WO 2011/ 152797PCT/ SG2011/ 000181 SYSTEMS AND METHODS FOR | NSPECTI NG LARGE
ENG NE ' CYLI NDER LI NERS 5 FI ELD OF | NVENTI ON Enbodi nents of the present

i nvent i onwpnowviiderssyst ens and nmet hod for inspecting engipog/scebindesi! i ners,
especially in large engine used in nmarine applications. 10 BACKGROUND Lar ge
i nternal conbustion engines are used in many applications. For exanple,
such engi nes nmay be used to power |arge ships, or to drive generators for

t he production of 15 electricity. The engine cylinder liner is an inportant
conponent of these engines The cylinder |iner surface nust be free from
defects such as pitting, gh and. | ow patches, scratches and scuff marks in
order to seal SYBE'ENISmMDdﬂEJMB&rﬁleNﬁPWéN%hAR@Er@dM Efriction
between the Iiner and the ri ngCYUINDERLIMERS Surface defects on the
cylinder liner surface can cause serious consequences, such as overheating
of the liner, 20 breakage of the piston rings, and danage to the piston
and/ or cyIinder liner itself. These defects can affect the performnce of

t he engithe EEUDIORINYENEIQMe fuel consunption. In extrene cases, these
defects may result in the engine seizing up As these engines are very

| arge, they are extre y ex nsrve to r is a
good pract | tBPPYMEF Ogg\ec"é?? ng%tf?nt'?{g\" sgeg?as O?&ﬁ’%ﬁ%ﬂ%ﬁﬂh% Ctm'%t ner for
def ect's andengtrercylifder lirer, legpechallg in lgrgd@nemelumhlg mﬁapeap@'ﬁgﬁq'?e over haul s.
Buring a nmajor overhaul, large portions of the engine are disassenbled to
gain access to the cyIrnder liners. A worker must then clinb into the
cylindefOto performa vi'sual inspection and manual |y measure the cylinder
i ner di aneBACKGRQUND for exanple, a large inside 30 mcroneter |ength
gauge. The cylinder liners nust be maintained within specific dinmensional

tol erances so that the engines function ¥r08€ %¥ Meas renenﬂs of the
cylinder [ilrige infemabe@rbusion Qrglies Atered it B IGRURRS ¢ H’ée?ﬁ%rﬁ?e XL of the

liner and ten e@@h tbe%éd"'to%bdremgemrpstdweo diei gerlenators foethe prooluttisn v
repl aceg Thle ﬁ g ngin ﬁndey\ﬁ%e?%lajr{rﬂnﬁéza%zﬁ Qﬁ%@%@@ s2Tadrface is
al so i ndpect'sd Vsu ?ﬁ’ﬁh never d'Ts removed. for exanple
when r epl aceyligder fiversugacgrinyst hg freg frorph:@fegtssstuélh ag prgggfhrgh and low patches,

scratches and scuff marks in order to seal the high-pressure combustion gases and to

reduce friction between the liner and the rings of the piston. Surface defects on the

cylinder liner surface can cause serious consequences, such as overheating of the liner,

20 - breakage of the piston rings, and damage to the piston and/or cylinder liner itself. These
defects can affect the performance of the engine and increase the fuei consumption. In
extreme cases, these defects may result in the engine seizing up As these engines are

very large they are extremely expensive to replace.

25  Consequently, it is a good practice to periodically check the surface of the cylinder liner
for defects and wear. Currently this is done during major engine overhauls. During a
major overhaul, large portions of the engine are disassembled to gain access to the
cylinder liners. A worker must then climb into the cylinder to perform a visual inspection
and manually measure the cylinder liner diameter using, for example, a large inside

30 micrometer length gauge. The cylinder liners must be maintained within specific
dimensional tolerances so that the engines function properly. Measurements of the
cylinder liner diameter are thus needed to determine the wear rate of the liner and to
predict when and whether the cylinder liner should be replaced. The cylinder liner



In these prior art nethods, the wear of the cylinder liner is determ ned by
measuring the 5cylinder liner dianeter at several positions over its entire
| engt h. Awvbaogeisengi ne cylinder |iner dianeter coul d ramrge/stremodeidimto
1.2 mwith a height of from2.5 to 4m Visual inspection of the cylinder

|l i ner surface gives an indication of liner scuffing, inadequate

| ubrication, polishing of the surface, corrosion, or blow past gases, which
are 10 assessed by the inspecting engineer. Using present nmanual nethods,

it is very difficult to check the condition of the cylinder-liner.

requires rempval of the exhaust valve, cylinder he and'

vari ous at tsuresneiso inspecteR yewaly whanever ?lcﬁl@d%rnwaprdﬁMFé]%ﬁr %?B\pé out the
detai | ed chafkirdiacig thepracringa g thEbisan itselfl. when. these conponents are bei ng
i nspected, the engineis not operable. 15 In alternate inplenentations of

t he manual inspection nethod, a worker nust physically clinb into the
cylinder |ilndrese prigpert mstheds, e wean gbihe ewindel r"@ﬁ‘éﬁt’%‘erﬂéﬂeﬁé’y Jsapyep e

m cronetgr |y ﬁ‘rﬂfﬂF iheO@ataéter di@evirdl boﬁloﬁ@ oler it yntwtengtl‘ieA\L‘arg?&laigmer?;lpﬁelt : ond Thi s
is a very unsafe practice, o the cylinder
liner usi ngMg FreiEsPd %‘Pﬁﬁ&@?’% “a vervg}p%}r ow&fgﬁrg { ght space. During
the process, a slip or fall could result in serious injuries. It would

therefore b\% g'f S@crtlor‘l %prtt‘kvgﬂﬁagr linBr Et[i'{fbc@rdlvebfanamai}fﬁfoﬁfmamér g&ffimgd coul d be
devi sed whi c de'

Fesses one n[{)[] ?HF%‘ cusse sgp e. 25
SUMVARY Oneingdegeate lubficatipf p?)'lsB'E%H the $HERT: |°8rﬁ o?fl (5°§Vspa§ Estémr or remotel y
i nspect 1y #ssd&ed Py iha trespedting enginefer. alisieg gesan} mtah@l mp@pdﬂntcmmﬁy fifficyity: an
| magi ng dev, c%e&ptﬁ% %prio‘f“t‘ot'n%f b c':yﬁr%eeF firedl 'Iprreﬁun%é'rgm&bél bﬂﬂ@'éxﬂdu&&falv@nd to

capture an i'na portion of an inside surfqﬁe of sa
cyl i nder | i ewtinder geg ather Ripeg %!‘Qp‘{au?\é*‘da?t??ﬁﬁ‘@“tﬁan N5ePragasy 18k6S dilt%P ne a
condi tion Oﬁxagﬁbﬁr @Y tdriydan the detaiedadhockimptied ewbaingreRiearly.t Wesrstesem may

further inclyceng 38kn3 AUARIedAANR OhwTBASYE! N9 0 U1 amet or of said

evice sal aser sensor nmay be coupled to
a supporé, said support belng capabl e of noving said i magi ng device and

said |aser. |n5a|tbmaté%;§|é}ﬁéntﬁl6h9&ltﬁ@ﬁhhﬁual tnb;eecmmﬁahdd amyprietimusteshysicaty ude a
base; a sphercal g.g bnq%wh‘%r t% e[‘?flﬁ el m %ﬁ%e A8 Geméntd S8hk " JHQHé' ”9

coupl ed to S%%Me sal aring housing is capable of
rotating aboitronaateraderigth gdugeait \Mlhbisoaﬁﬂy qelthe visud "tséﬁﬁS'S'f‘ I3 I§ &Yepi ng sai d

support to §adafb GriditddRMthé Waker mukedidb moﬁﬁlt&ltﬁer’@mdagllrﬁewsm@a portable
20 ladder in a very narrow and tight space. During the process, a slip or fall could result in

serious injuries.

It would therefore be a great improvement in the art if a system and method could

be devised which addresses one or more of the problems discussed above.

25
SUMMARY

One aspect of the present invention provides a system for remotely inspecting a
30 cylinder liner of an engine, the system comprising: an imaging device operable to be
inserted into said cylinder-liner and to capture an image of at least a portion of an
insicvlve.surface of said cylinder liner; wherein said captured image can be used to

determine a condition of said cylinder.



10and said | aser sensor are coupled to said bearing housing to facilitate

i magi ng and neasurenents of a circunference of said cylinder liner. The
base nmay worbvhers2ioncl ude an upper X-Y table plate coupl edrisazemiodoispheri cal
hub; and a |lower X-Y table plate noveably coupled to said upper X-Y table
pl ate; 15 wherein said neans for tenporarily clanping said support to said
cylinder liner conprises a clanping actuator coupled to said [ower XY
tabl e plate; said clanping actuator is capable of fixing a position of said
support within said cylinder liner; asd said upper and |lower X-Y table

| at bl h
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cylinder | Irﬁ&"sunrhg"laedlzirﬁétaabf&sakﬂbﬂlddﬂ'elmes '&Heelmag‘mgldvglcaearﬂc%ldﬁ??ef ncl ude
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Seni conduct of he 'system may further include a plurality of
i magi ng de\ﬁh@g@gdﬁ‘dc%afﬂlﬁ?rddﬁﬁqry of laser 25 sensors. The | aser sensor nmay
be capabd e of determ ning a diameter of said cylinder liner to within 20

m cromet ers, flérg\eae h%%mﬁgtngew mﬁna tlfen Xl%tﬂg‘afr@%ev\#§ﬂ1énegllﬂégﬁn@ conput er

connected t8 . an sal F erein salid conputer
i s capabl e b cogplad todid hese3e b&ﬁ"di‘gd”g%'ﬁﬁ‘ﬂlcﬁﬁplg‘é 53"?793?’?‘?& hyerERthakaj g | aser

sensor agd S EEa'ﬁHEHQLEsﬁng i§ @E&ib‘él dd Gotatitg éUoQCQ*SSxmgf dalthig &S ashpkansidr by sai d

i magi ng devi ce; and. recel vin pr.o Sk n t | aser
sensor. In f@mpgfaaw&a?wnﬁa' ’gP 350 y?mdergréésrs‘l'vﬁé'gﬁ‘ gammfaéﬂg]dé\?}%% by said
i magi ng10evaraesaihiasérsensarare n@lpiﬁdéo @g#marm; hausing fPrfﬁ“g'g%tet"Ba%l"Q 8fdrence

i mage to_de o rits GAGLlhRRerRE ofdidicyiingdrdigesur f ace; WO
2011/ 152797{3%%%@011/ 000181 4 and salcf,step of processing information from

said | aser sensor further conprises conparing said dianeter neasurenents to
a ref er enceThe Baser @ER firtheo indiatie aniupperaXdotatlet piate evupledite saigl sphgesal | i ner. 5

An alternatg, ba%ﬁﬁ%do% kh‘etaafe%mé"ynobw&é%doﬂb%dj ef X0 dbdps renotely

i nspecting I ner an enqlne t he steps
of 1 int r1éduwh¢rgma$ﬁ"1 I'Tﬁj‘i’ﬁ@rd‘@mp@@”%ﬁ%“%'ﬁ? &at?y?wag t°|ﬁaFH)Fy""8%plﬂﬁ ing an
i mage of at chfgrebs a omrdingodttuaior&aupléustod@ndslowéaxe( tablegaate said ¢lamdeing | i ner ;

and anal ysing said oSS M5 GHink TBSRIHR of E4if SIBHOR VAthTPLR EyiRferdhes @hd CY! | nder

| i ner.
said upper and lower X-Y table plates are moveable with respect to each other such

that a position of said spherical hub may be adjusted when said support is fixed

20  within said cylinder liner.

in alternate embodiments, the imaging device may include one of a charge coupled
device (CCD) or a Complementary Metal Oxide Semiconductor (CMOS) camera.
The sys_tem may further include a plurality of imaging devices and a piurality of laser
25 sensors. The laser sensor may be capable of determining a diameter of said

cylinder liner to within 20 micrometers.

In further embodiments, the system may also include a computer connected to said
imaging device, and said support, wherein said computer is capable of: .controlling
30 and operating said imaging device, said laser sensor and said support; receiving
and processing images captured. by said imaging device; and receiving and
processing information from said laser sensor. -In this embodiment, the step of
processing images captured by said imaging device may further include comparing
said'images to a reference image to determine a condition of said inside surface;



10 In alternate enbodi nents, the nethod may al so include introducing a

| aser sensor into said cylinder capable of neasuring a dianeter of said
cyl i nder woneri/157e i magi ng devi ce and | aser sensor nay poe/scaeploesisi o a
support conprising: a base conprising; an upper X-Y table plate coupled to
sai d spherical hub; and a lower X-Y 15 table plate noveably coupled to said
upper X-Y table plate; a spherical ‘bearing hub coupled to said upper X-Y
tabl e plate; a bearing housing coupled to said bearing hub such that said
bearing housing is capable of rotating about an axis of said hub; and a

cl anpi ng actuator. coupl ed t X-Y. tabl e t said

cl anpi ng a@dSplSteR © B@ﬁﬁs@gdf’#"m‘%c’ﬁg o 58 Te“':‘ornseﬁ%(?r fﬁg}?rep\ﬂh%n%g% d support
Wit hi n sai doRPamng saitciiamétermeeasusanentsifoca efigrenceanepsipment iR-detargised pl ates
are noveabl ach other such that a position of said
spheri cal c@g&ﬂ%@ofggrﬁg %S%@gﬁv\hen sai d support is fixed within said
cylinder liner. In alternate enbodi nents, the imging device nay be one of
a charge cuphpsinadte akpeticef (H8CPjesent mvé)utrqnl progidesiray methadl| faDxiethetely

Sem conduct,or e&q@)cygwrlﬁler o anuél?dnlné yth@métﬂ@@'c@ﬁ!pﬂﬁ?‘(# @S sfé‘ﬂ)g g plurality

of |aser semnsors na sai d su fer n‘{)odl ment s,
t he met hod intepduting Pnéf‘ag"?&:‘liﬁﬂfé "Etﬁéa@tcé(b%detﬁf'“ern?ﬁﬂ“ﬁkﬁ‘géal"83%8 to a
desired posj Fbr@@n 3t aRGnsidees iaké e eaidl dyeder aarc aaa gmglysigg salddcapmeml ng
actuator taq nsi de surface of said cylinder.
In additi od@?g%%%g?%ta °°"§Kgrpgfrsa'°1%"§%é\%%:re | aser sensor and support may

be conntrted to a conputer. The net hod may further include the steps of:

usi ng said In%%gélérﬁ&%mgﬁeﬁ%%a/n%pél%—mbﬁﬁ@ﬁntﬁ:ﬁﬁdm atiaserreasor e a

position of sald su sai d. cy |nder g d
comput er  t dMRcFA ! F’rdciﬁfgfet f’fnﬁ'e?%”"@gn? SHametery Ofﬁg{)d \ﬁ‘? ﬂﬁleﬁﬂs'égl dﬁ’@éyl i nder
liner. |n tihiaging devidé aediaset srnsaremBy dermeyplad doaisyepaiteoreniighgi AG2sAi d | aser

sensor, rOt?&ﬁd?angaén%dgE@k'Mblb%\éié B&ple%ﬂeébia&pﬁéﬁcdn habSghd s @EPX-Yat a to
sai d conputer l'cul atin |utgi cyl i nder

n_ov
Fer < The. RbletRit FRyeaBhCEP PiE I g LRSI £ et et P Bichtoaiad BLEi o o
sendi ng sai ¢bupleage sdiatuppeoXxsatatiiecuatey aereariag Housnnepupleddo ceidpaadng t o
process sai d i 1 dadup: | 1 ner. 10
A s Ty e n%%@r?%@ égoufﬁegf'%entu on.will be
better unde@@t eoelampiag rastiarycoapiser onBaif JowRe Xof R RRIEY WEREIN 7D the art
fromthe f Oélérﬁm\@gm}étbi & @BpakAs 6 fixpigi zopositioy oelpmeing eaidrpbeor §ithit yaid and i n

conj unc m\éedfhn%r 2 & ? ?{? r ahd IAM{Br%Y téﬂlégplﬁfaeajaré ofedtR WREkspyg Vi ew of

one enb Irnspectin er liners;
to each other such that a position of said sp encal hub may be adjusted when said

support is fixed within said cylinder liner.

in alternate embodiments, the imaging device may be one of a charge coupled
25 device (CCD) or a Complementary Metal Oxide Semiconductor (CMOS) camera. A
plurality of imaging devices and a plurality of laser sensors may be coupled to said

support.

in further embodiments, the method may further include the steps of. moving said
30 support to a desired position along the cylinder liner; and engaging said clamping
actuator to fix clamp said support to said inside surface of said cylinder.

In additional embodiments, the imaging device, laser sensor and support may be
connected to a computer. The method may further include the steps of: using said



20Figure 2 is a perspective view of the systemfor inspecting cylinder
liners shown in Figure 1; Figure 3 is a top view of the systemof Figure 2;
25 Fi gur ewé 2081/8290t t om vi ew of the system of Figures 2p81/SE2qu/000181i S a
side view of the system of Figures 2-4; Figure 6 is a flow chart
illustrating one nmethod for inspecting a cylinder liner using 30 the system
of Figures 1-5; and Figure 7 is a schematic diagram of one enbodi nent of a
conput err system whi ch may be used to control the systemof Figures 1-5 and
to inplenent the nmethod shown in Figuree 6. WO 2011/152797PCT/ S&2011/000181
DETAI LED DESCRI PTI ON Enbodi nents._of: t he present. .inve ] a system
and met hod eS8 spRsAb iR MPasye RBPTiRY oS ofrsal 5\’%@%\}'#\%8%3 fn%g?fn\%\ft %?dut t he
need for arusingciaid esmputdrco pdjust said Ipysuammsentdﬁea@yiwbn‘dwn Baidgyliindef gure 1 is
a perspect I“rqgrs ih&ds gkggd]ﬁeﬁhnm%%éfﬁ&f m8} a%os?%ﬁfd%r@n%%n §H|d lagérpééﬁéérng

cyl i nder I"ocat i nder |iner 2 me enbodi nent s,

the syst emre@gngragid béar@Srh?é%'B%cFeP@”%\ﬁa'dd%ﬁ?f FHISPELRIB P %ﬁﬂd F?{ﬂ%? r% PC or
conput ers 7Oé%|cufé$ngilam@danmardemm oftelidb vy lintidrainsyy s TermedOd mayvalskes t he 10

capabi |11y L9uEE TR Sloke | AREG i Fddio ol %gaia%c%aélme she @yLdder |iner

200 for var limted to |iner
scuffing, |¢mdm@ﬁnaaled using iseigt FQBT‘PUtﬁfoM BTHP?FQ wid {rpRgesiate 4R S EBIPPRi on, the
presence of . hlikuh Besid Gas®s iindrhe oval ity of the cylinder liner, and t he
like. 15Figure 2 is a perspective view of the system 100 of Figure 1.
Figure 3 is a top view of the system 100 of Figure 2. Figure 4 is a bottom
view of 18 he system 100 of Figures 1-3. Figure 5 is a side view of the

system 100 gkdp SEs@RipFioN oPtHE bRAWIRGEe to Figures 1-5, in this
enbodi nent, he system 100 includes one or nore 20 imaging devices 110

capabl e of be| ng inserted into the engine cylinder liner 200 (Figure 1) and
of capt uri ngmasdinengef tk intentieawt! ke hetet unberstdod dnd readily gepaantita®ee 210 of

the cylindege L LAgL &y tlear? RER RERYLNIE Mriten LBSBNSH, 8k) Ot BRinpk SO

i ncl ude one or aser sensors 120 capabl e of sensing and measuring an
i nsi de d% anenhrangfin ?W@%W%Mepf%'?g%@d"h'% In these enbodi ments, the
system 100 may be connected to the conputer 700 using a cable 212.

Che comput P70 B PR e o e e A 24,

216 may be amersit ype of cable know to those of skill in the art which can be

20 Figure 2 is a perspective view of the system for inspecting cylinder liners shown in

Figure 1;
Figure 3 is a_top view of the system of Figure 2;

25  Figure 4 is a bottom view of the system of Figures 2-3;
Figure 5 is a side view of the system of Figures 2-4;

Figure 6 is a flow chart illustrating one method for inspecting a cylinder liner using

30 the system of Figures 1-5; and

Figure 7 is a schematic diagram of one embodiment of a computer system which
may be used to control the system of Figures 1-5 and to implement the method

shown in Figure 6.



30 wused to effect these connections. In a preferred enbodi nent, the cables
212, 214, 216 are provided by the manufacturers for this purpose. It is
under st odNORhHY1ISYIMer types of cabling, and/ or wirel essPCHSGRELLI000I81 may

al so be used to control the system 100, i magi. ng devi ces 110, and | aser
sensors 120 as desired. WO 2011/ 152797PCT/ SG2011/ 000181 7 In a preferred
enbodi nent, the system 100 may al so i nclude a support structure 130 which
is configured to support and direct the inmagi ng devices 110 and | aser
sensors 120. The support structure 136 may include a base 140 which
supports a spherical bearing hub 150. A bearing housing 160 may be nounted
on the bearing hub such that 5 the bearing housing 160 is capabl e of

rotati ng WDETAILEDHRESCRIPTION hub 150. One or nore nounting brackets 115 may
be nounted on the bearing housing 160. The nounting brackets 115 support

t he i magi devices 110 and | aser sensors 120, 1n s, the
base 140 r%WbPi’iE‘F’L‘}EIé’f ahg BW@?"N"‘@"P%P@VBF& &S 4 an§ WJ%?%'H&% X-Y table
pl ate 144. idspedtihg an ér@bred:ylrrveuart||,nert\41|t43u':estphenfreczittbr aoermqmgl fhﬂﬁls%'b' ai°§eséoupl ed to
the upper XY 151'%% Iﬁ'ne e ]14sangﬁeét|9¥‘@few>8f\6né aRbsdiRkat® akjstemnadoupper X-Y

tabl e plate 1% onfigured t ve resp ect e ch her usi ng,
by way of é@(am:‘yp%d'a%dcyﬂ@ﬂerl iners é?‘iafﬁﬁ’ "Bﬁq@ 8r % ?‘?{ea{) ‘beari ﬁ@% 146

nmount ed on dafRbiresits! ﬁie|s$sté|4a81ooT|hay bé nemrecteddo an@;sontmﬁédjb\ea@lr‘d%trl?'c not or s
(not shovvn) | ch g n CRN lsgdslsgcg rPé‘et%@ngwC{% Et@Fn ’7&)0pr0\7 BésSthe

confi gur at i'6h°aft for centerin h@g cyI i nder
l'i ner . cahahilitvtd re"bée'm"!?@a@stéﬂ 'ﬁﬁ'ﬁwrﬁcﬂéﬂaqu “EfeFH\WFerI ﬁ'ef fef erred
enbodi rrent vahifl® Qsp(bl?tdeﬁcfsuqﬁduoawglmt afot tirites st imen $0.8fingRjnadémietei ncl ude a
right and |eft cI a uat Led th
appr oxi mat é‘FRF'c?@” \56 88'?%93 g'roérl @Q p&'fé & tﬁaw F%tlmgr tabl e plate
142. The clmalpyofghqaaytmﬂgtmes an¢tbtallke170b i ncl ude cI arrpl ng pads 172a, 172b
whi ch al |l ow t he support structure 130 to be clanped to t he inside surface
210 of the cylinder liner 200. e cQ 7 y o control
this fquﬁ:t|%Wre?H%a€FréHﬁt'H§V'§8’t%QT ?yg%ﬁ)ﬁof m[f? %to"segt eag \é‘t;rrpl ng pads
172a 172b M&hé\gystémmoe)czirlspmee 2e| Egurei 4 & a)POBw/e/i'%‘dohtﬁ'Fcﬁy§te(fth §fhown) 25
i s under h s QUSaPidVe b tRE L )esks 160 6f Agdrsat ung the cl anpi ng pads
172a 172b ﬁé&ggv 1;sao%E?L'yeta}gée' The' speci lejgg functlﬁr%i of the support
actuators 170a 170b will be discussed in nore detail below with reference
to Figure 6with féfeaéhcaltdlagm&t &5 antreiémtendiiment, ltree systemt 10 dnclydescdetos MPIES may  al so
i ncl ude, fO' din% r@le"iécr‘%w%% Ink9cy\ihded gl 2oces t he
f of di ngZheueard bR 17t carkble B Geifly IEfitd hd kg ggﬁ- Y be fol ded
i nwar d V\/nen(Flg’uCﬁ1)@0&@{)1-’@“%”!9@%'?%%%31@935%p%‘?rhﬁf t?eo\/\é' 87458619850 ti on
within the fﬁ)é'cylﬂﬂ&rhrﬂerﬂm 1R QBmeinigdinfents, eheayplem 109 rombiiso ih0Bd Fmégure 2).

This may hel prevent HeCaeindidd didRdter aper
sensors 120°'p’r'?1reé 5f &Y'ErPe ?r?‘fa%tq’s‘n?%tj%t?%tgﬁ{ng brackets 115 may be
| ocat ed 90 thegylinder lmpa?QO

25

in these embodiments, the system 100 may be connected to the computer 700
using a cable 212. Similarly, the imaging device 110 and laser sensor 120 may be
connected to the computer 700 using cables 214, 216 respectively. The cables 212,
214, 216 may be any type of cable know to those of skill in the art which can be

30 used to effect these connections. In a preferred embodiment, the cables 212, 214,
216 are provided by the manufacturers for this purpose. It is understood that other
types of cabling, and/or wireless connections may also be used to control the
system 100, imaging devices 110, and laser sensors 120 as desired.



WO 2011/ 152797PCT/ SG2011/ 000181 8 from each other, and four inmaging devices
110 and four |aser sensors 120 are used However, it is understood that one
or nore iwWaghngisewvi ces 110 and/or | aser sensors 120 napCiheGased®0018The

i magi ng devices 110 nmay be any type of canera that has sufficient
resolution to produce useful images of the inside surface 210 of the
cylinder 200. By way of exanple and not |imtation, the imagi ng devices 110
may be a charge coupled device (CCD) or a Conplenentary Metal Oxide

Sem conductor (CMOS) camera having a 7esotution of at |east 1 nmegapixel. It

I s under st ood that [ ng de

sensors 124 AR{EfeEd fﬂgmf*'{fﬁat g‘F ﬁg%}g'g\r%g) ene g$¥° %Llﬁ% an‘gpg%ﬁg“”rlﬁgt’lt ﬁzelr nsi de
di amet er ofwhichés corffigurekbto $uppest akDdirect thedmglm@@dﬁeﬁéﬁﬂ ang |psen $gPEPTSsensor s
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" In the preferred embodiment, the support structure 130 of the system 100 may also
include a right and left clamping actuator 170a, 170b (Figure 4) coupled approximately

20 centrally to an underside 143 of the lower table plate 142. The clamping actuators 170a,
170b include clamping pads 172a, 172b which allow the support structure 130 to be
clamped to the inside surface 210 of the cylinder liner 200. The computer 700 may also

be used to control this function. The clémping actuators 170a, 170b activate the
clamping pads 172a, 172b using, for example, electrically powered motors (not shown).

25 It is understood that various other methods for actuating the clamping pads 172a, 172b
may also be used. The specific functions of the support actuators 170a, 1705 will be

discussed in more detail below with reference to Figure 6.

in ah alternate embodirhent, the mounting brackets 115 may also include a folding gear
30 117 and a folding motor 119 which drives the folding gear. 117. The folding gear 117
allows the brackets 115 to be folded inward when, for example, the system 100 is being
lowered into position within the cylinder liner 200 using, for example, a cable 105 (Figure
2). This may help to prevent damage to the imaging devices 110 and laser sensors 120.
in a'pre'ferred embodiment, the mounting brackets 115 may be located 90 degrees apart



Figure 6 illustrates another alternate nmethod, designated generally as
reference nuneral 300, for using the system 100 to renotely inspect the

i nsi de suwwbaos/R@i®7of a cylinder |iner 200. The met hod PQW@/sicneliwdesia first
step of lowering the system 100 using, for 5 exanple, the cable 105, to a
desired position along the cylinder liner 200, as shown with reference
numer al 302. Next, the conputer 700 activates the clanping actuator 170a,
170b until the clanping pads 172a, 172b engage the inside surface 210 of
the cylinder |liner 200, as shown mﬁthgreference nuneral 304. In an:

al ternate enbodi ment, the system m |l aced directl t he cyl i nder
head (not dmRBveAchwihehiand foye "E@a"lgrﬂfé‘?ée ANnd; fungeer SFHS%? ?Eﬂa?ree‘f?ﬁ di ment ,

t he syst emybWRveray ishmdéepesdthatoricsrangl |mkmnge'déva:as;tl10/ad\d/m léset @ensbtsh i ni mum
renmoval of Sﬁe i rlg S connecting accessories, as required in the prior
art. In the?REQY PREE g, as shown with reference nuneral 306, the conputer
700 activates the 15 laser(s) 120. A neasurenent is taken to determ ne the
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the rotst i ngepi nion 162 to rotate the bearing hou5|ng 160, as shown with
ref erence nuneral 308. The conputer 700 al so activates the | aser sensors
120, and 25 receives the sensor data for a co etekigo degree revol ution

of the bearThegasrssensnss 12hmay HRARN APe7efda38hSANTOL IERARE BEMEFRTDP Pfet er and
ovality of ihéi@e emetRe6Tthe bmaerzraer 20D0hi Is oha Bobigitrieot) thedgsepeessavetl’d n t he

Cenvors. 12078 8 1 A ffes” ARPMR s el RACE FleaBlv IRy BF Sporokiifieh ot

accur uring di amet er of
cyl i ndet5 | i §fsm @pd wrewlqﬂo'zef ?ﬁ%‘?’@ﬁ%@'&érz@ 25I"t“°i°§s ud’dér“ﬁ?"dﬁtﬂmf Hat oBfher ranges

of val ues 3Qp Mu@@r%%rs ﬂzmmhandeethma@eaam efmaller Infedsitngnexgesstmp,  as
shown with reference ny 10, the conputer 700 activates the imaging

devi ce(s) 1T6°'Ptﬂﬁ’"8d}3?yu?%°?err'é§ s of a portion of the inside surface 210 of
the cylinder liner 200. These captured i mages are sent to the conputer 700

for anal ysi $ne LibpoMRurdOti 1502rh8y Rlcb/ iRErddll 3/ BRBASP binion 162 and a rotating
20 motor 164 that may be used to rotate the bearing housing 160 about the bearing
hub 150. This will be discussed in more detail below.

It is understoodv that details concerning the specific design of the illustrated
embodiment of the support structure 130 are provided by way of example only.

- 25 Many other types and configurations of support structures 130 may be used by one
skilled in the art given the details provided in this description. All such structures are
deemed to fall within the limits of the appended claims.

It is understood that in the simplest form, the system and method of inspection of the
30 = present embodiments may be implemented by lowering an imaging -device into the
cylinder liner and capturing a sufficient number of images to perform an inspection
based .on the captured images. In alternate embodiments, both -an imaging and a
measuring device may be lowered into the cylinder liner. Images and measuring data

may then be captured and processed.



10 one enbodi nent, the captured i nages nmay be conpared to a reference inmge
of for exanple, a new cylinder liner. Alternately, the imges may be

conpar ed wo 2privBde7ornmages fromthe sanme cylinder |iner 2@@1/SGronalon@st

al ternate enbodi ments, the operator of the conputer 700 may view the images
utilizing the display 708. 5 In further enbodi ments, the captured images
may be conpared to reference i nages of specific types of damage that nmay
occur to the inside surface 210 of the cylinder liner 200. In this

enbodi ment, once the captured i mages are anal ysed, the conputer will nake a
determination as to whether or not the captured images nmatch a
corresponding 10 reference image for a particular type of damage, as shown
wi th refer egae eritisiated andthar altefnatdvaetbaghtdesiguatédgegeraly) asrafetsnce rumeergonput er
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di spl acenent di stances, both smaller and | arger, may al so be used. 25 The

conput er 700 Ry be control | ed using, for exanple, a |ogic sequence program
in PLC, notion control and neasurenent software such as Labvi ew, and/or
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exanpl m t he system nay include an i nmagi ng device

|ntrodLR:Oedanrrﬂﬁgd't"ﬁEBﬁ’ﬁ"ﬁed‘gr liner for capturing an i mage of the inside

surface of the cylinder liner Al such systens are deened to fall within
the scope ohndlae RRIPFAGSF50CE Bbdifoned, the computer 700 will activate the rotating motor

164 to drive the rotating pinion 162-to rotate the bearing housing 160, as shown with .
reference numeral 308. The computer 700 also activates the laser sensors 120, and
25 receives the sensor data for a complete 360 degree revolution of the bearing housing.
The computer 700 then calculates the diameter and ovality of the cyiinder liner 200.
This information may be saved in the computer 700 for iater analysis. In a preferred
embodiment, the laser sensors 120 are capable of accurately measuring the diameter of
the cylinder liner to within 20 micrometers. It is understood that other ranges of values

30 may be used, from 5-100 micrometers.

In the next step, as shown ‘with reference numeral 310, the computer 700 activates the
imaging device(s) 110 to capture images of a portion of the inside surface 210 of the
cylinder finer 200. These 6aptured images are sent to the computer 700 for analysis. In



5 Sone portions of the description above are explicitly or inplicitly
presented in terns of algorithnms and functional or synbolic representations
of operatwonsigi2data within a conputer nenory. These alpgersictinioooist
descriptions and functional or synbolic representations are the nmeans used
by those skilled in the data processing arts to 10 convey nost effectively
the substance of their work to others skilled in the art. An algorithmis
here, and generally, conceived to be a self-consistent sequence of steps
leading to a desired result. The stepspare those requiring physical
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25 .
The computer 700 may be controlled using, for example, a logic sequence program in
PLC, motion control and measurement software such as Labview, and/or other types of
software written for this purpose. It is understood that many types of commercially
available software may be used to provide control of the system 100 and/or to make the

30 various image comparisons discussed above.

The discussion of the system 100 presented above provides a description of one
example embodiment of a system for remotely inspecting an inside surface of an
~ engine cylinder liner. It is understood that there are many ways of implementing the



Furthernore, one or nore of the steps of the conmputer program may be
performed in parallel rather than sequentially. Such a conmputer program nmay
be storedoroaM2VGMut er readabl e medi um The conput er PCE&GANI1O0MSHI um nay
i ncl ude storage 15 devi ces such as nagnetic or optical disks, nmenory chips
or other storage devices suitable for interfacing with a general purpose ’
conputer. The conputer readable nedium may al so i nclude a hard-w red nmedi um
such as exenplified in the Internet system or wireless nmediumsuch as
exenplified in the GSM nobil e tel ephonié system The conputer pr ogr am when

| oaded and executed on uch a’ ger raI ur
results in s&ﬂe@@vgpép%g\ FRECN ‘%% ttpe ?'ﬁg&gtde%&gpd# e{:% Héeh%gl et hod.
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ot her onen r exanpl e, a nodul e
may be i rrplséﬁ‘ﬁﬁ'ﬁé‘tﬁ dremes tafaéwﬁgéhsz%ws&{%mpee ‘%ﬂﬁgﬁgﬁ‘l m;r it can forma
portiongf an entire electronic circuit such as an Appli cati on Specific

| ntegrated G fémgAﬂ“Q“ppr TR P Bt Pncmg?%ﬁhﬁuuwbr@&n@&nmermérbpse

skilled in late t t
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of dt he sxan& u{éflbﬁﬂhéﬁi‘nt Tﬁéd‘é hajofithiplce risdripitbne natdh durctonalitoer sysypetieem 700,
indentified in eﬂ#?{}éﬁrg th%uc ans NESPh %Is% 3ék|§JEPW”thé Qiag SHee8sidg aft tdTBY be

i mpl ement ed®B§® as a Co ei ng executed within
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can include a c

such as a kQ%%?aV’oa ?Bﬂregﬁﬁsuﬁ‘oﬂig 8 % E?“[&’}"“Pq’%&af %m{) u'%}[& H%}Igf/r?gglse:uch

as a di spl aphy#i68, quantiieprsuch @ emlcalegceiﬁmthn*'cﬁ*rﬂﬂﬂP‘é CPEFZ"Q:&E 988 connect ed

to a5 conpylep t%ﬁ&f&‘@é&cgnl%e\ﬂ' Qnivatd] drliiRnlisanangiined. device 714, to
enabl e access to e. he I nternet or other network systens such as Local

Area Nefhwork (LAN) or Wde Area Network (WAN).
Unless specifically stated otherwise, and as apparent from the following, it will be

appreciated that throughout the present specification, discussions utilizing terms such as
“scanning’, ‘“calculating”, “determining”, ‘“replacing’, “‘generating”,  “initializing”,
“outputting”, or the like, refer to the action and processes of a computer system, or
20  similar electronic device, that manipulates and transforms data represented as physical
quantities within the computer system into other data similarly represented as physical
quantities within the computer system or other information storage, transmission or

display devices.

25 The present specification also discloses apparatus for performing the operations of the
methods. Such apparatus may be specially constructed for the required purposes, or
may comprise a general purpose computer or other device selectively activated or
reconfigured by a computer program stored in the computer. The aigorithms and
displays presented herein are not inherently related to any particular computer or other

30 apparatus. Various general purpose machines may be used with programs in
accordance .with -the teachings herein. - Alternatively, the construction of more
'specialized apparatus to perform the required method steps may be appropriate. The
structure of a conventional general purpose computer will appear from the description

below.



The conputer nodule 702 in the exanple includes a processor 718, a Random
10 Access Menory (RAM 720 and a Read Only Menory (ROM 722. The conputer
nodul e 7080absiGISeTE| udes a nunber of | nput/Qutput (1/0 PCHSERE®EES1f or
exanple I/Ointerface 724 to the display 708, and I/Ointerface 726 to the
keyboard 704. The conponents of the conputer nodule 702 typically

comuni cate via an interconnected bus 728 and in a nanner known to the
person skilled in the relevant 15art. The application program can be
supplied to the user of the conputer 9¢stem 700 encoded on a data storage

medi um such as a CO-ROM or flash nenory carrier and read utilizing a
correspondi ng data storage nediumdrive of a data st or age device 20 730.
The appl i can additioprtbg prsent specifieation Ao rnisitiodisdieses A CPRUREPEGIAM SHBly t he
processor ?}t]'\goula %%H&Qﬁt% heSpEEHOSKIRY iR tIRD BRI Eicdindimyine steps ofrfei shed

usi ng RAM 720. " Enbodl gent s of the prese i.nvent i on $ deﬁgr'blla |ﬂ above have
several advaatpesydescRsd JirEsn By §F B " gfgftf%tn%y SO $B0di ment s gr%vi de the
capabi | igt y gregrareri§ opiingendesnot = iimisgsetst Amn partichiaereaenias fangrageh@ndengi ne
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g ge mexi nu.mée@.a.rwa&?v@,waé Edriyputer @edgnes issredt intended ©, bel limited torurpartigulels from t he
previ ous_overhau e [.OV] whi s in

order to mﬁ?@trgﬂ'ﬁ‘fvbd?‘ F%t%$m§8$§ﬁ8ﬁ§£'%g§%?ﬁ%h§gﬁ Etg arrfrgg{a_‘m\b,\%ltb ?\g&f)giete oil feed

rate, the rdifagentcenttoHftows witgut depaftie frrmdhegnut °’r5!f°ﬁ©e ASNIMNEMs and the i ner

ldle]: gC?gaggzt ';g\e/i Lgegrraﬁ gdiet 'f aThei s;)ftvvare may also identify the type of
reduci ng doﬁbﬁ?"?wrﬁd’f‘?r‘? W'@p‘git?efte tﬁ%?ﬁ@%%ﬁ? %f%?@%’g?gﬁni
Addi t i onal | yaraliet saher dheanseguentiRlyn  iGhha tcRmPYtElS PITEBESY Be Sforednd} 84ccur at e,
nmore - computer readable medium. The computer readable medium may include storage
15 devices such as magnetic or optical disks, memory chips, or other storage devices
suitable for interfacing with a general purpose computer. The computer readable
medium may also include a hard-wired medium such as exemplified in the internet
system, or wireless medium such as exemplified in the GSM mobile telephone system.
The computer program when loaded and executed on such a general-purpose computer
20 effectively results in an apparatus that implements the steps of the preferred method.

The invention may also be implemented as hardware modules. More particularly, in the
hardware sense, a module is a functional hardware unit desigﬁed for use with other
components or modules. For example, a module may be implemented using discrete

25 electronic components, or it can form a portion of an entire electronic circuit such as an
V Application Specific Integrated Circuit (ASIC). Numerous other possibilities exist.
Those skilled in the art will appreciate that the system can also be implemented as a

combination of hardware and software modules.

30 The method and system of the example embodiment can be implemented on the
computer system 700, .indentified .in Figure 1, and schematically shown in Figure 7.
it may be implemented as eoftware, such as a computer program being executed
within the computer system 700, and instructing the computer system 700 to
‘conduct the method of the example embodiment.



consistent, nore precise and |less error prone than neasurenments taken by an
| nspect or using neasuring gauges. The neasurenent and inspection data may
be recor o0 2andisz79@ocunented in reports for engi neers t®CTAG2EM/08MIE1
undertake appropriate neasures. Additionally, the systems and methods
described herein may al so be used for dianmeter neasurements and defect

I nspections on the internal surface of .any large cylinders or pipe. The
system and nmethod al so elimnate the need to renove all pipes and
accessories connected to the engine cyBinder head prior to performng an
i nspection. 10 It will be appreciated by a person skilled in the art that
numer ous vari ations and/or nodifications nay be nade to the present

i nventi on aRhedomputer systeve7@peari in¢ledecaricombytenmadui VPR inPuliB9EYIes BEFN r om t he

spirit or a(‘sogge%oﬁdhﬂ%d BN %h@é' 7@§ ahﬂ%giuyalu@eéfcédtﬂﬂchevﬂ;b@ spéreas

enbodi nent s ar

ore, consi der t 1
i | | ust rat | ViSREYd7980end SERLE] Z?q vghe %pﬁﬁiﬂc’%@?%}?ﬁfﬁ S Sﬁﬂgié‘ibelS
: CLAI VB 5l. Asomipitet mefwark 7O el yuitahiepieristeieeralegige iTideto ériahleraaskssate engi ne,

the system co LIRS ool FAILRGHENS RO BRI BBbON R NifwdRIeAKPY I 10 Sai d

cylinder i%&r"ant 1o capture an i l'east a portion of an inside
surface of @@kd”@yN@WH@K AMier; wherein said captured i mage can be used to

determ ne a condition of said cyIinder 102. The system of claim1, further

conprising 'ﬂ-‘m S sens%)‘; 2?% h% ewﬁg‘?aﬁ'nwub&gaaprgée@g@tﬁ af R@@ioth cyl i nder

l'i ner. n evi ce and said
| aser sm]soAcqassaMemam (BAM) 3728 and spRead OQ'&l“ﬁFW&%@M gﬂgngh%%’%‘l’t@r of noving

sai d 15i magj,peLideys S8 RBHdsPd AurhiBs®F Input/Output (1/O) interfaces, for example I/0
interface 724 to the display 708, and I/O interface 726 to the keyboard 704. The
compbnents of the computer module 702 typically communicate via an
interconnected bus 728 and in a manner known to the person skilled in the relevant

15 art

The application program can be supplied to the user of the computer system 700
encoded on a data storage medium such as a CD-ROM or flash memory carrier and
read utilizing a corresponding data storage medium drive of a data storage device

20 730. The application program is read and controlled in its execution by the
processor 718. Intermediate storage of program data maybe accomplished using
RAM 720.

Embodiments of the present invention as described above have several advantages
25  over prior art systems. The embodiments provide the capability to perform a remote
inspection and measurement of the engine cylinder liner by using computer vision and
accurate |aser displacement measuring sensors. Thus, no inspector is required fo
physically enter the cylinder iiner. The software implemented on the computer system
analyses the maximum wear and ovality .against set limits, liner wear rates from the
30 previous overhauls, etc., and provides the operator with reports in order to make
appropriate decisions for the adjustment of the lube oil feed rate, the ridge.on the liner,
water ingress, ring conditions and the liner life agaihst the feed rate etc. The software
may also identify the type of defects and provide or predict a maintenance schedule for

the engine, reducing downtime during repairs.



4. The systemof claim3, wherein said support further conprises: a base; a
spherical bearing hub coupled to said base; 20a bearing housing coupled to
sai d bearwAg@ohuts2®adch that said bearing housing i s capaBC&SeRON®DESI ng

about an axis of said hub; and . neans for tenporarily clanping said
support to said cylinder |iner; wherein sai d i magi ng device
and said | aser sensor are coupled to said bearing 25housing to facilitate
i mgi ng and neasurenments of a circunference of said cylinder liner. 5.

The system of claim4, wherein said bage further conprises: an upper X-Y
tabl e plate coupled to said spherical hub; and 30a |lower X-Y table plate
moveabl y coupl ed to.-said -upper X-Y table plate wherein. - - said neans
for tenpor awititignatly, angsEsurgmeats dalesn pithr thet lgserasansery | drerdrare. IaP%é?te cHRiSri ses a

| ;
goig})hgg7g%&>’ﬁs}%&é’% %8& iR l?_:@'e‘f’t‘ml VRS thin Pﬁehﬁpérﬁer@é ake b y a%spector

00181 Wf ﬁ q% uat d capable
of fixing &SPBEIEAFUFNS BIuges;i HhesTpFyrEmsht £ HSP§8'°3% i(s erref:?r an and
sai d upper detindntedan repods ﬁalbdngmpérattese\eaveamm‘.«mnh@ wwwﬂa'festp%&wreﬁo each
other such t Afdn‘%n&%m%héyyeﬂg B& m%FH s dd ﬁl?éd%'relrhh'\_?_)(]aﬁy b@@sé’ﬂc#btt@érﬁé’ter\’\hen Ssai d

support is ner iy H Any one of the
precedi ng @@Flﬁfﬁme%é'ﬂ‘bf’ﬁe“é msaeqﬂﬁrhsgqrh@e internal surface of ny large cyhn ers or ,

_ pipe. The system and method also eliminate the need to remove all pipes and
accessories connected to the engine cylinder head prior to performing an inspection.

10 :
- It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

15  be illustrative and not restrictive.



device conprises one of a charge coupled device (CCD) or a Conplenmentary
Metal Oxide Sem conductor (CMOS) canera. 10 7. The system of any one of
clai ms 2-Wo Hurtsker conprising a plurality of inaging decrsenandis:
plurality of |aser sensors. 8. The system of any one of claims 2-7, wherein
said | aser sensor is 15capable of determning a dianeter of said cylinder
liner to within 20 mcroneters. 9. The system of any one of clainms 3-8,
further conprising a conputer connected to said inaging device, and said
support, wherein said 20conputer is capable of: controlling and operating
sai d imagi __n%ew ce, said laser sensor and said support; receiving and
processi ng“-‘! Eés captured by said i magi ng device; and 25receiving and
processing information fromsaid | aser sensor.  10. The systemof claim?9,

wher ei n: - Q; ) C.eS BidAd i A JTREES o : i

wher ¢ 1, tenof} FbrthEPinSbedthg G&yMdaP i8IS i, tHetdstath sai d

i magi ng devi c1e furpiﬂ/gr?‘corrprl segmcéﬁrpagi (;cz saiél i mageg to a re?e]r’hence i mge
to deternm ne 30a €emaI¥MHBn of said inside surface; and said step of

pr _Ogez_Sisngt i nf or mahiiMBgihg ABVicAbkratsls @5 be dnseded nty sdie cylndemlines ead tonpar i ng
sal I anet er asur enent r : ; lne a
condition of fue (a’wnl'\arﬁ?eoﬁ af llg%% 2 p%t‘(%'hed?gﬁ .AEE%%HH&JEE&Ea:B%w%Eﬁrn@},

wherein said captured image can be used to determine a condition of said

cylinder.

10 2. The system of claim 1, further comprising a laser sensor capable of
measuring a diameter of said cylinder liner.

3. The system of claim 2, wherein said imaging device and said laser sensor
are coupled to a support, said support being capable of moving said
15 imaging device and said laser.

4. The system of claim 3, wherein said support further comprises:
a base; _
a spherical bearing hub coupled to said base;
20 a bearing housing coupled to said bearing hub such that said bearing
housing is capable of rotating about an axis of said hub; and
means for temporarily clamping said support to said cylinder liner;
wherein '
said imaging device and said laser sensor are coupled to said bearing
25 housing to facilitate imaging and measurements of a circumference of said

cylinder iiner.

5. The system of claim 4, wherein said base further comprises:
an upper X-Y tabie plate coupled to said spherical hub; and
30 a lower X-Y table plate moveably coupled to said upper X-Y table
plate; wherein '
said means for temporarily clamping said support to said cylinder liner
comprises a clamping actuator coupled to said lower X-Y table plate;



17 11. A nethod for renotely inspecting a cylinder |liner of an engine, the
met hod conprising the steps of introducing an imaging device into said

cyl i nder Wwonery152797 capturing an i mage of atTIsGaeti/o80180rti on
of an inside surface of said 5cylinder |liner; and anal ysing said
captured i mage to deternine a condition of sald cylinder liner. 12. The

met hod of claim 11, further conprising |ntrodUC|ng a | aser sensor into
10sai d cylinder capabl e of nmeasuring a dianeter of said cylinder liner. 13.
The nethod of claim 12, wherein said Hmaging device and said |aser sensor

| ed yper- X-
ol 6 pl e coupl od A SaPURE AHUPRE iy SRS L TANS < S o 338 <LBRS 1 I

pl ate noveably ammphadcwmweanﬂrupper X-Y table plate ‘a spherlcal beari ng

hub coupled to said ypp | arin
housi ng coupl ed to s ;E) pefand tlémalr@( v @EI@ plates are moveable with respett e g

earing hub such that in '
capabl e of r ot atPefyCHBLRHEN éﬁ?té‘ﬂ%'t'a? of s3id) spi 'Ca'g}‘l‘g mayabeaa‘g'l’si?fg‘("ﬁ% ggt :.IZ.'[ or
coupl ed 4 0 sai d shiawappokt i¥ fixeaiWithinpdait eyjinddrdinei n sai d cl anpi ng actuator is
capabl e of clanping said support within said , cylinder liner; and
said upper and lower X-Y table plates are npveable with res ect 1o 25each
other such thét a B@sﬂ/tSIe@hObP"Ysa"Qj°§B1‘FeP'ieE%q'“91E'B'"h°'a)‘}"hS'§"hﬁ? P& hhen said
support is fixed vddvREbncsmpriteSybhenaET al icAgge coupled device (CCD) or a

Complementary Metal Oxide Semiconductor (CMOS) camera.
10 _
7. The systemr of any one of claims 2-6, further comprising a plurality of
imaging devices and a plurality of laser sensors. |

8. The system of any one of claims 2-7, wherein said laser sensor is
15 capable of determining a diameter of said cylinder liner to within 20

micrometers.

9. The system of any one of claims 3-8, further comprising a computer
connected to said imaging device, and said support, wherein said
20 computer is capable of:
controlling and operating said imaging device, said laser sensor and
said support; \ .
receiving and processing images captured by said imaging device;
and
- 25 receiving and processing information from said laser sensor.

10. The system of claim 9, wherein:
said step of processing images captured by said imaging device
further comprises comparing said images to a reference image to determine
30 a condition of said inside surface; and
said step of processing information from said laser sensor further
comprises comparing said diameter measurements to a reference

measurement to determine a condition of said cylinder liner.



14. The method of any one of the clains 11-13, wherein said inmaging device
conpri ses one of a charge coupled device (CCD) or a Conplenmentary 30Met al
Oxi de Semwoandust®r (CMOS) canera. 15. The net hod of anycene20f/00018i s
13-14, wherein a plurality of inmaging devices and a plurality of |aser
sensors are coupled to said support. WO 2011/152797PCT/ SG2011/ 000181 18
The nmethod of any one of claims 13-14, further conprising the steps of
noving said support to a desired position along the cylinder liner; and
engagi ng said clanping actuator to clayp said support to said inside

surface of said cylinder. The method of claim 16, wherein; - . . .said
i magi ng devi c&l. sd methad &r reBeisl insRRAGHNg A QIRdeh s OF 2 enaisnECTePt 0 a
conput er, the net hospfising therstepempri sing the steps of; . -~ using said

| aser sensor to neasure,a.-positiopn. of :said s ri o within said cylinder

liner; and us’ %dugggc?%é%%%ﬁﬂ gév'%ghgﬁgﬁyﬂga{we%osi tion to center

sai d hub within sai deapjirinacierimappef at tPaet areertion oban dsiierAurace pigdiher

ﬁOﬂp(lSlyg tge Q&@gggg%hagagaging sgid | aser sensor; rotating said bearing

ousi ng; sendi ng sai aser senso ta to, saj ter: . cglculating a

di aneter and an oval F13Ysh® §%{$d°a@£ﬂr?%d'§'?gef itcr’ledre(.gle"s%'%rer’pg ElriiBR br B )
cylinder liner.

12.  The method of claim 11, further comprising introducing a laser sensor into

10 said cylinder capable of measuring a diameter of said cylinder liner.

13. The method of claim 12, wherein said imaging device and said laser
sensor are coupled to a support comprising:
a base comprising,
16 ' an upper X-Y table plate coupled to said spherical hub; and
' a lower X-Y table plate moveably coupled to said uppef X-Y
table plate;
a spherical bearing hub coupled to said upper X-Y table plate;
a bearing housing coupled to said bearing hub such that said bearing
20 housing is capable of rotating about an axis of said hub; and
a clamping actuator coupled to said iower X-Y table plate; wherein
‘said clamping actuator is capable of clamping said support within said
. cylinder liner; and '
said upper and lower X-Y table plates are moveable with respect to
25 each other such that a position of said spherical hub may be adjusted when

said support is fixed within said cylinder liner.

14.  The method of any one of the claims 11-13, wherein said imaging device
comprises one of a charge coupled device.(CCD) or a Complementary
30 Metal Oxide Semiconductor (CMOS) camera.

15.  The method of any one of claims 13-14, wherein a plurality of imaging
devices and a plurality of laser sensors are coupled to said support.



The nethod of claim 18, further conprising the steps of: capturing imge
data; sending said inmage data to said conputer; and using said

conput er wo 2prieess sai d i nage data to determ ne a condipCireG2efi/s@isd
cylinder liner.

18
16. The method of. any one of clalms 13-14; further. comprlsmg the steps of
‘moving sald support to a deswed posmon along the. cyllnder I|ner -and
engaging said clamplng actuator to clamp said support to said inside
surface of said cyiinder.

17. The method of claim 16, wherein; ‘
said imaging' device, said laser sensor and said support are
connected to a computer, the method further comprising the steps of:
using said laser sensor to measure a position of said support within
10 said cylinder liner; and
using said computer to adjust said position to center said hub within
said cylinder liner.

18.  The method of ciaim 17, further comprising the steps of:
16 engaging said laser sensor,
rotating said bearing housing;
sending said laser sensor data to said computer; and

calculating a diameter and an ovality of said cylinder liner.

20 10. The method of claim 18, further comprising the steps of:
capturing image data;
sending said image data to said computer; and _
using said computer to process said image data to determine a
condition of said cylinder liner.



