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P. 7840/ Gs/ Pa Wartsila Schweiz AG CH 8401 Wnterthur
(Switzerland) Liner Inspection Tool and Method of
Inspecting a Cylinder Liner The invention relates to an
i nspection device for inspecting a running surface 5
of a cylinder liner of a conbustion engine in
accordance with the pre- characterising part of the

i ndependent claim1l. The invention further relate

a method of inspecting a running surface of a cyllig'rzggPIGSIPa
l'iner of a conmbustion engine in accordance with the
pre-characteri_si rt.of j.ndependent, cl ai m11.

Ri ﬁftﬁ@a éé@eﬁ&‘}%%a&arﬂwr@'wr ustion
engi nes, such as for 10 exanple of |arge diesel engines
for ships or stationary installations for the,
pildpgrdnspection Taal andiMathod ofdaspeding @ ewingderiLiRglect ed
in regular intervals. For effecting such an inspection
the cylinder cover of the cylinder liner has to be

r qTﬂéVlﬁ_deri\tlbrprfe‘Fhiés t® ah'ﬂrﬁép@ﬂ;{ﬂ@ﬁ denigedBr in%b@ciir!i@ QQthiﬂQ surface
| i nder iner. Taking,in m

t oal .nto th A T t hat
: SRaaHBOS lhriof Gutomalastionranidinen sccpdencamth dhe Pres 15
ngYratatterisiny parlof ive! rtleperdbniaciaini $ PE¢ imventidnguehed relates to

tinme con ng. .In articular for the jnspectjon of .

t el dtghSkatade BRmndSifienst s pdeSTREFof & Bofbustion

I ephiginecinaiocogricetwith thenprestharacteniginggsarbdf mdgpenadent claim 11.
contai ner ship, such an inspection is associated with

a long downtinme of the engine and therefore also of

t Rursimgsuricdst ofi reciphecatingepistonfcoprrstion eéngires, isachias for

DRt o0 B e K or OREGY el he

r pnadudtiopad sildgtecallemergy, haverioibegpspscted is eeginai intarvals. For
St SRUTEL IRneRIS RS cUNER coil QpbSMiik fRrges tobo

| ireroved iraomtammtrqduceraymeprwerﬁrgsmtibnst@@lstimérthemhnder
devi ; i g . ‘ .

[ SHEE JERERORIIG hat fethovinGuRlinder ool i2h §0proe diesel engine
| SREIaKE sievaea)ineurs, sagh ey inBleedtiont is gsgathf timpeonsuming. In

| DAARLMSITOE tHe iAkPedtionbrthe Riifsh ‘@b?@cé%??%éﬂin&?t ikt of &

nmet hod of, 1 nspecting a running gur ace of a cylinder

| FefePracatiag pisten sombustien gdines\Af ge0-teheontaina ship, stich an

Clirdpachdn isTAesotaRea i a fdnfy dBwhtfthalof thPeRginki ahid fekefore also
a%¥ nets ISous enbodi nents of the

It is the object of present invention to provide an inspection device for
inspecting a running surface of a cylinder liner of a combustion engine that
renders possible shorter downtimes of those engines.

A further object of present invention is to provide a method of inspecting a
running surface of a cylinder liner of a combustion engine using an inspection
device according to this invention.

The object regarding the inspection device is satisfied by the inspection device
having the features of the independent claim 1. The object with respect to the
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invention. 5 The inspection device according to the
invention is for inspecting a running surface of a
cylinder liner of a combustion engine and conprises an
i nspection tool to be introduced into the cylinder
liner to be inspected, a control device that usually
is placed separate fromthe enBi-ne, and connection
nmeans for power supply and transm ssion of neasuring
data and control signals. The i0 inspection tool itself
| r

Bio el Ay i b e bR fhér RNt be,
an’de&@dffﬁyﬁ’lg)metfﬁétur@?m glaém 1. ner and for visual
i nspection of the surface condition. Essenti al for t he
inventive jnspection tool is that it has a size
al Thenderendent clains celatmta pardculany a&yanta@@pusuqmodlments of the
t hh@Hifonan aperture in the cylinder liner to be
i nspected. 15 The aperture of the cylinder liner may
concern a passage or through hole of any suitable

C ﬂtﬁésln§9§<§tldmielf caratturd H@”tot’(héluﬁ%rﬂ‘t)nt@ eorQMgpétﬂmlgCa wairing
referred e

t L
© uraRe o ANGRIe el A cainButiaR STGiGE AR gPmiTaes Anyinsgection
I neplietotbedintredacedrinto the elimdesliner farisk inspeeteed, afcoatrol device

ey PEad sPatatd idkh BiSoadihfad BoRhegloh fgght for
c omax tsiupplyrarechansmisaiosoofi measuling datazarid ecmimlwg'rﬂmsThe
f HortBtbh S50 sel B i8R beahd Al on TN HERPI funted a

evi'ce accor I nv OMB t |nspect|o
ofrotaing tableand rtgols dorf measuiing the: innee diameeteo fnd suface @f the

”&ﬁllﬁd’ r Ii‘?l@f%ng%re\#gﬁéel Cl{-u%gecﬁ%'c'd?qﬁé suﬁécé"@ﬁﬁ&mSW E8 tial for

cor nspec

t g inventive ingpection mcdns &w@tma@g@suglt atwllowsits Introductlon into
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is noti or renove er cover.
Thi s may, a huge amount of mork can be avoi ded and the

TR, é&%ﬁgﬁg of e éWH@ie?ﬂnel* Hfég%‘btn'c@i‘h é%a%gééé SF‘ﬁﬂough hole of

consi I ndi vi neasuri ng VI sua

i Ry eatable Qr9§$'§eﬁil‘é1 avaithraniod basineraitbe &Vllqﬂrlor\@ﬁ&ef the

t Relihdepet. 16 bl‘é@érréé eﬁwlm@n%fqﬂéqm@ﬂ@n%@%me fthe
thesftvvare Ehelns fion device is fri

Tl%!" eEIQ Wnsp@\g.: b?kﬁ"éa'lrré@@&? PRY: ﬁﬂ@! In ﬁ@%%@?? @HFnder
déideE6Ba W6 strokélarga diesatlengife theadpedure preferably is a

scavenging air port.

The connection means may also include coolant supply means for devices of
the inspection tool.

The inspection device according to the invention allows the inspection of the
running surface without the need of removing the cylinder cover of the cylinder
whose cylinder liner has to be inspected. Accordingly, this inspection tool is
used particular advantageously when an inspection of the cylinder liner is
required and there is no time to lift or to remove the cylinder cover. This way,
a huge amount of work can be avoided and the time needed for such an
inspection is shortened considerably.
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5 accurate inspection of the inside of a liner may be
obtained in a very short tine. The inspection too
according to the invention is particularly suitable for
i nspecting the running surface of a cylinder liner of a
cylinder of a reciprocating pBston conbustion engi ne
of a two stroke large diesel engine 10 wth

| ongi tudi nal scavengi ng wherein the inspection tool has

a HRdhidial %%Mlﬁﬁ tatr]ﬂ v@ﬁél‘?ﬁé{ﬁéétlgﬂ tB{?I%%‘@ *év%P?me

scavengl n
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scaven . g | I"'nd er ver
VeHalle measyrigang grﬁpsatm pyRBY AL N ¢<‘rs§aten°e0 that an
l féﬁ:l@afété s peRYibR of BRCIPERIEEF 4 indrfay beasbtaipedanlawerpehort
iavenge air receiver has to be opened and the
§ing air valve or exhaust valve has to be renoved.
Inspectlon tools according to the invention may al so
SLZeS 10 be _used. fqr ., the inspecti
o eBepERicrEte8Fadttifingdp tadtienoB s badityfAaiabi s
i sgpEcting thel evmning sarface ofhaaylinderdinen ef digtimderofand
suyrf. th ' i . i :
< dp{BfifeBho pifion SotiHhiEREn Splfte.ofs SATEBre FREE TR ¥nfine
i wﬁb‘elong'tumdinabskca‘veng'tmgtwmenein the inbpedtionftaokhasadiizd that allows

Ofits e &dﬁ?f&ggglrocl@‘ﬁg@g%?;g%gé Fg dofls nder liner. The

I NsSp ec I on present invention is
part|cularly suitable for 25 the inspection of

Cﬂntﬂﬂﬁﬁv Iiod Gﬂe? té’Ews‘b%Ei fPffeoc,‘y%H&glnﬁér%f%”re%gﬂb ing p ﬁis on
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i $9prastiag e@gmﬂm‘ fiyve siroke targe déeseéyngmewﬂm angltuemaé
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stro di esel endl ne W th ongltU|na
m%@SPﬂctm wee/ apwélmgato tpedavantion eply Higygeavenge air

mPé@éN/é’r Hab Rk B?@né’d aRg thé Startii) atYahid deékhaust vailBahas to be
bearin rall of the inspection tool conprises at its

cEPP¥Edpart a rotary table that is preferably mounted
on a connecting el enent, e.g. a solenoid, for

det ach ffixin connecting elengnt onto

e fodls astolfhg & B RvaRion BRyHSe Bive SPER 19 used for
cm@rnspeen@noﬁghaﬂér%yhhdér Wedrgak é.rfor éh@llbﬁb@ﬂd@wguﬁeé in
5 a controllable rotary notion. The actuator is

arranged between the connecting
The inspection device is for measuring the diameter and surface of the

cylinder liner. A camera, especially a self illuminating camera, may be used as
visual inspection tool for determining the surface condition of the running
surface of the cylinder liner.

The inspection device according to present invention is particularly suitable for
the inspection of cylinder liners of reciprocating piston engines. A further
preferred use of the inspection device is for inspecting a running surface of a
cylinder liner of a cylinder of a reciprocating piston combustion engine of a two
stroke large diesel engine with longitudinal scavenging in which cylinder a
piston is arranged movably to and fro along the running surface.
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el ement and the rotary table wherein the rotary table
is fixed wth the bearing rail. The rotary table is

pi vot abl e around a | ongitudinal axis of the cylinder
liner by the actuator. The actuator preferably is a
step notor, but can also be a#ether sw vel notor which
rotary notion is controlled by an encoder or at 10

| east one position sensor and an appropriate

¢ @ﬂ‘{er l?eHrﬁH rall 'Bf ‘fﬁé fhsﬁ%gﬁ&‘? td‘b? %{)ﬁ‘ gri%e§ Elgftg rc@@grgf %&}P 8 rotary
cd&bledhafela msfyferablv ggwntpd; oaesconedting elempnhwtara selgnoid, for
additd PR éﬁﬂxﬁ‘@ythkéeccfr‘n'{etchﬁ% LS ] ‘ih@ﬁppéﬂs&%‘c@@ﬁ a piston.

or_by usin | east one sition sensor, and

c Jnee@,tﬁmaawﬁ fugtbert <FQjT1P'é$eS am aghiatorgor agtualing éhe bearing rail in
p'aVcéﬁér{t?gHBFeﬁ@t%WnrﬁoW gl;?fét V\;hc%t@at@ir @é‘”ﬁﬂhgée@da P@ﬁﬁé’éﬁ ihehddthecting
SO egionary ahle eI et dRblers Tagpath e bearing
? ga‘! aKh‘e Rtagy tEbI%hQrp)fnm:t?]taera&OItjm aqamgmmltngmm)«ismemglownder liner
e e ur ce e S n. nea [ ace

1 35 HE Bl T eatuator Brelhe 5= Sleb gfarnhd & alsp e
r ediothercativel gnetos idricteragdaryemotions és coritroliédrby am enlcdd)er‘mmat
e BTt PRSP Bl B SRRl hé use ofa
rrsta&pjmom:f thbe:ontmtlabldwatwy arotiondbftthe actuatdomcarsbe cantroliéd by

| W YO Yt St 30 LAY b TR Bied by
t @olencpdek pnhy wng@t Iemtanwpmltl@m sensarcans a cofregponding
MRBRHbRLENt . Those | aser displacenent neasurement tools

require a digital signal processor. The digital signal
processor may be part of the control device, or may be

aT?I%%Fa'ﬂ' ?antggﬁé Eﬁmﬁrﬁo%ﬂ?@%%h%%m{&ﬂﬁ@%‘?&heﬁ?ﬂbr lR3tablishing a

di rect % earin ral be an
taphable,eennestiopydth a serface Iag?ﬁl af:tkmqm%%tm@?ﬂm@, in

t thcu:?é? \Kﬁﬁ?tﬂé‘éwer@uﬁ@cé%ﬂ@ﬂktdmf&fﬁ%aﬁr@b%to’ﬁ énglne

% arr neasurln% i.nn dlage

of ?TPH!PP@;VISPﬁféE? P'SE%} means dg sHiface faing t e com St'on

| @Rghibed ]'pﬂfHe @)ﬁn‘élepf)f iHéerg‘éBHr?ékﬂﬁfg pisfofr engih€ Wo{éb%yhh@@r liner
Sers,o - dis ce enen

U RER 45 haipShrcied Tie GoAneNDEISRER Dreipabhes A Fieromagnet

Ihggw@uﬁsmghommls of the inspection tool. Consequently

the laser light is emtted and the reflected light is

received mainly in the direction of the
The tools for measuring the inner diameter and the running surface of the

cylinder liner are laser displacement measurement tools, in particular laser
displacement measurement tools working by the triangulation principle of
measurement. Those laser displacement measurement tools require a digital
signal processor. The digital signal processor may be part of the control
device, or may be a separate device, or the signal processor may be directly
mounted on the bearing rail, or may be an integral part of the laser
displacement measurement tool.

The laser displacement measurement tools are designed and arranged for
measuring the inner diameter of the cylinder liner perpendicular to the
longitudinal axis of the cylinder liner. Therefore, the lasers of the laser
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| ongi tudi nal axis of the inspection tool. The

| ongi tudinal axis of the inspection 5 tool runs
parallel to the |ongitudinal axis of the bearing rail
The inspection tool conprises at |east two | aser

di spl acenment nmeasurenent tool§-that are nounted on the
bearing rail at opposite ends thereof. The | aser
displacenent nmeasur enent tools are arranged for

nﬁ?%ndé}gm AT e%ghr}%@e fﬁ'tm&)‘?%fe tfl§l Bfe Syﬂabagﬁrto &%Wﬁéinly aligned

cyi Ihtﬂ!@rlomglmnalraeqwe@fythetmﬂseqﬂ@n ta@kq Qom@quwatdy thedaser light is
be#hitted ahdithe ré’f'ledt@@ I@Hﬁs r(\@/éff/ed ﬁﬁeﬁﬂlﬂﬁﬁﬁ@mrectlon of the

msasuremsnt t ool respectl are centralized exa

Fraiupinal exeatdhe gRaCtan feRY. 56 ongitudinal @ ¢idas Mspettion

| 'té@ﬁun@ﬁﬁ?&ll‘éﬁtd e Idhg'hﬂﬂﬁél DHES vEMR Bdingeir opri ate
end of bearing rarl and the running surface of the

cylinder liner is measured on both ends of the
i mnspmuohqobl eorfipAsed Qﬂ@bsﬂmmﬁlasepdlsﬂaﬁlcemﬁrit msastirement

TS i are Tubiel o W desfing 3R ek ReReSiEasis Beer. Thg aser
I slispiacemernt measdr_en’lmﬁltNIg ar@iatrangbd $oif meabaring the inner
Tt RRE Inet SfingeR 06 hAPEfENRy 18 MRSy Phlrg of the
axybndsgr linke Hce:ryebyriﬂdemolt requirdgethatthe béaringeeaili ngthesiwo laser
a'aﬁjsg&?erﬁé(rllt' ur‘ém’ i a%? ré%e%ﬁi%lgzgréjbérm@ﬁz‘émcﬂy relative

ur enent VARVE]
t te ngl@ngttlucdmal @ﬂs néthﬂ @ylmﬁenbra@u benause the distapicadstwaen the

V"'ag)?r r@té’bh&' f?ﬁ&Béﬁrnﬁ’gﬁ Pé%ﬁéﬁd)fher Rinds G oﬁﬂh@’b}hrgderhner

sor e contro evice, or

par
als g@@ﬁuzﬁdeora bothcendsef thednspepiion tapband agignal pregessor
d'cbﬁﬁﬁuc?ﬁ s‘?ﬁebB&hoHQ@!’nbﬂ?nr ail, or may be an
part o

i ntegra the |l aser disp acement neasurenent 25
tool. The inspection tool conprises further a visual

' W@?ﬁéfe@r’édté}ﬁboﬁi%eﬁtné IﬂﬂFd |2R8r Hf&9lac%wiérﬂ‘?ﬁe§§iﬁ€hfénﬂfbol is
of the runn surfac @r&e&yl i nder |iner. Q
Cmaitied BRdke Berdno feb This Bihenmessiemenh gl s dssigned and
parr?hgéh ikgr meagbffng {Héldbtﬁfggr%:rtémé the 'Wadogﬁ?' Qgstd;'flﬁhe

i | i i Vv u
 EStinsteihgt baas,dhedthring T2l anh 1B cfmagiayer: TES Taser”
C)zlispmbeméntrméasmememmdlepr@f@gétﬂ worké bg |Jsﬁfg}ﬂhbltdaﬁgulatlon

,nggglp rmeg%@rreg? trlrgbom@qtggewlt%giﬁg gg m processor The

meliggitat signalk prbce‘s§orfmay egqsart ohihetdomtidl device| oomalyhe a
gébé‘%‘fr dla{ngs orathe S|g5]nal processor may be directly mounted on the
bearing rail, or may be an integral part of the laser displacement measurement

tool.

The inspection tool comprises further a visual inspection tool for inspecting the
surface condition of the running surface of the cylinder liner. The visual
inspection tool preferably is a camera, in particular a self illuminating camera,
mounted on the bearing rail. The visual inspection tool advantageously is
directed towards the running surface of the cylinder liner in an acute angle to
the longitudinal axis of the bearing rail.
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| aser displ acenent neasurenent tool for neasuring the
vertical position of the piston or the distance

bet ween the bearing rail and the cylinder cover 5
respectively, preferably are cooled by a coolant, e.g.
by air or water provided throfigh a hose. The visua

i nspection tool and the actuator of the rotary table
may al so be cooled by a coolant as e.g. air or water.

Y BB S 58 SRS bR,
| mmsuremlset tqmmftrmamﬂg thediametanof ﬁm)cﬂmdetrdmehend the
t el ol Iz%éb?’n&rqt ﬁ18§ﬁl‘ﬁ'%h’1é?ﬁt&9%r h%agﬁnﬁ@éader’tlﬁaﬂé’é(}gﬁl&yof the

usi ng at east asurlng

n MO Of the d@@é\cecheiwaae dhe heariag sl ang the cylinsles camer

t 'P@sb’éc%\}élh/ Qr'é ddtted b?% dIantas.d. ey diFér Wﬁié#fﬁréﬁded
onnectl | enent el ectrona net

t ARTOUER aehesa: r heafistalnsnsclipn iool cﬂﬂdstihéeaqw%m&yf ﬁwﬁr@ﬁaw able
| i@y alsd R dotIEEBY ia0sbdisnti dxfe buelrrf@wat@:nnmesmwmtgﬁay be
(1: ?pﬁ(%\?l@(?g E]y%orgp%%ga? ?%gurtnrmans % gﬂttélré? UHE Iﬁs%ehcgoupsme from the
?thmiermnbptd be irspecta. Distivering &ltredccycblaﬁt ttoetheaoorgmf&ﬁe
L ansmn.Ssi o ans mrise tran ers. an
- WERBRGHS 5] 16 B Cholkthis e ) sy B It oedh ot
electrical cables. In a preferred enbodinent, the
b f I '
DB el B30T ol RS e B3E1 BBy
pzkmls ahdtke visaatinspectiaxtosl, |aswpkhas fer theeauiusatoraed dbe
0 uaﬁ%étlng/&%? ((_Jélgcét?&flﬁ@ﬂett ogt%f% ;‘% ‘Jatl cables from
i mJtSIdmﬁnecwnndaehnen i herlnsmwopaielvml funtbert sompelses signal
ayAchallieh Fn‘éa?@‘ia tr%‘n'%ﬁ{ut tI'Pilé ééé&d%%ﬁ%ﬁr&%@%%g%ﬁ the

nmeans usi ng engh coup ﬁ
i ﬂmtremgntatop andwgcwtcfrat@é etoatreldevierand ivinsr versaal hose

§ﬁ1‘ié ¥"b6 RiYise thfs sidd FeeBRErEBr9h a simple

I| ting t % cover according to the invention
u¥Ey rﬁﬁypﬁﬁﬁé @f@ﬁcmléal%%b%% descri bed above. The
method is particularly suitable for inspecting a

cylinder liner of a reC|procat|n pi ston conbusti on
ﬁ;arpée fegied embedimeant, therbesring rajsonsistskel savegal Rartelements,

e nﬂpé‘ﬁicma? %re@cbdrpélﬁh’fél'% ﬂfﬁmél?%V@éfﬁfd! @rive parfl&ienierit Aed two
accor di n i nyenti on i ncl udes consgfutlve

éﬁ%’obpgﬂs@%ﬁﬁr‘% Thedisergfinast elegits fydus o fesshartage of
t Bpace LisislRr avdilaBle fof iR dutiehieafspéttion tool into the cylinder

liner. The part elements are attachable to each other by frictional or form
closure means using engaging coupling parts.

The method of inspecting a running surface of a cylinder liner of a combustion
engine without the need for removing or lifting the cylinder cover according to
the invention uses an inspection device as described above. The method is
particularly suitable for inspecting a cylinder liner of a reciprocating piston
combustion engine, and in particular of a two stroke large diesel engine with
longitudinal scavenging.
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the vicinity of the buttom dead centre (BDC) and
uncovering at |least one of the air intake ports of the
cyl i nder whose cylinder liner has to be inspected. 5
The starting air valve and/or the exhaust valve has to
be renoved and in a further sfep the connection neans
for power supply and transm ssion of the neasurenent
and control signals of the sensors, visual inspection
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tool 1Is tﬁen connecte Seﬁﬁéﬂﬁ connecti on nmeans and
i dntheriden th spnnemdiopdnears faspomess ssiPpht and Han%rwssm?f the

I lrﬁ@sm{rém@wtgﬁn(ﬂ b@nwamgﬁé@@f ;Ehé s%ﬁg@tge«|t9lﬁé|tuns@wuohh@ol and the
|ns | O 00 ace nto e u er s
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P exh8Us BB St 1B a5t g PG RugPtnr St st Qi fniyBRéd air
| imtake pertt Reaferabhg wondyl thenstatting sinvélae dbote addtonenofithe air intake

oPoHS it bR RTeh Ehe 1findlyBh o s Hith, BfRgied Wi Ao oo
| soghectitinmaeans lasdomtrmcﬂm:adywlthnum cablesandthoses iptostheiaylinder
rﬁh@rtf W&fi&?tﬁehl‘fnéq%?éd ?ﬂ nﬂg lpgﬁt'céngé én{%ﬁ%%ﬁtbﬁ' |js then

[ inér respec eari ng
r @lacedaomdo tihe upyen side of thwy pistorTwhers tieontary tahlerofrtbeed

Jigiefoh | OBVRRAY SR8\ BlacteF ol Rk IR orAiRF i
| Therdiametarf ihe aylinderdiner tansvarse m)thﬂ Ipunlﬁu@nat axgs of the
ng |ﬁléFf @n'nﬁeé(é éé'a'n)ﬂ the ¢ PH%E&%EH.t.bﬁF?@%E%%W ifsPected

|ne mbher O ang es O
b&rra ngedeaned é\umhﬂi of paglesefi rotation0f thg beagngraikaround the

C]Gddlﬁ@fna'l hRiglof tIHé‘ c?lﬂﬂié?%e?gpé’ﬁé BBQiiloﬁfreltahﬁ% k&N Idngftudinal

one aifr i ort 1s uncovered
i ﬁé%éﬁtth@,ﬁymﬂr Ilafeéwabrrﬁa,e@@dom ﬁlsﬁwq:mmn tha beasing rail
| andithé b9|m4fe¢d:ovteﬁ Erhteh Sisfor |s mﬁ@ﬁ n%dv@artowafwwtdm@emeenter
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TS Hres siimber G stins wherein ot sach g tﬁs lametes af i cylinder
t higer ibonggL hfdd @ﬁH tﬁ? lsﬂrf@f:e{cEﬂdiﬂlehldﬂgﬁ?é rumﬂﬁg stiffice is visually
measur aneter o e cylin
ErREEleFenRatoty Toira prnefiod: TmbAT g Chrotgioyo the
Thearngreesil aeund the torditidan ails afahé Cylimderigegby means
t he predefined nunber of angles of
In another embodiment of the invention, only one air intake port is uncovered
and the inspection tool pre-connected with the connection means is
introduced into the cylinder liner through the one uncovered air intake port.

The number of circumferential positions of the bearing rail around the
longitudinal axis of the cylinder liner for measuring the diameter of the cylinder
liner is between 3 and 10, and in particular between 4 and 8. The number of
circumferential positions hereby means the predefined number of angles of
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-8- rotation of the bearing rail around the

| ongi tudinal axis of the cylinder liner at one
position relating to the |ongitudinal axis of the
cylinder liner with respect to the distance between
the bearing rail and the cylinger cover. In a preferred
enbodi ment of the nmethod the running surface of the
cylinder 5 liner to be inspected is one of a cylinder

croBebF oAb a5 Ao B R BRR Aing bl o

| mne/\mmﬂiorcsdlaur@b taeporsgitudina adg afrtgecbylmdrerulryertvﬂtmnmpect to

< Plstife HeulethO sl raf Ao tht RWFHgRBYER, =1 "

crank, 10 can be switched in and one can turn the

eriﬁ'ag?refégfé?{‘&)rlbbbinl\eﬁtrb? tR& ?r‘ié%ﬁo&fﬂ?é Elﬁmur&s%& H%]e of t ec Ilnder

IS IN e exXx
arlmfebto be inspestad ispngi of a oﬂm@r ehadecipronatiopgigtan combustlon

{Tﬁﬁgﬁ{é ¥f a MG sHDRE Ldrﬁs diédel gﬂ@ Ftl'i‘ fbr?ﬁl]?hh%‘ s&é\léh%u@ﬁ in

> unit have to renove
elvdtieh gplingese plﬁt@nuataﬁrransﬁdtm@vablmcaapd tframleng é*y?] gg4ning
arR@rfaagera, and the cooling hose as well as a hol ding
I15 up wre for all those connection nmeans, can then be
| owered through the bore of the starting air valve.

Tbﬂﬂ‘%ér% |rﬁ@anNotsh|Q>$(]9lIéﬁq@kﬁétselck’lérllgmrtﬁemlr@gear i.e. the crank,

er f Qr ned. ysi efl ection pul le ncer .

b e sttt S i itk tBE snoneiieadodiuRE Eisipp of the “to

r ebeenypectégsllrteﬂf |©E1 wpml‘_l’gzd)f $iee BEIE Slthia/f exmh st landlcs the stardng air
r.can eac e.0 s. of the

AR e B SRGE mabilngo tre SR ol dnafitAg Shalsivaive of

prtlsmmnmtumertosbedlemm Tdnercd@es:mnglh\e elestiromagngt, actuator of the

ooy LV il SErprh A Bttt AP RSBI Hotp A gl B Fotaing-

i mtppmce faalkthobe cBanectim mieankecarhtivendyelowsired plarosightthe bore

Ig a{aptﬁ]dogﬁ' P/ﬁ ?Het@%rlrxj Pf"thotsg%okﬁ%@fzp&g n{é["dnls r‘n?% be

1
i @gp‘ednedmangoa deﬁacthm pultayggnd arbalargzrcam?r!?.nged_aho)weage
t '&ﬁllr?d-‘é’r‘éc?)?& n&&?&a[veng\fet%irhr%c%wg? 'ggfs tG 'Hefc%})%r%%"é&@ve ddfRenge

c@ﬁﬁédm &he limer can be craghed: f[heanepqermeq)@;them@nestm means, i.e.
eleabldsURINGed %réYHe%‘Flpﬁ@ d&‘i‘thépu%ﬁﬂ u;S r”slég 'Itﬂbs/ can be caught

i nspect1 on to can 'S su ed t
t Méthee.ove weldingavies and pyliee through oy@r@‘dh@ alrsotake ports Then

gﬁgﬁﬁg’sb gfév?qg ‘b‘;égébariﬂyé%té“d RAhedRGEctiDRNSOr BaR4usdBf the shortage
of space, the arm of the inspection tool, i.e. the bearing rail is divided into
three parts. A first part element of the inspection tool can be brought in the
liner through the scavenging port. With a simple “click” device, the other part
elements of the inspection tool can be connected and be brought in
completely. When the electromagnet is switched on, a test turn of the
inspection tool can be made. Cooling air is supplied to the drive (actuator),

camera and sensors.

A connection between the crank angle sensor and the encoder of the rotary
table is made via connection means to the control device that may comprise a
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table is made via connection neans to the contro
device that may conprise a -9- connection box nodul e
and a |l aptop. The sensors and canera have to be
connected to the control device as well. If everything
functions according to setting8,- the inspection can be
started by turning the engine (crank) until the
sensors have reached the anti-polishing 5 ring and the
t j n
Lf:ro'ﬁ E&'%?E%’té g}&ﬂ@é@g %ﬂ?ﬁtd Jb@&én%é%%ﬁ% gé :S 'h80e 2 0 be
§oane@wﬂﬁatbeconﬂobdewﬁessawﬁlng t he piston |n tlne
If the inspection of the running surface and the
measurenents are satisfactory, the inspection tool can
bdf evanghing fungtiens aaeorging torsqttings; dhe inspectiar camde started by
Th@rrfih f@ér@glﬁ@(&l@ﬁﬂ &l'i‘lﬂ tR€ %éﬁéérsq{a\fer}@abﬁé@{he antl polishing

? mgﬁrqeﬁleeo@f Hee %E&E@ sygto%@ h%\(ﬁrse ggépﬁq}{ ,@%@.rﬁ laser

ofis bbmtmgswmé efalR¥alvel At 13 drhextea bea@:ﬂy fot stepping th@tplston
I stance I.S nea OSI

necessa ca on o

T R0 Rl SEATOR 9T 1M SeHaCS BPa s Ereasureents dre
c catisfactorg] hednspestiongocicambel tal@n autrw@inén thibpiBtod is@gain in
thﬁ grg?r ance between the liner and piston, the centre
p(S the piston can nove in conparison with the
centre point of the liner. The centre point is defined

| s 8e0ck belugh T SeifedrRlr i BS8F hish|tenidht Wigasurement
i toolandctbetliner sudace srigptcaljyebawmefmabomﬂw‘es -@0emmf Exact
eenftaidfia BEiG MspEcdh sool il il BRAIE hoffietRary
| begauseltheadistatice lsmeawre@ymam@snte .sms ¢fsthe bearipgraiand
Al & SR\QSFe \‘:vﬁl'c}o?mhhSu %?re%?ébéh too |¥5d"rﬁnérﬂsefs of

t he aser di' s acenen neasurenen ori zonta
direction. In vertical direction a crank angel sensor

3'Eﬂfe°tro ﬁ@%lé&%&@%eﬁhéé‘r?f!‘f’edlldé%%‘?fd @Qtoﬁ tHY Eéhtréd SN of the

p acenent neasurenent se to neasure
t IRiStQR caNFRPVEIRn GriBpanisn with ﬁm%cgntg@ eaintphithe liner dhe centre

p%iﬁth@ﬂeﬂﬁed ﬁ\ere@'a?d Rﬁa CREJLESERN 6é?pbﬁdf|cul%‘?% fHé’I@mﬁftudmal

e I nsp ection device because t
i ﬁw&ft f\ r&%fr llrneg 'éh'ﬁudk)@a nobinfluense ihp Breasugament bmause of

Pitisé 08e oﬁa%@ﬁl@bﬁbﬁ both sig@s oqﬂ'thé Bfn o ftes msaét:ﬁ&a tdole-
the running surface of the cylinder Iliner, be

produced by a digital signal processor using a
C Phees i 8f Ritation of the rotary table around the longitudinal axis of the

cylinder liner is controlled. An encoder tells the exact position of the lasers of
the laser displacement measurement tools in horizontal direction. In vertical
direction a crank angel sensor and/or the upwards directed laser of a third
laser displacement measurement tool may be used to measure the vertical
position of the piston. The vertical position of the piston correlates to the
position of the bearing rail of the inspection device because the inspection tool
is affixed onto the upper side of the piston.

A complete 3D scan of the liner inside, i.e. the running surface of the cylinder
liner, may be produced by a digital signal processor using a corresponding
software.
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further in the followng with the help of draw ngs

whi ch show. Fig. 1 schematically a perspective view of
a part of a pistion of a conbustion engine introduced
into a cylinder |iner having-d@avenging air ports; 5
Fig. 2 schematically a | ongitudinal section through a
cylinder of a conbustion engine and an inspection tool

AR h{1S, LSRGl AL TolIRURG S P

péragwingsiwhiclyisbowof an i nspecti on t ool accordl ng to the
invention; io Fig. 4 a perspective vi ew of | ongi t udi nal
section of a Part of a conbustion %I ne and

s &g riat schematically & ppespective view eka partpfa pistiomgf a combustion

positi Oﬁngﬁe iffrod DERE MG Qrbyﬁﬁ@éﬁﬁﬁr?}avﬁiglséav%h@% air ports;

schematically a perspective view of an I'hspection tool
65 (see also Fig. 2) nounted onto the upper surface 45

OfFlg?\ Di %&ﬁ@méﬂcauy @Ior‘kﬁ@dﬁﬁl §e&on thro@dtea dyfndéﬁ)fm ston
ustion, chanber, The pisto

xhi by t SOMINSHERENGREAEL 81 HeRdGHon ool AGORYRG feithe invention

l'i ner 2fhathiowvunted oato thel tppeieidd oftheqistonder of a
reci procating piston conbustion engine of a two stroke

| arge diesel engine with |ongitudinal scavengi ng and

f &&d. B esclaematrd‘.wiy aperspestiengiengoaan inspettors ol Bceording to the
inspecthﬁl @gﬁ 65 shown in fig. 1 for the nost 20 part

is intrSHEE8M nto the cylinder liner 25 through one of

the scavenging air ports 30 and lies onto the upper

o id, 2 cpeSocnRait oy kiR spbudingf d Padft e Pt Buston
t ool of enpime antbpefmaticallye@in iaSpedtes dexice trha stastieg position of

surface_gr; %ﬂ ing rail 70 of the inspection
t ool GSagdﬁ redcglgg sécentral part a 25 rotary table

80 that is nounted on the solenoid 84. The rotary table

8@@ YishB@s. ?ﬁ%’ﬁ’éﬂcﬁﬁ? agjét %dflﬁ/%%e\ﬁ%f faﬂrmé’ﬁédﬂ%' tBSLI_?@ Bsee

| ng ral
a@lseakigr 2 hapuptedentarth @wn@@rwée‘ace 4 fo@ lélﬁthI4Q)fl & the surface

d%?@& BﬁMeeplgl%ﬁtzﬁgfdéﬂwgt fel cdi‘ﬁ&léti?)‘ﬁ 6I'Patr@lf)é/r e apﬁ'stgﬁ 4Péxhibits a

arranged between the rotar

b@amt}?g of iStON NITHE. Abe @therémeﬁﬁéf%mm 5m fig. 1is one of a

cylinder of a reciprocating piston combustion engine of a two stroke large
diesel engine with longitudinal scavenging and features a number of
scavenging air ports 30. The inspection tool 65 shown in fig. 1 for the most
part is introduced into the cylinder liner 25 through one of the scavenging air
ports 30 and lies onto the upper surface area 45 of the piston 40, i.e. the
solenoid 84 of an electromagnet serving as detachable fastening tool of the
inspection tool 65 lies onto the upper surface area 45.

The bearing rail 70 of the inspection tool 65 comprises at its central part a
rotary table 80 that is mounted on the solenoid 84. The rotary table 80 further
comprises an actuator 82 for actuating the bearing rail 70 in a controllable
rotary motion. The actuator may be arranged between the solenoid of the
detachable fastening tool and the rotary table 80, or may be arranged
between the rotary table 80 and the bearing rail 70. The actuator 82 preferably
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-11- is a step notor, but can al so be another sw vel
notor which rotary notion is controlled by at |east
one position sensor (not shown) and a controller. In
case of the use of a step notor the controll able
rotary notion of the actuator 182 can be controlled by
trigger pulses for the step notor and additionally may
be 5 further controlled by using at Ieast one position

) g%?%rtﬁ%t& %ﬁf L& %%dﬁé'gnotﬁg%\rfvﬂ}él otor erdhr}%eﬁ'g%é’t?bn is

ISes on eacn ex

t lgentroled byigt leg oae|p@§énoncﬁegq§paémf§hpvwméa§drasﬁ@nifolle@d|n case
9Q7f tHA'ASE of ﬁ%‘té’p H‘fo%reﬁ]@kgdhtro l?le%t%lr?l Pﬁ&ldrpoﬁ”tﬁé"'acﬁ%tﬁ%z can

he trlangu ation r|n0|§} of measur enent
mqmﬁq led byitrigger piiges far the gian msntcafc%%wdlt'mly may be

difGithér contidNal by GRS 8fea8Bdne PBsidh sefbor &i%d ‘éQﬁinfe%bondmg
devi ce 55, or nmay be a separate device, or the signal

prCQEHQ@.er may be directly nounted on the bearing rail
70 or may be an integral part of the |aser

BSSHERN RECSINETia: S Gomisekth aAS1 GrlerionaRd of the
arble_anggdail aﬂasérfdwmasemengmbbswremmt I:dola@@tTﬁosé toblstpreferably
| |
pre BShnep R W REPRR tiEbb SR plibEpis o MpREShelnt in
9toofbindton witke a dlgntal [sligres peotessoasitrecdigital sigoalprocessor may
b% gr?e[rﬁgf %gacfo%tr%é Bg{)igg djp},}gr Fﬁa pec |s>é afétg%g/g:e ot the S§nal
C@rmmqisenmqy bmdured:thsmouhtegmn the bmnngamllaifﬂj artmeay be an

o PGk Bt i e R TR e fodl 765, e

| ongi tudi nal axis of the inspection tool 65 coincides

V""I"h'é 1586 &lgﬂﬁbéhﬁ@hf‘ meq@&é’n&f]t tE)BPs gﬁ?éfé' #ﬁséé@{a& aﬁﬁ'ar%{nged for

hose axi s run

i mmmnsrthe @merfcbanwtemb@ thegybinderdines25 prrpendicklas to the
C%MW akist| M thé BAHJRS liREF ﬁs%ééfdr& {Hee1a8¥td 98f the laser

liner 25 conprises a canera_ 96 being 25 directed
+ Siaplasernon rpeAsiregent teqls 90:pgefarabi ase @eangeg)ta g mainly

eaﬂgné"@vﬁtﬁ th@ Iérfgltddhﬁal 'aQI%% bftheiAbpéetion t%oPGS t d)@nsequently the
e Vis ecti on, t

bfﬁaﬁrﬁll'gﬁéglﬁ@'ﬁtﬁgﬁﬂ%@ﬁ§ eﬁmteh T'EE&/'S%CE%(?g rgain R‘HQ the direction

centorgiitudimel 8fisTpofthe |ﬁ@édﬁ@na?j§|66b'iﬂaieleloﬁgﬁu@iﬂaf@us BotHe
on evi ce al so

o Tspeetin fo S ineitns Hith b8 ercitdias g ot BB Bpasg Fail 70, or
t tiegrsenaxds ranpafalief toveaistpotbiegnal s. The transm ssion of

vi deo signals may al so be perforned by
The visual inspection tool for visual inspection of the surface condition of the
running surface 35 of the cylinder liner 25 comprises a camera 96 being
directed towards the running surface 35 in an acute angle of e.g. 20° to 50° to
the longitudinal axis q of the bearing rail 70. The visual inspection tool 96
further comprises display means which may be part of the control device 55 or
may be a separate device having a screen. The visual inspection device also
comprises electrical connection means 60 for power supply and transmission
of video signals. The transmission of video signals may also be performed by
wireless transmission means (not shown). The power supply may also be
accomplished by other means. The operation of the visual inspection tool
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wirel ess transm ssi on neans (not shown). The power
supply may al so be acconplished by other neans. The
operation of the visual inspection tool -12- usually
requires cooling nmeans. Fig. | shows an air hose 62 for
air cooling of the canmera ard2as the case may be for
cooling the | aser displacenent tools 90, 93. The
cooling of the visual inspection tool and the |aser

IS SHRUID 02 4300300005, o o

sibewamerd agd as thecalsemay be forseaoliagithe dasatidignlacement tools

RS %e’f’ﬁé‘kobﬁ’ﬁiopl%er\ﬁé’uél gnég}écﬁﬁﬁ &0‘9‘%{?{@' g§§r§(@9ﬂ3lacement

arranged on an ‘oute erior
paneasyrement togls eare alﬁ@abe afected|usi a fan or pthesmeans.
di spl acenent neasurenent tool 93 is designed and

arranged for measuring .the distance parall eI to the
| dhgi insRpGtion tarl 65 sh@wntnh 89cY furthascomprises i lasef gispracement

1Qnéé§ilr@|‘ﬁéht fol Q@'eHravg‘jQ}Sé‘:Iégscetrgnfrldt | @@ﬁg%lcé’r‘rt‘gl‘figércﬁgﬁ S8 couter
m@%ﬂs‘%ﬁbe ﬂghhaami@xmoa%am eMeAt B?ﬁ’ﬁct? " il 70. Lr¥"3 laser
“id@étilﬁ@méﬁtTrﬂéaﬂﬂﬁmmltcbcﬂ @%%s@r@d%ﬁcﬁén@h@é@for measuring
[0CesSor e a cessor [

i GiTatic pargUstag the lorggitiat gRied X 138 Fuliles BpR25 befyeen
L Inlee begriag ranrmtaad die gw;nldsw odwee;ts l(seemalmm?dT lois ldder

ing rai nma njnte ar
SR A riSitinalta BRteREn otk by S0 3he Wi atdn Brinciple of
dlnmﬁmmnent inncoambinatiem withcao digatal slgyalmrocesﬂ;mrdTbg digital signal

rhioEBpr fia bt Vad of EGI Y .28 By Beia Sifpfadevice,

par theesignehprocessarehgy he diractly ahounted @n;ihetbearmge'atl aromay be

ggﬂ]ﬁ%lﬁrﬁg)#P&%L\@g%éééra%ﬁahg%ﬁgnfﬁ'&ﬁgﬁfénﬁéﬁ F)bf)sr)3 B laser
eldapéaﬁerrmt Measuwement ¢eol §d may bermanied by aaaaplaratsa@nw air

ré\;?@e ﬁﬂbg%lagrdflyﬁo@éé el ement 72 preferably by

|ng etac asteners. The central drive part
eI enment 72 has a flat underside and a trapezoi d upper

s ﬁﬂ% be@i‘ﬁg%ﬂ?@ﬂho@»‘d Xmeﬁq?qréorﬁbm%@ Qgﬁyelér?l%ﬁtsrshaﬁfely a

[ ongl t udi nal eri or

o SERITa) drivecpart ﬁ@nﬂ%tt?@ @owatas gn 9n the eta tablesdiéand two exterior
p aheuerﬁeﬁtsem Sh'e%hpﬁdé of i &Htsl Fért@l@h%hﬁ'?bﬁﬁé @xigior part

Emormo an u-rail. |n u- ra e exterior
p§ e fdrare fagtepgd mrbthsrpemr@l drive gadialoment YA psefefrbly by
using detachable fasteners.

The central drive part element 72 has a flat underside and a trapezoid upper
side. The central drive part element 72 may consist of a longitudinal plate
having at its exterior parts on each side of the plate a mainly triangular sheet
plate.

The exterior part elements 74 preferably are in the form of an u-rail. Using u-
rails for the exterior part elements 74 ensure an ample rigidity of those part
elements and allow for an easy lateral fixing of the displacement measuring
tools and the camera.
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el ements and allow for an easy lateral fixing of the

di spl acenent neasuring 30 tools and the canera. -13-

Fig. 2 shows schematically a |ongitudinal section

t hrough a cylinder of a conbustion engine and an

I nspection tool 65 according-ti®@+the invention that is
mount ed onto the upper side 45 of the piston 40. The
subject matter shown in fig. 2 substantlally is the

S

o212 o seleiAoa s hitrinBt egtSR HRARRER opfidet ¥ o

t lponaustion e@glrtelmdjeannmctloautmlﬁﬁ a@ccmdingrtedhwm\&emlﬁ@ that is

iritediong tt'%xu@ér {(ﬁe Hg%f?ﬁ(é 4b"ﬂ’?é 3§’ecfr tﬂéPQﬁéwn in

ace area IS on acCl ng e CO usti on
crﬁlsnﬁérubsbantlalésc l§st§léc§3imﬁ a8 éhatts’mwn iadige 1pht ther inspction tool

U%eié c%H’fﬁléI@g/ lﬂﬁobu@e?d |r%V?r'ie &ﬂﬁ‘i@je?ﬂné%d ﬂﬂ?f E&riteAbEMeXtearing
the pisto earjng rail of the i nspection

t &8l @53 §Fﬂm¢ Wﬁh ﬁh%bnﬁl'tHﬁE‘a aﬁséﬁéﬁl?dcy'kﬂdgﬂn%r ion

vvherel nits shape is such that the neasuring and

ection ool s , 96 . fit hetwe the fl anks
e RLTaCS prea A8l The Piewon 10 S 0tk orpusfionEndiaber is
f irgcesketilie thatthe ntiddiel pare otthe umRs Wuefareot45! Iy lo@@r tisan on the
[ the central area of the bearing rail 70,

d
P%@{r&qr?ﬁnrgatog eP'<§ r’h%gsurl ng 15 the vertical distance

bet ween the bearing rail 70 and the cylinder cover 15

e TG talt 76! ot g ke o1 Bef Sl € plkapaped
dicsqgamﬁemwlnmaimits;shame tsomichotBatithe mebsuring: Badumspection

\ g B0P5, 06 i beloerOhETRARG Btk LikBofle P Uttdby 16 B,
Fue@bcmlmﬁotnshwrmahﬁg i tthe kaser gisplaseotant snedssieienktool 93 is

' @SE% é&%tl@#erﬁ?ﬁ a4 of ﬂ'lé”lgeérﬂ]%ﬁﬂ 701\(% H‘hgﬁbol-f&emeasuung

pecti on conprises a pearil

céhﬂ verticak distaneatietweenihe beanmaal?m) apdithe CMIInCIﬁIrQOVGF 15is
elhomES oﬁ:l e -EBﬁtraF@rr\;«% BArt ‘éiéﬁ'i@ntpi%éf l?éé‘r@?aﬂ% Beside the

conpri ses ree enent s bOI nt
edFlRngemant phthe bsa%@nsmﬁmentm@aw@apet ool 3@1"@%’@%

' %Iéﬁéhté?ﬁ tﬁé’lrfslbﬁcﬁ@n deI %ereB?QIH(? tSthodei s‘H?ovsﬁﬂn' ficf 1IO

i vot abl e nount ed ct romagnet part
ela§ rSB%;s R%OB@QVPWQPP% are formed as

u-profiles. The outer part elenents of the central

d art el enent 72 each feature a rod-shaped pl ug-
Hga%e S?@‘%[’F‘? éldi BRrspretiye Wew, cﬁ%l”&@%’ﬁ‘oﬁ F?é#%5

IOh@écbﬂdmgal@OEhéflﬁWé?ﬂ%nbErhéﬁﬁébectlon tool comprises a bearing rail 70
having a central drive part element 72 and two exterior part elements 74. The
central drive part element 72 comprises three part elements which may be
joint to each other in a fixed manner. The middle part element is affixed to the
rotary table 80 which on its part is pivotable mounted to the electromagnet 84.
All part elements of the bearing rail 70 are formed as u-profiles. The outer part
elements of the central drive part element 72 each feature a rod-shaped plug-
in element 78 arranged on the free end side of the profile and affixed between
appropriate parallel flanks of the corresponding u-profile.

One outer part element of the central drive part element 72 comprises the
visual inspection tool which preferably is a camera. The other outer part
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appropriate parallel flanks of the corresponding
u-profile. 30 One outer part elenent of the centra
drive part elenent 72 conprises the visual inspection
tool which preferably is a canmera. The other outer part
-14- elenent of the central dri4gve part elenment 72
conprises a |laser displacenent neasurenent tool 93 for
nmeasuring the vertical position, i.e. the position of

| Borm S 85 A B SRR b BB, HIEG F8YBComent
congaswwement tomd 88 fOrMeadudng émes vertidalspagitiah, fie: therposition of the
oSG TAE 7 5 esretllo 7 MibgBPEARH A2 Y 8y bitpjagement
ofmeasurement {odl 86lconguiseBalasef 94 landtaweersaratdsigngskiior emitting

CREPERLBD LARTASA SrbDRAE IS 1) FROIE e, bt
edbe ayis qftietatignaf tke rotansiabie 86. their u-profile. On the

side of the exterior part elements 74 opposite 10 to
inslits there are | aser displacenent

t he pl ug- . ] . .
ngmrcérgfbﬁﬂw@ s¥tesiospartriaments Beferture enéheredarer e difgcted
LU bl Bl ol Tt ot o cactraroganate
a?'?ﬁﬁ% egth%r D ermtiie.£3n the égqé the @%?erwamrs/elam 3% qppRsite
t h@tﬁ@g@btih(ﬁlifsfthetﬁe(bﬁe fasef d]ttsbiad@ﬁtffgrit rrh@e?sm%hwﬁﬂ%ool@%

er pendl, cul ar e axl g, or rot.atl Qan e, rotar
P EhRiGe ebiben e thnididng usRlbis. EAgR of ik dser disblacement
agm@%undmﬁat to?ng? l@:bnm‘ris_@s related andmggritmt aregirrenged to

a cnenat |. . an L nNspecr.l gn evice. acCcor n .

¢ S el i [ miind et B PREL iTipRrafis b thbearing
I n3ipZ0 1, oo perperciicliacto the axisofratdtionnof the gotaey table 80.
reci procating piston conbustion engine 10 of a two

stroke large diesel engine with |ongitudinal
s Ciy.ehshows arperspediivewiew dé torgitpidatad sedtibn of 2Padrofanged

. f i a .
copfttkib egfhe 1 aRl SEAomRcA B HipkfioR HEVIER &8l adctfding to
pithe mvention in a 3tartthg pogitionddran inspectiosspnoseaduie. I hieugaralbuistion
Hend. ; ) ! : L]

CEALERS oG A8 S huslE GHIhS 1Bl sk troe
6Yiases enginsiwith longitudinabagavengingninrwhiob cytbndena pistore40 is
CHrfeh chaphy Pahd BRI, Al S o g8 SRREEY ifhor ner
i #5p&beipigton 40IfeaBires avmimberrofgistaniringsetZachabl y

affi xed on the surface area 45 of the upper side of

the piston 40, i.e. on the side of the piston facin
t A&e cylinder liner has near its buttom dead center (BDC) a series o

circumferentially arranged scavenging air ports 30. The inspection tool 65 has
a size that allows its introduction into the cylinder liner 25 through one of those
scavenging air ports 30 in the cylinder wall to be inspected.

The inspection tool 65 shown in fig. 4 is detachably affixed on the surface area
45 of the upper side of the piston 40, i.e. on the side of the piston facing the
combustion chamber. This connection of the inspection tool 65 with the piston
40 is done by an electromagnet 84.
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conbusti on chanmber. This connection of the inspection
tool 65 with the piston 40 is done by an el ectromagnet
84. -15- The inspection device 50 conprises an

i nspection tool 65, a control device 55, cooling neans
64, 62 for the tools 90 for neturing the inner

di aneter of the cylinder liner 25, the vertica
position neasuring tool 93, the visual inspection too

o ST Bt oo B PRod bR o8 a gl Blgice 55

el caolling cadansodhdi foothe tdulle 9060r easpong the inpp d;anaeter of the

t r%ﬁ%’sﬁ*&rﬁoﬁhé U&mﬁ’é?ﬁ&g’.ﬁﬁé %UH @?&ggﬁ&ﬁ% E&%ﬁpsg—ictlon

t atboleg@and tﬂh\% aett@mrraﬂmfgthetromy tabla@Ot apthe grsef Ay be
ﬁé{%hdtﬁﬂw WK aﬁ fifPer doRPREES eiﬁc‘?rg%él '&Saﬁéﬁtid?pﬂbléé @Prfor power

I Nsp ectron e vertica
pwmlsban%agawwrt @fohhegneawem%ﬁ@mds@nérﬁl fignals. Pewer

i@ﬁ!ﬁed%ﬂtf@é@tﬁ@ier%?%ﬁhé ré‘tb?y R 8D Othe! éléctromagnet 84,

uator 8 he rotary tabl e t 00

é@ deo! ﬁg%t RE mq%ermg éh%ﬁ’é\eérd'%“gﬁer@ﬁg tB?ICVl'RfEﬁ?rq'I”ﬁﬁ ép» the
25isudlinspettion todlDvemid e vartitalPosiith measierid tdb’rlll%
015|t|on rreasurln t ool 93 argasth se %%Fgf

hd 2BPNSSIYLBGREE %r4mea~°r‘|’1ré’f%? H’i@g %r&w“ ogdhe
G(bmuwtot Be o¢d«(1jé roiaryﬂebr@sso,lthe nclad_ilts :jgc)tfolamddmggé tla¢ innerse

u0|to eqcylinder |iner ou .
ria@pfand WRG b rer 287 1esBihaps A EL96 Bhd the vertical

Admsitlamabbsunmg tooll 9B ramduges thier easgimagypetfer the eledtromagnet 84.
a deflection pulley 57 and/ or a bal ancer 58 above the

cylinder cover 15 through the starting air valve bore
2 heTélectiichticonpagtion tahese50 and el coolingomeanst ineparticular the

CAERSAER SRIPEGAIA B LE o aR o8 0 bripg air

ofvaNeequeQme the. cylinden Adslitionatip) § hgldlljl?grﬁrgrvalrjer 61 may be guided
RS GBS By AR ATR AN pafBkecer 1

| ﬁbm@n tha staring agn/alye beisa?@it Ehe:bolding-up G pvive iscwsaskto lower
@e@bctﬁcag Q:gﬁ ﬁ?rﬁ caYBI%é1 68 dd?lﬂ pgh/ maHs eé’I t er hose 62

|ver an e cool ant t the coo
M@OB@UPW@T@&E{ of the pistenHs e 62 to and fromthe
|nspect| on tool 65. The control device 55 further has a

play and a storage unit for recordin
QNRMEUPPAn and sianal trapspussion rables re q“eﬂwe one hand

connected to control device 55 and on the other hand to the inspection tool
65. A separate coolant supply device as e.g. a compressor with a cooling unit
is used to deliver and discharge the coolant through the coolant line 62, in
particular air hose 62, to and from the inspection tool 65.

The control device 55 further has a display and a storage unit for recording the
measurements and visual inspection images.
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Clainms 1. Inspection device (50) for inspecting a
running surface (35) of a cylinder Iliner (25) of a
conmbustion engi ne (10) conprising an inspection too
(65), a control device (55) and connection neans (60)
for power supply and 5 transmifgssi on of measuring data
and control signals, <characterised in that the
i nspection tool (65) conprises a bearing rail (70) and
”Qﬂﬁhﬁg thereon a rotary table (80) and tools (90, 96)
for measuring the inner diameter (d) and running
surface (35) of the cylinder liner (25) and for visua
i nspection 10 of t e rface condltlon ere|n
i nls ijﬂPQﬁ‘i'oﬂ&ﬂV' Tatdnspasting a FNInG phBage (35) ‘ot cylinder

intr Chﬁéﬁ(Z?'bf'a%d?nbtﬁ‘ﬁuoWéng?ﬁ@U(b)'d@ﬁ‘ﬁpr‘isﬂ ahhﬁépé]iﬁoﬂﬂool (65), a

e psbla! devios (e cmeslph anea (0% R idhersRRyiand

cl ai trahsmibsio® iof mdaguring daya aadlcentroBsiynals, dri vabl e

around a longitudinal axis (1) of the cylinder |iner

(25) dharaoteriséd mcthafat or (82), in particular a step

notor with an encoder, wherein the position of rotation

of t e inspection &l €65 BEMprisesa beheng oaih( 20) dindahoanies! thereon

Sens 6 P EBRUEAPH g Rl (0. S eyt 1 P fiameter (¢

cl ai rang, runhingesurfaced 36pobihe eylibtler liner (86) and faywisual imspection
a CO%‘F?&& %2@?&4 ﬁ&%ﬁon cy&hé}%L %%h@ﬁe&l&n%SF(ﬁ’ﬁ'ﬁﬁg%eéuze that

20 for tac connect

sur f @d:l@want@antraw)ct@m inteetheantiinder inerd26) theoygloan aperture (30)
partllﬁm%{éynﬁgtﬁg“ﬁ&e@ be?ﬁ’éﬁ é=dof a piston (40)

facing t anber the cylinder |iner
(25). 4. Inspection deV| ce (50) I n accordance with any

oe Qhsg é%‘ﬁoﬁo%@ﬁ,‘e@(l% wFééEdF&anéé‘V\m'd%iln‘F h%ﬁ@@rﬁﬂ{egr%lary table

for nmeasurin n

runni(®@) l§lﬂrwabl@ qroynd g lopgidudipal %%(') pf mcxl@g?r liner (25) by an
| asepchligioh @?%rﬁad@ﬂéﬂé §fé?f‘ﬁwoi&%|ﬁ\ éﬂ@ncod@r whereln the

%E ﬂ:pﬁélﬂ%b qfwétattlpnaﬁ&ﬁa Smetgea'nntap}q &@)ar%”l?r@ th?eleagmé@fﬁﬁkams (I)is

5. | %@ﬁﬁ@ﬂatﬂé b@QMe“eﬁcééé’b ot by pesiibAaeasom t h cl ai m 4,
i n which | aser displacenent neasurenent tools (90)

are nount ed on the bearing rail (70) -17- at opposite
egsds Ihdprictioh devite (583 i acicr@hncs WRth tcldTRP3 UWRERIN tHeooltary table

is pivot-mounted on a cornecting element, in particular an electromagnet,
for establishing a detachable connection with a surface area (40) of the
combustion engine (10), in particular with the upper surface of a piston
(40) facing the combustion chamber of the cylinder liner (25).

4. Inspection device (50) in accordance with any one of the preceding
claims, in which the tools (90) for measuring the inner diameter (d) and
the running surface (35) of the cylinder liner (25) are laser displacement
measurement tools (90), in particular laser displacement measurement
tools working by the triangulation principle of measurement.

5. Inspection device (50) in accordance with claim 4, in which two laser
displacement measurement tools (90) are mounted on the bearing rail (70)
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are arranged for neasuring the inner dianmeter (d) of
the cylinder liner (25) perpendicular to the

| ongi tudinal axis (lI) of the cylinder liner (25). 6.

I nspection device (50) in accordance with any one of
the preceding 5 clains, in wiZh the inspection too
(65) conprises a further |aser displacenent

nmeasur enent tool (93) nounted on the bearing rail (70),

= b BRI b oo 0

| ongiaredirrasigedXos meapuning theeinoer distester (deof the@ylmder liner (25)

bet weghnbhficherid e bAbh A.Z@ay@«gg biheclinBdPling 2

(15) nspecti on eV|ce cor anc
any one of the preceding claims, in which the

| PR &iloh%wéé@oeW%?é@%ﬁcémﬁ@r@ﬁrfoﬁe%?t ES&mg

on th e%earln ral VI sua ect1 on of
sur f &@iMsp HHW lcﬁrihéf'n*’en%?tloﬂlﬁﬁ?@h(ﬁé) sempsses afusthes 3{5%

C‘\rﬂe'f Qﬂﬁflaéér@i?tﬂrﬁ%@kure:r:'r'ti?t\tbéll(gb) mwhg&% Bﬁﬁ'ﬂ% ﬁébrmé o4) (70) this
(35) ?Pﬁh%'yrmﬁéﬁ'ﬂ'% %‘l(g S@V&%@n%ﬂ @a&aﬂsg 3% @e@ay"ng the
of t hfisthRes p@@allfeﬂtd the1onhgitsdinalnses Q) omhedswha@r ﬁﬁiﬂ)(zsp

i ciperen g Pegtia i Pepnd dhé ciiafesrcbuaC LN par

el enents (72, 74) in particular three part el enents,
I t ' t 72 t .
ok entasoiR dedheet {50y I B8iaraBhes Wi arh/file, BFfhe' fgeding,
Fel ng:la;lm it whichethé éngpectian oalt(B6) chaypfises tiicanarad®6) mounted
orm S
ey bt p BN (HOUREEPERRSPRRL B et bR Rendfion of the
one a6nnihg spirface 8d)pof theaiylisder imem28)) thmmsualsmepemtmn tool
d
dovi §30) BEJereBIReing HrpHictiiBlues el SyfsRfidsdin an acute
supplaylghantsb the Iongmsimalamm(cﬁfoftﬂh@ baatrgraihgiy)s and
control signals of the sensors (90, 93), the visual

i nspection tool (96) and the actuator of the rotary
t &bl dngmwtion chawmﬁg@ém acgpigneewith grengne phthesprecedingr

an aickaifas \R/H{chocﬁg 'b'eﬁﬁﬂé ‘Hélpﬁﬁgscon%gs&é BP%%/\Pe?HP;Bart elements (72,

i nspectioh t

act ua?%rlnd?am(tui%r th@@%lpyrtte&@n@n‘(ssopmema central dee barteiRment
i ns p%ﬁz) é’r'iti 6y b%rub?%lart%iér%ﬁts”ﬁ@ Oth@rb%rpél? c)iﬂtgpzl 749 being

9 for I nspection runni surface
cyl i ﬁa@p ablﬁép e@gh)otiaer by try/:ﬂpnaleqr fgfm closure méans using

engaging coupling parts (76, 78).

9. Inspection device (50) in accordance with any one of the preceding
claims, in which the inspection device (50) comprises further an electronic
control device (55), electrical connection means (60) for power supply and
transmission of the measurements and control signals of the sensors (90,
93), the visual inspection tool (96) and the actuator of the rotary table (80),
and other supply means (62), in particular an air hose for cooling purposes
of the visual inspection tool (96), the sensors (90, 93) and the actuator of
the rotary table (80).
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a reciprocating piston conbustion engine (10) of a two
stroke large diesel engine with |ongitudina
scavengi ng in which cylinder a piston (40) is 5
arranged novably to and fro along the running surface
(35), wherein the inspectiont®el (65) having a size
that allows its introduction into the cylinder Iiner
(25) through a scavenging air port (30) in the cylinder

st Pt pBR o) pbra il ile 8 g RE  Hor the

10 c ongpextionrof angmnmg(smjaaes(Bﬁgoﬁa ciylirsgherdinieo 2 5)eafi aeylinder of

|( ﬁoz Hdglt%% rﬁ g Bsfm]ecorﬂ&té&!ecﬁi éﬁ%r]re(a gg(}) §Pv9c§ @ﬁbﬁé g{)? diesel
in tengie wﬁhé@ngl udma ggayenging in whrobpa&néar asms’f@n )is
t O\Nafé‘r‘faerfgé% ﬁﬁb{?étﬂ}/‘tcy EHH fEd“aoHyttﬁé’ﬁh ﬁ@ ?ﬁg% %é)B%rem the

15 at one 0 e alr In t'arting

ai r \R$RAstippteol(86) hawag@(m@ﬁtat\ﬁélw@ lﬁdntmdﬂcttqrbmto the
cyl i Refihdeér Ifh%rr (f?@)'ihrdegHJé‘%eé(\?élﬁi'ng Eal?"?)o?i @ﬁ)‘)"r‘l @ cylinder liner
connecgtion cab (60)” for power supply and

t r andApP Lt @%"EPGPW@ neasurenent and control signals of
the sensors (90, 93), visual inspection tool (96) and

SuUfiory M orkahSPegind A duniad SHEpee (5 okp ebbyIss ingy &2 of a

intr MMtubnMgiﬁée(mluﬁr@ean inspeetio dgYickl{60)gtcdrbimgad one
| east fogﬁz ur]| red air intake port (30), starting air
val vO' 'and/or exhaust val ve port, the

|nspe t| o (L ( L then placed onto the upper

si:de %rf’s% '@tg'ﬁ ton (40) and the rotary table (80)

det a tﬁfp%%m@%%ﬁé&ag?f%ﬁ} HPELAD t3hRRvEndEtngsy25) to be
t he dnspested is(mpved tavinardsythe nidinityl ofribe bu@iom deadicentre {BDC),
(o t AEIeARInb B s tahe rohstagk atbidtorive bORL (Aphe

i ns p@o(hedstf\calvapprtedéhe nglmdemllmeef%oﬂs angbearedf the electrical

rot atc'oﬂ ﬁ@?olgg?ﬁ);‘@ P@Wﬁ §7§[% yaarn?i §rﬂf§si P54 fthe

Iongltu |na nde
one pagasurementandicogtrobsighalsiabioe seﬂ$¢ral(9909&)< V§uel nspection

Of ”ﬂ@oﬂ(@ﬁ Qﬁgﬁhé h&@%tc(r?(?k tﬂw@ rb’ﬁﬁ??&ﬁlet ?O%%%dddoﬂlé’rﬁ%%pply

( 15) megis Gﬁ;)gndﬂhﬁwnﬁ@uonéoqlr@) @lresmtmdga@q intede gylinder

::nt 2 n‘gﬁg? @Qh&?@h%e(é{@ Wﬂ@r@r?g}/%%gé\rg\tﬁlgi r(30) s d;artmg

t he @er\afaé\(ﬁ; ore (20) and)lor exhaust valve port, the |nspect|on tool (65) is
then placed onto the upper side (45) of the piston (40) and the rotary table
(80) of the inspection tool (65) is then pivotably and detachably connected
to the piston upper side (45), the diameter (d) of the cylinder liner (25)
transverse to the longitudinal axis (I) of the cylinder liner (25) is then
measured and the surface condition is visually inspected for a predefined
number of angles of rotation of the bearing rail (70) around the longitudinal
axis (1) of the cylinder liner (25) at one position relating to the longitudinal
axis (I) of the cylinder liner (25) with respect to the distance between the
bearing rail (70) and the cylinder cover (15), and by stepwise moving the
piston (40) towards its top dead center (TDC) wherein at each step the
diameter (d) of the cylinder liner(25) is measured and the surface

condition of the running surface (35) is visually inspected for a predefined
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condition of the running surface (35) is visually

i nspected for a predefined -19- nunber of angles of
rotation of the bearing rail (70) around the

| ongi tudinal axis (1) of the cylinder liner (25). 12.
A met hod according to claim1ljgwherein the nunber of
circunferential positions of the bearing rail (70)
around t he Iongltudlnal axis (1) of the 5 cyllnder

L'}/P?rﬂaé}?bq) - of @ngg ﬁlag'%ﬁ é{?ﬁ% hgg}?fﬁ galﬁﬁO) gﬁ%unq‘:the longitudinal

partlamgl(e)rofbﬁéwmueélr |m@d(;_83) 13. A nethod according to
claim 11 or 12, wherein the running surface (35) of

o2 Bp TR accoRihgrd el S dBBFE G Ger i Bigaeenti
12 1posifonedhtie bearngliaild 70paumidrthe lomgitutihal exey @) of the
the ¢ . r r. .

pe- 1 LR pE¢ 36 aatully kiR ot SuitorlintPi2s)
pi st ebetwebas] ant 16nghd én partieutanbetweerkd dralrge di esel
engine with | ongitudinal scavenging in which cylinder a

PiSt Al é&o‘i‘tﬁ@@%%faqn{w 8Pl % @Wtﬁé erﬁhﬁb"g%r‘f&?e (35) of

runni ng surf art I'n
val viheoeyliadepner (25 tmbemmctgd iSeQﬁﬂ/@fn@ cmlmdm@rﬁarr@cm@catmg

star E' Sfh é’éhb Ky@?@@ﬁel nt roduci ng the el ectri cal

connection ca for power supply and
transm ssion of the measurement and control signals of
t A4- Aansthod qapgrdingdy clajimsliber 1 Aswhereinthe vrninmsyrfagei(35) of

the afd sahaer ﬁ’rﬁert(h?)) fd)bé"r)/sﬁe%@oelg(o?@ of a 6!]!?16&'&?"&1 reciprocating

supply neans (62) er liner (25) t roug
the P§ %%@VEP@&P%?B@‘F?@ 9atW° stepkedapas @‘%Qb?nglaﬁdﬂ"t

m:r l?n lthggral Wﬂgi lnt\?lﬂrbgu@ﬁﬁ%eﬁasgi?g]ﬁ Pﬂ)}@@ﬂn‘aﬂb@d

( 30) Movakly t@ Iﬁ%@ %‘@dﬁ’ﬂ@%cﬁ'—@%@ec@5g Vgﬁ@f@"‘ltf'et%amng air

14, v&i9e Dofe @20)as thdVérI@Hal%ﬂ@mﬁvuﬁ@ ap bbéﬁm@tthé %@ém(\@ 3r valve
s

s used.for, neasur t he tance
| onﬁﬁvﬂmtmucaaa e P9ctsiS| sarnachion sabfis (o) for et supply and
bet weggnshlzeion2sf th@&ﬁeé@.lrémént and)coatdl subﬂal@ydﬂthd gensors (90,
cove

(15 and i ontro
opedib s ERpecioRa (E8)ta ¥ adsoner tiereniabla e0),
t he andsfiesrtsupplypimeans (62) into the cyllnder liner (25) through the
uncovered starting air valve bore (20), and wherein the inspection tool (65)

is introduced into the cylinder liner (25) through a scavenging air port (30).

15. A method according to one of claims 11 to 14, wherein a laser
displacement measurement tool (93) is used for measuring the distance
parallel to the longitudinal axis (l) of the cylinder liner (25) between the
bearing rail (70) and the cylinder cover (15), and in particular for
controlling the uppermost position of the piston (40) before stopping the
inspection procedure.



