- 1 - A BORCSCOPE AND A METHOD OF LASER PROCESSI NG A COVPONENT W THI N
AN ASSEMBLED APPARATUS USI NG A BOROSCOPE The present invention
relates to a boroscope and a nethod of |aser processing a b5
conponent within an assenbl ed apparatus and in particular relates to
a flexible boroscope and a nethod of |aser processing a conponent

wi thin an assenbl ed apparatus using a flexible baroscope. Currently
boroscopes are used to view internal conponents within an assenbl ed
gas 10turbi ne engine, or other engine, machine, apparatus etc, to
determne if the conponents within the gas turbine engine are damaged
and need repair or replacenent or if tHey are undamaged and do not
require repair or replacenent. The use of boroscopes enabl es the
conmponents W thin the gas turbine engine, or other engine, nachine,

apparatus etc, to be viewed w thout havi to di sassenbl e the gas
15t ur bi ne e@E&RQSﬁQPEnAND AdWETHQDmM&sg&PRQBEﬁSIMGA € MBOMENT of

boroscopes, e. 9. witQiNARKSSEMBEEDHIP ARBY B! SSINGY REEHEScoBEY! d
boroscopes are inserted fnto an asSenvled apparatus tnrougn an
aperture in a casing to enable conponents within line of sight to be
viened. FifXbRlsenhifeMEn Risted i a BARLESd A hethol B RisBprBessil £
apparatus through an aperture in the casing a oroscope nmay be
cont i huouSPRYPeNEsEvitin aﬁr?ésﬁwééaw@a“@@nﬂh@?a'@@#ﬁdﬁ@*ﬁ%toc?ef@ﬁ@e Wit hin
the appar %M§cop@%d%eiﬂoﬁ Ik sk &Scégsur@e%ﬂmpd?]fenf\b%lﬁ@ﬁ%&é’ern%lé@y be
vi ewed. The flexible boroscopes ‘are manoeuvred, or controlled, using
cabl es wi eppaiatupasipgigdlexibledkosgeren are pul led by motors in the
control unit of the flexible boroscope. It has been proposed to
provide a _suitable optical fibre which extends through the full

| engt h of CuKenty kogesspeepdied 566 freviey intaEal eompaneptsyatin %95%@@@43 ed
through t hgniR@bh&iad, drioclie? eﬁé\ﬂe BRadHRI abParBiREARS So GOBRAAE Ritge W t hi N
the gas turbine engine, othér 30engine, machine, apparatus etc, e.g.
to | aser @‘P@@FPF%*W'FH"W@(Q%GW@H@ engiie) age dpmagedapdneed repair or

replacement or if they are undamaged and do not require repair or replacement. The

use of boroscopes enables the components within the gas turbine engine, or other
engine, machine, apparatus etc, to be viewed without having to disassemble the gas

15 turbine engine into modules or sub modules.

There are two types of boroscopes, e.g. rigid boroscopes and flexible boroscopes.
Rigid boroscopes are inserted into an assembled apparatus through an aperture in a
casing to enable components within line of sight to be viewed. Flexible boroscopes are
20 also inserted into an assembled apparatus through an aperture in the casing and the
boroscope may be continuously inserted and manoeuvred so that components deeper

within the apparatus, and not within line of sight, of the aperture may be viewed.

The flexible boroscopes are manoeuvred, cor controlled, using cables within the

25 boroscope which are pulled by motors in the control unit of the flexible boroscope.

It has been proposed to provide a suitable optical fibre which extends through the full

length of the flexible boroscope so that a laser beam may transmitted through the

optical fibre and be used to process components within the gas turbine engine, other
30 engine, machine, apparatus etc, e.g. to laser clean a dirty component, to laser machine

a damaged component or to deposit material to repair a damaged component.



a damaged conponent or to deposit material to repair a danmaged
conponent. - 2 - However, the use of an optical fibre to transmt a
| aser beamw thin a flexible boroscope as nentioned above to carry
out these processes is not suitable because the use of the cables
pull ed by the notors to position the flexible boroscope to carry out
| aser processing are slow to respond and do not give sufficient
accuracy. 5 Accordingly the present invention seeks to provide a

bor oscope whi ch reduces, preferably overcones, the above nentioned
probl ens. Accordingly the present invention provides a boroscope
conprising a working head, the 10worki2g head having a first end and
a second end, a first optical fibre extending through the boroscope
to a position between the first end and the second end of the working
head, a second optical fibre extending through the boroscope to the
second entlowevarnisewse Kf A oplisallibrg to igrsmibplasernbean witkinadexibi bejoscope
through the RaGGReRRBve & JSQrFyr Al b YedRBLes |§‘P|Hf‘élﬁt‘Qb|%'beEQl§‘seWﬂé |ﬁbé‘9f the
head, the laser optical fib bei ng arranq o direct laser |ight

15t r ansmi €346 RRIES By fhe 'ﬁ'@tqr%?eﬁ‘osﬂ'ﬁﬂ itheaflexih %F’@T 0§¢RR§* tolgarPEkla®eron t he
wor ki ng hgadessthd 4reSlow iog'Q§pc§1‘BLHn‘aQioaﬁdi aﬂe%qff@renﬁa&@%cv on between the
first end and the second end of the working head, a sécond |ight
source arranged at the second end of the working head, and an
actuator ﬂ@éﬂr&iﬁgl&%@&b&é{t lﬁJéﬁtchP%etkb WpRlidt e dFbddoBE whithAkdl@ast one
| ens may be arranged between the first end and the second end of the
wor ki ng he&éeraplynevergeees.dhe ?E%Me memiosed efaeEms-r anged to direct |aser
light transmitted through the |aser optical fibre onto the at | east
one lens within the working head and then onto the mrror on the

wor ki ng heseprdimgs tha present ipupntien playides a@pgpsmﬁwweprtsmwommﬂadeﬁha
of the WOvalSikﬂ@ H2thavidg alfitst RRIPRAGPRLOAF¥ENE, CH‘ﬁ}éﬂ opftical ffb?e?éﬁt@rhcﬁn@fh'rddgw
menber having a first end and a second end, the worKki head bei ng

arranged % RFRSOgRR BrIPETHPTe VAR g r%\ﬁnﬁr@ﬁﬁéhe SCREC P¥ 8 NEAPTNS t he
wor ki ng hgagl, a%a&q@édpt@amﬁe éﬂbﬁ&ﬁ@ihr&@ﬁ tﬁ@%améc@auﬂtoqﬁe 5&@nH@hb Athe

menber and the secon he wor Kk being arranged renote

from t he WetkingWesdna lAs&r °Pttcﬁbf'W‘F Fé@“@ﬁ@ ﬁ'ﬁ% ghf"hﬁtbér%ﬁ?%él TRigFOF AdigtiBRlY
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position between the first end a he second end of the work Q(%@s,t

head?5 t herasditer! BiERUgbAhe faser %Ot@ﬁltf@ﬁ?iPW@ t*ﬂ%%ﬁ&jt’i’”t"%wﬁﬂ‘llﬂgdwaﬁ’e

and the light source arranged at a position between the first end and the second end of the
working head, a second light source arranged at the second end of the working head,

and an actuator device to adjust the position of the mirror.

20 At least one lens may be arranged between the first end and the second end of the
working head, the laser opticai fibre being arranged to direct laser light transmitted
through the laser optical fibre onto the at least one lens within the working head and
then onto the mirror on the working head. The mirror may be adjustably mounted to the

second end of the working head.

25
The boroscope may comprise a flexible hollow member having a first end and a second
end, the working head being arranged at the second end of the hollow member, the first
end of the working head being arranged adjacent the second end of the hollow member
and the second end of the working head being arranged remote from the holiow

30 member, the first optical fibre extending through the hollow member from the first end of

the hollow member to the position between the first end and the second end of the
working head, the second optical fibre extending through the hollow member and the



- 3 - working head fromthe first end of the hollow nenber to the
second end of the working head, the | aser optical fibre extending

t hrough the hollow nenber fromthe first end to the second end of the
hol | ow nenber. 5Preferably the first |ight source is arranged to
direct light with a conponent of direction transverse to the axis of
t he boroscope, the end of the first optical fibre is arranged to
receive light travelling with a conponent of direction transverse to
the axis of the boroscope, the second |ight source is arranged to
direct light with a conponent of direction parallel to the axis of

t he boroscope and the end of the second-optical fibre is toarranged
to receive light travelling wwth a conponent of direction parallel to
the axis of the boroscope. Preferably the first light source and/or

t he second |ight source conprise a light emtting diode. 15 The

adj ust abl wordithtgaddram {hefisstand o edhallgwanembegs to e sasgne end ot the werlkingr
rel ative head e B¥éSopaballiBee és&eﬁcﬁrzg%r%ﬁ th€ASllow ABmBE} fsth &R st end to

nmount i ng rray conprises two perpendi cul ar axes of rotation and the

m rror i sthesiespaberd afbeholgyemeibenxes of rotation. 20The mirror may
be adjustably nounted on the second end of the working head by a

gi nbal I ed_nounting. The actuator device may conprise a gal vanonet er

nechahi s nPreferatrbféhwrﬁF light gelrceis afengsd sbdivechiia il aremieacsle siectiond

of the mfr&hsl%rs*é%%@é(x@of”fh&'b@ro%k@ﬁé kiR SRCETARG frdl optiéal fme RNdrdnBed to
actuator device conprises the mcro-el ectro25nmechani cal system
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arranged to supply powder material through th P
direction pafallel to the axis of the boroscope and the end of the second optical fibre is
10 arranged to receive light travelling with a component of direction parallel to the axis of

the boroscope.

Preferably the first light source and/or the second light source comprise a light emitting
diode.

15
The adjustable mounting may be arranged to change the angle of the mirror relative to
the axis of the at least one lens. The adjustable mounting may comprises two

perpendicular axes of rotation and the mirror is rotatable about the two axes of rotation.

20 The mirror may be adjustably mounted on the second end of the working head by a

gimballed mounting. The actuator device may comprise a galvanometer mechanism.

The mirror may be adjustably mounted on the second end of the working head by a
micro-electro-mechanical sysiem and the actuator device comprises the micro-electro-

25 mechanical system.

Preferably a pipe extends through the boroscope io a position between the first and
second ends of the working head and a device is arranged to supply powder material
through the pipe.

30
The first optical fibre may surround the laser optical fibre to provide a cladding for the

laser optical fibre.



- 4 - Preferably the working head conprises a first cylindrical
portion at the first end of the working head, a second part
cylindrical portion at the second end of the working head and a third
portion interconnecting the first cylindrical portion and the second
part 5cylindrical portion. Preferably the first |ight source and the
at least one lens are arranged in the first cylindrical portion, the
second |ight source and the mrror are arranged on the second part
cylindrical portion. 10 The present invention also provides a nethod
of | aser processing a conponent wi thin an assenbl ed apparatus, the
apparatus conprising a casing encl osi ng-t he conponent, the casing
havi ng at | east one aperture extendi ng there-through, the nethod
conprising:- 15a) inserting a boroscope through the aperture, the
bor oscope conprising a working head, the working head having a first
end and a second end, a first optical fibre extending through the

bor oscopeptdferablp) a%d @vbﬁkmgt}%taﬁ%mphg@s & Firs® Eyliﬁﬂﬁ'ca@lﬁgmbﬁﬁt #RGRAGn8 R RS
t he worki ng head, a second optical fibre extendin hr ough t he

bor osco peWP@""tgrﬂ?a@eé SREPTERP rtd%yilmqf@abmrk%@t the atepong g 98 Fhedmmamead

fibre extgnga ﬂgrdthrﬁBiQHteHlﬁnQ&fn@Sﬁé’ﬁl%t cﬁﬂanéal Bér’%n aHd thet tbdg pRgnt ed
on the working head | aser optical Tibre being arranged to direct

| aser® | i gﬁ\t“ngrr'%ﬁﬁﬁ'i“?f‘ed t hrough the | aser optical fibre onto the
mrror on the working head, a first light source arranged at a
position between the first end and the second end of the working
head, a sBresaPlyithmitirstliaht seures pathHERt st pre lsbe arfprErgedfn hedrstor ki ng

head and arp.n@%auabmbndﬁabé&rbqlgaﬂédme AR PSirbi A8 aphn§dtEorminer@Eond
25b) V|emn]% the assenbl ed apparatus within the casing using the

second opP#TaYlinglfigi gortion. c) viewing the assenbl ed appar at us
W t high the casing using the second optical fibre while noving the
wor ki ng head of the boroscope to the conponent,

transm t t f ARyPESPRdRYenyeR AlSP RFRYiRsS & Reiod 8 laseiyirpeessing; %?%“R%léﬂh@'thm
mrror, 39¢hsdeRii@rhppdaitbant assiratdeaBmpfifing B&abhg AEI0SAY thedeotiidnaste

of the conponent to process the surface of the conponent, and
the casing having at least one aperture extending there—through the method
comprising:-

15 a) inserting a boroscope through the aperture, the boroscope comprising a
working head, the working head having a first end and a second end, a first optical fibre
extending through the boroscope to a position between the first end and the second
end of the working head, a second optical fibre extending through the boroscope to the
second end of the working head, a laser optical fibre extending through the boroscope,

20 a mirror adjustably mounted on the working head, the laser optical fibre being arranged
to direct laser light transmitted through the laser optical fibre onto the mirror on the
working head, a first light source arranged at a position between the first end and the
second end of the working head, a second light source arranged at the second end of
the working head and an actuator device to adjust the position of the mirror,

25 b) viewing the assembled apparatus within the casing using the second optical
fibre,

c¢) viewing the assembled apparatus within the casing using the second optical
fibre while moving the working head of the boroscope to the component,
d) transmitting a laser beam through the laser optical fibre to the mirror,
30 e) reflecting the laser beam off the mirror onto a surface of the component to

process the surface of the component, and



- 5 - f) viewng the surface of the conponent and the | aser
beamw th the first optical fibre to nonitor the processing of the
surface of the conponent. Step e) may conprise adjusting the
position of the mirror to nove the | aser beam over 5the surface of

t he conponent. Step e) may conprise cleaning the surface of the
conponent. The boroscope nmay conprise a pipe extending through the
boroscope to a position 10 between the first and second ends of the
wor ki ng head and a device is arranged to supply powder nateri al

t hrough the pipe, and step e) conprises supplying a powder nmateri al

t hrough the pipe onto the surface of tke conponent and nelting the
powder material with the | aser beam 15Step e) may conprise supplying
a welding maiterial to weld the conponent, to repair a crack in the
conponent, to weld the conponent to another conmponent or to build up

a worn porti orl) YEWiNAANS BisfRSR & the componentainddhe jasgpieasn Wi thesirst optical

suppl yi ngfigreG® AHoniér tHBHRIceSding 6F thE QUIAER &F ti®adrhpthepn t he 20conponent
or to repair a coating on the conponent. The assenbl ed apparatus nay

conprise a gas turbine engine. The conponent nmay conprise a

conpr essostdpl Aieay ONHERRERBMMG tha Pesitidn bithBinRobaseehe RisbtibdtiBver
vane. 25The present invention will be nore fully described by way of

exanpt e wiherPUfiaeePiehe £OMBOR#E acconpanyi ng drawi ngs, in which: -
Figure 1 is cut-away view of a turbofan gas turbine engine. 30Figure

2 is an enlarged cross-sectional view through a conpressor of the
t ur bof an aggg €) may comprise cleaning the surface of the component.

The boroscope may comprise a pipe extending through the boroscope to a position
10 between the first and second ends of the working head and a device is arranged to

supply powder material through the pipe, and step e) comprises supplying a powder

material through the pipe onto the surface of the compenent and melting the powder

material with the laser beam.
15 Step e) may comprise supplying a welding material to weld the component, to repair a
crack in the component, to weld the component to another component or to build up a

worn portion of the component.

Step e) may comprise supplying a coating material to provide a coating on the
20 component or fo repair a coating on the component.

The assembled apparatus may comprise a gas turbine engine. The component may

comprise a compressor blade, a compressor vane, a turbine blade or a turbine vane.

25 The present invention will be more fully described by way of example with reference to

the accompanying drawings, in which:-
Figure 1 is cut-away view of a turbofan gas turbine engine.

30 Figure 2 is an enlarged cross-sectional view through a compressor of the turbofan gas

turbine engine showing use of a boroscope of the present invention.



turbi ne engi ne show ng use of a boroscope of the present invention.

- 6 - Figure 3 is a further enlarged perspective view of a working
head of the boroscope within the conpressor of the turbofan gas

t ur bi ne engi ne. Figure 4 is a further enlarged cross-sectional
vi ew of the working head of the boroscope 5shown in figure 3. Figure
51is a view of the working head of the boroscope in the direction of
arrow Ain figure 4. 10Figure 6 is a view of the working head of the
boroscope in the direction of arrow B in figure 4. Figure 7 is a view
of the working head of the boroscope in the direction of arrow B in
figure 4 with the end of the working h€@ad cut away. 15 Figure 8 is a
further enlarged cross-sectional view of an alternative working head
of the boroscope shown in figure 3. A turbofan gas turbine engi ne 10,
as shown in figure 1, conprises in flow series an 20 intake 11, a fan
12, an inF'@PWéglsétfé'”b?r ped peprdive diewmid a workingthepd e@kigheroscope
conpr ess ofitdif theAcarMEFasSdr OF thburbafadi g8 tibReEhgfet Ur bi ne 16, an

i nternedi ate pressure turbine 17, a | ow pressure turbine 18 and an
exhaust 19. The high pressure turbine 16 is arranged to drive the

hi gh prespigu £RBIUARSINIdrded tds@sbdtiohbl idabt thdQvorkiR@ hbdd &tABBbkEope
pressure turbine 17 is arranged to drive the internedi ate pressure 25
conmpriessofho Pifiguie Second shaft 28 and the | ow pressure turbine 18
is arranged to drive the fan 12 via a third shaft 30. In operation
air flows_into the intake 11 and is conpressed by the fan 12. A first
portion ofiStife i§ia view Shiherwrling Read Atthe SOESApRLIabg difsrtiop garrow A in

i nter medi fgiee Ar €ssure conpressor 13 and the high pressure conpressor
14 and is supplied to the conbustor 15. Fuel is injected into the
conbustor 15 and is burnt in 30 the air to produce hot exhaust gases
whi chy f 1 opiglily ®@igghvied BEtRNiofRing hB&d bf 188 bBFARESHH 1@ thelBikddiien dParrd8 in
internedi ate pressure turbine 17 and the | ow pressure turbine 18. The
hot exhaut9'"g4ses | eaving the | ow pressure turbine 18 flow through

t he exhaust 19 to - 7 -

Figure 7 is a view of the working head of the boroscope in the direction of arrow B in
figure 4 with the end of the working head cut away.

15
Figure 8 is a further enlarged cross-sectional view of an alternative working head of the

boroscope shown in figure 3.

A turbofan gas turbine engine 10, as shown in figure 1, comprises in flow series an
20 intake 11, a fan 12, an intermediate pressure compressor 13, a high pressure
compressor 14, a combustor 15, a high pressure turbine 16, an intermediate pressure
turbine 17, a low pressure turbine 18 and an exhaust 19. The high pressure turbine 16
is arranged to drive the high pressure compressor 14 via a first shaft 26. The
intermediate pressure turbine 17 is arranged to drive the intermediate pressure
25 compressor 13 via a second shaft 28 and the low pressure turbine 18 is arranged to
drive the fan 12 via a third shaft 30. In operation air flows into the intake 11 and is
compressed by the fan 12. A first porticn of the air flows through, and is compressed
by, the intermediate pressure compressor 13 and the high pressure compressor 14 and
is supplied to the combustor 15. Fuel is injected into the combustor 15 and is burnt in
30 the air to produce hot exhaust gases which flow through, and drive, the high pressure
turbine 16, the intermediate pressure turbine 17 and the low pressure turbine 18. The

hot exhaust gases leaving the low pressure turbine 18 flow through the exhaust 19 to



provi de propul sive thrust. A second portion of the air bypasses the
mai n engi ne to provide propul sive thrust. The internedi ate pressure
conpressor 13, as shown nore clearly in figure 2, 5 conprises a
rotor 36 carrying a plurality of stages of conpressor rotor bl ades 38
and a stator 40 carrying a plurality of stages of conpressor stator
vanes 42. The conpressor rotor blades 38 in each stage are
circunferentially spaced and extend generally radially outwardly from
the rotor 36. The conpressor stator vanes 42 in each stage are
circunferentially spaced and extend generally radially inwardly from
the stator 40. The 10 stator 40 also-donprises a plurality of
shrouds 44 axially interconnecting the stages of conpressor stator
vanes 42 and the shrouds 44 are positioned radially around a
correspondi ng one of the stages of conpressor rotor blades 38. The
stat or 40PEMICEHIOPYBixe ﬁl%!ﬁtatg $casd ppEiopRfpghe fiiobyragses B8 maipenadesio
an outer pRARESISANsiaEHhRg 50 and the outer conpressor casing 50 is
provided with one or nore apertures 52 to allow 15 access for

bor oscopes and/or repair devices. In addition the radially outer

pl atformsThd iffer@BiaRr gmy:e,@reofcoﬁabaesg@nn@ese%orshéwtmbreV%re%ﬂy4.% Ague 2,
one or nore apertures 56 to allow access f bor oscopes and/or repair

devi ces. FHBPIERBAIQLT AP BRIV PIHIRI ¥ Straes of RRMPrRssQtralpe lages 38 and a

CONPr eSS O&tafdr A Varryinh &Spldralify O Btaded Of EdrRfreSdoratatbMAREs AR MTHE $8Rbressor
casing 58. The cor’%dessor stator vanes 42 also have radially inner
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66. A workin 8 head 68 is arranged at the second end 66 of the
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t he second end 66 of the | ow menber 62 irst end ]c"JI

wor ki ng hEYBPEESA’s StF‘Wfré’c'l’f‘ﬁ? é'lzyaﬂ‘é%'ﬂe SHr4ia ‘éﬁ taéec Reditioned Fdially RN fd

66 of thechidshoMdiRgBREof & sthgdd btorAttbslrotol BlaBied 48 EXtHRNdIStof A0 QR EH2
t he hol | ow menaﬁ'éfh& fromthe first end 64 of the holl ow nenber 62 to

a positi ofGEE PESREUIR| GOSIPresvar 78 AFfCeRYISes @heptehgorppregtortgqeing 50

30wor ki ngahet@ dfer Bdrifedd caphd sals ;irbha@d Wfih 6Xé eRaerd BpSrtiEds $h® allow
hol | ow nmenber g% and the workin ad 68 from.the first end 64 of the

hol | &v meftRESS & ROFPSCRRSSS A d© ﬁage/vzceeﬁ Ip pddifien Kiegdiglhaautaspiatiorms $q
optical fbbsee d8meld eNthe domimetor shorheinko w2reivbaine or8mor62apehbﬂal§1 3R
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opti cal FECPS [u RAUPFOPED r NPl HBRAM F1eXiCrEs ouds 44 axnaly
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70 and the second end 7% t he wor ki ng head 68 and rror
Sphor t cACTIBRENT SR SBna T COMPTSEORS IS RS alP GBDYoYE Sy e
moundg ng Piétidbenst 48 second end 72 of the working head 68. The third
opti cal
A boroscope 60, as shown in figures 3 to 7, comprises a flexible hollow member 62
having a first end 64 and a second end 66. A working head 68 is arranged at the
second end 66 of the hollow member 62 and the working head 68 has a first end 70
25 adjacent the second end 66 of the hollow member 62 and a second end 72 remote from
the second end 66 of the hollow member 62. The first end 70 of the working head 68 is
immediately next to and attached fo the second end 66 of the hollow member 62. A
first optical fibre 74 extends through the hollow member 62 from the first end 64 of the
hollow member 62 to a position between the first end 70 and the second end 72 of the
30 working head 68. A second optical fibre 76 extends through the hollow member 62 and
the working head 68 from the first end 64 of the hollow member 62 to the second end

72 of the working head 68. A third optical fibre 78 extends through the hollow member



fibre 78 is arranged to direct laser light L transmtted through the
third optical fibre 78 onto the at | east one lens 80 within the
wor ki ng head 68 and then through the at |east one I ens 80 onto the
mrror 82 at the second end 72 of the working head 68. A first |ight
source 86 is arranged at a position between the first end 70 and the
second end 1072 of the working head 68 and a second |ight source 88
is arranged at the second end 72 of the working head 68. Actuator
devices 90 and 92 are arranged to adjust the position of the mrror
82. The first light source 86 is arranged to direct light with a
conponent of direction 15transverse to8t-he axis of the boroscope 60
and is arranged to direct light with a conponent of direction
parallel to the axis of the boroscope 60. The end 75 of the first
opti cal flbre 74 is arranged to receive light travelling with a
conponent 68O et 8 67 1 0parsend ed Footlie Solsi FREDBES s SopIdo.

The secongptidadtitire 70 S@tadRe fbﬁccﬂfdﬁ@ﬁf@eﬂlab@r bBahembrd-thg&ug hwialt leagt one lens
conponent of direction paral oroscope 60 and
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l'i ght trayed hiniGoved ig sapﬁcsrfaacmetné sBkorfdi griRycid aﬂh@abﬁddga{eaacsstdwea aXI S
of the boro cggéa 60. . The fi ht source 86 and/or the sec
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component of direction parallel to the axis of the boroscope 60. The end 75 of the first
optical fibre 74 is arranged to receive light travelling with a component of direction
transverse to the axis of the boroscope 60. The second light source 88 is arranged to
direct light with a component of direction parallel to the axis of the boroscope 60 and

20 the end 77 of the second optical fibre 76 is arranged to receive light travelling with a

component of direction parallel to the axis of the boroscope 60.

The first light source 86 and/or the second light source 88 comprise light emitting
diodes, but other suitable light sources may be used, and electrical cables 94 and 96
25 extend through the hollow member 62 from the first end 64 of the hollow member 62 to
the first and second light sources 86 and 88 respectively. The actuator devices 90 and
92 comprise galvanometer mechanisms io rotate the mirror 82 about one or the other
or both of the axes of rotation X and Y of the gimballed mounting 84 and electrical
cables 98 and 100 extend through the hollow member 62 from the first end 62 to the
30 actuator devices 90 and 92 respectively. The gimballed mounting 84 is arranged to
change the angle of the mirror 82 relative to the axis of the at least one lens 80.



5Al ternatively the pipe 102 may be secured to the holl ow nmenber 62.
The wor ki ng head 68 generally conprises a first cylindrical portion
110 at the first end 70 of the working head 68, a second part
cylindrical portion 112 at the second end 72 of the working head 68
and a third portion 114 interconnecting the first cylindrical portion
10110 and the second part cylindrical portion 112. The first |ight
source 86, the end 75 of the first optical fibre 74 and the at | east
one lens 80 are arranged in the first cylindrical portion 110 of the
wor ki ng head 68. The second |ight source 88, the end 77 of the second
optical fibre 76 and the mrror 82 are%rranged in, or on, the second
part, half, cylindrical portion 112. In particular the mrror 82 is
supported on the second part 15cylindrical portion 112 by the

gi mbal | ed mounting 84. The gi nbal |l ed nounting 84 conprises two
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The gimballed mounting 84 comprises two perpendicular axes of rotation X and Y. The
mirror 82 is circular and the gimballed mbunting 84 comprises a C-shaped, or U-
shaped, member 81. The mirror 82 is rotatably mounted about one of its diameters, the
20 axis of rotation axis X, between the ends of the limbs 83A and 83B of the C-shaped
member 81. The trough 85 of the C-shaped member 81 is rotatably mounted to the
second part cylindrical portion 112 at the second end 72 of the working head 68 about

the axis of rotation Y.

25 The working head 68 has a diameter of approximately 9 mm and the working head is
made from a suitable metal or alloy, for example aluminium, aluminium alloy, titanium,
titanium alloy, steel, nickel or nickel alloy. The lens 80 has a specific focal length, but
the focal length may be altered depending on how much space is available within the
gas turbine engine 10 and the focal length is expected to be between and including 20

30 and 100 mm to account for the mirror 82. The mirror 82 is mounted by the gimballed
mounting 84 so that two dimensional profiles of the laser beam L may be directed onto

the surface of the component. The working envelope, the shape and area, of the laser



5 In operation the boroscope 60 is inserted through an aperture 52 in
the outer conpressor casing 50 and through an aperture 56 in the

i nner conpressor casing 58. The boroscope 60 is then manipul ated so
that the working head 68 is in proximty to a conponent, e.g. a rotor
bl ade 38, a stator vane 42 or other conponent, which has been
10damaged. The wor ki ng head 68 of the boroscope 60, as nentioned
above, is provided with two |ight sources 86 and 88 and with
respective associated optical fibres 74 and 76. The second opti cal
fibre 76 and the second |ight source 88 enable an operator to viewin
a forward direction, parallel to the aXts or |ongitudinal direction,
of the holl ow nenber 62 of the boroscope 60 so that the operator is
able to position the working 15head 68 of the boroscope 60 at the
required |ocation within the gas turbine engine 10 and with respect
to the coRPpYRERN Rhﬁ.cewpﬂ&%tﬁ‘é@?ﬂ%mgéhﬁ digtafee between the Birey 849849 thehe
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of the hollow member 62 of the boroscope 60 so that the operator is able to monitor the

operation and working of the laser. The gimballed mounting 84 of the mirror 82 is used
to direct the laser beam from the third optical fibre 78 and lens 80 onto the surface of

25 the component. The galvanometer mechanisms 90 and 92 enable the mirror 82 to be
operated sufficiently quickly to provide laser processing of the surface of the
component. The galvanometer mechanisms 90 and 92 are operated to move the mirror
82 about one or both of the axes of rotation X and Y to move the point, or area, of
contact of the laser beam over the surface of the component to process as much or as

30 little of the surface of the component as is required without having to move the working
head 68. Rotation of the mirror 82 about the axis of rotation X moves the point, area, of
contact of the laser beam generally longitudinally with respect to the boroscope 60



10beam may be used in conjunction with a supply of suitable materi al

t hrough the pipe 102. The pipe 102 may be arranged to supply wel ding
material, nmetal or alloy, into the |aser beamto weld a conponent, to
repair a crack in the conponent, or to weld two conponents together
etc. The pipe 102 may be arranged to supply welding material, netal

or alloy, into the | aser beamto provide a weld deposit on the
conponent to build 15up a worn portion of the conponent. The wel di ng
material in these two exanples nay be in the formof a solid
material, e.g. welding wire. The pipe 102 nay supply coating
material, metal or alloy or ceramic, tblprovide or repair a coating
on the conponent. The coating material may be a MCrAl'Y powder where M
is N, Co, Fe or a mxture of one or nmore of Ni, Co and Fe. The
coatlng naterlal may be Ni_Al er or a nlxture of 20Ni and Al
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surface ORNi &rtbAl powders to form a beta nickel aluminide coating or PtNIAl powder or a mixture
of Pt, Ni and Al powders to form a beta platinum modified nickel aluminide coating. The
laser beam is used to provide direct laser deposition process to provide or repair the
coating. The coating material may be a mixture of zirconia and yttria powders or a
mixture of zirconia and one or more other stabilising oxide powders to form a thermal

25 barrier coating. The pipe 102 may be used to supply a metal coating, e.g. MCrAlY, NiAl

or PtNiAl as discussed above, to provide a bond coating and then supply a ceramic

coating, e.9. zirconia and ytiria as discussed above, a thermal barrier coating.

The laser beam is reflected off the mirror onto the surface of the component during the
30 processing of the surface of the component. In the case of cleaning of the surface of
the component the laser beam is defocused using the lens or lenses so that the laser

beam is spread over a large area. |n the case of repairing the component the laser



coating. If the conponent does not have a coating, the conponent nay
be provided with a coating by reflecting the | aser beamonto the
surface of the coating and supplying coating material into the |aser
beamto build up the coating on the surface of the conponent. 15 A
bor oscope 160 with an alternative working head 168 is shown in figure
8. The boroscope 160 and worki ng head 168 are substantially the sane
as that shown in figures 3 to 7 and like parts are denoted by |ike
nuneral s. The boroscope 160 differs in that the mrror 82 is not
nount ed on the working head 168 by a ginbal |l ed nounti ng 84, 20but
instead the mirror 82 is nounted on a-#&cro-el ectro-nechani cal
systens (MEMS) 184 chip. The m cro-el ectro-nechani cal systens ( MEMS)
184 chip is able to rotate, or tilt, about two perpendicular axes

| i ke the ginballed nmounting 84 in order to rotate the mrror 82 about
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i nterval sthetdan@ioh@m_the mrror 82 and hence the MEMS chip 184 to cool
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10i nt er r uptbeebskope 60 Witk ap @ltémdtiaf workinghd 968 @ shbwnan Ggurd & OTha

opt 1 cal | f PEPESTPErioR FTOER Rodt oFF 35 LEEBALEY due ST Al aho e
times nayfifi@esis &sl7 bad like pmerm'u%sieﬁateaw lik@hemets. | THe tm‘roédmﬁe 1188 @fffers in
g? a;n | ;2 gwg?&\@scorg[){i%ts not ?no%n%sdeor}ltthtla r\% r|]rtlg= r?é'a 'IE!BOB/y\Ba ;[gl% a leda rr1]"|%|un |ngoé14
20 but instead the mirror 82 is mounted on a micro-electro-mechanical systems (MEMS)
184 chip. The micro-electro-mechanical systems (MEMS) 184 chip is able to rotate, or
tilt, about two perpendicular axes like the gimballed mounting 84 in order to rotate the
mirror 82 about one or the other or both of the axes of rotation X and Y of the MEMS
chip 184 and electrical cables 198 extend through the hollow member 62 from the first
25 end 62 to the MEMS chip 184. The mirror 82 is nominally arranged at 45° to the axis of
the at least one lens 80 and the MEMS chip 184 is arranged to change the angle of the
mirror 82 relative to the axis of the at least one lens 80. The mirror 82 is provided with
a reflective coating which has greater reflective properties to the frequency of laser
beam transmitted through the third optical fibre 78 to reduce the possibility of
30 overheating of the mirror 82 and hence the MEMS chip 184. Thus the MEMS mounting
184 provides an adjustable mounting which is arranged to change the angle of the

mirror 82 relative to the axis of the at least one lens 80. The adjustable mounting, the



15around a conponent within the gas turbine engine, or other engine,
machi ne or apparatus, w thout having to nove the working head of the
boroscope. The worki ng head of the boroscope enabl es accurate control
of a | aser beam for |aser processing of a conmponent within the gas
turbi ne engi ne, or other engine, machi ne or apparatus, w thout having
to nove the working head of the boroscope. 20 In an alternative
boroscope, not shown, the first optical fibre 74 surrounds the |aser
optical fibre 78 and provides a cladding for the | aser optical fibre
78. The boroscope nmay be used in gas turbine engi nes, steamturbines,
i nternal 25conbustion engi nes, diesel-#&hgines, aircraft engines, ship
engi nes, | oconotive engines, nuclear reactors, construction sites,
aircraft, ships, trains etc. - 14 - CLAIMS 1. A boroscope

conprising a working head, the working head having a first end and a
second e ng‘E“é‘ﬁ fougting (8¢ camprisasrtwoderrandickigr exrsigetationXisee dsarshibet o
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head, a second optical fibre extending through the boroscope to the
second en@naties the miBPkSAip hecereratad sullisienthauickly torareyide lsserraserging of

t hrough t 2 eaes 6OPe compBhédtor adj ustably nounted on the working
head, the |aser optical PI bre being arranged to direct |aser |ight

transhitted through the |aser optical fibre onto the mrror on the
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the first _end and the second e he wor ki ng head, a second
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as claimed in claim1l in at | east one |ens being arranged

bet ween t KaTiled theprgndhg ”i"l’i’é’%'é%‘éﬁ‘?ﬁ? fona tigre Ranigd whH/ QP?@”H%QGCI theme
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transmtted through the | aser IEtlca i bre onto the at
beam is trarismitted though the third optical fi fbre for a time period of 10 seconds etc.

Other suitable times may be used for transmission and interruption of the laser beam.

The boroscope of the present invention allows the translation of a laser focal point

15 around a component within the gas turbine engine, or other engine, machine or
apparatus, without having to move the working head of the boroscope. The working
head of the boroscope enables accurate control of a laser beam for laser processing of
a component within the gas turbine engine, or other engine, machine or apparatus,

without having to move the working head of the boroscope.

20
In an alternative boroscope, not shown, the first optical fibre 74 surrounds the laser
optical fibre 78 and provides a cladding for the laser optical fibre 78,
The boroscope may be used in gas turbine engines, steam turbines, internal

25 combustion engines, diesel engines, aircraft engines, ship engines, locomotive engines,

nuclear reactors, construction sites, aircraft, ships, trains etc.



| east one lens within the working head and then onto the mirror on

t he working head. 3. A boroscope as clained in claiml or claim?2
wherein the mrror being adjustably nounted to the second end of the
wor ki ng head. 4. A boroscope as clained in claiml, claim2 or claim
3 wherein the boroscope 20conprising a flexible hollow nenber having
a first end and a second end, a working head being arranged at the
second end of the hollow nenber, the working head having a first end
adj acent the second end of the holl ow nmenber and a second end renote
fromthe holl ow nmenber, a first optical fibre extending through the
hol | ow nenber fromthe first end of th&tholl ow nenber to a position
between the first end and the second 25 end of the working head, a
second optical fibre extending through the holl ow nmenber and the
wor ki ng head fromthe first end of the hollow nenber to the second
end of the working head, a | aser oth&éEEEibre ext endi ng through the
hol I ow nenber fromthe first end to the second end of the hollow
menber. 5. A borosco e as clainmed jn claiml1, claim2, claim3 or

clai m 4 wher ei/hPPIRECIRE OAMPEG NOghorkinghead; @emwﬂg@%ﬁqf&vm%&rﬁt prcpRd

with a coapes&it e, adirét%hd:al’ﬂbrfer@dflﬁféﬁfg&ﬁrdu@h&ﬁ!ﬁbcﬂ&é&)p@fto b"p@smon
boroscope the end_of the first rPtlcal fibre is arran to receive

i ght® t r abeMerRdhafithend shiheserr do?”dcﬂfr“éec‘f"P@Wgt'}eé‘Hs%é‘g%oé'dt%?“?ﬂé'bﬁ’x| s

of the boéﬁt&ﬁdlﬁgihrblh@ the bbﬁascoﬁ@ibQHéi sbéddtend U iEEwbrRingHead S Riséoptical
di rect ght wth a conE q}ﬁnb of direction Farallel to the axis. of
t he boros S S ENGINGHBrONHR ther PArAREORE B AU G USRI MBvrRied en dhe Warkied t o

recei ve | hgad, the R¥el dpting fibrd be.ﬁg aﬂamﬁatdur@&t |§Berrﬂgﬁtlt@rnsm&realtmhgﬁ fhe
the axis of the bofrosco osc e as, claimed in

Cl'ai e 1 BSCEORlsaI R 0N M Y G Aod00 P &Gt JpM R aLBAEeY Pight
sour g COﬁ’@illlcﬁ*ﬁﬁetﬁleém ﬂﬂtflrﬁmnﬁtdnﬂghéjBMd end of helsrria th@@d asseebad igd
in any of clains wher ei Q g ¢ rro | &Justa nount ed on
{he- SbconBOUARABAMIREANIES RGO RRAa" B wETH BRI B AR Sevee G
bor oscopeadgstcth@pbsitlon oF thé glirsdr/ wherein the actuator deV| ce conpri ses
a gal vanoget er gecfslgondesanél claimed in claim 1 wherein at least one lens being arranged
between the first end and the second end of the working head, the laser optical fibre
15 being arranged to direct laser light fransmitted through the laser optical fibre onto the at
least one lens within the working head and then onto the mirror on the working head.
3. A boroscope as claimed in claim 1 or ¢laim 2 wherein the mirror being adjustably
mounted to the second end of the working head.
4, A boroscope as claimed in claim 1, claim 2 or claim 3 wherein the boroscope
20 comprising a flexible hollow member having a first end and a second end, a working
head being arranged at the second end of the holiow member, the working head having
a first end adjacent the second end of the hollow member and a second end remote
from the hollow member, a first optical fibre extending through the hollow member from
the first end of the hollow member to a position between the first end and the second
25 end of the working head, a second optical fibre extending through the hollow member
and the working head from the first end of the hollow member to the second end of the
working head, a laser optical fibre extending through the hollow member from the first
end to the second end of the hollow member.
5. A boroscope as claimed in claim 1, claim 2, claim 3 or claim 4 wherein the first
30 light source is arranged 1o direct light with a component of direction transverse to the
axis of the boroscope, the end of the first optical fibre is arranged to receive light

travelling with a component of direction transverse to the axis of the boroscope, the



109. A boroscope as clainmed in any of clains 1 to 6 wherein the mrror
I s adjustably nmounted on the second end of the working head by a

m cr o- el ectro-nmechani cal system and the actuator device conprises the
m cro- el ectro-mechani cal system 10. A boroscope as clainmed in
any of clains 1 to 9 wherein a pipe extends through the boroscope to
a position between the first and second ends of the working head and
15a device is arranged to supply powder material through the pipe.

11. A boroscope as clainmed in any of clains 1 to 10 wherein the first
optical fibre surrounds the laser optical fibre and provides a
cladding for the laser optical fibre.-182. A boroscope as clained in
any of clains 1 to 11 wherein the working head conprises a first
cylindrical portion at the first end of the working head, a second
part 20cylindrical portion at the second end of the morklng head and
a third p8fandHghtRosreedhAEaRgssodiectighbvitty comapneri Pt gitsctipbRarshel t@ he
second pafHe £3¢ dfeE b&rdbcdperdndaRe end 8 thés@é&rﬁﬁﬁﬁﬁ@ﬁ fidfe i&laflafBEY totebdid M

12 wherein the first light source and the at |l east one |ens are
arr anged |'Q{‘tt”ﬁée'\‘09r with 8 piRaRsE &f difrstien aarallelie thecrdhnef the BAOSSWE: ce

and the nprrora Bé@sedpedyddsmen id B8, sesand 1R8stwiaréih Wﬁ@ﬁlghp%drd:é’n
2514. A boroscope substantially as herei nbefore descri bed

r ef er®nce2dHoLHE sgeoncHishhseuwics FRMRIESES AL PRI di9engs. 15 A met hod

of laser procespbrdscabetairamentn iy & dhiRb 126 Seiftk@f tRPBRFoR i isdjudtiigy
appar at usm%gg\@pl sing a casi ng_encl osj n%eﬂhe conponent, the casing

having at 051Be ggrand Fng b feeMerking Pead Py atQ‘ﬂ"B%IEH MYMINGret hod
conpri sing: - Sﬂaarosmratsl dMimad RPEISSE P AP etdiy PleGHtUaie RPRE LbMBrisdse
bor oscope c risin wor ki ng head, the working head having a first

end and a%d¥ te) ecr&‘”fﬁ”? st optlcal fibre extending through the

bor oggopegt o & B@@b&dﬁé@sﬂﬁélm&m érﬁ}ﬁoffdld”ﬁab 1686 vHfeih iR rﬁﬁﬁb@%dedjustétﬁ'y
end of the workin a second tical fibre extendi ng through the

bor oscope ”PH"tteHé’”gE% 8?&9”8 fpdsf ”‘ted’éor PRFAY Phadacroeledwamneeanicahpystem

fibre extgnrdinatctlterzhick RembRS&SHe PAcroldBtiolféchaficdsdyaliny, mount ed on
t he wor ki n& head, the | aser Btlcal fihbre being arranged to direct

laser |igh? t ARYRPIIPEASITRBELEN 2ol cABr 1dpOivingrein ke Bxienssithough

m rror ontHel@roscope to a position between the first and second ends of the working head and

15 a device is arranged to supply powder material through the pipe.
11. A boroscope as claimed in any of claims 1 to 10 wherein the first optical fibre
surrounds the laser optical fibre and provides a cladding for the laser optical fibre.
12. A boroscope as claimed in any of claims 1 to 11 wherein the working head
comprises a first cylindrical portion at the first end of the working head, a second part

20 cylindrical portion at the second end of the working head and a third portion
interconnecting the first cylindrical portion and the second part cylindrical portion.
13. A boroscope as claimed in claim 12 wherein the first light source and the at least
one lens are arranged in the first cylindrical portion, the second light source and the
mirror are arranged on the second part cylindrical portion.

25 14. A boroscope substantially as hereinbefore described with reference to and as
shown in the accompanying drawings.
15. A method of laser processing a component within an assembled apparatus, the
apparatus comprising a casing enclosing the component, the casing having at least one
aperture extending there-through, the method comprising:-

30 a) inserting a boroscope through the aperture, the boroscope comprising a
working head, the working head having a first end and a second end, a first coptical fibre

extending through the boroscope to a position between the first end and the second



5 working head, a first light source arranged at a position between
the first end and the second end of the working head, a second |ight
source arranged at the second end of the working head and an actuator
device to adjust the position of the mirror, b) view ng the assenbl ed
apparatus within the casing using the second optical fibre, 10c)

view ng the assenbl ed apparatus within the casing using the second
optical fibre while noving the working head of the boroscope to the
conmponent, d) transmtting a | aser beamthrough the | aser
optical fibre to the mrror, e) reflecting the | aser beam of f
the mirror onto a surface of the conpot@nt to process the surface of
t he conponent, and 15f) viewi ng the surface of the conponent and the
| aser beamw th the first optical fibre to monitor the processing of
t he surface of the conponent. met hod as clained in claim15

A
wher ei n sfBPOEYeNRTIERY Sead, é‘cﬁeﬁg"ﬂq erficelibre sxtendipg thpugh ibe bprasserq 1 the

nove the Lagfl Paammiesrking®eadrd RS&r dﬁtlcélhi%ré?@;fm%iﬁij\ﬂwrougﬂhe PorBédped
as claimed in claim15 or claim 16 wherein step e) rises cleaning

20t he sur ﬁé‘(",‘ﬂ%?dl‘ﬂﬂ%b'lém?ﬁm?@rﬂ” the ygrking hgads i 'ﬁ%eré’PH‘i’ ibrejheing aiTanoed

or cl ai m ifdikdteastnighb®afehifss HRSUGhARP [HsELSptRalLRE oA R firitd ohiih@ugh
the boroscope to a pagsition between the first and second ends of the

wor kithg h¥Reknghead. adist dghtisoueaiizgasd el BeANPSuaRENe fiEtepd and the

through t BgcdhdRMd RBé ﬁérﬁiﬁg%a&Ch"%doﬁ@ﬁgr&%mcléld’ﬂ&n@e@@ﬂﬂ@"seéﬁﬂd@dda:lf
through the pipe onto the Z25surface of the conponent and nmelting the

powder mafherwelkingiheRd eRd ap gekiatas ggwice toragliush thrpriten4d tha mirved i n

cl ai m 18 wher &i)RiewifPthe)assSiBlet 2para Rt Ble da¥RY dbiRg tHEPdbhAbplical
wel d the conponent, to repair a crack in the conponent, to weld the

conponent fibrg. anot her conponent or to build up a worn portion of the
conpegent . 2Q:) vidwiR] the hsagmblediappatatus vﬁih&i tﬁbl:gsM@Qéﬁg thesdeRBné bptical

conpri ses _supply a coati n 30materi a de a coating on the
conmponent fllarle u{t)rglerr%cgl gthg v%lg H@aq)q)f tlaqa@oroscop% to the component,
d}) transmitting a laser beam through the laser optical fibre to the mirror,
e} reflecting the laser beam off the mirror onto a surface of the component to
process the surface of the compenent, and
15 f} viewing the surface of the componeni and the laser beam with the first optical
fibre to monitor the processing of the surface of the component.
16. A method as claimed in claim 15 wherein step e) comprises adjusting the
position of the mirror to move the laser beam over the surface of the component.
17. A method as claimed in claim 15 or claim 16 wherein step ) comprises cleaning
20 the surface of the component.
18. A method as claimed in claim 15 or claim 16 wherein the boroscope comprises a
pipe extending through the boroscope to a position between the first and second ends
of the working head and a device is arranged to suppiy powder material through the
pipe, and step e) comprises supplying a powder material through the pipe onto the
25 surface of the component and melting the powder material with the laser beam.
19. A method as claimed in claim 18 wherein step €) comprises supplying a welding
material to weld the component, to repair a crack in the component, to weld the
component to another component cr to build up a womn portion of the component.
20. A method as claimed in claim 18 wherein step e) comprises supplying a coating
30 material to provide a coating on the component or to repair a coating on the

component.



conmponent. -17- 21. A nethod as clainmed in any of clains 15 to 20
wherein the assenbl ed apparatus conprises a gas turbine engine. 22.
A nethod as clainmed in claim?21 wherein the conponent conprises a
conpressor bl ade, a conpressor vane, a turbine blade or a turbine
vane. 523. A nethod of |aser processing a conponent within an
assenbl ed apparatus substantially as hereinbefore described with
reference to the acconpanyi ng draw ngs.

-17 -

21. A method as claimed in any of claims 15 to 20 wherein the assembled apparatus
comprises a gas turbine engine.
22. A method as claimed in claim 21 wherein the component comprises a
compressor blade, a compressor vane, a turbine blade or a turbine vane.

5 23. A method of laser processing a component within an assembled apparatus

substantially as hereinbefore described with reference to the accompanying drawings.



