. 9. 20 At atiy n_ NMEP-requl a ubrl rlbutlon
my be appl | od® Pt 4ahe torf R priaic el iy R ) BeTbaliph P

starting 1o t h vehiét fﬁ@dld@ﬁ@NﬁlﬁedQ%Iah&ﬁhipCHe&beeﬁrfﬁélﬂfst afd deubid ﬁa@tﬁ'oﬂﬂm@rﬁmﬂ?' ng
supplied either _on or under the piston. These algorithnms may be based on

di ff erent per@éh@@@é%n&)?lldnéhqﬁrﬁ tapeep giNer Frttord ofg. 140 35 A0¢% Isdrmax be
second part of; I I t Oy I: Y e
total anount of &[P%{)re?%gdt’ﬁ%g lgl?‘opdl B?WNEF%’?S%‘%Eﬁaat%% 15?2&%8115?/0%31@}9 B9 and

di stribution #O0feorsi supphiqer @ ihdicnder watlidbdve éieqnstorns'lfherﬁlstmbumgrbetwmnfthe st
and second parts of the.ampunt . of lubricatin ulatio

cor r espondi ngl%}St ghdsecagg n@%ﬁ ohangst Sshd tﬁatk?yce lé‘r?él?or‘fﬁ @P’Fﬁﬁ?gmgﬂgn?%g?éﬁﬁp

pi ston fos thehd sthjkbcbatherpgst@i of. thé- QosRegFumpl 4t P0G Is¥enéhed SippBedapEh@pRtbnM th a
smal | er change of the distribution percentage. In the first |nstance a

given ratio oflhy @Banétthai(b@%l%é&“%?/tlftgemh@é atihalgeritimonhsre thastreles ofitheymount
of lubricatin 0 MRPhLRE, 0N the
cyl i nder wall q) aigvglktt%nsz;lmgth g%m%'lrbﬁfeﬂdl st bg?llﬁ n S%Eebré::%a%ttg]% rgt 6 E% %EM may

thus entail a Riigslatipbof thestrpls efethe pgrep pfstoilaﬁay tivsapbes t@l&ogH thanstiokie Bt g.

10.

25% load. Examples are shown in Fig. 9.
20
Alternatively, an MEP-regulated lubricating oil distribution may be applied. Here
also, a distribution algorithm may be applied, starting with a fixed amount of the total
amount of lubricating oil being supplied either on or under the piston. These
algorithms may be based on different percentages of distribution between the first part
25 and the second part of the lubricating oil wanted at 100% load.

By reducing the total amount of lubricating oil, by MEP-regulation is applied a
distribution algorithm providing a varied relationship between the first and second
parts of the amount of lubricating oil. Regulation may occur correspondingly as by
30 load regulation by changing stroke on the pump piston for the lubricating oil.
However, typically there is operated with a smaller change of the distribution
percentage. In the first instance; a given ratio of 1/10 at 100% load may be used,

where 10% of the total amount of lubricating oil is supplied on the piston and 90% is



I'11) Correspondi ng enbodi ments of fixed or regulated distribution of

| ubri cat '\98 2@10?1%15 Qy intermttent lubrication The above %L}Hﬁ& mfed% ol and
Il presuppose a]t lubricating oil is supplied in each engine stroke.
However, it is possible to use a corresponding solution in lubricating
systems with intermittent lubrication. 1.8, where lubricating oil is not
supplied in each engi ne stroke. 101V) Sul phur-dependent distribution
Dependi ng on tsupplisd| gehilie cytindesrwall @Whéhfspipiphi Ele figeibutien pcreerttggei A% one
may vary the fj t he t|n pLi.ed nto the
cyl i nder wall RI{)OVI%% e ;g)rllta dl&ﬂ?ﬁtr?% ece Of gébﬁoi\;)é‘re ? %BO f%gﬁ%t
sul phur contento, one may thus i ncrease the f| rst part of the Iubri cating

oi | supplied ectly onto the cylinder_ wall abqve the piston during its
upwar d moverme kSCPS“PB‘?'E’dS'/g empadimentief deloﬁﬁFg‘Hé‘t"fihﬁStB‘BPt‘%‘t of wer't‘-a%n%f t he
oyl inder wil| HPbl BkFARRMA IBnAEARR TR REHEIAH0ARARC] bR 3 hieSlpbol ARGET
anmount of acid which is forned due to the higher sul phur content

suppl i ed fuel .lubricating vHeSISeméiedom q?ah &n@lnersgom |Hovisvem ripisr p@aﬂblwto use a

det er m ned. Hoy in_Hi an exanmn ri but| on
may | ook |ike. V\%p oPdtpg solug%n i 61h1r§ca§’18g V}ést rresnvtvrth fntent 1t?en?§ubr19%1’¥10%nge derh e

- 1V, there wlhbridating pit ik sigiptiedinch engirerstrols h of t hese: 25a) that an

el ectronic control is provided, that the tine of oil injecting is used as a
parameter for adjusting the distribution of lubricating oil in |ongitudinal
di rectionoof tiNg GMphitd@épenadst UR@tinddvn %Bérfd‘ﬁi %Htﬂ’tg'aétﬂ;ﬁﬁUdéthtsﬁﬁ ithdit es
the different parts of the lubricating oil on the at least two different

pi st on posi ti ousplicttied én theycybedati egaraydrag the ifest paref thevelridating eibsuppliehder

or at differe e ame
nj et on ani (SFRYERP b shitfet Sl 8be phieford hudBhE DB elided 85, £¢
parts of | ubr ildgher nglpbud contdid, bl)e e thysSinereaseethe i first plznf.lef the) hibﬁbatglgp@tul iar
in that a fixed ercent eof ubricating ojl i lied:: On the

eyl | nder i st PR G e Gudes vl B yefe Ptgmaring HY BEY S &0 BT ing

ei ther the upvadrehyOkhd iBoe WA attigSsiP Bt B8$§AELthe cylinder will be increased in

order to neutralise the relatively larger amount of acid which is formed due to the

higher sulphur content in the supplied fuel.

The level of parameters will be empirically determined. However, in Fig. 11 is shown

20 an example of how a distribution may look like.

Apart from the four above mentioned principal embodiments I - IV, there will be

special embodiments for each of these:

25 a) that an electronic control is provided, that the time of oil injecting is used as a
parameter for adjusting the distribution of lubricating oil in longitudinal direction of
the cylinder, and that the control automatically distributes the different parts of the
lubricating oil on the at least two different piston positions. These may be disposed at
the same level in the cylinder or at different levels in the cylinder, i.e. by operating

30 with the same injection unit or different injection units for injecting the different parts

of lubricating oil.



5- Directly on the cylinder wall under the piston after the piston having

passed t I | ing oil injectors during the upwards MR t he
pi st on. r\gorzg@ﬁ“g%%n the cylinder wall before the cyli ngg’nrf pI s{b(tf)or?gfpsgsses

the lubricating oil injectors during the dowwards novenent of the cylinder
pi ston. 10l n these situations, the rest ot“the lubricating oil (the first
part) wll be sugglied directly onto the cylinder wall _above the piston

during its upvilr HosyBxptsab fention upderyayt beinga peaplinr inothat 2 s peagenisge i the

peculiar in thl%ri@atifx%éﬁ*i&s% tat of the lubricating oil is supplied: 15- On
the cylinder piston during its passage of lubricating oil injectors, during

ei t her the upwa@d thy cylinderdostpmandng its passagractslapacatin®iorl dujettprso durinipeeithet i nder

wal | under the,piston afiter the pi.ston having passed the |ubricating oil
injectors dur itﬁgu?‘ﬁaefaﬁb{kﬁﬁag’n%ﬁ%’ﬂé?ﬂP%?fagf’he pi st on. Directiy on

the cylinder wablreQBf & ehet dyingat! walll@hidepithd pidtopaFRe $hd pistoh Hawing akdRg thé |
20i nj ectors durjng the_downwards npvenent of the cylinder piston. In these
situations, thEbHEERe gl erEors dprnecthe pRyards Moyt pf hepisim t) wil | be

supplied directbhyeQRt &h HaGyEdddrRAGT hdBle! th@le91¥1§iae% g%‘ﬁﬁly ]!ye{;csgggecfle ij?itcgﬁhgd&ﬁ ijng

its upward novenent. 25Thi § neans that use 0 ther  tTormof regulate

di stribution ofjectess dunipg ithsatomwmyyagdsimevemeantt of tled dyliederipjstémoad regul ati on or by
MEP regul ation, will beconme proportional to e.g. the actual |oad,
revolutions, etc. d) A systemas nentioned under a), b) or c), where

of fline a0 onllnneswesituafiéhsrerstese oR HeSlubfieatingrdib (the dir@padithevillybs ngpliedval | |

corr ecti ng t hGHFLY PHBUS SHnoNTY BPYSDs PEBEHEANHVDHIT PBPEY: (and
thereby the distribution of lubricating oil).
c) A system as mentioned under a) being peculiar in that a fixed amount of the
lubricating oil is supplied: '
15 - On the cylinder piston during its passage of lubricating oil injectors, during either
the upward or the downward piston passage.
- Directly on the cylinder wall under the piston after the piston having passed the
lubricating oil injectors during the upwards movement of the piston.
- Directly on the cylinder wall before the cylinder piston passes the lubricating oil

20 injectors during the downwards movement of the cylinder piston.

In these situations, the rest of the lubricating oil (the first part) will be supplied

directly onto the cylinder wall above the cylinder piston during its upward movement.

25 This means that use of another form of regulated distribution of the lubricating oil
amount, either by load regulation or by MEP regulation, will become proportional to

e.g. the actual load, revolutions, etc.

d) A system as mentioned under a), b) or c¢), where offline or online wear
30 measurements are performed on the cylinder wall, and which is peculiar in that these
wear measurements are used for correcting the distribution among first, second and

third parts (and thereby the distribution of lubricating oil).



13 e) A system as nentioned under any of the above a) - d), where offline
or onlin r nts of oil filmthickness are perfor | i nder
wal |, angw\;\‘%lﬁ@ 4FISEEpecuI iar in that these neasurenents gﬁqﬁ%{e}o%@ﬁoﬁxl m

t hi ckness are used for correcting the disfribution anong first, second and
third parts (and thereby the distributi onlf 5l ubricating oil). 0 A system
as nmentioned under a) which is peculiar in that the distribution between
the at |east te\h guvem apfmenfengd yndet ary of thsi #bove apadd Where ©offlipe 9r online

indirectly de ' t I Middee wane ied to
the cylinder. Hﬁ%%%g@gioﬁgﬁt@ﬁa hﬁ%ﬁé&'}&é%@ﬁ%ﬁéﬁhe C? 1ﬁe m&*tal b%nd;%:&g%bdlgng to
t he present i mpeeultar dm thas thpec measarenantst dfathe ol ilimnfheskhése mreofisetl Her farrestingar t

f the lubri i ff di ti i d. pi.st
passage and it ABrtoh SugME gy pRtbis B0 Rrgndry OpEPoiRpAsEuBiShAr e
ring areas As [ihatinpeilcati ng oil delivered fromeach 15 injection unit is

di rected against an area of the cylinder wall in the vicinity of each
injection unit in aring area in which the injection units are nounted, the

injected |ubrigati j | of or, : pi ; Lh time
to forma lar gfz yé}}égﬁgégerﬁ%ﬁt%%%duﬁgep Iaﬁg%%ﬁ?%%&ﬁ%ﬁ 1lrﬂ tP%tﬁfr?ne gﬁéﬁ)ﬁg&w i r?!argr
face. The advaht atgesst twepasf thicdebricaing oilns vedeaditectly okBAFE2S 1@ pemiiaz om EP 1

350 929. 20 cordin o a further. enbodi nent, the nmethod according to the
present inventToFY S‘%B%‘HICP tfﬁ{i”ﬁt ehfﬁ‘fel SPngelﬂﬁ? é’ft"?’g’?ﬁe& the second part of

the lubrijgating oil is effected in connection with an upward pi ston passage
and in an area between the uppernpst and | owernost piston ring of the

A [ . P :

pi ston. The pidsfingtorefehy ahadieentdle methodgererding fdieressnt inBeRiioBAt . The
optimal proceqyrQidSn ttﬁatst%x@rilﬁecﬁm%fyth‘éfﬁxlsy B ik ©uRcAtindNGY i RO e
piston ring is in ftfront of the injection unit and to finish en the [ ast
pi ston ring i sopastiomgvifhmes tupphst pistonhpessigt cud giasstion iminmystely befdra thone
situations, however..it may be.necessar conprom se. W t.h.t he
S0di ot 11 but i o PREEHREI Tesee? O O e ks i MR g A e oo Sach
vol unme- dependdffectisiturisistdiRctodl apgifstpeneh af $HO cyhidee svall id4hdAVickityadficach y, by
conventional nechanically powered, |ubricating apparatuses wth check val ves
one may typi caPiegiaR Bt i Ajr@gtarghitoMhichihe éaiestiog WtE aeamerred.t hadniered t i ne
for passage ofpffiGiifif LAlwil SEBR fleMEnil Gibid Blssdge, bs i RhRAYAGLARY: fahgly t he
lubricating oil 1s 1nh place when the piston 1s passing.

coherent annular lubricating oil film on the cylinder face. The advantages are

described more in detail in WO 0028194 and in EP 1 350 929.

20

Accordihg to a further embodiment, the method according to the present invention-is

peculiar in that the injection of the second part of the lubricating oil is effected in

connection with an upward piston passage and in an area between the uppermost and

lowermost piston ring of the piston. The piston is hereby lubricated during its upward

25 movement. The optimal procedure is to start supply of lubricating oil when the upper
piston ring is in front of the injection unit and to finish when the last piston ring is

passing (most pistons have four piston rings).

In some situations, however, it may be necessary make a compromise with the
30 distribution between the piston rings as the injection time is volume-dependent and as

the piston speed also varies.



5Al ternatively, injection of lubricating oil may be perforned during the

downwar d \eégm{alg%m?f the piston if it appears that ther?ﬁgﬁ)é%)%ﬁﬁﬁ%r need

t han expec ubricating oil on the | ower part of er wal l
under the piston. According to a further enbodi nent, the nethod
according to the invention is peculiar 10i%n that the same injection units
are used for injecting each of the injected parts of the lubricating oil.
It is possibl élieanatizely; hg conyventiongl dgechamically pewersd dwpicadrt pppapatisss vairh
systens. In pring Pt | . r t el i [t can
supply the | ul%#ll&%éa |hﬁe§ ngE In'“gll lgéelufyi)ér?aer,t)ﬁl&i"ﬁcrla ?ﬁé)ﬁa*%%l}a%gn%@gfdﬁﬂgﬁg%d g’? td(glrgg

pi st on passagédor passage lof thedirstipstoreting suet thiap itdh safggnanied 2hae teviabricating il ihe

i njection uni t.I,l gut Bnl%f’i n cantrols enbedded in control units such that

al gorithns ar & BABUY, REtOrdEPYPEsh different |ubricating times and

i nj ecti ons anoWItesdaAiRaly A6t &iios _td'fcaﬁbridéhtiﬁ#%a BRNHSNGE pRIfoRRRA Alrin@Nthd MoRIRERT S,
e.g. cylinder load. 20 Accordi qu to a further enbodi nent, the method
accordi ng to tyepeasehthemisenif] ibappegrspbaiuthemgy isjangrepigt nged; then pagcied fohe

first part of sibieadiiPE 68 etk 888U SAlcr Wl ByBL SRSHILE L N ouSh the

injection units ftor ‘establi ete or partial® atom sation of the
| ubricating oil and at a tine i mediately before the upward pi ston passage

Lt LTS, BB BB SR e Sl EOERL LR, BB o

be in time befipapt tHresametitiattionivmitd BreRRES AF EnjbQincWalh 8f thaigedisd el T ey
annul ar lubricating oil filmon the cylinder face. The advantages are

described in A#riatg el in WD 0028194. 30According to a further

enbodi nment, the nethod according to the present invention is peculiar in
that injection of the second and/or third part of the lubricating oil
occurs at a hilygks pessidate usdtheuspme ngection ewits an applied irf prioestt aybtembi hy a

orovi ded i+ obeBles T SYRE bS Prstiral R s 3iteP o aeeorpbdbe Wredipect
15 before, during and possibly also after piston passage. It will not be required to change
nozzles/valves in the injection unit, but only in controls embedded in control units
such that algorithms are produced that establish different lubricating times and
injection amounts/characteristics in dependence of operation parameters, e.g. cylinder
load.
20
According to a further embodiment, the method according to the present invention is
peculiar in that injection of the first part of the lubricating oil occurs at high pressure
through the injection units for establishing a complete or partial atomisation of the
lubricating oil and at a time immediately before the upward piston passage of the ring
25 area. The advantages of SIP lubrication are hereby achieved where the lubricating oil
is atomised and the atomised lubricating oil will be in time before the actual piston
passage to form a largely coherent annular lubricating oil film on the cylinder face.

The advantages are described in more detail in WO 0028194,

30 According to a further embodiment, the method according to the present invention is
peculiar in that injection of the second and/or third part of the lubricating oil occurs at
a high pressure through the injection units for establishing a complete or partial

atomisation of the lubricating oil. Hereby, oil is provided in recesses in the cylinder



15 wall for subsequently being entrained by the piston ring, or

al ternatiyel om sed spray of oil is fornmed which s n and
distri but\ﬁ?%&/ﬂ?}?%@ﬁ&pi ston. According to a further errbod:PﬁeI}nﬂti%Z% (gglr?gt hod
according to the present invention is 5 peculiar in that detection of an
indirect or direct parameter for actual chlinder |oad is perforned, and
that a distribution between the first and second and/or third parts of the
| ubri cating oiwall &r pegequsnidhbeihg entraieeddyctbe distomding; ot dierghtivelytan adomised

i ncreased pro [ l ed. indey ..l oad. t .S to be noted that
by high pr ess%?Irea&iogQﬁégafﬁpg%dr‘gglgﬁselgjg%}%f’]il%Ib({ﬁh%tng?tggé)?h"glp&%(\’/nal ves, e.g. of
35-40 bars as nentioned above. H gher pressure may al so be used, however.
Alternatively, the.lubrigating oil may be supplied at | ow pressure for
establ i shi ng” £*¥BHTHEE 3 fithgre QPHPP%HP%@“%PB .ac%ﬁgﬂif&é‘? thegyresentdpyngion is

possi bl e &l t erailiay @SthhOletReibh OF B BAISHUR dte&PatdnRherThr 481 e¥1kndeflio_%&ti§ on,
dependi ng on operational paraneters. There may be used a system which via

sensors i n t hécEpmadgand that b dintrabiiiee Setwegn trofisbang seepnfl aslor| third patthef f or m
of tenperatur Enﬁﬁ , d 1S ;0f i.8. vari.es the

di stribution g}é mzﬁgﬁ{%gﬁ ?‘)étnlla?\dé ol tfs’%&%?%é‘%f%gsantd&og tfl llrérf?taﬁgrar? ﬁ%r%ag%dond
part (or possipportainally bg redlutdi aytingeaidadf or del i very after passage of the
pi ston). The first part can be supplied as SIP lubrication and the second
part can be supplied according to the traditionally tinmed systens. This

neans thay apatis tb boabea #k bh highthrbkhieNI mef pfRs@iRRlinSh friRf STadding, oi |,
one nmay al so use g}gararreter for relative distribution of the lubricating

oi | accor di ng %8 obie4@bars pementimed phqvaciiligher pressye magy alsocdsrisedybeweerof

detecting increased wear. Alternatively, there nay be used a system wherein

adj ust ment occurs according to a 30 distribution anong first, second and

third parts (axtraigelghthetlhleridatibg od atdynise Dipblietl st lowbprtssare) fonlestaliiishing cone or

nore sensors use a ditr?ﬁ% or. i ngli]rect measur enent of cylinder condition as

paramet er. Forr*BR&TH 8T RS IE%ns, cylinder lining tenperature, |oad,

i njectedijfuel amount, lubricating oil quality, lubricating oil viscosity,
BN 16

T There are several possible alternatives for performing such a control of the oil

injection, depending on operational parameters.

There may be used a system which via sensors in the cylinder wall measures wear
20 (e.g. indirectly in the form of temperature measurements), and on the basis of this
varies the distribution between lubricating o0il supplied as the first or the second part
(or possibly also as a third part for delivery after passage of the piston). The first part
can be supplied as SIP lubrication and the second part can be supplied according to
the traditionally timed systems. This means that apart from enabling adjusting the
25 amount of lubricating oil, one may also use a parameter for relative distribution of the
lubricating oil according to one or the other principle, e.g. as a consequence of

detecting increased wear.

Alternatively, there may be used a system wherein adjustment occurs according to a
30 distribution among first, second and third parts (and thereby the lubricating oil
distribution) which via one or more sensors use a direct or indirect measurement of
cylinder condition as parameter. For example revolutions, cylinder lining temperature,

load, injected fuel amount, lubricating oil quality, lubricating oil viscosity, TBN



content of lubricating oil, analysis results for scavenge drain oil
(residual 6B ofSicgont ent etc.). There nmay be applied a %ﬁﬁfﬁﬂld&ﬂ%’bfsﬁ e.g.
uses sul p‘ﬁur neasurenents in the fuel oil. Increased squ ur contents
require nore lubricating oil for neutralising the sul phur. The nethod
according to the invention may therefore Ke adapted such that an 5 i nproved
neutralisation relationship may be achieved farther down in the cylinder at
a position undwntephefl Jubbieatiag wiln gnadysis feayltscion seavergetdian gyl @esidush THN, Fs- by
swi t chi ng bet I icati: L nci . I t he
principle ill \ﬁ’ﬁgﬁﬁ %‘g)‘itl\rf;@ﬁ‘ggﬁleﬁ’&’}‘%@? %&?@%@"ﬁ%& E‘%’Etg‘r‘l ﬁ?r;’g‘%ug‘%rrﬁ&g%ttﬁg‘? tions
above and undehe fuskoil. Ih@edsedsulphur tontbes tueiremmoe: lubvidatingroil 16 ndhtrdisigtthael vy,
it is possible use th rea ratio_ abhove.and upder, the injection units
for cal cul ati YR LAE FTEROR AGHREIS (e FBUAD PR eLort e addigsch thef &

i mportantsto nghfoved abuttaliSatioR 26l atidrdkib Wety e aRhiSt QNSRS Yewn i IR BhdE 85 a
conpression and conbustion pressure, is typically the highest at the top of
the cylinder. Ppsition wadasshelqpricating od injeetors DS thegrigPiinaingia by swichisg betieetar ea
relationship . i i Lon, . he. I fo: tter,
e then T TRuR LRAdpE rp s St rbhLeR Al e IR BT 0

Al ternati vel y,thaneaynthe whetralisatiore codrbtions bovereadroodidr thé idjedsion aadts rbgecand t o
be supplied on the Hd ston, either on the basis of the whole area of the
cylinder Iining8§MY§ exclusively on the basis of the area under the
injectiomgunits. The distribution, and the basis of the latter, is then
i.a. found as a function of the area conditions in the cylinder, possibly
conbi ned wi t h Alsreatiyelys lés rossble thusethe fisp satiombes sndtunge the ingasondyits for

anal ysis of s (=Y i AR I 5; lysis
of the drai n oplcurate bl LR SOpE RN Hat P LAEREL o AR Y
provi ded a cl ghadthei loed)i inclndigyg| pistion nspatts rtempéretuosy ndormplressioh canelt caalpusiion r i es

to reduce wear particles i he. firs | ace,. ,Wear. particles e . g. be
o esonted: pyrEREen GRS heBiaes i ES Or meicRinfEy 7o Ral e 58 nobe
measur engpt s Widsélble calygtovese thé ARmPelkieskhidBeLa Fadniets.! Rl d@iribifén, i ana rease

the lubricating oil anount or 30i ncrease the ampunt and_distribution key.
WO 2010/ 14916Dasievf thriwien iobhen 5o feundos afunctiop gf the area conditions in the cylinder.

Alternatively, one may determine the minimum amount of lubricating oil to be
supplied on the piston, either on the basis of the whole area of the cylinder lining or
20 exclusively on the basis of the area under the injection units. The distribution, and the
basis of the latter, is then i.a. found as a function of the area conditions in the cylinder,

possibly combined with some of the other parameters.

Alternatively, one may use analysis of scavenge drain oil as an active control
25 parameter. Analysis of the drain oil may either be performed online or manually.
' There may be provided a closed-circuit regulation where the control automatically
tries to reduce wear particles in the first place. Wear particles may e.g. be represented
by the number of Fe particles. If this does not improve the measurements within a
given time-period, one may instead either increase the Iubricating oil amount or

30 increase the amount and distribution key.



17 Alternatively, one may use analysis of online neasurenent of residual

TBN ei t h%f)qh{()?ﬁ%d for adjusting distribution or as a geqmb%}ﬁ{d'/dgﬁlsgf
u T

i ncreased ricating oil amount and a change of the di~st rvenviu. 5 -
As Mentioned previously, one will typically use a distribution for
supplying onto the piston or above the pi% on, but as an alternative to
this one may al so conbi ne the above enbodi nents with a system where sone of

the | ubricati ndjlignstivalyoene may usaphlyss ofimabine msesupiaanb Af TesipbBPN pitheanount
of ol "com nasufond sl BfsdBCusbidifiel: R RfinidAfeP P fitreatl ARERLRHNGI 1O @

further enbodi nmen accordi ng e present 1 nvention IS

pecul i ar in t habounhandsednnge it distribhiiond part of the lubricating oil
constitute mnimum 10% of the total amount of lubricating oil. 15There is a
need for defining a certain m.ni num anmpunt..of .the lubri-cati-ng oil to be

suppl i ed gnt 0 ANERERIGIAPrevidtis, BhdiwillipaaRy Rte Niskribhgordfl St FPIyiag ob thest s,
but it will be assuned that as a_m nimum 10% of the lubricating oil is
al ways suppl i eristap reEbpye B rigien, fukep@s altprativegty thisconsdapn glsp sembar thee

| ubricating oil, I3 us,: ' : Vi " b t:bat a
di stribution i%bo?’ré é{ bggégégoﬁltggats 3%*41?0%?%%%%%@5%%?%rcgﬁlﬁggﬁo%“&mt 8
di rect /i ndi r ecduppligdameeethe pisthinc ahdretry thy kinnaigrof bd &doraing down't oelibeicglndethi s

distribution may jnply that a delivery of lubricating oil directly on the
pi ston will al’ﬁé’g/lgen‘g‘f%ﬁept ute the small est percentage of the totally

suppl i edjgmount of lubricating oil. Also, this distribution may inply that
a delivery of 25lubricating oil above the piston wll always constitute the

smal | est per ceftwgdingfo 2 permbedjmenipihe inasihodrasaerdingsto theppreseat inygntmy s A
di stribution B iRk HERDIRTARRE WiRNA o i Tt R0 dbAbiith@3fininfn an
exanpl e, by 95%36]*061& a aggx(i;% su;;lplay o? 111u[}%|!rdcat I ng gi I %bove t he pi gi on may
t hus be eff ect H¥ obthe 3@8GHduotaef lebrBBftseibpl y of | ubricating oil above the
pi ston nmay be effected, and by
15 There is a need for defining a certain minimum amount of the lubricating oil to be
supplied onto the piston. This minimum amount will be determined by tests, but it will
be assumed that as a minimum 10% of the lubricating oil is always supplied directly

on the pistons, i.e. as the second part of the lubricating oil.

20 It is thus possible, as already mentioned above, that a distribution is made based on
actual load and/or another kind of direct/indirect parameter indicating cylinder load
and/or condition. This distribution may imply that a delivery of lubricating oil
directly on the piston will always constitute the smallest percentage of the totally
supplied amount of lubricating oil. Also, this distribution may imply that a delivery of

25 lubricating oil above the piston will always constitute the smallest percentage of the

totally supplied amount of lubricating oil.

A distribution may be performed proportionally with the actual load. As an example,
by 90% load a 90% supply of lubricating oil above the piston may thus be effected, by
30 60% load a 60% supply of lubricating oil above the piston may be effected, and by
40% load a 40% supply of lubricating oil above the piston may be effected, and so on.



40% | oad a 40% supply of lubricating oil above the piston may be effected,
and so o rding to a further enbodi nent, the s ing to
t he presg)r‘ll? 2%@6@%@?% is peculiar in that the positi onng'%‘g no@iei)(r;r@p#bof t he
pi ston are detected directly or indirectli/ and that a timng of delivery
of the lubricating oil, an adjustnent of %e anount of lubricating oil and
a determ nation of injection characteristic are Sperfornmed. For exanple,
ref erence neanicagedingte appibreembgdirentathe methndeaseerdingite Fetnyesenbinyeniioafis and
which directly .1ndirec L:adi Bt on: B o [=WY) and
t hereby al so t%egﬁlbdcgsl?tﬁ%%n&%%otkﬂgh%?é??)é\&ﬁ*ﬁgggkﬁﬁa S@Iﬁt er agt &m@t(ﬁ&m “Sensor
means 10 whi chindiedctlef arglothiat a dmigf of Gelivenf eff tuadabrivetns pil,aandadustmentr afl theini t
which is connected to d. receives signals fromthe.sensor ,meaps. and which
i ncl udes means?RYRt Rt g‘@’ﬁcﬁlj‘gaﬂéu%‘f apd@fefrfl’d‘ﬁu%% qlkefnllecggn aﬂﬁmcgpsgcpeaéﬁ of
the refergnce y@@apsednd thereby of the main shaft, and which is connected
with and controls activation of piston punps for dosing the |ubricating

oil. 15 According to a further enbodi nent, the nethod according to the
present inventy I e j i E b 3 &9(%71%? ) b 61
control ling, %ﬁﬁ%@?ﬁg?ég%ﬂaﬁ%rﬁl él%gig%}i hga@lieﬁih@ﬂ?ﬂﬁﬁg&f‘%ng of t gﬂhhgl? g%d.

Such a conput eshaft camtir whichreiretsly ois edlirestlyc ondicatsl therpasitioorofrtbe whaan ishaft tahé

paraneters for,lupricatjng oj.l ipject.ion endi ng, on, 2Qcust om sed

B Gor ¢ h. | THEREY AGG "hE BeRlheF 5 RHEN: FBRcT B RGGH el ey means

i mpl enentigd i NwRick Metk&Pogisionl 651G kdTadndd n&ts, 2n@44 0308 Wit vatlidiek Rahneseldyoi N a
system as descri bed in WO 2008/ 141650. Both of these docunents are hereby

i ncor por at ed bApdrieseives rrigmals| frpn Hie sersar apeagy sehichringlydes qaeenp (@ dofpeting he
appar atus may fay Irghgiéﬁ{) 3 yelﬁ%r i SPORSSE Bl LR RceAhEanS AR ML oMe

sol enoi d val ves Ic ol pressure to a dist I’I%Ut or plate.
I n principle, majpebsft,omdovitich tshvenmicsdomithnend bmtnotsmaciidawnwif tpistempumsed fnoi d

val ve and i nj egt i %&Paf)gvet.t he..pi ston with anot her sol enoi d val ve.
Alternativel y, 995&HT {OHEBELYi bl e on the basis of the control that the

sane sol gpoid valve provides timng at two different tinmes and is thereby

used both for injection onto the piston and for injection above the piston.
According to a further embodiment, the method according to the present invention is
peculiar in that that it includes a computerised controlling, monitoring and/or
detecting of the functions of the method. Such a computer control may be used as
control unit for regulating the parameters for lubricating oil injection depending on

20 customised algorithms.

The method according to the invention may readily be implemented in a system as
described in EP 2 044 300 or alternatively in a system as described in WO
2008/141650. Both of these documents are hereby incorporated by reference.

25
In the latter system, it is possible that the apparatus may have different strokes. These
strokes are controlled by solenoid valves which supply hydraulic oil pressure to a
distributor plate. In principle, injection onto the piston may be provided with one
solenoid valve and injection above the piston with another solenoid valve.

30

Alternatively, it will be possible on the basis of the control that the same solenoid
valve provides timing at two different times and is thereby used both for injection

onto the piston and for injection above the piston.



19 Description of the Drawing The invention will now be expl ai ned nore

closely wi f nce to the acconpanyi ng drawi ng, where. g 1
shows a \gghte}?r%)ﬁ“gkgecti onal view through a cylinder V\heﬁ)ng)I%mr%({sapsgrt of

5lubricating oil is injected into the cyl 1%&; Fig. 2 shows a sectional
view corresponding to that of Fig. 1, but ere a second part of
| ubricating oil is injected info the cylinder; Fig. 3 shows a sectional

vi ew co_rr_espon]a?sﬁbipf‘ﬁnf’ﬂ%q{fwmgg. 1, but where a third part of lubricating
oi | is injectefhdiftQuibA%ilHbw B@'@;_Eﬁlaiﬁ&ﬁ]'pere cfos§12% leftk&tet tPle B&M%n% he

according to two different principles for injéction of the first a

second part ofdrewimg] whergccating oil; Figs. 5a+5b show two possible
principles forg. ul ated or, fix istribution of injection of.the first
and the second 1%’Zifrgt S@éwfﬁesc e&%ﬁ?%ﬁ%" R Sheha (ﬁ'ihlél&e%w}g st ﬂp@ig l e
of change5of the oi llubirichting il is kijesad into the egiddegi nal 15direction of the
cylinder; Fig._.7 sho exanpl es of reductign of scavenge drain oil by
injection of IUBr7 caRPHY? S?Qtlo‘é”j Vigye corrgsponding fo et ofde Lyt dderedysepnd (S| p

principle); Fig. 8 shaws®uadinken iOhjdeainBiRA/EagedY | nj ection of
lubricating oil either as the Tirst part of theé lubricating oil (SIP
principle) or HEHg I hehewcosrgtipng viepf cortsepordinglie thehef Fig. bibut wheradithirdpart ) ;
Fig. 9 shows a distr] | : I Wt kxed. armount of |ubricating oil
suppl i ed as second glrfh‘tﬁhfé}glgg)grq?{nﬁc%ﬁﬂoltﬂ%&ih}ég ing oil (on or under the
pi ston) ¢onparkg 4 tshowes infeeton dmidgadcedrdingbiol teatdifigrenti grinaipieg s infdcgion 50
shows an alternative distribution algori tf’tﬂ?w th fixed anount of

| ubricating 250il s A dle seg the/pbricaling pilof t he | ubricating oil

(on or under tHigs. 5a+5b show two possible principles for regulated or fixed distribution of
injection of the first and the second part of the lubricating oil;

Fig. 6 shows an example of change of the oil film thickness in longitudinal

15 direction of the cylinder;

Fig. 7 shows examples of reduction of scavenge drain oil by injection of lubricating
oil as the first part of the lubricating oil (SIP principle);

Fig. 8 shows examples of wear progress by injection of lubricating oil either as the
first part of the lubricating oil (SIP principle) or as the second part of the

20 lubricating oil (traditional);

Fig.9 shows a distribution algorithm with fixed amount of lubricating oil supplied
as second or third part of the lubricating oil (on or under the piston)
compared with a load regulated lubricating oil amount;

Fig. 10 shows an alternative distribution algorithm with fixed amount of lubricating

25 oil supplied as second or third part of the lubricating oil (on or under the
piston) compared with a so-called MEP regulated lubricating oil amount;

Fig. 11 shows an example of a distribution algorithm by different sulphur contents in
the fuel supplied to the engine;

Fig. 12 shows a schematic overview of a system with a plurality of lubricating

30 apparatuses for use by a method according to the invention; and
Fig. 13 shows a sectional view through an embodiment of a lubricating apparatus for

use by a method according to the invention.



pi ston) conpared with a so-called MEP regulated |ubricating oil anount;
Fig. 11 s‘pg% b gxampl e of a distribution algorithm bypgirfﬂléﬁ ofxy! phur
contents I'n t]he ?uel supplied to the engine; Fig. 12 shows a schématic
overview of a systemwith a plurality of |ubricating 30apparatuses for use
by a nethod according to the invention; Fig. 13 shows a sectional view
t hrough an enbodi nent of a lubricating apparatus for use by a nethod
accordi ng to tPetajled/Pescription obtheayentiond Description of the Invention In
Figs. 1 to 3 S j Vi . i . j j ston
52 and a nunbgil?ﬁgg‘{ ﬁr{:?gc ?%dﬁggg‘%%tléhﬁ\gl%?g}go dfl fﬁn%géﬂrﬁ?ﬁgltg% g&%ﬂs%?lmtﬁe
cylinder wall fhfmtendf wjéction vsitc 6hdspoed imatingaaren 64 oh dwercyllinteri walt bhgnd
apparatus. 5In Fig. 1, t Lston 52 is.seen in a |lower position. Injection
of oil 58 is p‘@glf’lgfsrf‘cgﬂnqc%ﬁ‘h’aacrf?tFﬁ‘ivgbﬁlpﬂ‘r‘ﬁ%ﬂﬁial’paﬂ?q‘sectIy on the ri ngJ area
54 of thescylimdgs Wahé pRfn SPNiE skdli BICA idWer @BSIHEE IAfecttonPsrSdil 5O Gddfdr@ed he
piston 52 imedi ately before the piston during its upward novenent passes
the ring area fom epgli inigstign upit dirgatlpioaithe rigg ares hghvihe Flindes walk éSp%)E?t i on
where the inj [ ' : DS : r
pi ston ring: 5%‘1?1%‘3%@6}1616’:1’3{65\23 2 ?ﬁcglndb??%gﬁ%%% 12%?%%&%&%})&%%&(’@%@1 S??S%Hg%ch
i nj ection uni tits wpwaed movemszht passesdhe sinpameoS54.he pi ston 52 between t he upper
piston ring 56 and the |lower piston ring 57 during the upward novenent of
the piston through the ring area 54. 15

10 In Fig. 2, the piston 52 is shown in a middle position where the injection units 53 are

located at a position between an upper piston ring 56 and a lower piston ring 57.
Injection of oil 58 from each injection unit is performed directly onto the piston 52
between the upper piston ring 56 ‘and the lower piston ring 57 during the upward

movement of the piston through the ring area 54.

15
In Fig. 3 the piston 52 appears in an upper position. Injection of oil 59 is performed
from each injection unit directly on the ring area 54 of the cylinder wall 55. The
injection occurs at a position under the piston 52 immediately before the piston during
its upward movement passes the ring area 54.

20

In Fig. 4, the two different lubricating times are shown, depending on being SIP

lubrication or traditional lubrication.

In both cases, lubricating oil is delivered into the cylinder during the wpward
25 movement of the piston. This means from Bottom Dead Center (BDC) to Top Dead
. Center (TDC).

The ”window” in which we are to time by SIP is placed before the piston passes the
lubricating oil injector. The “window” used for traditional lubrication is narrower and,

30 simply expressed, lies after the piston top having passed the lubricating oil injector.



In Fig. 3 the piston 52 appears in an upper position. Injection of oil 59

i's perfor%cif){({ggm@ach injection unit directly on the r%@ﬁ*/lﬁ{%ﬁﬂmﬁﬁl]tsﬂf t he

cyl i nder wal he injection occurs at a position under e pIston 52

i mredi ately before the piston during its fﬁmard novenent passes the ring
area 54. 20 In Fig. 4, the two different bricating times are shown,
dependi ng on being SIP lubrication or traditional |ubrication. In both

cases, |ubri caignp shows pdoad depepdertdubrireting gistribytionivlste thdiskabution batesn d
25 f i Thi X T
v of 4, A RS AL 0,5 R S . T

Dead Center ( ) to tinme
pl aced bef or e duppligi ftther doas sescylinderivedblrtp edighegdegrde. | nj ect or. The "w ndow'
used for traditional lubrication is narrower and, 30sinply expressed, lies

after the piston top having passed the lubricating oil injector. 21 Fig.

5a shows g | oadigdepepsient dokdirtaabrhida@ios!iddufibutiohi Dhis Whene thdlahélidstitupivhi on
between SIP and traditional lubrication is changed such that by |ow | oad,

| ubri cating oi betveens $Hpland diradifiqnab lubriafion He 1oy | naflfe FAeRmEATNtt b DAY pRAL

degree. 5Fig. ts: i I | Is i TR t hat
Chd st bo i B e AR AR 4B ANy O pRRER i e Airoll 2 JaEAE
dependent on atréntlyad comidendneors lubriegticmand] is avahies daithgi dewn buthesylikdey i s

p OB pa

ided in th . 1t.is i bl [ i f
libr | cati on of Toldn ke s EHR SHBURCBHOR RE (BT PHUSt TS s e Rase

this willjpbe cppgiadeseringRcliditoflinstgingér waRSUr enents of the wear or 10from
a visual inspection of the cylinder wall. In Fig. 6 is shown an exanpl e of

how the oil filmthickness is changed in |ongitudinal direction of the

cylinder, depm‘e'tiggsr ﬂ'ghémr?ﬁrp%n@léooﬂ{mxt {h_@%';]ltdﬂﬁﬁitckx&egpfsicgagﬁga% joRgitsBghl |- €.

dependi ng on usi ng rication with injection o irst part of
151 ubri cati ng dirdction obipeicglimtet,i depergling drewbetben¥lP pa traditipndl dghricetaen isgsed.1 . I n

the Figure, the hole 60 of the,injecti units i.s. shown.w t t chi ni ng
for an SIP val ﬁ%. 8%8%‘“% He B’?lgtglgh Phe olglg?%atu% nwf:%bs lglteCt%qr%e of \(/)t\%e pgééi P "lggnof}l i.e.
cl oser tasthe lubricating oil or by injection of the second part of lubricating oil.

In the Figure, the hole 60 of the injection units 3 is shown without machining for an
SIP valve. When the piston in operation is at the top position, i.e. closer to the
cylinder top 61, the point is called Toin Dead Center. At the bottom of the cylinder, the
20 corresponding Bottom Dead Center position 63 is defined, and in this position the

scavenge air ports 62 are exposed.

In this Figure, an upper and a lower oil film thickness is shown at different loads and
depending on whether it is an SIP or a traditional lubrication. Oil film thickness
25 measurements are made at different loads. The width of the ”band” is expressing that
the oil film varies to a certain extent at different loads. The Figure shows in principle

the oil film both at the highest and at the lowest load.

In the Figure, the SIP valve (also termed lubricating oil injector) is shown. When
30 looking at the area between the cylinder top and the lubricating oil injector it is seen
that the oil film in this area is thicker for the SIP lubrication than for the traditional

lubrication.



cylinder top 61, the point is called Top Dead Center. At the bottom of the
cyl i nder, respondi ng Bottom Dead Center positi ﬁﬁp' I.ned,
and in tﬁWéqggﬁﬁgﬁ%n t he scavenge air ports 62 are expoggg. hﬁwﬁﬁghFigure,
an upper and a lower oil filmthickness is shown at different |oads and
depending on whether it is an SIP or a traditional lubrication. Ol film

t hi ckness 25 neasurenents are nade at different |oads. The width of the

"band" is exprBesint bheamnaped with the fagt dat thesfeedraie wpquat of sypplind oftper
different |oa N i LNGI ' kd oth at the

hi ghest and aflI§ cmeyaﬁlgvﬁkeg%%ﬁ%‘g%%@r? SLH ﬂ‘gﬁ %ﬁﬁ%f‘soﬁﬁk@egégcﬁgd\?ﬁ( al so terned
IuFrigating oildinLecToL).is ;homn.|VMen 30 | ooking at the areahbetmeep fhe
cylinder top t he ricati il injector it is seen.that t [ [
hthi e aron Lo Rofher st o o B A1 er el RS G PPl Bhal
lubricatign. MRiRMDLSAMERRGTLNORALPHRERL50 iBR oddtks 1S to be conpared

with the fact that the feed rate (anmount of supplied oil per power unit) is
25% | ower in the shown exanple. So the tendency is clear. Looki ng at

the area undelrxdlgﬁl RALE &faetx'a@-gleQ !o¥ rédﬂjziﬁg ;s/@athEnéetdréiﬁ ohﬁfy]z i?ﬁ%ti&legﬂu&]?@attiné or o

5traditional cdtion, a sfgnificant Icker oi m occurs. In
7, a set of exeaithpt de fkt padoliedusiaviepngd (BiRpnnaple) g shoyecThowalods are

are shown. Thendardass spa® Hoabfecedhachomaty PRRbh A% re i Wik ¥ pfe
nunbers ysed OFig@iekBbWysik Qiffdrdht cPlindEewhere the three first columns show cylinders run
with traditional timing and where the three last ones are run with SIP timing. From the
Figure appears a marked difference in drain oil - the amounts between the three first
and the three last cylinder, which in turn shows that lubricating oil supplied as the first
part (SIP principle) yields less drain oil.
15
In Fig. 8 shows how a cylinder is worn differently in longitudinal direction when SIP
lubrication is used. In this Figure, a combination with an average oil film thickness is
made for indicating the relationship between the oil film thickness and the wear.
In the Figure, the broken lines show traditional lubrication and the solid lines show
20 SIP lubrication. The two upper curves A and B indicate wear rates per 1000 hours,
and the two lower curves C and D indicate an average of the values shown in Fig. 6.
At the same time, the Figure indicates that SIP lubrication generally reduces the wear

level.

25 Fig. 9 shows a distribution algorithm starting with a fixed amount of lubricating oil
being supplied either on or under the piston. The different lines numbered 1 to 10

show which distribution percentage is desired at 100% load.

It appears from the Figure e.g. that by the line marked “2” in the Figure, a fixed part
30 (by 100% engine load) of 20% of the total stroke is supplied either as second or third
part. At the same time, the Figure presupposes application of load regulation of the
lubricating oil amount. This means that the total stroke is reduced when operating

with engine loads below 100%. For example, by 50% engine load only 50% of the



10 Figure shows six different cylinders, where the three first colums show
cyl i nder traditional timng and where the thr are run
with SI PS‘?]er%Han\é\hB%romthe Fi gure appears a marked di ffe?gﬁcﬁ&})}l%r&}?n oi |l -
t he ambunts between the three first and the three | ast cylinder, which in
turn shows that lubricating oil supplied & the first part (SIP principle)
yields less drain oil. 15 In Fig. 8 shows how a cylinder is worn

differently i revhayngpflubiigrsing eil icesed by folhad Sh foad pguletad lubncfiltslglmleq!nounh this
Figure, a co t I f|Im

i ndi cating t@%ﬁa?@&ﬁ%b@ aagef?i\\/é\:gef%g(?ﬁe {cl)llltltofb Il Hﬁ% S?légés‘)%ggrgp lrd i art

t he Figure, t hhae hibokaing olhélstrmbtwm twilhchikt lacovaht bfudhisi D:athemxampld vtnﬁea $‘1&b<ﬂ d

lines show 20 SIP |lubrication. The two upper curyes A di cate wear

rates per 1ood’aﬁtdlfr2§% Wgtf‘%/r{i‘?%ydmr/"%ﬁ é%a%d ea\ﬁsla?ﬁ’BFBh@é CW’% rage
of the vabues &&aWRidnMs chehge8 sud iHah 8p $838%! b Me 1&3}&@@&1% uawe&@t £5a T hat
SIP lubrication generally reduces the wear |evel. 25Fig. shows a

di stribution acgddiemidiadrting with a fixed amount of | ubrl cating oil

bei ng supplied either on or under the piston. The different |ines nunbered

1 to 10 show which distribution percentage is desired at 100% | oad. It
appears from tifiepérigng eitieoug anyt tedtction dffties amomt ofitubechtihg ol (bedides rédwgtioe, a

fixed part 30 0%.e e. |l oad f. . 20% of ..the total stroke is su plied
ei ther as seco‘ﬁ gvd’i.“%(oﬁf) @‘grﬁ‘ﬁl amﬂl“zttoﬁ QAWPP*I eithey,on ﬁ*i‘tﬂl‘j]%if‘ﬁlpé%‘ﬂb‘ﬁ

appl i catijgn Ofbédéﬁﬂed@gitﬁ)@mg@ﬂ uaﬁca&dawatdbhgtﬁﬁtpefwn@%é vapunt. This rreans
that the total_stroke is reduced when operatin engi ne | oads bel ow

100% For exarfigel0 W“@(ﬁ’x@@ﬁ@ﬂh@ﬂ@&ﬁo%h‘@ﬂ@w e, thads ioBkemiukrepisg the

| ubricating oi r is
amount ¢ hen, meaie PERSE s oreais GEARpIco/RRt FUE FERHISR, GEThE Bt
second or thi rxdadpaafte;r mcbp@rtiqmla}iy catucimg the [luldticstion bilitaoontaby la soadeBeddMERINt  Of
this. In the exa le with a fixed part of 20% of the total stroke by 100%
engi ne | oad, tfi#5*M¥ans that the | ubricati ng oil 5distribution is changed
such thatisup to 50% of the lubricating oil is delivered as a second or
third part. I f operating w thout any reduction of the amount of

| ubricating oi Falzpﬁéw%@ééher B aegwhsionmeeasdipe (q thesunves showrr inkag) 19dmplies of t he
oi |l supplied may 10be defined as a fixed part
i ndi cated by ?l%agl%?%r%\to(ﬂphg%%%?tg Q&isﬂbﬁﬁ&pﬁ g. 10 shows a different

di stribution al gorlthm Her e, baS|s is taken in keeping the fixed part of

| mde af ter BFoloVEYRTYP ARG e RRRRLeY GReEh! MumBE oSyt & "

so- cal | edo VEP thegidl aippﬁétl to the engine; Depending on the sulphur content in the supplied fuel,

In

one may vary the first part of the lubricating oil, i.e. the part of lubricating oil supplied
directly onto the cylinder wall above the piston during its upward movement. The
variation may be performed such that by a higher sulphur content, the first part of the
lubricating oil supplied directly onto the cylinder wall above the piston during its
25 upward movement is increased. In this way, the amount of lubricating oil at the top of
the cylinder is increased such that improved neutralisation of the relatively larger
amount of acid formed due to the higher sulphur content in the suppliéd fuel is
achieved. In the Figure, two different lubricating oil feed rates are shown, but the
change of the lubricating oil distribution may be effected both depending on the

30 lubricating oil feed rate and independently of the same.

Figs. 12 and 13 describe designs that are known per se from the above mentioned EP
2 044 300.



15 It appears that the MEP regul ati on according to the curves shown in Fig.
10 inpli ,change of the percentage distributio oWws an
exanpl e ﬁ? ﬁﬂaérlbutlon al gorithm by different sulphu?cggh% (%éaﬁﬂ 20 the
fuel supplled to the engine; Depending on_the sul phur content in the
supplied fuel, one may vary the first par%4of the lubricating oil, i.e. the

part of lubricating oil supplied directly onto the cylinder wall above the
pi ston during Figsl Q‘Wcﬁch@v@wéﬂy fourralinears 230 @mi amyadiecyiiadéroanpeats sight t hat
by a higher s 0j | plied
directly ont ouih% gr%i ’F gé%ﬁ] g{&&mﬁ% uarr‘!ijj?%ﬁnl% ehigth o Cer?uuP
movenment is i mmmfmcﬂﬁj mﬂlhlcmal\/\,agntroﬂ hmﬂarmarﬁypmﬂly tidar it slmge QuH>r1c&t1ng he

top of the cylinde reas d such t inprqoved n at i on of the

relatively I araé’B?raé‘Frg?i%tﬂt‘f ce E FLOPBPIE égﬁﬁfecoggl R PHP éfYﬁ%?b B! ent

in the suppli egif gs4 doﬁstﬂ&higeuesbc fbF @hd-IcBMFA , coifteh!] flﬁ%fdeﬁlbnl lﬂ@’ré Gating
oil feed rates are shown, but the change of the lubricatin

di stribution resipblighed s songaring pRitda)9e Monkieringn thehpurap) @bﬂ@mmmggamﬁ R5T eed
rate and i ndepgnderhl Yin®fodd e ézg[r%] C ur
cylinders 250 a&ﬂ éeachocy i'nder "éii}gé‘é{é‘g‘éi g tﬁ{&%@%&l Ia% I(?)‘J’zltz(?rJ 2%% The
| ubricating amwﬂs'aluaftses 252 are connected with a central corrputer 253, with
| ocal control units 254 typically for each single |ubricating apparatus
252. The central conputer 253 is coupled in parallel with a further control

5 unit 236 cortgtthd uﬁédeﬂﬁarﬁobﬁl@klllﬂlefr@fs shb®n 6 @Rtifadlic SATaE RN oorﬂﬁihsm@@%&ﬂopn
there is establ | shed a nonitoring unit 256 nonitori n%the

punp
moni t ori ng uni4602Bivingoh PRP;28d it Hetapl 262 dprdhysirandinicilor ﬂlﬁélYéW}clc %‘8011 259
nonitoring th f.t 1
there is shom%ggéhiftgﬁeggclgge s{g?oﬁiﬁaés%ac oﬁlter}?g? né oo Bﬁ)% p%etdd\% S‘Fﬂﬁgy a
punp 261 in. dineafld @6H ﬂmrluhychtmglappammb vuil' he/athdmﬁ)u I'Iihe lytdauliontabh is

furthernore i des _a coal e 3an a.fil 64.. System oi | ed
via supply i %ﬁg%gm{)e C?Weftﬁ(i ngbral t r}ﬂle %%;W chsis\ilie goymeetod ‘ﬂgt he
hydraul i ¢5st atlueiatifg 2ppatdagrvids eale@nnected with a return I ine 266 which is
al so connected with the 15l ubricating apparatus via a val ve. Lubricating
oil is forwarded to lubricating apparatus 252 via a line 267 froma
ubricating ofubHuiRlsYoil A forbiiRtedSaONBicatifld Sipbithfus OBLI (Y Plhe 12571 AMAT 00
fromthe lubricating apparat us via li1nes e injection nozzles 251.
20 Via the | odubricating pdlsunpib'ttsnk (hint] Sha\yn)r dhallulireatiog hﬂtlhéoﬂmbiedd’mln ribe oi |

h ha f I K d f th
Moot on. on LRGeS AP P b BfaesRRhu ati on al gor i ¢ hie

(e.g. |oad-dependent | ubri catl ng oil reduction) and distribution keys for

injection ti t hereby varying the rati o between suppl of
J m3\§1a (the local c%ntrol &/mtsgone may regulate both the lubrlgapt)mg oil amount (in the

shape of frequency and stroke) and the timing of the injection. On the basis of various
lubricating oil regulation algorithms (e.g. load-dependent lubricating oil reduction)
and distribution keys for injection times (thereby varying the ratio between supply of
25 first, second and third parts), by changed conditions of operation the regulation of
injection time and amount may be performed automatically. These changes may be
performed on the basis of engine load and condition, and either directly or indirectly
on the basis of parameters essential for the cylinder condition (for example
revolutions, cylinder lining temperature, engine load, injected fuel amount, lubricating
30 oil quality, lubricating oil viscosity, TBN content of lubricating oil, analysis results

for scavenge drain oil (residual TBN, Fe-content etc.).



25 first, second and third parts), by changed conditions of operation the

regulatiqﬁoghuﬁﬂbﬁ%tion ti me and anmount may be perfornegchgﬁgﬁ@%ﬁ%%iybn

These changes nmay be performed on the basis of engine | oa

and either directly or indirectly on the basis of paraneters essential for
the cylinder condition (for exanple revolttions, cylinder |ining
tenperature, engine |oad, injected fuel anmount, lubricating 30o0il quality,

| ubri cating oifigvischews yan aiBhedimpatedfi adpblicabing c@pimals ofor usarkyl §nethedsul t s

for scavenge W] I.esi | TBN, Fe-content etc.). WO
2010/149162PC%%%&§8%6%6§§%§%g§g Fig. 13 shows an enbodi nent of a

| ubricating apparatus for use by a nethod according to the invention. The

| ubricating apparatus .is made up of, a bottom part 0.wher e sal enoi al ves
115 5 and 116%#‘?‘&29@?1%?1?%&%%‘8 4P 4P _8? 000 pﬁ%di&g&?{e&pﬁm@v M fe % ne
bottom past 11dd 136 F6hctiPatiHeSth@ hshaPlt@Virel fbuhted. AyihE Siile @ kheBoaBmUsaet FIOPP! Y
142 and systemoil pressure return to tank 143. The driving oil_may be

suppl i ed t hr ougrewt inets g awevided fr vistem ofl prgssurn seppdy 142 andopyistery 91l BEPBIRI d
val ve 116 and the ptheriss a secondary solenoid valve 115. 10 In the
initial position, it Is the 'primary solenoid valve 116 which is active.
The driving oiThe ditieg ellymaywbduopeltdf thowgb heo askocidavaess ofpihychseneew ¢ oi nt

142 to th i | enoi 6 and vi itch.yal 7 into th
appar ot us. 1 hr GUFRRL SR Vet PSR s e Bl G B oot ared

hydraul i gopi stons. 15 In case that the primary sol enoid valve 116 fails it
is possible automatically to connect the secondary salenoid valve 115. This
val ve i s conndatyingial pesttiopa itiihge pHpasewbma plved 18ydieh i et Thesdrivieerhe
associ ated di st | ' 46 i I Tl re
entails that t 1feisgﬁvaEr %bgﬂco\%gﬁd\}ée@?f%l ?13 %?%%F%?é‘ﬁ%?fﬁ@?ﬁﬁ% QV\%% e%?}ﬁ}fhe
connecti on betsoteanidt hadveriléasyd siwd enewitchy ablve MT6 irdedhe repparsiwcihedugh a

her eby renoved
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15
In case that the primary solenoid valve 116 fails it is possible automatically to connect
the secondary solenoid valve 115. This valve is connected by activating the secondary
solenoid valve 115.

20 The associated distribution channel 146 is hereby pressurised. This pressure entails
that the switch valve 117 is displaced to the right, whereby the connection between
the primary solenoid valve 116 and the associated distribution channel 145 is
interrupted. The pressure is hereby removed from the hydraulic pistons connected to
this solenoid valve 116.

25 ,

By activating the secondary solenoid valve 115, the associated distribution channel
146 and the associated hydraulic pistons are pressurised. This causes that the
distribution plate 7 is then driven by the oil conducted into the apparatus via the
secondary solenoid valve 115.

30
The switch valve 117 may be equipped with a spring 119. In case of lack of supply
pressure through the secondary solenoid valve, the spring will thus automatically put

the switch valve 117 back to the above initial position.



25 By activating the secondary sol enoid val ve 115, the associ at ed

di stri buty | 146 and the associ ated hydraulic pi
Wg%%‘ﬂ%‘? !P%trﬂﬂceigﬂfédr%mso

pressuri se S causes that the distribution plate 7 is't Iven by
the oil conducted into the apparatus via the secondary sol enoid val ve 115.
30 The switch valve 117 may be equi pped W& h a spring 119. In case of |ack
of supply pressure through the secondary sol enoid valve, the spring wll

t hus aut omat i CHielsyijghvalvheaghieteghippes wigh 4 teptristas lso that tieretioing of tieswirh
position. 26 The switch v e i . Wt i r1130 at
this returni ngv'e1 N Ctaﬂé) e?\?\}la %Aﬁ\f@gﬁ%a}ggna g}eée%gq%%ilc\é\édi : tﬁ?tﬁh% %?licrhv\‘/ga;l/‘% lsl% goteg

avoi ded/ r est r itgklednd foath Bebecctvthé ediiveiddng eOl Fig. dagthe bestlictmnds daerdindacdiyneen
the activations. On Fig. 12, the restri¢tion.i et ined by a slot forned
bet ween a dr ai ﬁi‘ltﬁ?lﬁlef%t‘%‘?ﬂatd%n'gw ltléﬁn&g}e\ﬁg'ltfgya VS?Wen each of the

sol enoi d yalves is connected to a separate group of hydraulic pistons,

i ndependence between the sol enoid valves is ensured. \Wen shifting between
the primary soVasicechyvef the sol@oithaalvereissenmpemed {0 goicpriaicdsionp wé hlfg@,uh% he

switch valve 117 wl| t hat e pres kS, ~ I mary
group of 10hyo¥g1 %tﬁv‘gi’ énd;%? éétﬁgé\cg bgn efltrt\%rsg ﬁggﬁggﬁ%k%eggﬁg?'y\gﬁe%%%éggtg%%ﬂhdar y
sol enoi d val vethd Poimaey eslendid cakesl hakietht seconpdanyasojensil eaiwd d1yahe ewitsh

bl ocked. Pos. 121 ws..a bl anki ng screw. 15Pos. 122 shows a conbi ned
bl anki ng scr evO/ai‘f‘i’d?Efd‘ﬂut?’PéPrepgf‘fl BICFSUES lseﬁ‘ﬁn%‘ieépg‘?%rt f HEIHALY 8199 Of ¢t he

switch vabve Igfrane pRadds!aid MBsety §RBlel dperatibin 6f tRMNseddrdBryVdofendid(vidfe BIZOWN)
packi ng. Above the hydraulic pistons 6 there is a distributor plate 7. The

plate is showeveeirecases wigerethesinssy folaeisd e blecksd: upper distributor plate
menber 125 and a | ower distributor plate nmenber 123. The dosing pistons 21
are mounted in/on the upper distributor plate nenber 125. In apparatuses
wher e vari ous Pisl K2 lashews s bthnkmg sckewwve and | ubrication, there is a piston
packi ng 124 between the upper and |lower distributor plate nenber. In
principle, one may al so suffice with using one kind of oil for drive oil as

wel |l as figr Pos. 122 shows a combined blanking screw/end stop that partly act as end stop for the
pawl 120 of the switch valve 117 and partly has a sealing function also via a (not

shown) packing.

Above the hydraulic pistons 6 there is a distributor plate 7. The plate is shown here as
20 a two-part design with an upper distributor plate member 125 and a lower distributor
plate member 123. The dosing pistons 21 are mounted in/on the upper distributor plate
member 125. In apparatuses where various oils are used for drive and lubrication,
there is a piston packing 124 between the upper and lower distributor plate member.
In principle, one may also suffice with using one kind of oil for drive oil as well as for

25 lubricating oil.

Around the dosing pistons 21 there is a common return spring 9 which returns the
pistons 21 after disconnecting the supply pressure on the hydraulic pistons 6. Around
the return spring 9 there is a small lubricating oil reservoir 147 which is externally
30 delimited by a base block 111. The lubricating oil is supplied through a separate screw
joint with packings 138 and 139. The apparatus may optionally be equipped with a

venting screw with packing 15 and 16.



25l ubricating oil. Around the dosing pistons 21 there is a comopn return

spring 9 i r rns the pistons 21 after disconnecti
R BT BRRLY, .

pressure on't raulic pistons 6. Around the return spring
small lubricating oil reservoir 147 which is externally 30 delimted by a
base bl ock 111. The lubricating oil is su%?pl ied through a separate screw

joint with packings 138 and 139. The apparatus may optionally be equi pped
with a venti ngAbwedbe baseplqskdkil e avdindercbladk, 1127y logpisd evherpethp desngpistors 111
t he cylinder ock i 1 h Si h st : i sposed
for their r ecibiplr %8 élgsij %Sgedﬁg{/glr%r@tﬁ%qp " gl\l}g “ﬁ%’gmg‘%- fﬁﬁgv%:hg tdggr}ég ?l%m? %grl gflei%s) a
punp chanber 148 pulp chhinBercld@ninghis chamiser itlferads anwtletwivii 4 horarenon valet balh

val ve ball 13 which i.s biased by . a sprjng 14. Furthernore, there |

orovi ded a sor bR i bR St aMu BA T paBrs i f PRBIHbASHER dp 125

val ves/ SI B val spafedidl dikRk@il§ With MtSionWelubn vareds/Sielvaiséd i Shd dYeingdrialge, 1n this
enbodi nent there is shown an arrangenent with a notor 132 coupled to a worm

drive 131 whi cFeradipsingdienstinliecn theEnihepmeens there issthoyrenraspapt gt de
position on se i 1 i LRy whiel] i to
adj ust the strrlr’:)lﬁt(gH gé/f?h%%%l{ ‘r?]dé"at oém p%ﬁs‘{%t%%ﬁ%’?g?ﬁ%ys? ro ‘éVhésetloléf’%ﬁ? s?btlhg

di fferent fromnstiokebptrleansmgshepdsatnmaet piieat ecrawfééxed poi nt of origi n was
used and where the stroke was adjusted subsequently. In order to control
the actual stroke length, a sensor/pickup unit 114 is nounted in

15conti nyat i onnGhise/iboRinktnG 8t is Posstie ’badji tHeuké b GhdndtheSthé E&iﬁqxﬂoﬂhe in
the formof an encoder or a potentioneter. Pos. 113 shows a housing far the
set pin/set scy®ke giopahbisriedifferent from the previous embodiment where a fixed point of

origin was used and where the stroke was adjusted subsequently.

In order to control the actual stroke length, a sensor/pickup unit 114 is mounted in
15 continuation of set pin/set screw 66 for detecting the stroke, e.g. in the form of an

encoder or a potentiometer.
Pos. 113 shows a housing for the set pin/set screw arrangement.

20 Pos. 124 shows a piston packing sealing between the two spaces 149 and 147 with
leak oil bypassing the hydraulic pistons 6 at the drive oil side at the bottom and the

lubricating oil at the top, respectively.

Pos. 127 shows an O-ring sealing between the base block 111 and the cylinder block
25 112.

Pos. 133 shows a fastening screw for fastening a bearing case for the worm wheel
130.

30 Pos. 134 shows an O-ring sealing between the bottom plate 110 and the base block
111.



20Pos. 124 shows a piston packing sealing between the two spaces 149 and
147 with | ypassi ng the hydraulic pistons 6 at I id, side
at the b8#§2§¥§%b6 he lubricating oil at the top, respe%??ggpbﬁﬁﬁgbb Pos.
127 shows an O-ring sealing between the base block 111 and the cylinder

bl ock 25112. Pos. 133 shows a fastening séfew for fastening a bearing case
for the worm wheel 130. 28 CLAIMS 1. A nethod for lubricating cylinders
in large diesel engines, such as narine engines, where injection of

| ubricating oi CLAIMErformed via a nunber of injection units corresponding
to a nmultiple of the cylinder nunber in the engine, where the lubricating
oil is supplied as a conbination of injection of at |east tw parts of the
| ubricating oi],a W&l eRubrigdink @eShdet VR 108E HRsQfenbiby, kGchldsRehrRik lengifies,
delivered at at least two different piston positions, where the at |east
two different ywhesedniepdei of dnbricgiies 98| scpatrandnte pi BuBber pefsinjéctne s

i njecting:befo ri.ng, and p e 0. t t
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directly on a lubrigatiagesl Bfsuppieedvaald cadbifdtien oflinjactém, ofch deaat tver paesdofi thet hat
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part of the | cpeaERi SR BEa e BB P isetrs, bt SRS s ¢ ne
cylinder wall KQef &?ﬁr&mh?isﬂﬁsﬁﬁﬂﬂm@fwﬁéﬁ@ R &tiedkt RO did&ehi)if6h pOStiSds e
second and/or third part of the lubricating oil, as the second part 15 of

the | ubricati niglested dmongijigien pesiidons dex njectng befarop dutinghansafion gha passaggpfage,
and as aqhir ] i.cat] Ll Spd-00 -di : - rin
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2. Method according to claim 1, characterised in that the injection of the first part of
20  the lubricating oil is effected in connection with an upward piston passage and at a

time immediately before the upward piston passage of the ring area.

3. Method according to claim 1 or 2, characterised in that the injection of the second
part of the lubricating oil is effected in connection with an upward piston passage and

25 on an area between the uppermost and the lowermost piston ring of the piston.

4. Method according to any preceding claim, characterised in that the same injection

units are used for injecting each of the injected parts of the lubricating oil.

30 5. Method according to any preceding claim, characterised in that injection of the

first part of the lubricating oil occurs at high pressure through the injection units for
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8. Method according to claim 7, characterised in that the second and/or third part of

15 the lubricating oil constitutes minimum 10% of the total amount of lubricating oil.

9. Method according to any preceding claim, characterised in that the position and
movement of the piston are detected directly or indirectly, and that a timing of
delivery of the lubricating oil, an adjustment of the amount of lubricating oil and a

20 determination of injection characteristic are performed.

10. Method according to any preceding claim, characterised in that it includes a

computerised controlling, monitoring and/or detecting of the functions of the method.

25 11. Method according to any preceding claim, characterised in that an electronic
control is provided, that the time of oil injecting is used as a parameter for adjusting
the distribution of lubricating oil in longitudinal direction of the cylinder, and that the
control automatically distributes the different parts of the lubricating oil on the at least
two different piston positions.

30
12. Method according to claim 11, characterised in that a fixed percentage of the

lubricating oil is supplied either
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that these wear neasurenents are used for correcting the distribution.
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lubricating oil injectors during the upwards movement of the piston; or 7
- directly on the cylinder wall before the cylinder piston passes the lubricating oil

15 injectors during the downwards movement of the cylinder piston.

14. Method according to any of preceding claims 11 - 13, characterised in that
offline or online wear measurements are performed on the cylinder wall, and that

these wear measurements are used for correcting the distribution.

20
15. Method according to any of preceding claims 11 - 13, characterised in that
offline or online measurements of oil film thickness are performed on the cylinder
wall, and that these measurements of oil film thickness are used for correcting the
distribution.

25

16. Method according to claim 11, characterised in that the distribution between the
at least two parts of the lubricating oil is made directiy or indirectly depending on the

actual sulphur content in the fuel supplied to the cylinder.



