1 SYSTEMS AND METHODS FOR INSPECTING LARGE ENGINE CYLINDER LINERS 5 FIELD OF
INVENTION Embodiments of the present invention provide systems and method for inspecting engine
cylinder liners, especially in large engine used in marine applications. 10 BACKGROUND Large
internal combustion engines are used in many applications. For example, such engines may be used
to power large ships, or to drive generators for the production of 15 electricity. The engine cylinder
liner is an important component of these engines. The cylinder liner surface must be free from defects
such as pitting, high and low patches, scratches &nd scuff marks in order to seal the high-pressure

combustion gasss{%pldé% %H r&ﬁ?-lbtﬁfé’vﬁéﬁtm%%é?&a‘&ihﬂﬁé@éﬁé’{ﬁé” Surface defects

on the cylinder liner stiface can catise S, such as overheating of the liner, 20
breakage of the piston rings, and damage gb ﬁ;bé plstori“é%%er cylinder liner itself. These defects can
affect the performance of the engine and increase the fuel consumption. In extreme cases, these
defects may result in the engine seizing up. As these engines are very large, they are extremely
expensivé to RpLEaTeFABGHHEedUently, 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

malor overhal, LSRRI OIS SNaINe 1 f9RsebIea grnARsEss RAEAYnder Iners. A

worker must t Into the er to perform a visual inspection and manually measure the
cylinder liner ﬁfﬁr‘ﬁﬁt@f"ﬁ‘éﬁﬁ@”‘?{ﬁ* @iﬁ‘?ﬁﬁ'@’ | 'ﬂ@e%%ﬂfe”%%%ﬂé?@%‘&@?ﬁ’é?@%@auge The cylinder

liners must be maintained within specific dimensional tolerances so that the engines function properly.
Measurefpents of the cylinder liner diameter are thus needed to determine the wear rate of the liner

and to predm&w@&&ggﬁ%ether the cylinder liner should be replaced. The cylinder liner 2 surface is
also inspected visually whenever a cylinder head is removed, for example

Large internal combustion engines are used in many applications. For example, such
engines may be used to power large ships, or to drive generators for the production of

15  electricity. The engine cylinder liner is an important component of these engines. The
cylinder liner surface must be free from defects such as pitting, high 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 nngs of the piston. Surface defects on the
cylinder finer surface can cause serious consequences, such as overheating of the liner,

20  breakage of the pision rings, and damage to the piston and/or cylinder liner itself. These
defects can affect the performance of the engine and increase the fuel 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  Conseguently, 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 io the
cylinder liners. A worker must then climb into the cylinder to perform a visual inspection
and manually measure the cylinder Bner diameter using, for example, a large inside

30  micrometer iength 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



when replacing the piston rings or the piston itself. In these prior art methods, the wear of the cylinder
liner is determined by measuring the 5 cylinder liner diameter at several positions over its entire
length. A large engine cylinder liner diameter could range from 0.6 m to 1.2 m with a height of from
2.5 to 4m. Visual inspection of the cylinder liner surface gives an indication of liner scuffing,
inadequate lubrication, polishing of the surface, corrosion, or blow past gases, which are 10 assessed
by the inspecting engineer. Using present manual methods, it is very difficult to check the condition of
the cylinder liner. It requires removal of the exhaust valve, cylinder head, other pipes and various

attachments. The process L%s'é,%%igmnsﬂaﬂ, mne&vgg?sﬁ@émggg {bedelalled chegkipd and

measuring. C?eaa\y, when these components are being inspected, the engine is not operable. 15 In
alternate imp/&hSEFRAIFEIRE E‘S‘Ptﬂét?ﬁéfﬂ%wﬁ?p@ﬁﬁ’arﬂtﬁ hod, a worker must physically climb into the
cylinder liner to perform the manual measurements using an inside micrometer length gauge. He will

also carry outighgedisyadinaneaton, Tisiscovey cynsafariasieesmntisweselmysicimb down to.
the cylinder ling 43112 RaranleA0Iadetdn A aly NaURALHON sACEndM e e process, a slip

or fall could regu It iIn serious Injuries. It would ere ore be a great improvement in the art if a system
and method cHfit- BESREGREY r\ﬂﬁ%ﬁ%&f@%@ Sri8 WWJ@%’f HEBPSbIREHiscussed above. 25

SUMMARY One aspect of the present invention provides a system for remotely inspecting a 30
cylinder liner oficia: eRgiBgickhesysiemic@mMprsingatigrgingdevicatopesaietadgsinserted into said
cylinder liner gueldg, j@%&iﬁ&w@@%ﬂg weaasr%&or&%%%rmw?@yg@ee QhRgigieylinder iner.

wherein said capture e can be uséd to determine a condition of said cylinde Jﬁlc In alternate

embodiménts aﬁ?@%@%t@/ﬁf’ﬁwﬁﬁpﬁ?ﬁ%?rﬁ@ﬁﬁe Hy5edY %S(?HEB}aegﬁafB?éhS?sh’fé SRS diameter of said
cylinder liner. mwm@mgo@gvngecémpgquiggéﬁar It requires removal of the exhaust valve,

cylinder head, other pipes and various attachments. The process iakes time and
manpower to carry out the detailed checking and measuring. Clearly, when these
components are being inspected, the engine is not operable.
15
In alternate implementations of the manuail inspection method, a worker must physically
climb into the cylinder liner fo perform the manual measurements using an inside
micrometer length gauge. He will also carry out the visual inspection. This is a very
unsafe practice, as the worker must climb down to the cyiinder liner using a portable
20  ladder in a very narrow and tight space. During the process, a siip or fall could result in
serious injuries.

It would therefore be a great improvement in fhe art if 2 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

3¢ cylinder liner of an engine, the system comprising: an imaging device operabie to be
inserted info said cylinder liner and to capture an image of at least a portion of an
inside surface of said cylinder liner; wherein said captured image can be used to
determine a condition of said cylinder.



sensor may be coupled to a support, said support being capable of moving said imaging device and
said laser. 5 In further embodiments, the support may further include a base; a spherical bearing hub
coupled to said base; 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 10 and said laser sensor are coupled to said bearing
housing to facilitate imaging and measurements of a circumference of said cylinder liner. The base
may further include an upper X-Y table plate cougled to said spherical hub; and a lower X-Y table

plate moveanly sRHpled IR gﬁee{% YRRl ISR Sal Wraslapipmporartly

clamping said support to s inder linér comprlses a clam actuator coupled to said lower X-Y
table plate; sfiGEARBiAg™ amgfo?f@%gp%fﬂ?é’%f f%ihg yﬁogﬁf'c?rg‘Sf%%}"&esﬁBBo%ﬂ/ PR said cylinder
liner; and saikkupPenanddowepiRd asbRupatessake sHERRAEWItbrResfe of ¥H¥hGiHer such that a
position of saighspheteatbuhdsay Resdjusted 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 %M?%} T es sterrg} maglkrther include a
plurality of im3giHg GeSTRECLRRN S piii SHRPSF IRe¥Y S{e‘rﬁ? 8 *8ER<sT may be capable of

FSEnsor
determining ahtlapeeriecofosaal bgiice PENEICtOWRING %Wér@ﬁél‘é@ﬂ?‘f‘%ﬁ%?%ﬁ?ﬂlments, the
system may als@ ineluag i eonpsiepesrnEcteaity saitl:timmagirptesiceyantdsadsuport, wherein
said Compute{éﬁg@mﬁﬁa'a%pwgw%p%ﬂ mgwaﬁegw magsnggem sgleklaser sensor and
said support; recelvln??and processing im § scag}ure y, said n]( gin X device; and receiving and
processing infSI SR PRSRSSR AEPERRET TR e EnB RO e HER JTatndeiSing images
captured by sHigerrEjRgteelremEyTRtRR Pireld d¥libeRipARRg said images to a reference image to
determine a condition of said inside surface; 4

The base may further inciude an upper X-Y table plate coupled to said spherical

hub:, and a lower X-Y table plate moveably coupled to said upper X-Y {able plate;
15  wherein said means for temporarily clamping said suppori to said cylinder liner

comprises a clamping actuator coupled to said lower X-Y table plate; said clamping

actuator is capable of fixing a position of said support within said cyiinder liner; and

said upper and lower X-Y tabie 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 altarnate embodiments, the imaging device may include one of a charge coupied
device (CCD) or a Complementary Metal Oxide Semiconductor (CMOS) camera.
The system may further include a plurality of imaging devices and a piurality of laser

25 sensors. The iaser sensor may be capable of determining a diameter of said
cylinder iner to within 20 micrometers.

in further embodiments, the system may also include a computer connected to said
imaging device, and said suppart, wherein said computer is capable of controfling
30 and operafing 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 iaser sensor. In this embodiment, the step of
processing images captured by said imaging device may further inciude comparing
said images to a reference image fo determine 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. 5
An alternate aspect of the present invention provides a method for remotely inspecting a cylinder liner
of an engine, the method comprising the steps of: introducing an imaging device into said cylinder
liner; capturing an image of at least a portion of an inside surface of said cylinder liner; and analysing
said captured image to determine a condition of said cylinder liner. 10 In alternate embodiments, the
method may also include introducing a laser sengor into said cylinder capable of measuring a

diameter of said eylinderliges-Jes HyasinhIRHICRRANddRERIsSPREREINAIRE: CRmpIREko a support
comprising: a base com rls.l%%; an u%er X-Y %a?le pl?te cogEﬁ){l}gdshoresn@%tﬁgrée{lg%i@gtg; and a lower
X-Y 15 table b?gtaaﬂﬁ&/%%i%fi} SIS SR U & X 8BFE piate. & Spherical bearing hub coupled to
said upper X-oengine pfarid teaeiity¢ousing coupled to said bearing hub such that said bearing
housing is capable of rotating about an axis of said hub; and a clamping actuator coupled to said
lower X'\étﬁ_b)\% %gé%%@l%r 'chlé_aé@ e @é%@%k’@ﬁ%ﬁj I&éﬁﬂ@@ \gf ﬂﬁmclﬁ @@s}Hm@fyclar&ping rs1aid
support within sali cylinder liner; and said upper and lower X-Y table plates maveable wit
respect to edEﬁDSﬁqg? s%cﬁ‘\' {rP\daﬁraﬁBSEi o %fega%espﬁlgri?awnﬁfﬁ?g B%ngd?égté%g\?v%gfi said support is
fixed within s#HQsHREERiRBROIPSHRYIFRIBIR ARSLENIRERTIN e SAREYIRG A ITEEHPUEDhe of a charge
coupled 25 devieeide GDyromaidEompem entsaid Meitad<D X, Semisonidsiotos{CMep8yeamera. A

plurality of imaging feessaad adpliralityeblaspisensess may be coupled to said support. In further
embodi §:nts, 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 surfacdbPYETPEyRAtSHMEARdHETEFBRTLBE AR B SR AYCER A B S RiSE 8Bhsor and
support may ke carrhesteddo capapip ufemsBsermethotkmeatefurthesidnciliteethinstepd itsf: using said
imaging device and laser sensor may be coupled o a support comprising:. a base
comprising; an upper X-Y table plate coupled to said spherical hub; and a lower X-Y
15  table piate moveably coupled to said upper X-Y table plate; a spherical bearing hub
coupted to said upper X-Y table plate; a bearing housing coupled to said bearing
hub such that said bearing housing is capabie of rotating about an axis of said hub;
and a clamping actuator coupled to said lower X-Y table plate; wherein said
clamping acfpator is capabie of fixing a position of clamping said support within said
20 cylinder liner; and said upper and lower X-Y table plates are moveable with respect -
to each other such that a position of said sphetical hub may be adjusted when said
suppott is fixed within said cyiinder linar.

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



5 laser sensor to measure a position of said support within said cylinder liner; and using said
computer to adjust said position to center said hub within said cylinder liner. In this embodiment, the
method may also include engaging said laser sensor; rotating said bearing housing; sending said
laser sensor data to said computer; and 5 calculating a diameter and an ovality of said cylinder liner.
The method may also include 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. 10 BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the invention will be

better unders{oad %%5??@%@9&@% 3&%%@&4%&%@%}5ékﬂltﬁhtfgs@r&)fnﬁ@@rthﬁépIngmg written

description, by way of example ‘b%‘ and in corgunctlon with hh g Pgh Figure lis a
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of the system efdhigles 2b2bifdgieshds Dtk aaivieweobtre systemaotFigunes 28, afdgure 5 is a side
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em of
implement thecorutiiet oI FﬁgiJFé"BtheDE’Tﬂﬂ_%E? 9@9@’%%@%&? EtnBYEIMBALE of the present

invention providedaisystemdadytnaetiad. for remotely 5 inspecting an engine cylinder liner without the
need for an individual to physically access

10
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent {0 one
of ordinary skill in the art from the following written description, by way of exampie

15 only, and in conjunction with the drawings, in which:

Figure 1 is a perspective view of one embodiment of a system for inspecting cylinder
liners;

20 Figure 2 is a perspective view of the system for inspecting cylinder finers 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 & 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 &,



the cylinder liner. Figure 1 is a perspective view of one embodiment of a system 100 for inspecting
cylinder liners located within a cylinder liner 200. In some embodiments, the system 100 may be
connected to and controlled by an industrial PC or computer 700. As discussed in detail below, the
system 100 provides the 10 capability to remotely inspect the inside surface 210 of the cylinder liner
200 for various types of defects, including, but not limited to liner scuffing, inadequate lubrication,
polishing of the surface, corrosion, the presence of blow past gases, the ovality of the cylinder liner,
and the like. 15 Figure 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 the system 100 of Figures 1-3. Figure 5is a
side view of the system 100 of Figures 1-4. With reference to Figures 1-5, in this embodiment, the
system 100 |r\‘3ﬁ|w&%?19%$%?596 imaging devices 110 capable of being inserted into the engine
cylinder liner 200 (Figure 1) and of capturing an image of at least a portion of the inside surface 210 of
the cylinderO liwb%b@%égissmﬁa}gwimﬂ%ﬁmahepﬁﬁ&ega ?&éﬂﬁﬁr&lsﬁéﬂ@@?&%ﬁ?o@iﬁggge Izass?r
sensors capable of sensin surin insi lame inder.liner. n
these em lgzodlmg r‘?tcsm & en ﬁB% m‘gerk\)ﬂgt%%ﬁa}%c?g% to the 1(r:‘oma(?iijatt(;tr I%:%é Qa(ﬁ acg%ab le 212.

Similarly, the fﬁ?a@i‘iﬁ‘déﬁ}?ée Fﬁ‘é)'eaﬁdeléél?f%%er‘fgl’ﬁ hbo) ﬁféﬂ?ﬁ@”@&qﬁ%ﬁéaﬁ%ﬁﬁ%ﬂ%ter 700 using
cables 214, 218 respeciivelyyFercdibies 2dted] 4iPI6 anayneeinyingpe26?.cable know to those of

skill in the art whichicrRb a0 seehtoceitasy thesersrarRackons abletesesandasgiaent, the cables
212, 214, 216,are provided By the @%‘E‘éf&%%ﬁ%sof&% shig,pur F{Ré Jisungersiond thatother types of

cabling, and/or Wireless connections may also be used to control the Sﬁ/{é}em 100 |mag|ng devices

110, and1%seF%B‘i‘E@Ystiéema‘g%gfﬁé’&CWﬁ nsitarSHERFR AL AinteHAIRE Sy dngh 20" thay also
include a supperiostruvhae d4i30eirttichinsiodintiguredrter Supigestt lanthelireectiine. invadgagatievices 110 and
laser sensors d#Ratine fishned t StinstsigatsOogayiticludeprbase HAQinhishssgpgnrtsa spherical

ovality of the cylinder jiner, and the like.

15  Figure 2 is a perspective view of the system 100 of Figure 1. Figure 3 is & tap view
of the system 100 of Figure 2. Figure 4 is a bottom view of the system 100 of
Figuras 1-3. Figure 5 is a side view of the system 100 of Figures 1-4.

With reference to Figures 1-5, in this embodiment, the system 100 includes one or more

20  imaging devices 110 capable of being inserted into the engine cylinder liner 200
{Figure 1) and of capturing an image of at least a portion of the inside surface 210 of
the cyiinder liner 200. In some embodiments, the system 100 may aiso include one
or more laser sensors 120 capable of sensing and measuring an inside diameter of
the cylinder liner 200.

25
in these embodiments, the sysiem 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,
218 are provided by the manufacturers for this purpose. It is understood that other
types of cabling, and/or wireless connections may also be used o control the
sysiem 100, imaging devices 110, and iaser sensors 120 as desired.



bearing hub 150. A bearing housing 160 may be mounted on the bearing hub such that 5 the bearing
housing 160 is capable of rotating with respect to the hub 150. One or more mounting brackets 115
may be mounted on the bearing housing 160. The mounting brackets 115 support the imaging
devices 110 and laser sensors 120. In some embodiments, the base 140 may include a lower X-Y
table plate 142 and an 10 upper X-Y table plate 144. In this embodiment, the spherical bearing hub
150 is coupled to the upper X-Y table plate 144. The lower X-Y table plate 142 and upper X-Y table
plate 144 may be configured to move with respect to each other using, by way of example and not

imitation, ong, o (gn DereLocasainas LG nauaiec on brarng @ls T uplineanbearings include

electric motors (not shown can e controlled by 15 the computer 700. This conflguratlon allows

for centering 8MHe! §§§@WT56WHWP%@“%W%%V‘EHW?’@@ dﬁﬁ'i%eﬁvleeaﬁ‘i‘s@ﬁg &' hore detall
below. In the p2éfefiies] seproddifmchretha0smepreisteiciipasd 360oViRd SYSROMS 1DOPREF3AISo include a
right and left gaanpingnetoatandzda, bidhy Figurayid<rapiest apprexisaatelyugGueenteally to an

underside, 1439t EAawngﬂEH%@IQE%Ja%% &h&ﬁmm%@5&\4&@{%%@%67@%%%&clampmg pads
172a, 172b WhICh allow the support structure 130 t0 be clam %g%%to thiégg surface 210 of the
r

cylinder liner SEYM 9 LR te P 700 Ry SEECH 8L LSR5 AR ToRiction. TR &idmping
actuators 170eragkethaBtpuanertiies islagisingviradsd 1072 1es21545511§, 18k example, electrically powered
motors (not shown). 25 It is understood that various other methods for actuating the clamping pads

372& 173? MR AR m%m&t;f hﬁew?%%'f&%%symeé@%@@pa?qmga@éalg%%?hb will bet
iscussed in more detai w with reference ur n an alterna ime e mounting
brackets'f15 H?gﬁfgsotﬁ%’i zaé ?pdl?lt §&a %%Tf% tﬁedc’ plh eann Er%bo ?N(?H “Ves the folding
gear 117. Thetddlintgregar i iapt %H@W31% Bracleser 2% t@bife%*lﬁiéﬁ%rﬂ%ﬁd’wﬁé(n\ffépléxample the
system 100 isgheing4domeyratk indafigositian wiienviie cdvedetdireci20Darsinggfaryewample, a cable 105

(Figure 2). Thizmax BRIPO RrRYGM @ﬁ@@%&@mém@e@mggexe:%mama@mgs{wors 120. Ina

preferred emb m(ﬁ"lt the ountln ts 115 may e,\E cat O de rees apar t€§3 from each
e h ar. ean ge?eec [C motor no %ﬁ\ﬁn ch c be Controlied by
other, and fou aging dficed' 1! SUrTasar sen ors

15 the computer 700. This conﬂguratlon allows for centering of the system 100 within the

cylinder liner 200. This will be discussed in more detail below.

In the preferred embodiment, the support structure 130 of the system 100 may aiso
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 170z,
170b include clamping pads 172a, 172b which ailow the support structure 130 fo be
clamped to the inside surface 210 of the cylinder liner 200. The computer 700 may also
be used toc conirol this function. The clamping actuators 170a, 170b activate the
clamping pads 172a, 172b using, for example, electrically powered motors (not shown).
25 |t 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, 170b will be

discussed in more detail below with reference to Figure 6.

in an alternate embodiment, the mounting brackets 115 may also includs a foiding gear
30 117 and a foiding motor 119 which drives the folding gear 117. The foiding gear 117
allows the brackets 115 to be folded inward when, for exampie, the system 100 is being
lowered into position within the cylinder liner 200 using, for exampie, a cable 105 (Figure
2). This may help to prevent damage to the imaging devices 110 and laser sensors 120,

in a preferred embodiment, the mounting brackets 115 may be located 90 degrees apart



However, it is understood that one or more imaging devices 110 and/or laser sensors 120 may be
used. 5 The imaging devices 110 may be any type of camera that has sufficient resolution to produce
useful images of the inside surface 210 of the cylinder 200. By way of example and not limitation, the
imaging devices 110 may be a charge coupled device (CCD) or a Complementary Metal Oxide
Semiconductor (CMOS) camera having a resolution of at least 1 megapixel. It is understood that other
imaging devices may also be 10 used. The laser sensors 120 may be any type of laser sensor
capable of measuring the inside diameter of the @ylinder liner 200. In one embodiment, the laser

sensors 120 gy eicladnedl niagaReal e 110 ERRIIndrRBde ghapeiggmarely 15 S0mm

and a resolution o?approxmate microns. _It is understood that other types of laser sensors
120, having bt #{Ryet 5#&’%?%‘?%? W‘?éégﬁrﬂﬁé’\%ﬁd@@%d?t‘é@%?um?n@”qu?éyaééoos%ﬂged The
support structig@erid@0bmasealso include .a rotating pinion 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 belw. ihis Wnday3taarktlgat Asials.congapina e dasiamalHediysiiaed embodiment
of the support structure 130 are provided by Wgy of example On%éa %I\/haén‘é other t es and
|

configurationGLYEH PETLSASET B BIBS R HETet By IR &R Ofe

g|v S details
provided in thendestiipitasion Asinasiser devisassAbemaeberrghordalrwieie 8 fmitSthe appended

claims. It is undeestorshthasin the:shaple siharton tuetsy standandameth oa ofigns pecticioof the 30
present embogimenta may, be. implementadibxloyiening ARdmadingdavcrdnigfhasginder liner and

capturlnq a suff|C|ent number of images to perform an inspection based on the captured images. In
alternate' 8mbtifith ents, both an imaging and a measuring device may be lowered into the cylinder
liner. Images and measuring data may then be captured and processed. 9 Figure 6 illustrates another
alternate methog, desigratecsgenerallyasargfeyeace risanesahsor capable of measuring the

inside diameter of the cylinder liner 200. In one embodiment, the laser sensocrs 120
may be of a linear displacement type, with a measuring range of approximately

15 B0mm and a resolution of approximaiely 20-25 microns. _it is understood that other
types of iaser sensors 120, having both larger and smaller measuring ranges and
resolutions, may also be used.

The support structure 130 may also include a rotating pinion 162 and a rotaiing
) 20  motor 164 that may be used to rotate the bearing housing 160 about the bearing
hub 15C. This will be discussed in more detail below.

It is understood that details concerning the specific design of the iliustrated

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

skilied 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 undersiood that in the simplest form, the system and méthod of inspection of the

30 present embodiments may be implemented by lowering an imaging device inio 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 jowered into the cylinder liner. Images and measuring data
may then be captured and processed.



300, for using the system 100 to remotely inspect the inside surface 210 of a cylinder liner 200. The
method 300 includes a first step of lowering the system 100 using, for 5 example, the cable 105, to a
desired position along the cylinder liner 200, as shown with reference numeral 302. Next, the
computer 700 activates the clamping actuator 170a, 170b until the clamping pads 172a, 172b engage
the inside surface 210 of the cylinder liner 200, as shown with reference numeral 304. In an alternate
embodiment, the system may be placed directly on the cylinder head (not shown) within the cylinder
liner 10 200. In either embodiment, the system 180 may be operated through the exhaust valve hole
with minimum removal of the various connecting accessories, as required in the prior art. In the next
step, as shown with reference numeral 306, the computer 7§0 activates t?e 15 Iasergsl) 120. A
measurement e R EEIRRSINIRE TH@%W&T%%%‘??W ﬁ?)%g\ﬁi' BIERGS1 30 With respect to the
cylinder liner B0 icFhasico thp weteT00thenramjisistee P HaritaidsT MeacemtalNF®CIBYLD be in the
center of the gdinger mes 26y smnitrallieg dhiespeasiiohiofdiegtn¥ takites 1Pudivgl Wwhich move on

the linear.bearings,d 40, BIEADY Jagseatial ibAgi Renithine: 20mae distangmof the center o
provide 20 for effective measurements. Once the ce traltm%g 1 %IC a%ogtloan?u%,tgp%%%mputer 700 will
activate the r6ERH ISP 6% 10 it e POIRERG élb 67 (0 TSHALe the beanng housing 160, as

nion
shown with réT8kesrtib theviersirBosdFHE 2o MBatengAoe IR SERVAIES e P-ddPEHEBR 120, and 25
receives the sgssonclasa oaconmpleterd@e degeesl ravolutiorrotitizenbeasingptioesingheThe computer
700 then calcylaies e diameter &%@w\éﬂ'it%%}ﬁh@e%@ag%ﬁémb&%ﬁmiﬁnfénégxrﬁaaftmmay be saved
in the computer 700 for later araéal sis‘t Ina pre ?5 ed e@ebgdé@tegtfhthe ‘g%%resxg%&@ 120 are capable
of accurdfely M8adlfG T BRSIRE 8t WE QY inuerfiner 1o within 20 micromerers. 1t is understood
that other ranbe's withanReuB0 ARy BEUBE XA OH SRICRFIRLASATEIErES | FHHBHESY KePas shown with
reference numesakld10, the computer 700 activates the imaging device(s) 110 to capture images of a
portion of the inside surface 210 of the cylinder liner 200. These captured images are sent to the

computer 700i1f10t¥12 QQJX %lcgb,l résl(s.)hov\m with reference numeral 306, the computer 700 activates the

15 laser(s) 120. A measurement is taken to determine the exact position of the support
structure 130 with respect to the cylinder liner 200. The computer 700 then adjusts the
position of the central hub 150 to be in the center of the cylinder liner 200 by controliing
the position of the X-Y tables 142, 144 which move on the linear bearings 148
Preferably, the central hub should be within +- 20mm distance of the center to provide

20 for effactive measurements.

Once the‘ central hub 150 is positioned, the computer 700 will activate the rotating motor
164 to drive the rotating pinion 162 {o rotate the bearing housing 160, as shown with
reference numeral 308. The compuier 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 cylinder finer 200.
This information may be saved in the computer 700 for later anaiysis. In a prefetred
embadiment, the iaser 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 5100 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 liner 200. These captured images are sent to the computer 760 for analysis. In



one embodiment, the captured images may be compared to a reference image of, for example, a new
cylinder liner. Alternately, the images may be compared to prior images from the same cylinder liner
200. In other alternate embodiments, the operator of the computer 700 may view the images utilizing
the display 708. 5 In further embodiments, the captured images may be compared to reference images
of specific types of damage that may occur to the inside surface 210 of the cylinder liner 200. In this
embodiment, once the captured images are analysed, the computer will make a determination as to
whether or not the captured images match a corras;ponding 10 reference image for a particular type of

damage, as siRWN Wil (Slelence malal Lo, off (1SRRI TAgRISMDAIER. e gpmputer 700

may generate 3100 ent ryinac line report, as shown with reference numeral 314.

Additionally, S8"B8En At F0D9Fh IR eNEERP YN 'éﬁé'f‘?ﬁQS? GIALPHENTRAGH 1o RAY B5¥%tor to identify
the existencefofrathpatamtialipsslémmr 2801f thetbepaiiestkienaigeedioenist arieratee edhfputer will then

check to deteggpip@df At REQAreMNEH-BeS lonRmichihesprgastgements have been completed, as
shown with reference numeral 316. If additional measurements in additional positions are required,

the computer 700 will revert to the moving step 302, as shown with reference numeral 0318. If

measurement® {ERT AMBOLTEHE: ﬁﬁ%ar?&e‘ﬁjé ﬁ?ﬁ?ef%%’ PR BTRLEE R R RE° LRARR © V\ﬁth reference
numeral 320. dpediforyferofl damporlie marfepoitiva BSidr seyateramal e atfdetdasy
approximately@0O0mnmithenughesinthedength eftbecyindes draes20@edt vunclessteodithat other

displacemen dilanegs R ARG AP0k MRVAISRS SR 20 BeGRUmRHIGH 00 may be
controlled using, for example, a logic sequence ra PLC. ot%on controleaq%measurement
software'SucH 2 $ 4B HERE° 5?{0%138%?‘%}'5% cﬁg %ﬁ/\/ re(iitteh {%r rtRiS Sarpos

IS purpose. It'is understood that
many types off doneariitsialyaos(il aisle s STevpare viray %%@é@f@'ﬁé\ﬁé‘é} eahtrsl DFHERystem 100
and/or to makeéhpea30 MEAUSiBRaEe Wonarkscns thselSsed abidiitmally, the computer 700

may generate an alarm or other indication to the operator to identify the existence of a
notential problem.
15
If the captured images do not match, the computer will then check to determine if all
programmed positions for the measurements have been completed, as shown with
reference numeral 318, If additional measurements in additional positions are required,
the computer 700 will revert to the moving step 302, as shown with reference numeral
20 318. if measurements from afl positions Have been completed, the process ends, as
shown with reference numeral 320. In a preferred embodiment, the position of the
system may be adjusted by approximately 200mm throughout the tength of the cyiinder
liner 200. It is understood that other displacement distances, both smalier and larger,
may also be used.
25
The computer 700 may be controfied 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 iiner. it is understood that there are many ways of implementing the



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 11 system given the information provided in
the present disclosure. For example, in its simplest form the system may include an imaging device
introduced into the cylinder liner for capturing an image of the inside surface of the cylinder liner All
such systems are deemed to fall within the scope of the appended claims. 5 Some portions of the
description above are explicitly or implicitly preseited in terms of algorithms and functional or

symbolic reprgsentations At aneralans RBHRIANIHAIR B SNRUISIRE MO kxRS idlgorithmic

descriptions and unctlongueog ss¥mbolic .r%pr sentations are the eﬁncsegisrﬁg \ E%Qﬁgeﬁkilled in the
thel t

data processTl AR 1810 EoNvay most effectively the substance of their work to others skilled in the

art. An algoriiRfh feheretuang generary, Edhedirilpispiacrseltisneriteat BGLANCEE? steps leading
to a desired regstimEhe=siepsar et sathegbrisgpphybicalapeanpedatiains of physical quantities, such
as electrigal, magnetic or optical signals capable of being stored, transferred, combined, compared,

and otherwise. manipulated, 15 Unless.specifically st otherwi m the
following, it weﬁog‘g dgjél[borrésc%t%gag%% Throu a&%\ﬁt %f%egﬁ%é%s%ﬁgj Z%%%{%%‘éﬁ’g% .ﬁ@%ﬁﬂi%ﬁnzmg terms
such as "scaAlRs mecansuigRriga" R iRl PRERTIERtRTY Of ARSIy  ATRIZNG 2 "outputting”,
or the like, refermtouthe aetionyand Preee ssgwitifaccorsourtesy stath, forcionsimilalélatibbhic device, that
manipulates aaghiansiRrsdalrerapasenied Bs Bbysisaleguantitesawithistébargomputer system into

other datp, similatly,"ep(esaatad-as Rhaical QuBnies wiln R GoraRlet syslem orgiher information
storage, ransmlssyon or display devices. he present specification also dlsclo§es apparatus for
performing th&'BYERELISNREE: @i ﬁ?@ﬁﬁ@@s.C%Ewﬁpﬁal?%tﬁ?ﬂfﬁ%@?ﬂ&&?ﬁﬁ%&n%t?ﬁ%@gd for the
required purpéeseEg maysdehprish a Tensenk puepbeescusipine by BeaeMaepiiaiertedtively activated
or physical quantities, such as electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise manipulated.
15
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"eiectronric device, that manipulates and transforms data represented as physical
guantities within the computer system into other data similarly represented as physical
guantities 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 algorithms and
disptays presented herein are not inherently reiated tc 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 conventiona! general purpose computer will appear from the descripiion

below.



reconfigured by a computer program stored in the computer. The algorithms 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. 12 In addition, the present specification also implicitly discloses a computer
program, in that it would be apparent to the perso# skilled in the art that the individual steps of the
method described herein may be put into effect by computer code. The computer 5 program is not
intended to be limited to any particular programming lang ua%e and implementation mae%reof. It will be

appreciated tHaf9e{an ARy BERTBFRIRATHIG T ARSUTG AL A S af Ty THPEST RI2Y BE (987 to implement
the teachingsitofvtuis disctoraieatdorit rmeadsdnepsiiedMo tbo st gk tee riiMEFProigParaTid Aot intended to
be limited to anyrpartistdasecorRim flesy. Jhere ate sranygthempariantisdef tHa<amputer program,
which cap usg 10 different,contal Hows withavtderaringdiamdhe-sRitigrisrarpkLire invention.
Furthermore, oné or more of the steps. of the comtp%tt%ré)ro rarjtn ma be I[%erpor@r?d in garallel rather
than sequentiSIR BRI (B Rtel %Pb%?a?ﬁprtﬁgf/ Be'dofed on yaanyp¥ CORPULET rédtiabie medium. The
computer readabredingdigrachiagvipelurhs QdmRRNes! ds/feadisgeRTd8sndigioewe 6PBRARAI disks,
memory chips=afi9thesstosage=cevigat: stidiabie fondntesdiadingoithiaigeneralpuapiosercomputer. The

computer readahle, fBgdivamay alsa et adrdiireddmsdiunpsyehassxeaRlifid in the Internet
system, of wiigiees medim suchas, cxeipliicd inJhe Gel mobic [elopnops system. The computer
program Wher TS b G R B HEg S R A G e e AT L oSe Complitar 20 effectively results in an
apparatus that implements the steps of the preferred method. The invention may also be implemented
as hardware raothdesordlare partiowlaflyhdrstiie dfahdvearesenseygemaodalees@fametibmal hardware
unit designed forysewith gthetcamRaRENS.eR MedritseFaReNAIRIS; Banasikle sanpe '
implemented usm&dlscreée ?5 electronlq.com on§ntséoc[ |Elcan form a ortion f%p eptire electronic
circuit such aSC%rH fer readable medium, fe compufer rbadablé medium may include storag
15  devices such as magnetic or optical disks, memory chips, or other storage devices

suitable for interfacing with a general purpose computer. The compuier readable

medium may also include a hard-wired medium such as exemplified in the internet

system, or wireless medium such as exempiified in the GSM mobile telephone system.

The computer program when loaded and executed on such a general-purpose computer

20  effectively resulis in an apparatus that impiements the steps of the preferred method.”

The invention may also be implemented as hardware modutes. More particularly, in the
nardware sense, a module is a functional hardware unit designed for use with other
components or moduies. 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
Application Specific integrated Circuit (ASIC).  Numerous other possibilities exist.
Those skified in the art will appreciate that the system can aiso be impiemented as a
combination of hardware and software madules.

30 The method and system of the example embediment can be implemented on the
computer system 700, indentified in Figure 1, and schematically shown in Figure 7.
It may be implemented as software, 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.



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 software, 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. 13
The computer system 700 can include a computetamodule 702, input modules such as a keyboard
704 and mouse 706 and a plurality of output devices such as a display 708, and printer 710. The
computer module 702 can be connected to a 5 com%uter network 7]23,via a su't:flble transceiver device

714, to enabléScE¥RBYS" 8Y5ie HEPRLRDPSHTeT SHESTHEA S R LLTHERT AYEA Network
(LAN) or Widss ArdayieandorR4\amiNyoPhe ¢é8fnpided rAivthify PO2WPticexapipiedhcddes a processor
718, a Randomspld) AogessdVigimeryr (BAN) 20rand ReadiOndp MemeryciR@Med 222The computer

module 702 alsg includes,a number.of Inputloutolt J/Q) inferfaces 4fop examplediesdnterface 724 to
the display 708, and /O interface 726 to the keyboard 704. The ?%me%oQgQ&sr f}_kl&ffomputer module
nt

702 typically EnBAEERELY ST N SR BUS B F AT & Wantar KRowh'to the person
skilled in the réfgeareandetyerT Adbplication 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

utiizing & corrgspagaigataiarags MeAlImEyE dhauleln stoagsdevies 0AaRiGkNe application
Gt majbe ACEBRREE LN A 720" RN o7 ohLbet m Cetion A ccribed above
have several StviRI§ERITHRAkISSFORETPS) SRt Pt eh BBiRtRRESS i R aRR R {Sability to
perform a remgat@face 724 o the display 708, and I/O interface 726 to the keyboard 704. The
components of the computer module 702 typically communicate via an
interconnected bus 728 and in & manner known to the person skilled in the relevant
15 art

The application program can be supplied 1o the user of the computer system 700
encoded on & data storage medium such as a CD-ROM or fiash memory carrier and
read utilizing a corresponding data storage medium drive of a data storage device

20 730. The application program is read and controlied 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
accuraie laser displacement measuring sensors. Thus, no inspector is required fo
physically enter the cylinder liner. The software impiemented on the computer system
analyses the maximum wear and ovality against set limits, iiner wear rates from the
30 previous overhauls, eic., and provides the operator with reports in order to make
appropriate decisions for the adjustment of the jube oil feed rate, the ridge on the liner,
water ingress, ring conditions and the liner life against 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.



inspection and measurement of the engine cylinder liner by using computer vision and accurate laser
displacement measuring sensors. Thus, no inspector is required to physically enter the cylinder liner.
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 against the feed rate etc. The software may also
identify the type of defects and provide or predict ¥ maintenance schedule for the engine, reducing
downtime during repairs. 14 Additionally, measurements taken with the laser sensors are more

accurate, mok%d&%rr}g‘i‘stent, more pre igke and.less efror 4l rghg%%@gug&mg@tls%@n by an

. . measurem en with Ine laser
inspector using meas’ﬂrlng gauges.sT e measurement and inspection data may be recorded and 5

documented FPTEREs TOFEPGHREALIS TR GTEN RIPRE (PRICRERY EPISFEDITARE Y IPBES R dditionally, the
systems and msethodssidsgdbegthefbmmeasutdseicusdreridindatacranisasapeteans and defect

inspectioss opJAMEHRENA RisfAceobagNdaR Gulirdets LRt hpwyptate ardswethod also
eliminate the pegihi PRl RIBss Al.ACeessalas GNRGled-pdheRaging Gyiliger head prior to

performing an inspection. 1 Se ppreciated by a person skilled in the art that numerous
variations and/6RSHFORSABH SHTS) BESHIRTSE 85 (RS PIES8hTHIER AR L LAHD RN IARE Specific
embodimentspigholiheepyaitngafrdmethedsikie oplisioge dfeheshevEntionws IFORMSS d8Scribed. The
present embogliraenfisantheiefarthderlmeonsigareshinalrmespeoimia dbhedbusirative and not
restrictiv% 15 CLAIMS 1. A system for remotely inspecting a cylinder liner of an engine, the system
comprising: 5 an imaging device operable to be inserted into said rﬁ/linder liner and t /Ogapture an

image of at lehst'l PORARIESEST iRSia P ¥aAR s S s Bid ey AR J8FYRyrsrous variations an

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 ali respects to

15  be illustrative and not restrictive.



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 tempordfly clamping said support to said cylinder liner;
wherein said gnagig device and said laser sensor are coupled to said bearing 25 housing to facilitate
imaging and measurements of a circumference of said cylinder liner. 5. The system of claim 4,
wherein said base further comprises: an upper X-Y table plate coupled to sai% spherical hub; and 30 a

lower X-Y table plate rAcVSE5l ¥oGpIEE Y ERRF IR PRINFELANE SR8 SIPIBFe NS RY§ Rt ans for

temporarily clamping saith®igeport to said cylinder liner comprises a clamping actuator coupled to said

lower X-¥table plate; 4 igaigrelaririadhpsatAOLIS € aRablecOhfxingiappsisiomef saittsupport within

said cylinder line, a1l saith UppeF ANCOWRLY 1R ALRIES AfETINEAblS Wil frspect to each other
Sp

such that a position of said spherical hub may be adjusted when 5 said s%p ort is frixeg within said
cylinder liner. 6. The swﬁ’iﬂrb?aéﬂ)?ac’?ﬁ%egf'fﬂ%gﬁr%a& N eRRIR RS A Csaﬂ%; iHaging

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 coupied te 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 liner,

3 The system of claim 4, wherein said base further comprises:
an upper X-Y table plate coupled to said spherical hub; and
30 a lower X-Y table piate moveably coupied to said upper X-Y fable
piate; wherein
said means for temporarily clamping said support to said cylinder iiner
comprises a clamping actuator coupled fo said lower X-Y table plate;



device comprises one of a charge coupled device (CCD) or a Complementary Metal Oxide
Semiconductor (CMOS) camera. 10 7. The system 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 Yhd said support; receiving and processing images
captured by said imagingsdevitenamd &25isteel vapaivid prdcessmgasfomedtiarfeenredid laser sensor.
10. The system of ¢laim gaiwgg(@gl; Gaid step of processing images captured by said imaging device

further comprises comparing s Iages o 3 eleisnce mage. (o Alsyming, 30-8copdition of said
inside surface; and said s?ep 0 Brocessmg information from said laser sensor further comprises

comparing said diafRetePHRE SRS UPPerE AR EPPRESR PN BAY (3P RYERRThE ¥ Rondition of said
cylinder lther. 17 1%aid snethadsftxerewitielysmsyeoterdizecylinder liner of an engine, the method
comprising the steps of: introducing an imaging device into said cylinder liner; capturing an image of at

least a portion of.an inide surface of said, 5 Gyjinderingr: aukAnaHOL Rl 6 3nLYRg image to
determine a conaltlon (0] SE'JIIHS i
device comprises one of a charge coupled device (CCD} or a
Complementary Metal Oxide Semiconductor (CMOS) camera.
10
7. The system of any one of claims 2-8, further comprising a plurality of

imaging devices and a pluraiity 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 finer to within 20

micrometers.

8. The system of any one of claims 3-8, further comprising a computer
connecied 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 8, 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.



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; 15
an upper X-Y table plate coupled to said spherical hub; and a lower X-Y table plate moveably coupled
to said upper 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 couﬁ%d to said lower X-Y table plate; wherein said
clamping actuater is capablesafistasrpitg saifsstppartwidin isaicbieydindgnéngs aethsaid upper and
lower X-Y table plates &rgmx&@@gé\gg’bfespect to 25 each other such that a position of said
spherical hub may be adjusted when said,su%g\%rt is fixed(yvithin sa]itgilegylinder liner. 14. The method of

any one of the claims 11-T8 IR A SRRPINRSGIHGTdRY S8 SISTE

! _ camprises one of a charge coupled device
(CCD) or a Complementat§PB0N%I &l Tt SEisRonI BefPTCMOS N ameaaas °Fmethod of any

one of claims 13-14ywdwerainea phdrality of imaging devices and a plurality of laser sensors are

coupled to said support. 1816, Themethod,ekamy.eae:0f glaims 34 4Juther eeraprsing the steps
of: moving said supg(g!,rtdto a esired position along the cylinder liner; and engaging said clamping
actuator to clamp s&{d"§UppoTt to said inside surface of said cylinder. 5 17. The method of claim 16,
wherein;

12. The method of ciaim 11, further comprising introducing a laser sensor info

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;
15 an upper X-Y table plate coupled to said spherical hub; and
a lower X-Y table piate moveably coupied to said upper 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 capabie 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 Compiementary
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.



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 claim 17, further comprising the steps of: 15 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 19. The method of claim 18, further
comprising the steps of: capturing image data; séfiding said image data to said computer; and using
said computer to;procgss saighdnagendata & datesninaa icanstitemeisajdreydiegentiner.

moving said support to a desired position along the cylinder liner; and
engaging said clamping actuator to clamp said support to said inside
surface of said cylinder.

17.  The method of claim 18, 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 fo center said hub within
said cylinder iiner.

18.  The method of claim 17, further comprising the steps of
18 engaging said laser sensor;
roiating said bearing housing;
sending said laser sensor data to said computer; and
calculating a diameter and an ovality of said cylinder liner.
20 18.  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 finer.



