- 1 - AN APPARATUS AND A METHOD OF | NSPECTI NG A TURBOVACHI NE The
present invention relates to an apparatus and a nmethod of inspecting
a turbomachine and in particular to an apparatus and a net hod
of inspecting a gas 5turbine engine. Currently in-situ inspection of
a gas turbine engine takes place using a manually controlled flexible
vi deoscope. In the inspection process the flexible videoscope is

I nserted through an inspection aperture in a casing of the gas
turbi ne engine and 10nmani pul ated such that the flexible videoscope is
able to view the rotor blades of a stage of rotor blades of the gas
turbi ne engine. Inages are taken of intleresting features, i.e damage,
on the rotor blades or of randomrotor blades to illustrate the |evel
of contam nation or generic degradation of the rotor blades. The tip
of the videoscope is attached to a erX|bIe i nsertion tube that may
be articul at eANA RAJUS : FHNSPECAING A HRBOVAGHINE t ube
through the |nspect|on aperture in the caS|ng of the gas turbine

engi ne. The flexible videoscope is then inserted through another

i nspect i ohh@peEseniiavanion FrRlalea il ayariaratie agde nethed pldnenegtingaand

mani pul at ﬁﬁb&h%lﬁehéﬁd ib Iﬁﬁrtfcl.l@?‘tobAr?abﬁa%9§§ﬁ’@§ rﬁe?h:?cﬁtl)f‘?ng %ctﬁtﬂ‘?%’ Lhe
rotor bl ades of another stage of rotor blades of t é% P

engi re. TREPINSREEES.ar e anal ysed to determine whether to repair danage
to the 20engi ne, renove the engine or allow continued operation of
the engine. Currently the tinme to carry out an in-situ inspection of
a gas tur BHRentlyigisie nspeion of agas drhine iepaing takpseldosssingtd manyaligcess
requires &brﬂt@lé!d fidslibé Q@e@&%rpét Wﬁeﬁr?sp@@trcfr%rﬁbégg%é? ﬁbld@ﬂsc@b@%ess
During the analysis o e images the operators often have
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a gas turbine engi ne using a boroscope. The distal
bor oscopeOf rgt%p@%pagﬁthﬁ,,g@ﬁ tyfhine engine. Images are taken of mterestmg features, i.e

damage, on the rotor blades or of random rotor blades to illustrate the level of

contamination or generic degradation of the rotor blades. The tip of the videoscope is
attached to a flexible insertion tube that may be articulated remotely by an operator who
15 feeds the insertion tube through the inspection aperture in the casing of the gas turbine
engine. The flexible videoscope is then inserted through another inspection aperture in
the casing of the gas turbine engine and manipulated such that the flexible videoscope
is able to view the rotor blades of another stage of rotor blades of the gas turbine
engine. The images are analysed to determine whether to repair damage to the

20 engine, remove the engine or allow continued operation of the engine.

Currently the time to carry out an in-situ inspection of a gas turbine engine is about 8 to
10 hours. The inspection process requires highly skilled operators to perform the
inspection process. During the analysis of the images the operators often have

25 difficulty determining which component the images relate to.

UK patent GB1296534 discloses a method of inspecting the stator vanes of a gas
turbine engine using a boroscope. The distal end of the boroscope is provided with an
inflatable bag. The boroscope is inserted into the gas turbine engine through an

30 aperture in a casing and after the boroscope has been inserted into the gas turbine
engine the bag is inflated between two adjacent rotor blades located on a rotor of the

gas turbine engine such that the bag grips and locates the distal end of the boroscope



i nfl at abl e bag. The boroscope is inserted into the gas turbine engi ne
t hrough an 30aperture in a casing and after the boroscope has been
inserted into the gas turbine engine the bag is inflated between two
adj acent rotor blades |ocated on a rotor of the gas turbine engine
such that the bag grips and | ocates the distal end of the boroscope

- 2 - between the rotor blades. The rotor is then rotated to nove the
boroscope from stator vane to stator vane so that the boroscope is
able to view the edges of the stator vanes of the gas turbine engine.
5UK patent application GB2033973A di scloses a nethod of inspecting
the stator vanes and/or rotor blades ef2-a gas turbine engine using a
boroscope. A shaped guide tube is inserted into the gas turbine
engi ne through an aperture in a casing and a distal end of the guide
tube is positioned adjacent _a stator vane or a rotor blade to be

vi ened. APRWESE dspetar blagigs ddbe Ktk indhajupkaéed tgeovedhe heroseerefony siaéoror
rotor bl aghe thRgate=fhe sbUhs tﬂé bt)n‘o§cdﬂé\4§ dole 36l the 88gddGlihd S&tor vanes
boroscope is able to view the full radial span of the stator vane or
rotor bl affdhe gps tsbing BBIIPBt or bl ades are inspected by rotating the
rotor so that each rotor bl ade passes in front of the boroscope. A

of the stator vanes are insgected by positioning the quide tube in
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stator vanes, of a gas t ur bi ne en%_gne usi ng an 1| nsp ectl on el enent
The ins pe@ﬁ@%ﬁﬁ 'étoetﬁﬁ §8s tybips &nging ausfha'aawt%@ ingA cqsmg Bgka digiabppdof

engi ne. Tin diuffedtibé & goRkiBhedlagBcdritalstdtbhe,anB P 8GbloPBlagb eBAiclved 2Rl €
to view the stationary conponents. Data is transmtted via a wreless
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provi de an apcgar at us and et hod of inspecting a turbomachine ch

reduces, el Hlagee Al ahide, fOtPh@aﬁ?ﬁ)%f@ 'Wtearwﬁifa%mrfetor g that

Accor di ngéébhtrbﬁ)rﬂraﬁé?ﬂ%sésﬂﬁ%ht ShPbSBEERS. AIMBR RS a0t vérré%@@@msagotéd
t ur bomachi ne, the turbomachi ne conprising a rotor having at |east one

st age of PhPesitianngdhe oxidg t‘ébec'éié’iﬂﬂ"r’d SE'Lﬁ'brl%ﬁPﬁﬂLﬁ%F inHae FaiRg: and at | east
one stage of rotor blades, each rotor blade conprising a platform

portlon and an aer.of oi | gortl on, the aerofoil portion having a
15 European patent application EP2119875A2 discloses a method of inspecting stationary

components, stator vanes, of a gas turbine engine using an inspection element. The
inspection element is positioned on a rotor of the gas turbine engine. The rotor is
rotated so that the inspection element is able to view the stationary components. Data
is transmitted via a wireless link from the inspection element. The inspection element

20 may be a boroscope or a camera,

Accordingly the present invention seeks to provide an apparatus and method of
inspecting a turbomachine which reduces, preferably overcomes, the above mentioned
problems.

25
Accordingly the present invention provides a method of inspecting a turbomachine, the
turbomachine comprising a rotor having at least one stage of rotor blades and a casing
surrounding the rotor and at least one stage of rotor blades, each rotor blade
comprising a platform portion and an aerofoil portion, the aerofoil portion having a

30 leading edge, a trailing edge, a concave surface, a convex surface and a tip, the
method comprising the steps of a) providing a plurality of boroscopes, b) inserting each

boroscope through a respective one of a plurality of apertures in a casing of the



30l eadi ng  edge, a trailing edge, a concave surface, a convex surface
and a tip, the nethod conprising the steps of a) providing a
plurality of boroscopes, b) inserting each boroscope through a
respective one of a plurality of apertures in a casing of the - 3 -
turbomachi ne, at | east one of the apertures in the casing being
upstream of the rotor blades, at |east one of the apertures in the
casi ng being downstream of the rotor blades, c) rotating the rotor of
t he turbomachi ne, d) providing reference neasurenents of the rotor

bl ades and/or reference nmeasurenments between the rotor blades and the
5 boroscopes, e) viewing the |eading edge and at | east a portion of
the concave surface or viewng the | eading edge and at | east a
portion of the convex surface of each of the rotor blades of the

t urbomachi ne as the rotor is rotated using the boroscope in the at

| east onelroridrhing, 8t leaptenei oh theapestisasip tippeasingahaing ursieamatf dhe Istdides

and suppl MI'aBQs tam%abmﬁeofqﬁe sg&mr&f intthe cé@ﬁgfﬁem 86RSsticant SrahdFAGesSsor,
f) viewing the trai ge and at tol eas ortion of the convex
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the rotor is rotated usi ngwr{g@qh or oscope in he at | east one of
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t he i mageoofiewingholkating ctgé and b Iéﬂﬁ GG 6T thS SRR QUsfacl\§ ek of the
anal ysing the imges of the rotor es and using the reference 15

nmeasur emefY Hadesid ff}eowmonlﬂoaws@éhﬂr%w i$ eqtaled velog e Rerresapstin the at

bet ween t astdHedT thd askafuradlifl thd18adhy QteBRSof iR BRlr&ld8c8@nk REpMARY tHeoN
and size of a?%egﬁégf%ﬁon any of the rotor blades. The reference

measur eneffage (5?t°b‘i"ﬁgfe%t°ﬁﬁ§/ PRsesses Tdgeiodhe Keiling edge and at

20p! ¢4 f or pasQy |§(brﬂd9n bthk faan\tdxpsu%cé Bﬁ‘v@ﬁnh@ftﬁé ﬂraumgfédgyhr@fatm%t 5 Pb@bn
bl ade and/ o e measurenment from | ead mfgta e to the trailing

edge of tﬂetF%E?%cfaHPIS”%ﬁ‘Pf(ﬁ?CBPf F’ﬁé@%f"@?%? %turboma"h'”el'ﬁ%thﬁéf"l%@

may conpr id@e@ngn%d@@orasdapd% trefattdit 668 &fth@BFertilts Afthé easihg one
stage of 25rotor des. The, net hod ma%gconprl se pl aci t he i mage of

the | eadi r@&f&@maqfa Qetpreiades ang supplyia dhe maged raar ef Beretarcag o

pl aci ng t {me pré@@soand Qpaﬁmgmeaﬁg%saa%@ﬁotdr%wes@nl%hwﬁb Rfferbhge
convex surface of ea(%t]_l of t hF rotor bl ades of the turbonachi ne onto
15 measurements e rotor blades and/or reference measurements between the rotor
blades and the boroscopes to determine the position and size of any defect on any of

the rotor blades.

The reference measurements of the rotor blades may be the measurement from the
20 platform portion to the tip of the aerofoil portion of the rotor blade and/or the
measurement from the leading edge to the trailing edge of the aerofoil portion of the

rotor blade.

The method may comprise providing a model of the rotor and the at least one stage of

25 rotor blades.

The method may comprise placing the image of the leading edge and at least a portion
of the concave surface or placing the image of the leading edge and at least a portion
of the convex surface of each of the rotor blades of the turbomachine onto

30 corresponding positions of the model of the rotor and rotor blades and placing the
image of the trailing edge and at least a portion of the convex surface or placing the

image of the trailing edge and at least a portion of the concave surface of each of the



30correspondi ng positions of the nodel of the rotor and rotor bl ades
and placing the image of the trailing edge and at |east a portion of
the convex surface or placing the inage of the trailing edge and at

| east a portion of the concave surface of each of the - 4 - rotor
bl ades of the turbomachi ne onto correspondi ng positions of the nodel
of the rotor and rotor bl ades. Each boroscope may conprise a rigid

structure and at | east one canera arranged at a 5predeterm ned

| ongi tudi nal position, the at | east one canera is arranged with a
line of sight transverse to the longitudinal direction of the
boroscope. At |east one of the boroscoepges nmay conprise a plurality of
caneras. A plurality of boroscopes may conprise a plurality of
caneras. 10 At |east one of the boroscopes may conprise a plurality
of caneras at the Qr edet erm ned | ongi tudi nal position and the caneras
are arrantfdy Rqss o threlrtpmachipgonia FLrRgRanding Besitase ohthednedel of th rotor
pl ural it yagd rctdreridmeisoscopes nmay conprise a plurality of caneras at
the predeterm ned | ongitudinal position and the caneras are arranged
wi th 15lines of sight arranged at different angles. At |east one of

t he bor osEagesoreBbpe Iy devtprize R ilidbtrddiurefang aRGSSorR cafidrh 8frBRded at a
| ongi t udi nal @OSJ tions, UQjApﬁl ural i ttK%Of t he boroscopes may conprise a

pl ur dl i t yPERCEHREPALNGUGNT PORURT. R AL FRUIANRSAMSERFETERESd Wil alae Rbd
May CONPr &igkt tRiBRér¥e RotheMenditiBiBiel diiecRRCHr thé bbldgcdipet or bl ades from
each of the cameras at the different |ongitudinal positions of the
boroscope to the processor, the processor producing a conposite imge

of each oAt lehst ohetodthdbaedpés Aaly IcBMphisag PRIrSIPON deftbry, A PRirdkysal ity
of caneras. The net hod rra%/?%o ri.se_placing the conposite i mage of
t

each of tﬁ@c’?‘iﬂ%? MY LPEYT alty PheAfEZAPne onto correspondi ng

posi{id ons of the nodel of the rotor and rotor bl ades.
At least one of the boroscopes may comprise a plurality of cameras at the
predetermined longitudinal position and the cameras are arranged with lines of sight
arranged at different angles. A plurality of the boroscopes may comprise a plurality of
cameras at the predetermined longitudinal position and the cameras are arranged with

15 lines of sight arranged at different angles.

At least one of the boroscopes may comprise a plurality of cameras at different
longitudinal positions. A plurality of the boroscopes may comprise a plurality of
cameras at different longitudinal positions.

20
The method may comprise supplying the image of each of the rotor blades from each of
the cameras at the different longitudinal positions of the boroscope to the processor,
the processor producing a composite image of each of the rotor blades from the images
supplied by the plurality of cameras.

25
The method may comprise placing the composite image of each of the rotor blades of
the turbomachine onto corresponding positions of the model of the rotor and rotor
blades.

30 At least one of the boroscopes may comprise at least one camera arranged with a line
of sight directed in a downstream direction towards a stage of rotor blades and at least

one camera arranged with a line of sight directed in an upstream direction towards a



30At | east one of the boroscopes may conprise at | east one canera
arranged with a line of sight directed in a dowmstream direction
towards a stage of rotor blades and at |east one canera arranged with
a line of sight directed in an upstreamdirection towards a - 5 -
stage of rotor blades. A plurality of the boroscopes may conprise at

| east one canera arranged with a line of sight directed in a
downstream direction towards a stage of rotor blades and at | east one
canmera arranged with a line of sight directed in an upstream
direction towards a stage of rotor blades. 5 At | east one of the
boroscopes may conprise a plurality of3caneras at different

| ongi tudi nal positions arranged with a line of sight directed in the
downstream di rection towards a stage of rotor blades and a plurality
of caneras at different |ongitudinal positions arranged with a |Iine

of sight P1RIERErARFAIdeaM RINIatl iohHerhsirioareamay sg@PLte aidesst ope saasra

The net hogr dGATRY lirfeoflRighy tFkdIed m mr@ﬁﬁrﬁlr&ﬁor{ Bﬁlaﬂﬁgé%t e of rotor
position of e rotor relative to the boroscopes

| yi ng
easur ameREdet sadd SRR OPS F2HEE AT2NCB MR GY sioht drec 'Blaﬁd@%‘éﬁmand
rel ating difstibheaRFdoh seaehs fftotdligudsot or bl ades to the
15correspondi ng rotor blade on the rotor. The turbonmachi ne may

conpri se a stage of stator vanes upstream of the at |east one stage

of rotor i lééﬁ%némﬁtr% Isdragteped m%y@bmbnyeaemréiweﬁdarn@é@ Qtfdlﬁé}entat
| east one, sta f rotor blades, step nprising inserting a

bor oscope oﬂﬁ'f PesiliPns freapend with ét"ﬂf" OQ@QB%?CW ip fie dovgghreqn diesichy

vanes upsfoneedd Hhtahd of RtorlbRakt 2008 Hirdlkg oPEamekekt Sifadat BRGNS ti ng
a bor oscope between tmna j.acent stator vanes of the stage of stator

vanes dowrSY S ATERoehWIA TN ghtilie the upsreain dirgetian avadee stagepf rater
may @onprbiageg! aci ng a boroscope upstream of each one of a plurality
of 25stages of rotor blades and placing a boroscope downstream of
each one of the plurality of stages of rotor blades, step d)

conpri sesTs m\étrﬂm@ay @fnﬁ%ir%@fiﬁoﬂ’@ﬁéﬂrn%me%@ﬁ of he ahgliarF pdditdpes td rotor
each of thga 'P’S?ng‘ r ot or B%@des and/ or reference neasurenents

bet ween t At etﬂc’é%éep%%s YN he; ersiregert o the anaylar BPsitirs ofdhe

t he corr esyrne tHaghrbesseo bR Iating tisd ifages ofS4HM df SRSrotdtdlages RtHehe

i mges of the ro es of each of
g1 5 corresponémg rol%orabﬁiafe on the rotor.

The turbomachine may comprise a stage of stator vanes upstream of the at least one
stage of rotor blades and a stage of stator vanes downstream of the at least one stage
of rotor blades, step b) comprising inserting a boroscope between two adjacent stator
20 vanes of the stage of stator vanes upstream of the at least one stage of rotor blade and
inserting a boroscope between two adjacent stator vanes of the stage of stator vanes

downstream of the at least one stage of rotor blades.

Step b) may comprise placing a boroscope upstream of each one of a plurality of
25 stages of rotor blades and placing a boroscope downstream of each one of the plurality
of stages of rotor blades, step d) comprises providing reference measurements of the
rotor blades of each of the stages of rotor blades and/or reference measurements
between the rotor blades of each of the stages of rotor blades and the corresponding
boroscopes and step g) comprises analysing the images of the rotor blades of each of
30 the stages of rotor blades and using the reference measurements of the rotor blades for

each stage of rotor blades and/or reference measurements between the rotor blades of



30t he stages of rotor blades and using the reference neasurenents of
the rotor blades for each stage of rotor blades and/or reference
nmeasurenments between the rotor blades of - 6 - each stage of rotor

bl ades and the correspondi ng boroscopes to determ ne the position and
size of any defect on any of the rotor blades. Step b) may conprise
pl aci ng a single boroscope upstream of a stage of rotor bl ades 5and
downstream of a stage of rotor blades, step e) conprises view ng the
| eadi ng edge and at |east a portion of the concave surface or view ng
t he | eading edge and at |east a portion of the convex surface of each
of the rotor bl ades of the stage of re®or bl ades downstream of the
boroscope as the rotor is rotated using the boroscope and supplying
the image of each of the rotor blades to the processor, and step f)
conprises viewing 10 the trailing edge and at |east a portion of the
convex s u?@%%aaﬁ olpiahplages Aad theLforerpPnsingeborpsropes fadaierming bhetnosion
the concaym st beasy Rife@aBnglof iHaGoloPbREeS| ades upstream of the
boroscope as the rotor is rotated using the boroscope and supplying
the image of each of the rotor blades to the processor. 15The rotor

may be a smm)wonws@rpla@m@ d §18glé BbRIscHlAEREe M GUBYLT 9br Bhases.

The rotor be a turbine rotor and the rotor bl ades are turbine
bl adés. TR WA RS taRs Ofgeton bigdes. Stpns ) rempiigehwewing theylsading edge
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net hod co J ﬁ t he ste of a rovid g lurality
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pl ural i t ypsrbscuperdsune fotds fotatdd iubiig Mhe wesc?dbtelana%n’ﬁ?lbinﬁ%e Alage@Rehch

one of the ertur in the casing being upstreamo e rotor
of tﬁ rotor%]a es to the processorg g up

15 The rotor may be a compressor rotor and the rotor blades are compressor blades.
The rotor may be a turbine rotor and the rotor blades are turbine blades.

The turbomachine may be a gas turbine engine.
20

The turbomachine may be a steam turbine or a water turbine.

The present invention also provides a method of inspecting a turbomachine, the
turbomachine comprising a rotor having at least cne stage of rotor blades and a casing

25 surrounding the rotor and at least one stage of rotor blades, each rofor blade
comprising a platform portion and an aerofoil portion, the aerofoil portion having a
leading edge, a trailing edge, a concave surface, a convex surface and a tip, the
method comprising the steps of a) providing a plurality of boroscopes, b) inserting each
boroscope through a respective one of a plurality of apertures in a casing of the

30 turbomachine, at least one of the apertures in the casing being upstream of the rotor
blades, at least one of the apertures in the casing being downstream of the rotor

blades, c) rotating the rotor of the turbomachine, d) providing a processor having a



bl ades, at |east one of the apertures in the casing being downstream
of the rotor blades, c) rotating the rotor of the turbomachi ne, d)
providing a processor having a - 7 - nodel of the rotor and the at

| east one stage of rotor blades, e) viewing the | eading edge and at

| east a portion of the concave surface or view ng the |eading edge
and at |l east a portion of the convex surface of each of the rotor

bl ades of the turbonmachine as the rotor is rotated using the
baroscope in the at |east one of the apertures in the casing
S5upstream of the rotor blades and supplying the i mage of each of the
rotor blades to the processor, f) view/ng the trailing edge and at

| east a portion of the convex surface or viewng the trailing edge
and at | east a portion of the concave surface of each of the rotor

bl ades of the turbomachine as the rotor is rotated using the
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device to rotate the rotor of the turbomachi ne,
The present invention also provides an apparatus for inspecting a turbomachine, the
turbomachine comprising a rotor having at least one stage of rotor blades and a casing
20 surrounding the rotor and at least one stage of rotor blades, each rotor blade
comprising a platform portion and an aerofoil portion, the aerofoil portion having a
leading edge, a trailing edge, a concave surface, a convex surface and a tip, the casing
of the turbomachine having a plurality of apertures, at least one of the apertures in the
casing being upstream of the rotor blades and at least one of the apertures in the
25 casing being downstream of the rotor blades,
the apparatus comprising a plurality of boroscopes, each boroscope being
insertable through a respective one of the plurality of apertures in the casing of the
turbomachine,
a device to rotate the rotor of the turbomachine,
30 a processor having reference measurements of the rotor blades and/or reference

measurements between the rotor blades and the boroscopes,



30a processor having reference nmeasurenents of the rotor bl ades

and/ or reference neasurenents between the rotor bl ades and the
boroscopes, - 8 - at | east one of the boroscopes inserted in
at | east one of the apertures in the casing upstreamof the rotor

bl ades being arranged to view the | eading edge and at |east a portion
of the concave surface or being arranged to view the | eading edge and
at least a portion of the convex surface of each of the rotor bl ades
of the turbonmachine 5as the rotor is rotated, the at | east one
of the boroscopes being arranged to supply the i mage of the | eading
edge and at |east a portion of the con@ave surface or being arranged
to supply the imge of the |eading edge and at | east a portion of the
convex surface of each of the rotor blades of the turbomachine as the
rotor is rotated, 10at |east one of the boroscopes inserted in at

| east one of taiéeaghene eirtbs bprpseepesdassiries injatipattions of B apeeurestipthe

bl ades betagngdpsReRb iR ret%@de@,ldemagarﬁa@ﬁed deRlthd %@&.hg %dgé bhé Qﬂ Of
t he convex surface or being arrangedto view the trail e and

| east a plEel dpoEen phibe coneayesUsaces alckeing arszndedde V*@Wé“? &ﬁaémgtﬂdsaégd of
the turbogpehitRedidort &iahs e&rwexlsarfé&t érte%@h o#—ﬁnteh&o%lah@éléﬁh@ ﬂﬁb%a&mﬁe

bor oscopes being arranged to supply the imge of the trailing edge
and at | e@sthelopiaeledf the convex surface or being arranged to

supply the i nﬁg@aﬂfaaétflﬁeto?ﬁié tbd?gsc%gg§b@iﬂg aﬁfhng%&ﬁtﬁtsu plP ¥ ihriiye ¥k tHhe
concave surface of each t he rotor es o ur bomachi ne as

t he rot or lepdingsdge epd at ﬁéStp?r BRIEQ B the £PREPVE SHERRFRT helcaEangsd ta siepply

i mges of tHeh@agd bPihe M RHRPe @Rt 2U48 8 pbARN e {H @NGE SHBSHLERRM & Of
the rotor bl ades and/or reference neasurenents between the rotor

bl ades anH'et'R®r BEFBS ebihadurbemashies as Hie ivs isyetated.on and si ze of any

defegs on any Hiedshénd O1thE bBlcaESes |H_§?e$te8rr?§ﬁ8ést'oﬂéé%ﬂﬁie%eﬁhl%§ in the
provi des a boroscope conpr|5|ng a rigid structure and a 25plurality

of caner asesigdVnsyRaMLfithe rier b&tnge@fiﬂn@%t%ww H@ding 8ﬁ@¢ audiptigdst
posi ti on, a@akidn GRIARIRnlEx ﬁﬁa@@%@@e% tohafigdd RRIiAH the! teingldddB BHE a8 Rak©

t he Iongltudlnal direction of the boroscope.
a portion of the concave surface of each of the rotor blades of the turbomachine as the
rotor is rotated,

15 the at least one of the boroscopes heing arranged to supply the image of the
trailing edge and at least a portion of the convex surface or being arranged to supply
the image of the trailing edge and at least a portion of the concave surface of each of
the rotor blades of the turbomachine as the rotor is rotated,

the processor being arranged to analyse the images of the rotor blades and to

20 use the reference measurements of the rotor blades and/or reference measurements

between the rotor blades and the boroscopes to determine the position and size of any

defect on any of the rotor blades.

The present invention also provides a boroscope comprising 2 rigid structure and a
25 plurality of cameras, each camera is arranged at a predetermined longitudinal position,
each camera is arranged with a line of sight transverse to the longitudinal direction of

the boroscope.

The boroscope may comprise a plurality of cameras at the predetermined longitudinal

30 position and the cameras are arranged with lines of sight arranged at different angles.

The boroscope may comprise a plurality of cameras at different longitudinal positions.



The boroscope may conprise a plurality of caneras at the
predet erm ned | ongi tudi nal 30position and the canmeras are arranged
with lines of sight arranged at different angles. - 9 - The

bor oscope may conprise at | east one canera arranged with a |line of
sight directed in a first direction and at | east one canera arranged
with a line of sight directed in a second direction opposite to the
first direction. 5 The boroscope may conprise a plurality of caneras
at different |ongitudinal positions arranged with a line of sight in
the first direction and a plurality of caneras at different

| ongi tudi nal positions arranged with a9-ine of sight in the second
direction. 10The present invention will be nore fully described with
reference to the acconpanying drawings, in which:- Figure 1 is a
cross-sectional view through a turbofan gas turbine engine. 15Fi gure
2 is an enlarged cross-sectional view through an internediate

pressure TRIBEBSENe Ry &Jrﬁpﬁgérd@qéa%t\o&a@rhétﬁ@rﬁag @tﬂ@itﬁ\anﬁ@emgmurected
figure 1 and an apFarat us i nspecting bi ne. engi née

accor di ngndlifhdrgsisang aj 'ﬁ@%ﬁ’f‘? éAmera arranggar%th@ ling of sioht diFRsted in a

enl arged yeédwWdAfre@ioPWppbsite fthd Mgt dikdc@pREdi ate pressure conpressor
20and one of the boroscopes of the apparatus for inspecting a gas

turbithe engine according to the present invention. Figure 4 is a

Cr 0SS- seCTh®Balosdig@ihayPcdhisrisdi d SIGfatiQ b @hmaras Agiflreht Idﬂnﬁftucﬂh’é] Qositions
25Figure 5 is an alternative cross-sectjonal view.in_t direction of

arrows A- %(f?weﬂlvﬂﬂﬂr%“@ of sight ngthe first disecjiopgnga Riurglity of carppyas gt different
bor oscopelofgitiditl pesadratdiEanged with SNRElof Bightin @assddeh@dRéectiRAgi ne

according to the present invention.
10 The present invention will be more fully described with reference to the accompanying
drawings, in which:-

Figure 1 is a cross-sectional view through a turbofan gas turbine engine.

15 Figure 2 is an enlarged cross-sectional view through an intermediate pressure
compressor of the turbofan gas turbine engine shown in figure 1 and an apparatus for

inspecting a gas turbine engine according to the present invention.

Figure 3 is a further enlarged view of a portion of the intermediate pressure compressor
20 and one of the boroscopes of the apparatus for inspecting a gas turbine engine

according to the present invention.

Figure 4 is a cross-sectional view in the direction of arrows A-A in figure 3,

25 Figure 5 is an alternative cross-sectional view in the direction of arrows A-A in figure 3.

Figure 6 is a view of a first type of boroscope of the apparatus for inspecting a gas

turbine engine according to the present invention.

30 Figure 7 is a view of a second type of boroscope of the apparatus for inspecting a gas

turbine engine according to the present invention,



- 10 - Figure 8 is a viewof an alternative third type of boroscope
of the apparatus for inspecting a gas turbine engine according to the
present invention. Figure 9 is a viewof a third type of

bor oscope of the apparatus for inspecting a gas 5turbine engine
according to the present invention. A turbofan gas turbine engine 10,
as shown in figure 1, conprises in flow series an inlet 12, a fan
section 14, a conpressor section 16, a conbustion section 18, a
turbine section 20 and an exhaust 22. The fan section 14 conprises a
fan 24. The 10conpressor section 16 conprises in flow series an
internedi ate pressure conpressor 26 an®®a high pressure conpressor

28. The turbine section 20 conprises in flow series a high pressure
turbine 30, an intermediate pressure turbine 32 and a | ow pressure

t ur bi ne 34 The fan 24 is driven by the | ow pressure turbine 34 via a

shaft 40. FigHee § isryige@f ap éltwa@é&\}hﬁd beRf Blwsrorseofitie apRagalls [ t he
i nt er medi AeBedling eSgHsQuUibIH B fheFchR thé prktnt3Sienngh.t he high

pressure conpressor 28 is driven by the high pressure turbine 30 via
a shaft 36. The turbofan gas turbine engine 10 operates quite

convent i opgule/s %ruﬂwbm;faw@qp@ Bf Wérbscopelof iR aﬁpamdmfsgééﬁﬂg@-gaxhe

t ur bof an g{}is turbine engine 10 has a rotational axis
i nt ertredi @"%FE%‘Q%F‘%CQF ABiRxEeqesegt inyentilown in figure 2, conprises

a rotor 50 having a plurality of axially spaced stages 51A, 51B, 51C,
51D, 51E and 51F of rotor blades 52. The rotor blades 52 in each
st age 51A tarpp ané?fét”@% enging 19n8s 5'1‘?”%'!” flagrent: oMpiiaes ipfloyrseries an inlet

ci rcunf er entd Ahlsgcsdrered o@mr@@sbeg&nbadsaé EomBustvA settonf 180 EtirBer Ot or
50. Each rotor gl ade 52 co %ﬁs a root portion 51, a platform

portion 53CHAR 28@ndBASBRG| gifahseslion T4 SompresasA fan7dr (ién 54 of
eachqg ot OEOrhﬂ;r@d@r%@cmfw ¢cﬁﬁ§ns@s hrefsl SR d@aneRmediate!, ésUféJccﬁﬂ%@ss%?

a concave gurfa convex surface 61 and a ti . The root
portion 54°8rda FFB%%':“? EPRBESSY FayNedybing 9&6%12‘? FOraprigsE iflow series
firtr eeSZQa@ﬁtpﬁam_ré Q‘E“g”@?‘ﬂ agnn@ﬂm@auawaﬁu@ét ﬁfrblﬁé a%lﬁnéatlévﬁ)ﬁﬁ&sgl?{e' ][1 a
roove in 0; e e.roo ortions o}
al | of thbries gt phefpneds dr'ﬁenalr)sgtth&d%vv@ﬁsuwsrb'rm% v'ggéhsﬁéo 3PE and
51F of roihermebiaeesrebaie camgreesrad is SRAGEDLY ihelintbRfedife hrddeife taminsak
of all the ro aﬁ&g(ﬂg’ggs 52 locate in a circunferenti al legextendl ng

dovel%i| YA& hesBIgh Rressure: GamEsBSSF 28 redvep &Y tapNioh prassirer oot

portions fsbind 3alla D$hatBs. rMHeQlrodFA0RS thebide ergirel AOGperstdd\quitsl B, 510,
51D, 51E and 51F ﬂ é)t or bl ades, have g fi rtr?e shaﬁze then the root
conventionally and its operation will not be discussed further. The turbofan gas turbine

engine 10 has a rotational axis X.

20 The intermediate pressure compressor 26, as shown in figure 2, comprises a rotor 50
having a plurality of axially spaced stages 51A, 51B, 51C, 51D, 51E and 51F of rotor
blades 52. The rotor blades 52 in each stage 51A, 51B, 51C, 51D, 51E and 51F of
rotor blades 52 are circumferentially spaced and extend radially outwardly from the
rotor 50. Each rotor blade 52 comprises a root portion 51, a platform portion 53 and an

25 aerofoil portion 54. The aerofoil portion 54 of each rotor blade 50 comprises a leading
edge 55, a trailing edge 57, a concave surface 59, a convex surface 61 and a tip 63.
The root portion 54 of each rotor blade 52 may have a dovetail shape or a firtree shape.
The root potion 54 of each rotor blade 52 locates in a groove 58 in the rim 56 of the
rotor 50. If the root portions 54 of all of the rotor blades 52 in a stage 51A, 51B, 51C,

30 51D, 51E and 51F of rotor blades have a dovetail shape then the root portions 54 of all
the rotor blades 52 locate in a circumferentially extending, dovetail shape, groove 58 in

the rim 56 of the rotor 50. If the root portions 54 of ali of the rotor blades 52 in a stage



portion 54 of each rotor blade 52 |locates in a correspondi ng one of a
plurality of circunferentially spaced, axially extending, firtree
shape, grooves 58 in the rim56 of the rotor 50. 5 The internedi ate
pressure conpressor 26 al so conprises an inner casing 60 surroundi ng
the rotor 50 and rotor blades 52 and an outer casing 62 surrounding
the inner casing 60. The inner casing 60 carries a plurality of

axi ally spaced stages 63A, 63B, 63C, 63D, 63E, 63F and 63G of stator
vanes 64. The stator vanes 64 in each 10 stage 63A, 63B, 630, 63D,
63E, 63F and 63G of stator vanes 64 are circunferentially spaced and
extend radially inwardly fromthe innetteasing 60. The radially outer
ends of the stator vanes 64 of each stage 63A, 63B, 63C, 63D, 63E,
63F and 63G of stator vanes 64 are secured to the inner casing 60.
The stages 51A, 51B, 510, 51D, 51E and 51F of rotor blades 52 and the
stages 63AIA@IB, 588051 INE 51 Fadrotanbladerdiave asfiriiee shamythar heggokr e
arranged gxtieh b¥ oPbAdH raftr lade H2NGLHEL ihRecorR SEIHRY @ﬂeeofra;ﬁ%%%f

conpressor. 26. The inner casing 60 and the outer casin have a

pl ur al i t yCiBuMEereqially spaces. aé‘é%)k?’ﬁ?”d'"ﬁéiﬂ@ﬁSf@ﬁee@f@ﬁa‘f%r n@Be B 668
respecti vgkyotofbol east one pair of aligned apertures 66 and 68 is
arranged axially between a respective pair of axially adjacent stages
51A ahd 51B or 51B and 510 of rotor blades 52 and circunferentially

bet ween 2Pgdingin@eRRd predéure @bmpiaaLEN 26/AEE orfdridel ahhithetcadiRg B88B of
stator vanes 64 between the axially adjacent stages 51A, 51B or 51B,

51C of r ot'§fouRpingdie gor ﬁ%%ram@#e%ﬁ apdep oyfer 5P5iag B3 supeyndinedse 66

and 68 i sinpér @ég@dsoaxr H |h|¥erlba§“h](; %@rﬁaﬂfestagfnhé@létlyr%lé Eﬁ%&?ﬁﬁa}@/fe%g%\e en

the first st rot or
an adj acefitt %%E’I‘ 66@ @antGQF and feS @ Alater vanes 8ftadbe sBtoryanes &4 treaghnes

64 upstr eqEy®b3A, r@saseel dsao Lﬂ@Et b8P Bh? BSE M StaRHAaREs Gzpér‘ércuﬁhﬁﬂaﬁént@ﬁy
In addition one pair o apertures 66 and 68_is arrang

axi al |y d¥fmcet A8 ﬁrfsﬂdf%a'ugﬂwﬂ fepsni St ipRet PRenG §8, Thﬁéacf'%(touéﬁtrégés

51F of rogfare btb&ﬁaanéis@apbe@hrsfdg@fﬂﬁeeseaééo/ el E@@%%r@cbwémateal r
of stator van 64 in the | ast stage 63G of staftor vane

downst r eafA65P BfREe 5354ERT | the et Faing S9-alke slegesd14.GX1Br 5b¢ a'ii'& 56k ando

- 12 - i N5 6fasfReeladye 528Rd Ble dtagasBEA, $3B] 631, E30L @3- SIH AHESB S 6 AREr
68 in the |nn%r and outer casi ngs 60 and 62 respectively. Each of the

bor o¥c ope¥@ned 68 G pirargedaxalyaieaatelicthpugh the MERIMSdialeRlgssusm EOMRIPEF

74. Each zd. Tmnhgf@%ﬁgmnmhe Sufeeeaisls2 ﬁa\téﬂ@pmkangfofcaﬂ%méw e@Z whi | e
it is in the ssom at e eyrg‘erture 68 in the outer casin

exanpl e SERER Fiespee r‘?ss%f%f&%@ap?%“’?'vieAél?@étror@a&qlrrfﬁ ag@nqgi),
bol t s | ocgidringes 66 érhf wmdrahgé@gx.alwameéms reétps Ofledtaft bf aﬁaw HdjSch®-
The at | east oecacgﬁ{é\ EL cg{q?g at a predeterm ned
| ongi t udi 3$esp£15‘°i M AP thancap 1 earofor Hades aang ciraumierentipinbriwedi t h
a | ime ofarpad)dent pain Sﬂﬁél‘bﬁ‘vé@stdlﬂn hmgagéldw at steliof @4idsB) Ktwedifthe
boroscope 7 ach borosc ¥ IS uni and is different to all of
t he ot her@ Iy @6:6@3'5 aggs %%5 B or 51B, 51 of rotor blades 62 In addition one pair of
aligned apertures 66 and 68 is arranged axially upstream of the axially upstream stage,
the first stage 51A, of rotor blades 52 and circumferentially between an adjacent pair of
stator vanes 64 in the stage 63A of stator vanes 64 upstream of the axially upstream
25 stage 51A of rotor blades 62. In addition one pair of aligned apertures 66 and 68 is
arranged axially downstream of the axially downstream stage, the last stage, 51F of
rotor blades 52 and circumferentially between an adjacent pair of stator vanes 64 in the
last stage 63G of stator vanes 64 downstream of the axially downstream stage 51F of
rotor blades 62.
30
Figures 2 to 4 also show an apparatus 69 for inspecting the gas turbine engine 10. The

apparatus 69 comprises a plurality of boroscopes 70 and each boroscope 70 is located



10bor oscope 70 upstream of the first stage, upstream stage, 51A of
rotor blades 52 may have four or five caneras 74 at four or five
predeterm ned | ongi tudi nal positions and each canera 74 is arranged
with a line of sight directed in a downstream direction towards the
first stage, upstream stage, 51A of rotor blades 52, as shown in
figure 6. The boroscope 70 downstream of the downstream stage, | ast
stage, 51F of rotor blades 1552 has one canera 74 at a predeterm ned

| ongi tudi nal position and the canmera 74 is arranged with a |ine of
sight directed in an upstreamdirection towards the downstream st age,
| ast stage, 51F of rotor blades 52, as13hown in figure 8. Each
boroscope 70 positioned between a pair of axially adjacent stages 51A
and 51B or 51B and 51C of rotor bl ades 52 conprises at |east one
canera 74 arranged with a line of sight Si 20directed in a downstream
di rect i onindIEEPBIvE 08¢ & thegppits 6f aliongd apepiees B0 ang 6§fin thetipneraind geter 52

and at | easdingye @ﬂf@zészéct%lyameﬁo%%o?oslcbﬁ& A cothsHks a4igf §t%¥ﬁ9
in an upstreamdirection towards a stage 51A 51B respectively of

rotor bl adéansatlegst awapmera 74 Gagheofthe "Fﬁ@sﬁmﬂ*jgp ip peqmprbiodbe pufepn a
particul a&aﬁﬁ%@mﬁw.t &in itiSe le%b%f@d%@ﬂ@bé éahiﬁ tﬁ@guta.l cals%%iﬁ fMexbRBle

rot or bl ade 2 and the requirenent that the 25canera, caner as,
produte ac®eh Porpsagge 78s fq%enﬁstkbthetﬂ%@@S*sg 62@&&4@“& m@m inhregded

| ocated apolas Bfo%ﬂetﬂ%! é%s@@ﬁtdﬂ%’iﬂehh@h@ NTHM 120% B8€ BRRerblr 455 Ghah g atdy
full image of the rotor des 52 is obtained. Sone of the boroscopes

70 may coﬁ@ﬂ??@“@eﬁl'ftﬂgﬁwﬁ'ﬂ?' Rositien ARd Hie atdeast pos GAHCIEt 7 4dF Prrangas with a

| ongi t udi R ofe@sHt traAersFRGHe rbagmo@nam.r@a.oﬁ%thehﬂr&s%e@?o 7@adh SO has
an associ at ed |Ig7t source 76 to illumnate the rotor bl ades 52

30The canBPrRECOPE Ors HBIdgE I difisramt ialkofihe pier bgrosgoreadlr 48674 are
arrapged paebodpRato Wdderehmedfdse Mkt é{égeélvuaétrééa@s@ &opuaaaésagz Ry

géma'@sof?
ensure that the i mages of the - cameras be amal ganat ed
t oget her PRVEIPBRICYE£ameras 74@6@”"&* f‘t’ﬁérqdﬁf%m"@ﬁé%l'@étu?yﬂal pﬂq@ons and

appar at Usefdh @nifa 7R EirSefedavithl PERSF@Ight Siredtéd .n%@m{sﬁeamméamal
conputer, 5and each canera 74 of each boroscope 70 is connected to
the pr oce?@@f spge gg,st stage, upstream stage, 51A of rotor blades 52, as shown in figure 6.
The beroscope 70 downstream of the downstream stage, last stage, 51F of rotor blades
15 52 has one camera 74 at a predetermined longitudinal position and the camera 74 is
arranged with a line of sight directed in an upstream direction towards the downstream
stage, last stage, 51F of rotor blades 52, as shown in figure 8. Each boroscope 70
positioned between a pair of axially adjacent stages 51A and 51B or 51B and 51C of
rotor blades 52 comprises at least one camera 74 arranged with a line of sight S1
20 directed in a downstream direction towards a stage 51B or 51C respectively of rotor
blades 52 and at least one camera 74 arranged with a line of sight S2 directed in an
upstream direction towards a stage 51A or 51B respectively of rotor blades 52, as
shown in figure 7. The number of cameras 74 on a particular boroscope 74 is
determined by the radial length of the rotor blades 52 and the requirement that the
25 camera, or cameras, produce a full image of the rotor blades 52. Each camera 74 is
located at a predetermined position on the boroscope 70 such that a full image of the
rotor blades 52 is obtained. Some of the boroscopes 70 may comprise a plurality of
cameras 74 arranged at different longitudinal positions. Each camera 74 on each
boroscope 70 also has an associated light source 76 to illuminate the rotor blades 52.
30 The cameras 74 on boroscopes 70 with a plurality of cameras 74 are arranged such

that the fields of view of the cameras 74 overlap to ensure that the images of the



respective cable 80 so as to supply inmages fromthe respective canera
74 to the processor 78. The processor 78 has a store 82 containing
reference neasurenents of the rotor blades 52 in each stage of rotor
bl ades 52 and/ or has reference measurements between the rotor bl ades
52 in each stage of rotor blades 52 and the 10boroscope 70 upstream
of the stage of rotor blades 52 and/or reference nmeasurenents between
the rotor blades 52 in each stage of rotor blades 52 and the

bor oscope 70 downstream of the stage of rotor blades 52. The
processor 78 has a nodel 84 of the rotor 50 and each stage of rotor

bl ades 52. The reference neasurenents- tf-the rotor blades 52 nmay be
the nmeasurenent fromthe platformportion 53 to the tip 63 of the
15rotor bl ade 52 for the respective stage of rotor blades 52 and/or

t he measurenment _fromthe | eading edge 55 to the trailing edge 57 of
the rot or CHTEES 78 Tdvde TRESRBaISEesaTeerde atsluee a el BruBIoh thesObp Dlavike
appar at uss$9 al so conpri ses a sensor 86 which provides a neasurenent
of the angul ar position of the rotor 50 relative to the boroscopes 70
and the neasurenent of the angular position of the rotor 50 is

suppl i ed Tige 4fiRarf09 69880 cofibrisdHd PR BB 78! 165 cRdnRE Al dersimal Eomputer,
conpri ses rc;idcdl pqlaa 88 connected to the processor 78. The apparatus
%?Fz'r

69 fuYthe? a 44 gbGRtebupsoaPs 4R derECirdiatne Rrpeesset 61b%e. A

met hod of resp&dlios thig 89 soaf tb SUBHIY nRJedifd +He rageRlidh fndra 7uhs tHy esent
invention is desgélged with reference to flgu_res 2 to 4. The net hod
g

of i nspec?PRZSCh ke PIRCBPIoL /S Hiap gistre $8 copipinsieterancs nepsigeraents of
pl ural i t ythefrotepblagsOPBm A stdtfeast rdtbehleds s DM PSR fBRaricBr ough a
respective one of a plural llt}_/ of a(gegrs% ures 66, 68 in a casing 62, 64
of the ga@eRRHBTRRSLRBYSHE the rotgr blades? 1 fachy plaph of miRrhiaes S26sd B8 i n

t he @asi NgorbgsopB4 0l pstifarh lof & $dgd dTeotbPblale Db 2HRFoPéfatBtbcdhedRPSheRB €
is downstreamof th

of the apertures 66 in_the casing 62, 64 e

Cotor bt dmesasheraior Phrst Saeh gach Joto(PigdRS2 AL e borsseps 70

r O]E ated. dRedeteagef Iﬁﬁﬁﬁﬁg@ﬁﬁr@tcﬁ bﬁafdeﬁ Be. ﬂ'ﬁ% l@l‘o&:bbﬁjgg’a rég a&ﬂ@débpm of the

ref erence ur ement s, bet n t r.ot es and the boroscopes

70 are priGUTARENT FREN FIEGRIoh B RRIeS e e de T Rsereas BT TER O e falel

concave shladescs? 8y 0 thidehaadingat femhy thexdatiormIgbriiondBhodhe ti$ 88 bf e

portion of .the caonvex, surfac 6% of Fach E@ tgg rg?or bl ades 52 of

the Has t'S%Bid e%%d%fé‘ei%seﬁc V& tageal I90r Plder ge gRdighthednegssmmaent fomg

t he bor osipepeadiy édyetIteode IraiRsd edyees 700f thd teRddd B 2R B2, reSfective §1BGe
f the ro bl ades, 52 and th e of eac

casing 62,. 64 tr 0 ér i mge Q
of the rotidropPaaes 542 TheauRAsRIR Bl 259 ORPBFoR SEwY OF ainior rovides =
measurement of the angular position of the rotor 50 relative to the boroscopes 70 and
the measurement of the angular position of the rotor 50 is supplied to the processor 78.
20 The apparatus 69 additionally comprises a display 88 connected to the processor 78.

The apparatus 69 further comprises a device 90 arranged to rotate the rotor 50.

A method of inspecting a gas turbine engine 10 according to the present invention is
described with reference to figures 2 to 4. The method of inspecting the gas turbine

25 engine 10 comprises providing a plurality of boroscopes 70, inserting each boroscope
70 through a respective one of a plurality of apertures 66, 68 in a casing 62, 64 of the
gas turbine engine 10, at least one of the apertures 66, 68 in the casing 62, 64 is
upstream of the rotor blades 52 and at least one of the apertures 66, 68 in the casing
62, 64 is downstream of the rotor blades 52. The rotor 50 of the gas turbine engine 10

30 is rotated. Reference measurements of the rotor blades 52 and/or reference
measurements between the rotor blades 52 and the boroscopes 70 are provided. The
leading edge 55 and at least a portion of the concave surface 59 or the leading edge 55



5 trailing edge 57 and at |east a portion of the convex surface 61 or
the trailing edge 57 and at |east a portion of the concave surface 59
of each of the rotor blades 52 of the gas turbine engine 10 are
viewed as the rotor 50 is rotated using the boroscope 70 in the at

| east one of the apertures 66, 68 in the casing 62, 64 downstream of
the rotor blades 52 and the i mage of each of the rotor blades 52 is
supplied to the processor 78. 10The processor 78 anal yses the inmages
of the rotor blades 52 and uses the reference neasurenents of the
rotor blades 52 and/or reference nmeasurenents between the rotor

bl ades 52 and the boroscopes 70 to det#& i ne the position and size of
any defect on any of the rotor blades 52. 15The processor 78 pl aces
the image of the | eading edge 55 and at |east a portion of the
concave surface 59 or places the image of the |eading ge 55 and at

| east a p8fd AidRAYHA R%@Wﬁ%ﬁo@’ﬁ?‘ﬁ%@e@ foeaéaéﬁth@fmtloﬁﬁ'a Bt of obihages

52 of thetgsife bhgike NG afNAERSEd 49 trmb@br@o i RENENUsiRG tHesdrédcdpe 70fin thaet
nodel of the rotar 50 and rotor blades 52 and places the imge of_the

trailing EagersodrERatuesty. 65 indiersesino S, %épﬁfﬁmw 8¢ retarcilages

pl aces Zoéﬁwtﬁeﬁﬁgge of eédh&af&ﬁ@#okdrmﬂad%d%ﬁ légupﬁinéid & thk sSor[Fer t'rlh@n of
t he concave surface 59 of each he rotor bl ades 52 of the g

turbithe el@finReedes Ynens %td?‘i‘séé‘&%qﬂ”r@ VR RYTRRE G t%H%'l'“Q)?dﬁerﬂ

rotor 50 amflatlesf it gUrirshest thconthde kiR 59 of @86 othe rhter IBIQ&éHSZbJ)ﬁﬁ@S
52 from each of the cagﬁr as .74 at the different 25l onghet udi nal

posi ti on 87 UARINGSNGRT dharerdevs a%hl'lﬁdpiOééo {sgofates pring edwrosegpe FRin
pr ocessor théGt pagtioed tﬁfgh@ap@rtm% 66,668 iFRELcingesC b4@bwhbleearn@bpthe bdatades

52fromte| i ed t luralit f ca s74

conpos: t ebRREEY a1 BE0Regs of FAF Pl Bl B SAMEL 3 63T bS prasns 78
engi e 10Tke Qro@éﬁib@dS @n‘a}gs@me FR RGN mlbuadé%zca‘ndtd@.es fedeferdicet he
rotor 50 and rotor e |rra es of ﬁ:@t\@lOf t he

rotor bl a@@@S@EmFBtSt% W???&Sﬁé?r?@%rﬁ%f‘%?reﬁ?%ﬁ'@ By eRRNSHREWRIPe 50.

The et hodgt@rcuwessae%ndns@bbnoago@smrt@@@@ﬂa.nmh@p@mnartomz@@h efefect
stator vanes 64 g th@g a%g of stator vanes 64 upstream of the at

| east one®BERGE 1BF rote; R9e5 Ides 52 and inserting a boroscope 70

bet ween two adj acent stator vanes 64 of the stage of stator vanes 64

compii oo B BEPAFOR /BBFGES LFTage of Balrarin ross R Ee et & POTGR At Ty

of st agescaicat®@b@face 59 or places the image of the leading edge 55 and at least a portion of
the convex surface 61 of each of the rotor blades 52 of the gas turbine engine 10 onto
corresponding positions of the model of the rotor 50 and rotor blades 52 and places the
image of the trailing edge 57 and at least a portion of the convex surface 61 or places

20 the image of the trailing edge 57 and at least a portion of the concave surface 59 of

each of the rotor blades 52 of the gas turbine engine 10 onto corresponding positions of
the model of the rotor 50 and rotor blades 52.

The image of each of the rotor blades 52 from each of the cameras 74 at the different
25 longitudinal position of the boroscope 70 are supplied to the processor 78, the
processor 78 producing a composite image of each of the rotor blades 52 from the
images supplied by the plurality of cameras 74. The composite image of each of the
rotor blades 52 of the gas turbine engine 10 are placed onto corresponding positions of
the mode! of the rotor 50 and rotor blades 52.
30
The processor 78 also analyses the measurement of the angular position of the rotor 50

relative to the boroscopes 70 provided by the sensor 86 and the processor 78 relates



bl ades 52 and pl aci ng a boroscope 70 downstream of each one of the
plurality of 10stages of rotor blades 52 and conprises providing

ref erence neasurenents of the rotor blades 52 of each of the stages
of rotor blades 52 and/or reference neasurenents between the rotor

bl ades 52 of each of the stages of rotor blades 52 and the
correspondi ng boroscopes 70 and conprises anal ysing the i mages of the
rotor blades 52 of each of the stages of rotor blades 52 and using
the reference nmeasurenents of 15the rotor blades 52 for each stage of
rotor blades 52 and/or reference nmeasurenments between the rotor

bl ades 52 of each stage of rotor bladet¥®52 and the corresponding
boroscopes 70 to determ ne the position and size of any defect on any
of the rotor bl ades 52. 20Figure 5 shows a boroscope 70 mhich

conpri ses Iura ne or nore of

o ohet or niRARERG o At Sh U THEE DRGH A e e Tesmar g Tole” BRge 2208 bR
W th Iine&kﬂEOSlght S1, Si' and Si" directed in a downstream
direction towards a stage 51B or 51C respectively of rotor blades 52
arranged at different angles and caneras 74 are arranged with |ines
of sight ﬁ?e m8€hodaﬂd'|p52 ies¢reing aborddcape PP Bétveamwld bEBEEMNRIAHEWANES 6A

25st age 51B re ectiv r ot b| ad ) 52 arr

Tt o ont NG FBgE SrRELR Saben Shdsteait e Ruts gre st o g 52

Vi ewi ng caphinsénying Elbgu:rseo;ﬁe Bhbew/can ftwd Eﬂjaéeﬁb@ta@dr VaREDES aPhe 68 of

arranged to be ins str m of the fi 5 f tor

Dl nace. 5ooipgen e s 5 fhlessh gus afeie AL Bidea a TR g o

each canetamptibes slmmmdscwpempste@man iof @achsheadf o mmmlutmoeé@g@i o1 raesl

| ongi t udi pal itigons on.the bor e .70A. Eac 74

is arrang ad?/apﬁa”d& fgngap Or‘?sﬁBP%? ¢ ?Pﬁfﬁ"ed’m &2 0{18\;3;}}‘%3%{@ of

upst reeam sdges dotof blabdes 62 asd compisss mmdun@m@he@ma&h&mﬁtsm&w rotor

bl ades 52., Fi 7 sh secqn 0Sco e 70B arranged to

be i nser t%@ﬁ%@t?@iﬁ%ﬁ%%@ ‘?i“ﬂg ME&%?Q‘J@ %‘#Ord? ?ﬂc&m?ﬁséf&eé%‘gg§ and

upst r eam loftwedretheaoton tiagea §2 obddbhodf thestages of rotor blades 52 and the
corresponding boroscopes 70 and comprises analysing the images of the rotor blades
52 of each of the stages of rotor blades 52 and using the reference measurements of

15 the rotor blades 52 for each stage of rotor blades 52 and/or reference measurements

between the rotor blades 52 of each stage of rotor blades 52 and the corresponding
boroscopes 70 to determine the position and size of any defect on any of the rotor
blades 52.

20 Figure 5 shows a boroscope 70 which comprises a plurality of cameras 74 at one or
more of the predetermined longitudinal position and the cameras 74 are arranged with
lines of sight S1, S1’ and S1” directed in a downstream direction towards a stage 51B
or 51C respectively of rotor blades 52 arranged at different angles and cameras 74 are
arranged with lines of sight S2, S2' and 52" directed in an upstream direction towards a

25 stage 51A or 51B respectively of rotor blades 52 arranged at different angles. This

arrangement provides a greater amount of viewing capacity.

Figure 6 shows a first type of boroscope 70A arranged to be inserted upstream of the
first stage 51A of rotor blades 52. The boroscope 70A in this example has four
30 cameras 74, each camera 74 is arranged at a respective one of four predetermined

longitudinal positions on the boroscope 70A. Each of the cameras 74 is arranged with



bl ades 52. The boroscope 70B has seven caneras 74. Four of the
caneras 74 are arranged with a line of sight directed towards the
downstream edge 57 of the first stage, upstream stage, 51A of rotor
bl ades 52. Three of the canmeras 74 are arranged with a |ine of sight
directed towards the upstream edge 55 of the second stage, upstream
10st age, 51B of rotor blades 52. Each canera 74 of the four caneras
74 with a line of sight directed towards the downstream edge 57 of
the first stage, upstream stage, 51A of rotor blades 52 is arranged
at a respective one of four predeterm ned | ongitudinal positions on
t he boroscope 70B. Each of the three c#freras 74 with a |line of sight
directed towards the upstream edge 55 of the second stage 51B of
rotor blades 52 is 1barranged at a respective one of three
predet erm ned | ongi t udi nal positions on the boroscope 70B. Figure 8
shows anofBf okseidtirecipgdowtrds fregpshgammsioe oA igdist Bagse UP?fEﬁ?t"i gage,
downst r eagy Rbf tdis tiRs?age 51B of rotor bl ades 52 and upstream of
anot her stage 2051C of rotor blades 52. The boroscope 70C has six
caneras 74. Three of the caneras 74 are arranged with a |ine of sight

directed FRWA Hshdviiea d@amttyﬁa@ﬂ RAGR 0P 708 aRBfgSt BAR .meafdom%@éam
bl ades 52. Three of the caneras 74 are arranged with a |ine of si

di rect ed PHEME stage A rlanbladRiedBabrPsRaMAT g Seceag stege & 18rof ¥ %r

bl ades 52plaBashe. caﬁ@bemz.éoﬁéfmm%stémle cERABREFS, Fbubblthe dameRR 7 are
sight directed towards the downstream 25edge 57 of one sta)ge 51B of

Cotor bl aBEenass Wih e piguait drecied RSt e dopRereAm SR8’ of the frst stage,

pr edet er nupgahPstggd, tailwwlrot@paaaem et bethBRaaeeRPR 4@ GrraRdsdwith a
the three_ canmeras 74 w i ne of Sl%gt di r?cted towards t

upst r eam BRFGR SEET gir e‘ftﬁ%t%‘faﬁ%? theupsizeam €dgg % 8t Be ssransbilags “P%J‘ream
arranged gfage FiBSEFe6lor BRJENS2, OEaéméaﬁe@mdﬂ&wmn@ainéramwallanﬁhke of

positions o groscope 70C. predet er m ned i tudi nal
hosi ti on aaﬁ&%@c@srta\gewﬁéhez@@msﬁﬁa%@g ofhe &tsndm deirea Aego! T
of sight dﬂrb&ﬁ:lbﬁﬂle‘s apaY Sfariged cﬁ%@r@@ﬂ’o@br@det&rﬂﬁnécﬁl&hgn&b&&ﬁ,

downst r eam st 1 r ot es 52 5The rotor 50 is
Fotated" PSR dore Fa'iorscml l%%fg" 4% thice aetior ot w1 RaS S9N ¢
each st agdirétted ©Wardsthadpstrézén eage/wwetde a8brdsstagesBloff roRmblatd st ke
or osént | AVBHERGH SdPTRRRL 1o ehiEreR tgrei i Bodlyeiaspuierere hoi or
50 to be batbkybpermpected within a few mnutes of opening the cowing
of the turbofan gas turbine engine 10.
Figure 8 shows another second type of boroscope 70C arranged fo be inserted
downstream of the one stage 51B of rotor blades 52 and upstream of another stage
20 51C of rotor blades 52. The boroscope 70C has six cameras 74. Three of the cameras
74 are arranged with a line of sight directed towards the downstream edge 57 of one
stage 51B of rotor blades 52. Three of the cameras 74 are arranged with a line of sight
directed towards the upstream edge 55 of the other stage 51C of rotor blades 52. Each
camera 74 of the three cameras 74 with a line of sight directed towards the downstream
25 edge 57 of one stage 51B of rotor blades 52 is arranged at a respective one of three
predetermined longitudinal positions on the boroscope 70C. Each of the three cameras
74 with a line of sight directed towards the upstream edge 55 of the other stage 51C of
rotor blades 52 is arranged at a respective one of three predetermined longitudinal
positions on the boroscope 70C.
30
Figure 9 shows a third type of boroscope 70D arranged to be inserted downstream of

the last stage 51F of rotor blades 52. The boroscope has one camera 74 arranged at a



10 In the present invention nmultiple data streans, e.g. frommnultiple
USB caneras, are plugged into a managenent hub and inputted as a
single data streaminto the processor, personal conputer. The videos
may be displayed on a nonitor and i nage anal ysis software is used to
stitch the multiple data streans together to build a 15conpl ete
picture of the rotor, and rotor blades, and highlight any areas of
interest, such as areas on any one or nore of the rotor blades which
has damage or erosion. The nodel in the processor nmay have the inages
of the rotor blades fromthe cameras painted, overlaid, on the
surfaces of the corresponding rotor bt&fles in the nodel in the
processor. The use of nultiple caneras each positioned at a fixed,
known, point, 20together with the rotation of the rotor through a
full revolution allows neasurements to be taken fromthe inmages. Each
of the apBiedatessingd langiuginaldiosiing op HircboreseaPRJ90: sThetcagera X4 i aranoam

poi nt  andwgRamn@bf $ih8 PRERIIORETS e dRGREREMI g 57T RRObsEagRer t ur e
in the outer casing and secured t he outer casing while in the

ot
respect i vECWIHEIeRNY 829 X Rof Mieadessisdng. Each of the caneras on each
boroscope is at a fixed, known, point on the 25baroscope and thus the
positions_of the caneras within the gas turbine engine are known and
the posit 1BhLROGIRENYIRiEtedthrasol ong dull rgveiniion sa that eachdeler blade R in
rotors argadfNstiie of IBbS biakBe 52hAASISDEN P ir‘i"lagecpfr&ﬁ ®dth thB Yt lge S5
that it allows an in-situ inspection of a 30gas turbine engine to be

carri ed oBfd WRHRIII9LdERW/ AA Gt ddeis fpraread t DieamseRant Biveeliongalinyaed the
cur rent | yrdiakfgdel fay §206rMhanotoR 56 td be fully PREELEN within ALIBR miAdkka Bt age
of the present invention is that the in-situ inspection process does

not requi PRENHIGHEFOWkNG Pidhe turbaign gagBiEkine 6pine dOper f or m t he
i nspgction process. A further advantage of the present invention is

éhat t he ﬁ&ﬁlﬁsgs of thF i ma ?s nakeg it gaﬁy for the o era%?rs }o
et er mi ne"iAP EFESEBYPGHERD MuylPPle dafg steamp-¢ i MulfipledpBspmerasnaregat a
qual ity iglufgdd iefo 4 MARaddiBertt Wb @AY inputtsd bY aisigReedth Qteh @R6%e 5 The
P{)? 3?n;nIdgr\t/')ggéslo(r),npeps%snano%]pqur.s Q!'rhletz/(iadeo\émrrga@ tl)’ee(];iseg[gye%eor;[ a? rr:oﬂﬁcﬁ)rea%%li%ggé he
analysis software is used fo stitch the multiple data streams together to build a
15 complete picture of the rotor, and rotor blades, and highlight any areas of interest, such
as areas on any one or more of the rotor blades which has damage or erosion. The
model in the processor may have the images of the rotor blades from the cameras
painted, overlaid, on the surfaces of the corresponding rotor blades in the model in the
processor. The use of multiple cameras each positioned at a fixed, known, point,
20 together with the rotation of the rotor through a full revolution allows measurements to
be taken from the images. Each of the apertures in the outer and inner casings is at a
fixed, known, point and each of the boroscopes is located in a respective aperture in
the outer casing and secured to the outer casing while in the respective aperture in the
outer casing. Each of the cameras on each boroscope is at a fixed, known, point on the
25 boroscope and thus the positions of the cameras within the gas turbine engine are
known and the positions of the cameras relative to the rotor blades on the rotors are

known.

Thus, the advantage of the present invention is that it allows an in-situ inspection of a
30 gas turbine engine to be carried out within a few minutes compared to about 8 to 10
hours it currently takes to perform an in-situ inspection. Another advantage of the

present invention is that the in-situ inspection process does not require highly skilled



rotor blades of the internedi ate pressure conpressor but the present
invention is equally applicable to inspecting the rotor and rotor

bl ades of the high pressure conpressor, the rotor and rotor bl ades of
the high pressure turbine, the rotor and rotor 10bl ades of the
internedi ate pressure turbine or the rotor and rotor bl ades of the

| ow pressure turbine. The present invention nay be also be used to

i nspect the rotor and rotor blades of the internedi ate pressure
conpressor, the rotor and rotor bl ades of the high pressure
conpressor, the rotor and rotor bl ades of the high pressure turbine,
the rotor and rotor blades of the intetéedi ate pressure turbine and
the rotor and rotor 15 blades of the | ow pressure turbine all at the
sanme tinme. The present invention may be al so be used to inspect the
rotor and rotor blades of the high pressure conpressor, the rotor and
rotor bl abR&AHFs PorRerRITY ihgirerastpe PIAsEST- na futher efentageds thaerepetor

bl ades of irkBtidna¥var BeSdHa8/slsWi dlihadkt nitked N@aSPR tHd dPRratdiBAb Wb RMEIhe
the present jnvention has been described with reference to inspecting

'S » .
a tur bof aNGaEOMBPRFH dheimngRe reletRdopFdisimors, fsdata AUaldy ishelter (pan the

appl i cabl gurtént imsiRaaipdRBo@piodedp] et gas turbine engine, a turboshaft
gas turbine engine or a turboprop gas turbine engine. The present

invertion is applicable to inspecting aero gas turbine engine, narine

gas turbi mee pREEMasvedtioh RELIBESH @dscOBSd With Riflened @i iGectiiPthklrooPafd SO
possi bl e togqpt{lo |d$ each bor.oscoge wWith a data store and a data

processor' 97 the Igtepediplg RESTYTSIEPTERIEESY PYE RS HreRgnhinveniion s

bor oscopeegilly bpitablelis aipestingths aued Arictotdn 8ladat af the PRgraRELsUOr 0OSCope

to the processor. 30Although th resent invention has been descri bed
tqjlaces op eeh

wi th ref eFRRESTE: PREYEEST hgfieRee {ifaing - Be pfr and Totor

i nvent i onblageofube Interafeldtes plakeurk Qurbing P8 eid rdthr @hb estof MBESs &fthe low
t ur bomachi ne, f angpl e a steam turbi ter turbine or a

?r ex . ] e, a \ﬁ/a wi nd
turbi ne. Presgyelurbing. The DEFRENT NVRINION SRAYASSYS) P VFERY 1BRsst hE dotsr and
i nspect i n@t@ HatdearerlinRemedibe presshenesibragsdr P FbtSE A @tdr Glles BRiHeng
at | east o.nﬁ stage of rotor ?I ades and a casi n‘g sgrroundi ng the rotor
and at | e39P PEFEUE RGWrETSoR Jbo ol anddstor BRERs PLTE Ngh RIBRS YRR e dhe
51 eadi ng eggendaotor BIbHé@gf_tﬁ_dgﬂem%dféﬂélﬁ@‘égur?ulﬁlbﬁ@eanaﬁﬁb aat@fcumlenstorl _
e e O RS Bt 07 P8 il RS eS2nbt Y bt
also be used to inspect the rotor and rotor blades of the high pressure compressor, the
rotor and rotor blades of the high pressure turbine and the rotor and rotor blades of the

low pressure turbine all at the same time.

20 Although the present invention has been described with reference to inspecting a
turbofan gas turbine engine, the present invention is equally applicable to inspecting a
turbojet gas turbine engine, a turboshaft gas turbine engine or a turboprop gas turbine
engine. The present invention is applicable to inspecting aero gas turbine engine,

marine gas turbine engines or industrial gas turbine engines.

25
It is also possible to provide each boroscope with a data store and a data processor so
that it is possible to do data processing at each boroscope and then subsequently
download the data from each boroscope to the processor.

30 Although the present invention has been described with reference to inspecting gas

turbine engines the present invention is equally applicable to inspecting other types of

turbomachine, for example a steam turbine, a water turbine or a wind turbine.



bor oscope through a respective one of a plurality of apertures in a
casing of the turbonmachine, at |east one of the apertures in the
casi ng being upstream of the rotor bl ades, at |east one of the
apertures in the casing being downstream of the rotor 10bl ades, c)
rotating the rotor of the turbomachine, d) providing a processor
having a nodel of the rotor and the at | east one stage of rotor

bl ades, e) viewing the |eading edge and at | east a portion of the
concave surface or view ng the | eading edge and at |east a portion of
t he convex surface of each of the rotor blades of the turbonmachine as
the rotor is rotated using the boroscope-in the at |east one of the
apertures in the casing 15upstream of the rotor blades and supplying
the i mage of each of the rotor blades to the processor, f) view ng
the trailing edge and at | east a portion of the convex surface or
viewing the trailing edge and at |east a portion of the concave

surface Oﬂ'h@pf‘e@eﬂff inkeition @Is@rprchh(%%%m@moﬂ'@)@lrﬁspé@ﬂg%qmb@%a%ﬁmé her ot or
is rotated using.the borosco[l%e in the at | east one of the apertures

in the calPRy" GamRLiFingra HofRE haying At sesicns siere fupler 9'@{4@5 91 hEasing

i mage of e@edundingtih@rdtetand Allesdesnd ﬁa?é‘@f r?f&%%?rea&ﬁ&o?%]laﬂé AgviRG a
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t he i mage, of theleadlp and at
surf dte o&eaﬁ'ﬂa eged iyl f%@f@geaﬁﬁoa@a\fﬁéageceaa EONEXSHMRGR the mAthod
surface o&orﬁmﬁhg)ﬁwetst&psro@hpprobida@%sploﬁamtyhﬁ bbrsBEFBRCH) iRSerBiY Sach

cor respondi ng?fg)oshﬁgl ons of the nodel cif the rotor and rotor bl ades

and pl aci AYO yah Sfre?pr?@t"fer%{?q MAP'Walk ohAReriires ARSI RE on of
t he convetrisoidohd®, af lehdt@nkrofiHd mnﬁ%@d@mmlr@tbdumstraa@%tﬁeqetdaf
t he concayve surf%ce of cﬁ% of . the rot or bl ades of the turbomachine

onto cor r R8fEha PLIreTa hperRangreing downstsamel dhe iy

bl ades. bladés, ¢) Gt&&lnllsﬁhe fotorfofied tmnqﬁchmésambmama: procdeeomieavinea t he
one,_ stage of raotor

t ur bomachi n rotor havin

bl ades anfd® e’@iﬁf s e Ui 5Pt ORg S et r%w?!f’%q%r ghyewisg fie lerdige of
r ot o][ b: agdeRe armrneas@h@brtbpadfhe:@ﬁmmésmca opln@fwfr@rtgé !é@ﬂtng@agaaﬁd ap
aer of oi ort| on aer of oi ort in eadi

trailing aﬁtea pogtiony, ﬁ%go@{?rxfséfg H\?gﬁ"e 8@(9@3%&%8““8‘&"‘3’%@ as
met hod cotmerrb®i Bgotake tﬁir@&e(bbrcﬁ};omﬁ ip\thélangast oplewf eld dpertafes in the casing
bor oscopes thr ou a respecti v one of a

plur B i t yIRsE %B‘e&ﬁh @é&%@c&sgg?%ﬁé’&% heeimage Frﬁ%th?fﬁge rofer q Hiesto ke
of the apmt:wses f) viewioy ftee eaibigdeddeaindicat st & @aAATof tHeezohed0surlcades,
at | east \9 Qv%mg the {Falhr?dj ecgg}eua(nedsat !easE Q portion of the concave surface of each of the
rotor blades of the turbomachine as the rotor is rotated using the boroscope in the at
least one of the apertures in the casing downstream of the rotor blades and supplying
20 the image of each of the rotor blades to the processor, and g) placing the image of the
leading edge and at least a portion of the concave surface or the leading edge and at
least a portion of the convex surface of each of the rotor blades of the turbomachine
onto corresponding positions of the model of the rotor and rotor blades and placing the
image of the trailing edge and at least a portion of the convex surface or the trailing
25 edge and at least a portion of the concave surface of each of the rotor blades of the

turbomachine onto corresponding positions of the model of the rotor and rotor blades.



casi ng being downstream of the rotor blades, c) rotating the rotor of
t he turbomachi ne, d) providing reference neasurenents of the rotor
bl ades and/ or reference neasurenents between the rotor bl ades and the
bor oscopes, e) viewing the | eading edge and at |east a portion of the
concave surface or view ng the | eading edge and at 15|l east a portion
of the convex surface of each of the rotor blades of the turbomachine
as the rotor is rotated using the boroscope in the at |east one of
the apertures in the casing upstream of the rotor blades and
supplying the i mage of each of the rotor blades to the processor, f)
viewing the trailing edge and at |east2®&-portion of the convex
surface or viewing the trailing edge and at |east a portion of the
concave surface of each of the 20rotor blades of the turbomachine as
the rotor iﬁ rﬁtated usi ng the boroscope in the at |east one of the
apertures FHAN&e casi ng downstream of the rotor blades and supplying
the image of each of the rotor blades to the processor, and Q)
anal ysing the i mages of the rotor blades and u5|ng t he reference
measur eneht s di MERESD{SPEHIngALTbaTAchIne: e dyRTECHR SAP BRI & rotor
bet ween t h@«/lﬁg)éﬂéad?bﬁég’@gémﬁi rdt&%lﬁ&ﬁs@@@%:ﬂg%ﬁ@hﬁﬂlg‘? Iﬂ? r%fdrfaﬁd at least
ades.
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nmodel of the rotor r ot es an clng the e o
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5. A net hind rater i3l raiar&‘:tbsmg mmboafsccﬂaainrme at leastbnelop il dpepiardd ubweomp@e

g?ggglt Z?ﬁy%&r&%&oﬁé}% rl[? r deees an supplylﬁg Pge |(r?n%ege% gaeéhaoﬁrme rotgr tﬂad%s to the
processor, f) viewing the trailing edge and at least a portion of the convex surface or
viewing the trailing edge and at least a portion of the concave surface of each of the

20 rotor blades of the turbomachine as the rotor is rotated using the boroscope in the at

least one of the apertures in the casing downstream of the rotor blades and supplying
the image of each of the rotor blades to the processor, and g) analysing the images of
the rotor blades and using the reference measurements of the rotor blades and/or
reference measurements between the rotor blades and the boroscopes to determine

25 the position and size of any defect on any of the rotor blades.

2. A method as claimed in claim 1 wherein the reference measurements of the rotor
blades are the measurement from the platform portion to the tip of the aerofoil portion of
the rotor blade and/or the measurement from the leading edge to the trailing edge of

30 the aerofoil portion of the rotor blade.



15position, the at | east one canera is arranged with a |ine of sight
transverse to the longitudinal direction of the boroscope. 6. A
nmethod as clainmed in any of clains 1 to 5 wherein at | east one of the
bor oscopes conprises a plurality of caneras. 20 7. A nethod as
claimed in claim6 at | east one of the boroscopes conprises a
plurality of cameras at the predeterm ned | ongitudinal position and
the caneras are arranged with lines of sight arranged at different
angles. 258. A nethod as clainmed in claim6 or claim7 wherein at

| east one of the boroscopes conprises a plurality of caneras at
different |ongitudinal positions. 9. A-Aktthod as clainmed in claim8
conprising supplying the i nmage of each of the rotor blades from each
of the cameras at the different |ongitudinal positions of the
30boroscope to the processor, the Erocessor produci ng. a conposite

i mage of Bach “dMefed asH@megindae PHRAIHE CPRAEEAT RINSMaRIMegeliat éhe

pl ural i tyro¥r 4rrRe asleastondatagelétror BREGOd as claimed in claim 9
conprising placing the conposite i nage of each of the rotor bl ades of

t he turbomachi ne onto correspondi ng positions of the nodel of the

rotor and4rot o methdes. cldithéd fh 8B doRprisih@blEBIFg e iffdige F 1! 18hdify BddeD
10 wherein | east one of the boroscopes conprises at |east one

canerda ar ?%‘ﬂ@téaa%atq?”ém e gencave Ayt r%é’faéﬂ‘gl the inaas.pfdbe leghing edge

di rect i onah®BEEsS apHIAROS 1R corleR EuPh@ISTaoR df Mb rbtBABIhd&NEF thaMer a
arranged ¥\nth a llne of sight directed in an ugstream di rection
towar ds at“GRURRENEIE QiR GPITEPRALIRY PRRiaNsOfifhe mggelpl the reionadretonhigdesy
clai ns |t andplacingmid idiage op reMraliindedde and at least a portion of the convex surface

or placing the image of the trailing edge and at least a portion of the concave surface of
10 each of the rotor blades of the turbomachine onto corresponding positions of the model

of the rotor and rotor blades.

5. A method as claimed in any of claims 1 to 4 wherein each boroscope comprises
a rigid structure and at least one camera arranged at a predetermined longitudinal
15 position, the at least one camera is arranged with a line of sight transverse to the

longitudinal direction of the boroscope.

6. A method as claimed in any of claims 1 to 5 wherein at least one of the
boroscopes comprises a plurality of cameras.

20
7. A method as claimed in claim 6 at least one of the boroscopes comprises a
plurality of cameras at the predetermined longitudinal position and the cameras are

arranged with lines of sight arranged at different angles.

25 8. A method as claimed in claim 6 or claim 7 wherein at least one of the

boroscopes comprises a plurality of cameras at different longitudinal positions.

9. A method as claimed in claim 8 comprising supplying the image of each of the
rotor blades from each of the cameras at the different longitudinal positions of the
30 boroscope to the processor, the processor producing a composite image of each of the

rotor blades from the images supplied by the plurality of cameras.



measur enent of the angular position of the rotor relative to the

bor oscopes, supplying the nmeasurenment of the angul ar position of the

rotor to the processor and relating the i mages of each of the rotor

bl ades to the correspondi ng rotor blade on the rotor. 1513. A net hod

as claimed in any of clains Ito 12 wherein the turbomachi ne conpri ses

a stage of stator vanes upstream of the at |east one stage of rotor

bl ades and a stage of stator vanes downstream of the at |east one

stage of rotor blades, step b) conprising inserting a boroscope

bet ween two adj acent stator vanes of the stage of stator vanes

upstream of the at |east one stage of-£#dtor blade and inserting a

bor oscope 20between two adj acent stator vanes of the stage of stator

vanes downstream of the at | east one stage of rotor blades. 14. A

met hod as_ claijyred, in any .of clains Ito 13 erein ste . conpr,i ses
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rotor bl adtse agtdr hdes SFghatudmddaRonto domeponingoositieracdT tienmoaél df e
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r ef er ence FEANG W%H@@e%f the rotor bl ades of each of the stages of

rotor bl ades and/or reference neasurenents between the rotor bl ades

of each of_ the, st s of .rotor blades a t he correspondi n

bor ostoped’-and* TElRIFS dABER LAY %r‘? RS Bﬂ@ 1&%%%@@83%@”?%@“}90:[ or

bl ?des of berastopet cbﬂﬂlﬁriﬁ@@@f‘asﬁf)né eérﬁérlalﬁémllgéd aftd alisk I?bﬂsiaﬂttdll%%cted ina

ref erence neasurenents of t r ot or or_each stage of rotor

bl ades ant G eaR st il & AEAE o i a3 e of Bedyoft caRess g ksech

stage of with aninbbasigist diiedted-in 28 upsttdaen diegotions pavitisg stage @$ eapesades.

determ ne the position and size of any defect on any of the rotor

bl ades. 15. A nethod as clained in any of clains 1 to 14 wherein the

rotofo i s @2.conpmesndrasiadned ireat; dfle@aimetias 1blcadessiag proviiny £ssor

bl ades. . . .
measurement of the angular position of the rotor relative tc the boroscopes, supplying
the measurement of the angular position of the rotor to the processor and relating the

images of each of the rotor blades to the corresponding rotor blade on the rotor.

15 13. A method as claimed in any of claims 1 to 12 wherein the turbomachine
comprises a stage of stator vanes upstream of the at least one stage of rotor blades
and a stage of stator vanes downstream of the at least one stage of rotor blades, step
b) comprising inserting a boroscope between two adjacent stator vanes of the stage of
stator vanes upstream of the at least one stage of rotor blade and inserting a boroscope

20 between two adjacent stator vanes of the stage of stator vanes downstream of the at

least one stage of rotor blades.

14. A method as claimed in any of claims 1 to 13 wherein step (b) comprises placing
a boroscope upstream of each one of a plurality of stages of rotor blades and placing a
25 boroscope downstream of each one of the plurality of stages of rotor blades, step d)
comprises providing reference measurements of the rotor blades of each of the stages
of rotor blades and/or reference measurements between the rotor blades of each of the
stages of rotor blades and the corresponding boroscopes and step g) comprises
analysing the images of the rotor blades of each of the stages of rotor blades and using
30 the reference measurements of the rotor blades for each stage of rotor blades andfor

reference measurements between the rotor blades of each stage of rotor blades and



16. A method as clained in any of clainms 1 to 14 wherein the rotor is
a turbine rotor and the rotor blades are turbine blades. tol7. A
nmethod as clainmed in any of clains 1 to 16 wherein the turbonachine
is a gas turbine engine. 18. A nethod as clainmed in any of clains 1 to
14 wherein the turbormachine is a steamturbine or a water turbine. 15
19. A method of inspecting a turbomachine substantially as

her ei nbef ore described with reference to the acconpanyi ng draw ngs.
20. An apparatus for inspecting a turbomachi ne, the turbonmachi ne
conprising a 20rotor having at | east one stage of rotor blades and a
casing surrounding the rotor and at |ea¥%t one stage of rotor bl ades,
each rotor blade conprising a platformportion and an aer of oi

portion, the aerofoil portion having a |l eading edge, a trailing edge,
a concave_ surface, convex surface and a tip, the casing of the

t ur bormac hﬁff“ewﬁf&?;ﬁ’?ﬂj“@ PRRRCPPS §P %@rteraﬁ@% thgmosition and aizs of gmedefectoneany
apert ur esof thetrdter 6lagéd1g bei ng upstream of the rotor bl ades 25and at

| east one of the apertures in the casing being downstream of the
rotor bl ades, t he apparatus conmprising a plurality of

bor oscopess. eaach]eb@a@smae@m Ay dfiefrs ahb a4 Wi theFofcP B 6drhyRs&ie
of the plurali of arprg (isﬁsres in the g@ﬂ%@g of the turbomachine, a
devi ¢ t o"3YtHE ?FFE'O Gt BF COHREE hi ne, 30a processor having
reference rreasurerrents of t he rot or bl ades and/or reference
measur erre%s bet ta r ot or a}d s and the boroscopes, - 24 -

. as calme in any of claims 1 to 14 wherein the rotor Is a turbine rotor

and the rotor blades are turbine blades.

10 17. A method as claimed in any of claims 1 to 16 wherein the turbomachine is a gas

turbine engine.

18. A method as claimed in any of claims 1 to 14 wherein the turbomachine is a
steam turbine or a water turbine.

15
19. A method of inspecting a turbomachine substantially as hereinbefore described

with reference to the accompanying drawings.

20.  Anapparatus for inspecting a turbomachine, the turbomachine comprising a
20 rotor having at least one stage of rotor blades and a casing surrounding the rotor and at
least one stage of rotor blades, each rotor blade comprising a platform portion and an
aerofoil portion, the aerofoil portion having a leading edge, a trailing edge, a concave
surface, a convex surface and a tip, the casing of the turbomachine having a plurality of
apertures, at least one of the apertures in the casing being upstream of the rotor blades
25 and at least one of the apertures in the casing being downstream of the rotor blades,
the apparatus comprising a plurality of boroscopes, each boroscope being
insertable through a respective one of the plurality of apertures in the casing of the
turbomachine,
a device to rotate the rotor of the turbomachine,
30 a processor having reference measurements of the rotor blades and/or reference

measurements between the rotor blades and the boroscopes,



at | east one of the boroscopes inserted in at |east one of the
apertures in the casing upstreamof the rotor bl ades being arranged
to view the | eading edge and at | east a portion of the concave
surface or being arranged to view the | eading edge and at |east a
portion of the convex surface of each of the rotor blades of the

t urbomachi ne 5as the rotor is rotated, the at | east one of the
bor oscopes being arranged to supply the i mage of the |eading edge and
at least a portion of the concave surface or being arranged to supply
the image of the | eading edge and at |east a portion of the convex
surface of each of the rotor blades of24+he turbomachine as the rotor
is rotated, 1l0at |east one of the boroscopes inserted in at |east one
of the apertures in the casing dommstrean1of the rotor bl ades being
arranged to vi ge and at ast portion of the convex

|
surface or bela‘rﬁg’ 23 g'lé?néfg 9'1’%’@/51‘??@”? CIRL '?@téﬂﬁgpﬁﬁ@pﬁﬂurﬁéﬁbtﬂ“ea

portion ofadifeunesave trsejrrotoamd@t b@ﬁt@mr@hgémﬁ: \r@k &e |bé<ﬂﬁl§§dgﬁ and&
t ur bomachj n is rotated, 15the at | east one
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supply the 4h %e trailing edge and at |east a portion of the
concdve sitf&d 051‘5 Q8% of the rotor blades of the turbomachine as

the rotor is niedatiesst ohbefmeqmmepeéo@ém@a@érﬁg%ﬂgedumyma}n)égéofihe
i mages of, the rgt or 8 e?% and.to 20use the reference neasurenents of

the rot or'®AHAAEL9%R PRONRNCf HRe SQNCaKe RtEaos A REWE AMRAIEIOFUPPYY

bl ades antiietihagdof the tjar®) ddaedatier Masea ptr@iop obthkiconvexslirfatd 6f &fchany
defect on,an roscope conprising a

of, the t or, bl ades. 21. . A Db
rigid st rtﬂce,tr%t%g'ﬁﬂ%s %frtﬁ? ﬁi’%‘fm?%"lﬁa%@ﬁé?tﬁéls "8RS9 25camera i s arranged
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L?Sﬁ!{ t ;?L%ﬁé%@ t Ial%]gpga&%éungﬁ%f) eesac o %\g ro%r 'ij%%gs of the tur%gmlagzmgg ag{he
rotor is rotated,

15 the at least one of the boroscopes being arranged to supply the image of the
trailing edge and at least a portion of the convex surface or being arranged to supply
the image of the trailing edge and at least a portion of the concave surface of each of
the rotor blades of the turbomachine as the rotor is rotated,

the processor being arranged to analyse the images of the rotor blades and to

20 use the reference measurements of the rotor blades and/or reference measurements

between the rotor blades and the boroscopes to determine the position and size of any

defect on any of the rotor blades.

21.  Aboroscope comprising a rigid structure and a plurality of cameras, each
25 camera is arranged at a predetermined longitudinal position, each camera is arranged

with a line of sight transverse to the longitudinal direction of the boroscope.

22, Aboroscope as claimed in claim 21 wherein the boroscope comprises a plurality
of cameras at the predetermined longitudinal position and the cameras are arranged

30 with lines of sight arranged at different angles.



23. A boroscope as clainmed in claim?21 or claim22 wherein the

bor oscope conprises a plurality of cameras at different |ongitudinal
positions. 24. A boroscope as clainmed in claim?2l, claim?22 or claim
23 wherein the boroscope 5conprises at |east one canera arranged with
aline of sight directed in a first direction and at | east one canera
arranged with a line of sight directed in a second direction opposite
to the first direction. 25. A boroscope as clained in claim24
wherein the boroscope conprises a plurality 10 of caneras at
different |ongitudinal positions arranged with a line of sight in the
first direction and a plurality of cangas at different |ongitudinal
positions arranged with a line of sight in the second direction. 26.
A boroscope substantially as hereinbefore described with reference to
and as 15gshown in figures 3 and 4. 27. A boroscope substantially as
her ei nbef 8t-e dERUPFERE afi daimed incelaitd! erclainRawheriife barostens es 3

and 5. 20g8mprdRerasGang oﬂa‘é}ﬁérf%_gtai éikflebéan@%g&i%[o%id?ﬁ@éiﬁﬁr%. described w th

reference to and as shown in figure bor oscope substantially

as hereinbefore described wth reference to and as shown in figure 7.
24, Aboroscope as claimed in claim 21, claim 22 or claim 23 wherein the boroscope

5 comprises at least one camera arranged with a line of sight directed in a first direction
and at least one camera arranged with a line of sight directed in a second direction

opposite to the first direction.

25.  Aboroscope as claimed in claim 24 wherein the boroscope comprises a plurality
10 of cameras at different longitudinal positions arranged with a line of sight in the first
direction and a plurality of cameras at different longitudinal positions arranged with a

line of sight in the second direction.

26. A boroscope substantially as hereinbefore described with reference to and as

15 shown in figures 3 and 4.

27.  Aboroscope substantially as hereinbefore described with reference to and as

shown in figures 3 and 5.

20 28. A boroscope substantially as hereinbefore described with reference to and as

shown in figure 6.

27. A boroscope substantially as hereinbefore described with reference to and as

shown in figure 7,



