- 1 - A BORCSCOPE AND A METHOD OF PROCESSI NG A COMPONENT W THI N AN
ASSEMBLED APPARATUS USI NG A BOROSCOPE The present invention
relates to a boroscope and a nethod of processing a conponent 5w thin
an assenbl ed apparatus in particular relates to a flexible boroscope
a nmet hod of processing a conponent within an assenbl ed apparat us
using a flexible boroscope. Currently boroscopes are used to view

I nternal conponents within an assenbl ed gas turbi ne engine, or other
engi ne, machi ne, apparatus etc, to determne if the toconponents

wi thin the gas turbine engine are damaged and need repair or if they
are undamaged and do not require repair.- The use of boroscopes
enabl es the conponents within the gas turbine engine, or other

engi ne, machi ne, apparatus etc, to be viewed without having to

di sassenbl e the gas turbine engi ne i nto nodul es or sub npdul es.
15There ar ej;qsg%mme ANDHA METHOR OF PROCESSINGA GOMRONENT MATHIN AN

f1exibl'e boroscopes. AisimrPEHOSIORNEATES DSINESA BRikoSeepen assenbl ed
appar atus through anmrmgﬁin-g—mm ents within
i ne of sight to be viewed. Flexible boroscopes are also inserted
into an a&‘rﬁ@ﬁt&seqt |ﬁ\FH?ﬁ‘|BﬁTré|§teElMQHSrt&s SRES F-Hé%o'drbftphfcegé}ﬁ%ggoﬁﬂgnéﬁ?e
boroscope may be continuously Inserte manoeuvred SO

conpohent yltﬂéé\@eﬁsswmeﬂ t#PR23ME 1&99@ﬁd90@13t%@ itaxithe berogcapersemgthod of
si ght, of )tREaREL E%Foﬁ@ﬁ( \n}ﬂﬁm\ﬁn%gmbfgﬁ%pi)él%ﬂsm% &GO BEDs pPe
nanoeuvred or controlled, using cables wthin the boroscope |c

are pulled by notors in the control unit of the flexible boroscope.
25Gas tur @hﬂ@n%r@&%p@é sreq&wItgeﬂw%t%ma@e&neaném%r@.tﬁzﬁ B Ebé@nﬁtﬂﬁl gas
probes. Atip timng probe is located in a recess in the rad

i nner surﬂﬁ@ée@ﬂ@aecﬁ§ﬂﬁ§e§9mﬁdvﬁﬂﬂwgaﬂpgﬁﬁﬁéﬂ%ﬂoééﬁﬁﬁ@gﬁﬁhebIades or
a stage OEoﬁFérmn'fsewfﬂlnﬁ‘@?esgasAuFle% drigiie\te RaRRG 4 §n@hé@d193%g|rbplf H{é%\éirge
an electrical signal when a rotating blade passes. The electrical
signal s abedaipagepand qoonql SRQIrgiraRaiR hidel useaf Q'fOSWFtﬁSaﬁtﬁaBHS(tﬁe ¢qaponents

rotating RhrASSe gas turbine engine, or other engine, machine, apparatus etc, to be viewed

without having to disassemble the gas turbine engine into modules or sub modules.

15 There are two types of boroscopes, there are 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
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

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

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

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

25 Gas turbine engines are provided with one or more tip timing probes. A tip timing probe
is located in a recess in the radially inner surface of a casing surrounding a stage of
compressor blades or a stage of turbine blades. A tip timing probe is arranged to
provide an electrical signal when a rotating blade passes. The electrical signals are
analysed to determine the level of vibration of the rotating blades.

30
A problem associated with the tip timing probes is that the recess within which a tip

timing probe is located quickly becomes dirty, that is material collects in the recess



30 - 2 - radially between the tips of the blades and the tip timng
probe. Thus, the useful working life of the tip timng probe is
limted. It has been proposed in JP10272097A to provide a flexible
drive shaft extending 5through a flexible boroscope to a brush. The
brush may be used to clean the inside of a conduit. It has been
proposed in US5644394 to provide a flexible drive which extends
through the full length of a rigid tube to a tool and a rigid

bor oscope. The flexible drive may be 10used to drive the tool to
process conponents within the gas turbine engine, other engine,

machi ne, apparatus etc, e.g. to machi Rr@-a danaged conponent. An
external notor is used to drive the drive shaft. Sim |l ar arrangenents
are proposed in US5102221 and US5475485. 15 A problemwi th these
arrangenents is that the external notor and flexible drive shaft may

produce hesliallyeprecarine Hameigee blademanshiedipdispes spbec dhus. the usefi|

further p{;vgm,%mfégf%gq,btmﬁg{Jogéllgi,ﬁtéarlve shafts may not have a
sufficiently small diameter to be able to pass through an aperture in

the casing of the apparatus. An additional problemis that 20 the
flexible thhﬁ& be@n”‘ﬁrotpgsélﬁn'm@ZmﬁArtQBWdesé)ﬂéc?blé‘Qﬁvé Qwa‘f@é&erfamg and

this generally add I ght and i ncreases di anet er of
bor osttopethagighi %ﬂ@’@&% PRGSEPRE RiaRrHem BFQ&WE'%W%ﬁetlﬁ@d é?)@'?@@ﬂ’@ ingideeigh

whi ch t hezbgragcope may be used. Accordi ngly the present
i nvention seeks to provide a novel boroscope which reduces,
25preferably overcomes, the above mention problen(s). Accordingly the

present | ﬁ‘ﬁ@@bb@rﬁ‘pr@é’édﬁ%ﬂJ@Sd@%@@F&%wB@% ifB@bR drive Whidsktéd tfrough
second end, the first end of the boroscope having an optical fibre

and a li gPﬂe fulblgngd of & rigist ’k’ibﬁéo Adegl ape prigidharerares. 1 be fipdbleidrive ”@M@eof
the bprosgaReo dil€ ikl B Pritead chAapbmht®Rithin the gas turbine engine, other

engine, machine, apparatus etc, e.g. to machine a damaged component. An external

motor is used to drive the drive shaft.

Similar arrangements are proposed in US5102221 and US5475485.
5
A problem with these arrangements is that the external motor and flexible drive shaft
may produce heating of and damage to the boroscope optical fibre. A further problem
is that the flexible drive shafts may not have a sufficiently smali diameter to be able to
pass through an aperture in the casing of the apparatus. An additional problem is that
20 the flexible shaft has to be made more robust so as not to wear out and this generally
adds weight and increases the diameter of the boroscope and increasing the minimum

diameter of the aperture through which the boroscope may be used.

Accordingly the present invention seeks to provide a novel boroscope which reduces,

25 preferably overcomes, the above mention problem(s).

Accordingly the present invention provides a boroscope having a first end and a second
end, the first end of the boroscope having an optical fibre and a light source, a working
head being attached to the first end of the boroscope, the working head having an

30 electrical motor, a tool being attached to and being arranged to be driven by the
electrical motor and the boroscope carrying a cable extending from the electrical motor

to the second end of the boroscope.



30el ectrical notor, a tool being attached to and being arranged to be
driven by the electrical notor and the boroscope carrying a cable
extending fromthe electrical notor to the second end of the
boroscope. - 3 - The tool nmay conprise a brush or a nachining tool.
The machining tool may conprise a grinding wheel. 5The cable may
extend through the boroscope fromthe first end to the second end of
t he boroscope. An electrical power source may be connected to the
cable at the second end of the boroscope. 10 The worki ng head may
conprise a first portion and a second portion, the first end of the
wor ki ng head conprising a collar arranged to | ocate on the first end
of the boroscope and the electrical notor being secured to the second
portion of the working head. 15The boroscope may have a bendabl e
section adjacent to the first end of the boroscope. The present
invention also provides a nethod of processing a conponent within an
assenbl ed TRPRRYI %v%om‘i:ﬁ?e 8 PRRhA dSEQITIRG BLNITH: GASHiIMAg B hid§ icBRpk&e
conmponent, the caSing having at |east one aperture extendi ng

t her e- t hr 8@§RINg MBedlet hod conpri si ng: - 20a) inserting a boroscope

t hrough the aperture, the boroscope having a first end and a second
end, the first end of the boroscope having an gptical fibre and a

i ght5 souf @@ calie msvierdrRpdrbayan hekpragaore Fem e fitsiend tq the sependygnd ¢fe
bor oscopeihetdipodtBp&i Ng head having an el ectrical motor, a tool being
attached to and being arranged to be driven by the electrical not or
and the boroscope carrying a cable extending fromthe 25el ectrical
motor to hRRIHANshvRGolfcetsy ROEHTEBRE o the cable e@thé’é&?&w&%nﬁ bethe

assenbl ed apparatus within the casing using the optical fibre,
boroscope.

10
The working head may comprise a first portion and a second portion, the first end of the
working head comprising a collar arranged to locate on the first end of the boroscope

and the electrical motor being secured to the second portion of the working head.
15 The boroscope may have a bendable section adjacent to the first end of the boroscope.

The present invention also provides a method of 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:-
20 a) inserting a boroscope through the aperture, the boroscope having a first end
and a second end, the first end of the boroscope having an optical fibre and a light
source, a working head being attached to the first end of the boroscope, the working
head having an electrical motor, a tool being aftached to and being arranged to be
driven by the electrical motor and the boroscope carrying a cable extending from the
25 electrical motor to the second end of the boroscope,
b) viewing the assembled apparatus within the casing using the optical fibre,
c) viewing the assembled apparatus within the casing using the optical fibre
while moving the working head of the boroscope to the component,
d) supplying an electrical current through the cable to the electric motor,
30 e} driving the tool using the electrical motor,

f} processing the component using the tool, and



c) viewing the assenbl ed apparatus within the casing using the
optical fibre while nmoving the working head of the boroscope to the
conponent, d) supplying an electrical current through
the cable to the electric notor, 30e) driving the tool using the

el ectrical notor, f) processing the conponent using the tool, and -
4 - f) view ng the conponent and the tool with the optical
fibre to nonitor the processing of the conponent. The tool may
conprise a brush and step f) conprises cleaning the surface of the
5conmponent. The tool may conprise a machining tool and step f)

conpri ses machi ning the surface of the4conponent. The tool may
conprise a grinding wheel. 10The assenbl ed apparatus nmay conprise a
gas turbine engine. The conponent nay conprise a conpressor blade, a
conpressor vane, a turbine blade or a turbi ne vane. The conponent may
conprise a ti (@ Yiewinadheewpronenhand ihg teqlmithdhe priisel ke tymapiaitesl in a
recess i NpR-EAHIE the@eghsshetound a stage of turbine blades or
conpressor blades. 15 The boroscope nay have a bendabl e section
between the first end of the boroscope and an adjacent portion of the

bor oscopetnd i) By BeMpHEY a B%Hréna%tébeﬂ)‘%rﬂﬁriée@‘%iéé%fshg%é Surbieldr ¢ Of

the boroscope to provide a 20bend between the fir end of the
bor ostopeC@NePiERE adj acent portion of the boroscope and resting the
adj acent portion agai nst another conponent within the assenbl ed
appar at us. The present invention will be nore fully described

by way of Teiepmay &PiRrisees areshivingtecl 256 sterde eonpiseyimaphaynging garfagenof

whi ch: - the component. The tool may comprise a grinding wheel.

10 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.

The cemponent may comprise a tip timing probe, the tip timing probe being mounted in
a recess in a casing located around a stage of turbine blades or compressor blades.

15
The boroscope may have a bendable section between the first end of the boroscope

and an adjacent portion of the boroscope.

The method may comprise bending the bendable section of the boroscope to provide a
20 bend between the first end of the boroscope and the adjacent portion of the boroscope
and resting the adjacent portion against another component within the assembled

apparatus.

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

25 the accompanying drawings, in which:-
Figure 1 is cut-away view of a turbofan gas turbine engine.
Figure 2 is an enlarged cross-sectional view through a compressor of the turbofan gas

30 furbine engine showing a boroscope being used in a method of processing a
component according to the present invention.



Figure 1 is cut-away view of a turbofan gas turbine engine. Fi gure
2 is an enlarged cross-sectional view through a conpressor of the
t ur bof an gas 30t urbi ne engi ne showi ng a boroscope being used in a
met hod of processing a conponent according to the present invention.
- 5 - Figure 3 is a further enlarged perspective view of the working
head of the boroscope shown in figure 2. Figure 4 is aviewin
the direction of arrow B in figure 3 showng the first end of the
5boroscope. Figure 5 is a further enlarged viewin the direction of
arrow A in figure 2 showi ng the working head of the boroscope being
used in a nmethod of processing a conperent according to the present
invention. 10 Figure 6 is an enl arged cross-sectional view through a
conpressor of the turbofan gas turbine engi ne show ng a boroscope
being used in an alternative nmethod of processing a conponent
accor di ngFiggra his Hivgbeneniargee Rerserctive siew efthe arKingbead ff Hiekoresrprge
10, as shemdwd id flguetpe 1, conprises in flow series an intake 11, a
fan 12, an intermedi ate pressure conpressor 13, a high pressure
conpressor 14, a conbustor 15, a high pressure turbine 16, an
intermedi pigarddd RSPUER i tHelirdBtich/of dfroWORVIAPRRPS §sBowing id@stléhdBdighan
exhaust 19. The high pressure turbine 16 is arranged to drive the
hi gh $r esBYPESPSnpressor 14 via a first shaft 26. The 20 internediate
pressure turbine 17 is arranged to drive the internedi ate pressure
conpressor. 13 via a second shaft 28 and the | ow pressure turbine 18
i s arrangE@Ui%° $rd {ghemgniargad Yiewin sheditegfierioliegv Adpfigyre 25heviagitm
air fl owsworkiny kX df fiebdrodcbpa bdirgSusea ifPa s &xpré&égsifqgta hc%%poﬁeﬁt' rst
e

portion of the air flows through, and is conpressed by,

i nt er medi FPTHPR ISR PREAPIURYERP- 13 and the hi gh pressure conpressor
14 apgl 25 is supplied to the conbustor 15. Fuel is injected into the
combustor _15 and is burnt in the air .to produce hot exhaust gases

whi ch f 1 ofWSHRT & S0 enigrged Froge-seetipaalyigy t'ﬁ?‘é@‘sw%m?ﬁ?ﬁﬁ?rr?éth%t}‘ gas

i nter nedi alrigin® ERGIHS ERoWiHE BiHbRostdp@BEing Sed PVMNHIRFTHIVE mctidd dT@rdddssinge
hot exhaust r%ases | eavin ressure turbine 18 fl ow through

ng the | ow |
t he exhau®t® QO'E'?J“EFWP'H@t?JFrt?p‘lEF%f?r\?@VFﬂtf%”st. A second portion of the
air bypasses the main engine to 30provide propul sive thrust. - 6 -

15 A turbofan gas turbine engine 10, as shown in figure 1, comprises in flow series an
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

20 intermediate pressure turbine 17 is arranged to drive the intermediate pressure
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 portion of the air flows through, and is compressed
by, the intermediate pressure compressor 13 and the high pressure compressor 14 and

25 is supplied to the combustor 15. Fuel is injected into the combustor 15 and is burnt in
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
provide propulsive thrust. A second portion of the air bypasses the main engine to

30 provide propulsive thrust.



The internedi ate pressure conpressor 13, as shown nore clearly in
figure 2, conprises a rotor 36 carrying a plurality of stages of
conpressor rotor blades 38 and a stator 40 carrying a plurality of
stages of conpressor stator vanes 42. The conpressor rotor bl ades 38
in each stage are circunferentially spaced and extend general ly
radially 5 outwardly fromthe rotor 36. The conpressor stator vanes
42 in each stage are circunferentially spaced and extend general ly
radially inwardly fromthe stator 40. The stator 40 al so conprises a
plurality of shrouds 44 axially interconnecting the stages of
conpressor stator vanes 42 and the shréuds 44 are positioned radially
around a correspondi ng one of the stages of conpressor rotor bl ades
38. The stator 40 of the 10 internedi ate pressure conpressor 28 al so
conprlses an outer conpressor casing 50 _and the outer conpressaqr

casi ng 5018 PIEHVEYRE RIERUSHEOBPTEsEPe Tapeist Fhewn 5Pote clgariyvina dgwss 2,
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the electrical notor 72 to the second end 64 of the boroscope 60. The

second el &trical cable 76 in this exanpl e extends through the
bor osgope 60 fromthe first end 62 to the 5second end 64 of the
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30 A working head 70 is attached to the first end 62 of the boroscope 60 and the working
head 70 has an electrical motor 72 and a tool 74 is attached to and arranged to be

driven by the electrical motor 72. The electrical motor 72 and the tool 74 are arranged



15sui tabl e techni ques nay be used, e.g. bolts, screws, fasteners,
glue etc. The boroscope 60 is used to clean material fromthe
recesses 57 in the shrouds 44 which has accunul ated on top of the tip
timng probes 59 located in the recesses 57. 20The present invention
provi des a nmethod of processing a conponent, in this exanple cleaning
the surface of the tip timng probe 59 within the recess 57 within an
assenbl ed gas turbine engine 10. The gas turbine engine 10 conpri ses
i nner and outer casings 58 and 50 respectively, enclosing the tip
timng probes 59. The inner and outer casings 58 and 50 have at | east
one aperture 52, 56 extending there-thriough. 25 The nmethod conpri ses
I nserting the boroscope 60 through the apertures 52, 56, in the outer
and inner casings 50 and 58 respectively in particular the first end
62 of the boroscope 60 is inserted. The interior of the internediate

pressure EBRfA¥L8H rthelghﬂ“’ftt%e‘ﬁ%'@ﬂﬂ@ﬂr Gald Peiticy|an s FTRHIIRE LBV the n
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fibre 67 at the first end 62 of the boroscope 6 The interior of the
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the correct position, as _sh fi.g an electrical current is
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t ool , bru%h 74, e. t he t ool bru?h 74 about its axis of

rot ati on. PPSCIREAT- \gw 'nﬁ efl §0 cenwiisesrinst porfion B0 5nd p seECNsPasion

r endye Ng, sRaKHE M @sBtion $Ch@f tﬁ@h@muagj héardom édﬂ@rfsﬁ@%ﬁ@ollﬁ?m whRhtd p
timng probe 59 and the

5o o) D 2PeRgen gt S irtl g2 o nediorouiosn 0 A7e i lERBca Teteer e

the opti caéched)foahéze@dndtprm&n gB6f tRE tofkéhedd 7. hA NS ELREPIE thd Slectrical

10noni t or the_;em)val c? Lhe material fromthe tip tim n%éorobe 59 in

t he recesoeF 72s periired to the second portion 82 of the working head 70 By shrink wrap 86
which is wrapped around the electrical moter 72 and the second portion 82, but other

15 suitable techniques may be used, e.g. bolts, screws, fasteners, glue etc.

The boroscope 60 is used to clean material from the recesses 57 in the shrouds 44

which has accumulated on top of the tip timing probes 59 located in the recesses 57.

20 The present invention provides a method of processing a component, in this example
cleaning the surface of the tip timing probe 59 within the recess 57 within an assembled
gas turbine engine 10. The gas turbine engine 10 comprises inner and outer casings
58 and 50 respectively, enclosing the tip timing probes 59. The inner and outer casings
58 and 50 have at least one aperture 52, 56 extending there-through.

25
The method comprises inserting the boroscope 60 through the apertures 52, 56, in the
outer and inner casings 50 and 58 respectively in particular the first end 62 of the
boroscope 60 is inserted. The interior of the intermediate pressure compressor 13 of
the assembled gas turbine engine 10 within the casings 50 and 58 is viewed using the

30 end 66 of the optical fibre 67 at the first end 62 of the boroscope 60. The interior of the
intermediate pressure compressor 13 of the assembled gas turbine engine 10 within

the casings 50 and 58 is viewed while moving the working head 70 of the boroscope 60



shroud 44. It is to be noted that the boroscope 60 is arranged such
that it rests on the radially outer surface of the rotor 36 and that
t he boroscope 60 has a flexible, bendable, section 61 15between the
first end 62 of the boroscope 60 and an adj acent portion 63 of the
bor oscope 60 and that the bendable section 61 provides a bend of
approximately 90 between the first end 62 of the boroscope 60 and the
adj acent portion 63 of the boroscope 60. The reactive force of the
tool 74 and the electric nmotor 72 is transmtted through the working
head 70 to the first end 62 of the boroscope 60 and through the 20
bendabl e section 61 to the adjacent por&+ion 63 of the baroscope 60
and finally fromthe adjacent portion 63 of the boroscope 60 into the
rotor 36. The radially outer surface of the rotor 36 nmay be a

radially outer surface of a platformof a conpressor _rotor blade 38
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engi ne. Slm|8 y it may be used to clean the material away froma

tip 5timA 86e in the turbine of a steamturbine, or in the
conpressor or turbine of any other type of turbomachi ne. The bendabl e
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portion i sufRetdtthea@airBstandnidthes berosRpaeIlthasl 4 dxiblé, Ivenassiedekesh 61

appaqsat usbet%v%en the first end 62 of the boroscope 60 and an adjacent portion 63 of the
boroscope 60 and that the bendable secticn 61 provides a bend of approximately 90°
between the first end 62 of the boroscope 60 and the adjacent portion 63 of the
boroscope 60. The reactive force of the tool 74 and the electric motor 72 is transmitied
through the working head 70 1o the first end 62 of the boroscope 60 and through the

20 bendable section 61 to the adjacent portion 63 of the boroscope 60 and finally from the

adjacent portion 63 of the boroscope 60 into the rotor 36. The radially outer surface of
the rotor 36 may be a radially outer surface of a platform of a compressor rotor blade 38

or the actual radially outer surface of the rotor 36.

25 The boroscope 60 may be provided with working heads 70 which have different
lengths, such that the different working heads 70 may be used to clean the tip timing
probes 59 in the shrouds 44 positioned around the different stages of compressor rotor
blades 38. The compressor rotor blades 38 at the upstream of the compressor have a
greater radial length than the compressor rotor blades 38 at the downstream end of the

30 compressor and therefore, and thus a working head 70 is selected such that its length
is appropriate for the radial length of the particular stage of compressor rotor blades 38.



Al t hough the present invention has been described with reference to
using a brush to clean the material away froma tip timng probe in
the conpressor of a gas turbine engine it may be used to clean the
mat erial away from cool i ng passages, or cooling apertures, in a
turbi ne bl ade, a turbine vane, a conbustion chanber wall, a
conmbusti on 15chanber tile or any other turbine conmponent in the
turbine of a gas turbine engine. It my be used to clean the materi al
away froma fuel injector of a gas turbine engine. The bendabl e
section of the boroscope provides a bend between the first end of the
bor oscope and the adjacent portion of -®he boroscope and the adjacent
portion is rested agai nst another conponent within the assenbl ed
apparatus. 20 The present invention nay be used to clean the surface
of any other c onent in an a enblq%gﬁg aratus e.g.. an oi
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62 of the boroscope 160 and the working head 70 has an - 10 -

el ectri caPPRSPYP 72 and a tool 174 is attached to and is arranged to
be drg ven by the electrical motor 72. The el ectri cal notor 72 and the
tool 174 cQaxi a t he el ectrical to
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endh64 of a;ﬁé‘nﬁjlrémmos aobiee bide, ?’hﬁbhé@hné,%cdnﬁbdsh@ﬁcr@fﬁmg@llh@ c@‘nbustlo?
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to the cahl e t cond en rosco .

vor ki g nabS bdibls tetfiad 0PGBS RPfsE iR FovBRs BASaR BeHeER It oy Pibe 52
and the f bersscaperdndahe 8&a0énttpbﬂ|ommflﬁertgard§‘a)@deﬁﬁd tenmijacenhgorfiot Bl rested
84 which is .arran t he fli%jt end 62 of t he boroscope

¢ &ed to Ioc?t%.ot
160 and t AZHY'GEPTPEEPMRIICHF WiHHNiiRe RSP R AHE second portion 82
of tbe working head 70. The bendabl e section 61 of the boroscope 160

provi des ?he? Srrt]agertx)t%\yg'l |gn tmg% bfeI ursSeEi tc(>a ngan 919 surface of any other component in an
assembled apparatus, e.g. an oil rig, a steam turbine, a turbomachine, a ship engine, a
nuclear reactor, an internal combustion engine, an aircraft, a ship, a locomotive etc.
The bendable section of the boroscope provides a bend between the first end of the
25 boroscope and the adjacent portion of the boroscope and the adjacent portion is rested

against another component within the assembled apparatus.

An alternative boroscope 160 is shown more clearly in figure 6. The boroscope 160 is
similar to that shown in figures 3 to 5 and like parts are denoted by like numerals. The
30 boroscope 160 has a first end 62 and a second end 64 and the first end 62 of the
boroscope 160 has an optical fibre 66 and light source 68. A working head 70 is
attached to the first end 62 of the boroscope 160 and the working head 70 has an



15t he boroscope 160 and the adjacent portion 63 of the boroscope 160
and the adjacent portion 63 is rested agai nst anot her conponent
within the assenbl ed apparatus. In this exanple once the boroscope
160 is located in the correct position relative to a conponent within
t he assenbl ed gas turbine engine 10 an electrical current is supplied
20t hrough the cable 76 to the electrical notor 72 to drive the
grindi ng wheel 174. The grinding wheel 174 nay be used to grind the
surfaces of conpressor bl ades, conpressor vanes, turbine blades or
turbi ne vanes. The grinding wheel nay be used, to grind conpressor

di scs, conpressor drums, turbine discs'®f a gas turbine engine, in
particul ar the bal ancing | ands of these conponents or to grind shafts
of a gas turbine 25engine. O her tools nay be provided on t he worki ng
head and drlvenrg% the electric potor drills, cutters,
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when the work has been conpl et ed.
In this example once the boroscope 160 is located in the correct position relative to a
component within the assembled gas turbine engine 10 an electrical current is supplied
20 through the cable 76 to the electrical motor 72 to drive the grinding wheel 174. The
grinding wheel 174 may be used to grind the surfaces of compressor hlades,
compressor vanes, turbine blades or turbine vanes. The grinding wheel may be used,
to grind compressor discs, compressor drums, turbine discs of a gas turbine engine, in
particular the balancing lands of these components or to grind shafts of a gas turbine

25 engine.

Other tools may be provided on the working head and driven by the electric motor, for

example drills, cutters, polishers etc.

30 The present invention may be used to machine the surface of any other component in

an assembled apparatus, e.g. an oil rig, a steam turbine, a turbomachine, a ship



The axes of the electrical notor and the tool, e.g. the rotational
axes of the electrical 25notor and the tool, are arranged coaxially
as discussed previously. The rotational axes of the electrical notor
and the tool are also arranged coaxially with the axes of the first
end of the boroscope and the collar of the working head as shown in
figures 2, 3, 5 and 6. The rotational axes of the electrical notor
and the tool nmay be arranged noncoaxially wth the axes of the first
end of the boroscope and the collar of the working 30 head and the
wor ki ng head may have an el bow to provide a better view of the tool,
the electric nmotor and the conponent ftbmthe end of the optical
fibre at the first end of the boroscope. - 12 - The outer dianeter
of the electric nmotor is the same as or snmaller than the outer

di ameter of the collar of the morkln head as_shown in figures 2, 3,
5 and 6 t BNYRKR RMAGRE rRAck: 77 igrprl &P%PHSH?QS%‘QN% Bughcrafie %B%rac ur e(s)
in the ca&bamo@ﬁgabe assenbl ed appar at us. 5 An advant age of the
present invention is that there is no need to have a flexible drive
shaft extendi ng through the boroscope to drive a tool at the end of

t he boros mmack Anedikkemagdyé ploseed ios tﬁélﬁiafﬁdﬁhed@b@thb aidvtétto bhspIé lmpskd e
drive_ shaft ces .he t| of an e?(ﬂmage to the boroscope opti cal

fibre Aﬂ?ﬁﬂ |"§°'15'H3 e deletion of the 10 flexible
drive shaft enabl es the di anet er and wei ght of the boroscope to be

reduced and hence enabl e bor oscope, to ou mal | e
i ot or - AS gRels B averdy bl GoRore RRY 4 BENERCI WorkiRe PEags e 1
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10 discussed previously the collar of the first portion of the working head is arranged to
locate on the first end of the boroscope and the collar is removably located on the first
end of the boroscope. The callar is cylindrical and the inner surface of the collar has
substantially the same diameter as the outer surface of the first end of the boroscope
as seen in figure 4. The second portion of the working head extends way from the first
15 end of the boroscope and away from the remainder of the boroscope, as seen in figures
3 and 5. The electric motor and the tool are spaced from the first end of the boroscope
as seen in figures 3 and 5 and this enables the tool, brush or machining tool, and the
component, compressor blade, compressor vane, turbine blade, turbine vane, tip timing
probe in a recess in a casing located around a stage of compressor blades or a stage
20 of turbine blades etc. to be viewed using the end of the optical fibre at the first end of
the boroscope. The working head may be removed from the first end of the boroscope
when the work has been completed.

The axes of the electrical motor and the tool, e.g. the rotational axes of the electrical

25 motor and the tool, are arranged coaxially as discussed previously. The rotational axes
of the electrical motor and the tool are also arranged coaxially with the axes of the first
end of the boroscope and the collar of the working head as shown in figures 2, 3, 5 and
6. The rotational axes of the electrical motor and the tool may be arranged non-
coaxially with the axes of the first end of the boroscope and the collar of the working

30 head and the working head may have an elbow to provide a better view of the tool, the
electric motor and the component from the end of the optical fibre at the first end of the
boroscope.



50f the boroscope, the working head having an electrical notor, a
tool being attached to and being arranged to be driven by the

el ectrical notor and the boroscope carrying a cable extending from
the electrical notor to the second end of the boroscope. 2. A
boroscope as clainmed in claim1l wherein the tool conprising a brush
or a machining tool. 103. A boroscope as clained in claim?2 wherein
the machi ning tool conprising a grinding wheel. 4. A boroscope as
claimed in claiml1, claim2 or claim3 wherein the cabl e extending

t hrough the boroscope fromthe first end to the second end of the
boroscope. 5. A boroscope as clainmed-1A-any of clainms 1 to 4 wherein
an el ectrical power 15source being connected to the cable at the
second end of the boroscope. 6. A boroscope as clained in any of
claims 1 to 5 wherein the working head conprising a fiyst portion and
a second pB? PP‘Sh,g'af’Wéerf"if e elegiic %Pto{ FethRSPRRRS %gﬁlﬁ“%ﬁﬁ? i qrdera
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el ectrical tor bein secu&ed to the secon ortion of the working

d f
head. 207M& %@B%Q%Ba%lt ol theaRahyress) Ig g Asing Af esasisEédn t he
el ectri cahppaii@s. and the tool being arranged coaxially. 8. A boroscope
as clainmed in any of clains 1 to 7 wherein the boroscope having a
bendabl e section between the first end of the boroscope and an
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t hr owgh t hexislparivaisieaft ériddldean® diaaieteradiwiigh of iheor®@pe to be reduced and
hence enables the boroscope to pass through smaller diameter apertures in the casing

of an apparatus.



and a second end, the first end of the baroscope having an optical
fibre and a Iight source, a working head being attached to the first
end of the boroscope, the working - 14 - head having an el ectrical
notor, a tool being attached to and being arranged to be driven by
the electrical notor and the boroscope carrying a cable extending
fromthe electrical notor to the second end of the boroscope,

b) view ng the assenbl ed apparatus within the casing using the
optical fibre, 5c) view ng the assenbl ed apparatus within the casing
using the optical fibre while noving the working head of the
boroscope to the conponent, d) supplytfd-an electrical current

t hrough the cable to the electric notor, e) driving the tool using
the electrical notor, f) processing the conponent using the tool, and
f) view ng the conponent and the tool with the optical fibre to
nonitor the processing of the conponghﬁﬂﬂ§ll. A nmethod as clainmed in
claim 10 wherein the tool conprises a brush and step f) conprises
cleaning the surface of the conponent. met hod as clainmed in

clai m 10 hher & ROPREPPEJHVINGGHFT wiang! %ﬁﬂqnﬁ ﬁﬁa the Hrst erdiptihe beppsegpe

conpri seshamsdan bpikal fiste 2nt faat quréeh% w*&mag Re&d beméanaaqe@&é 'ﬂﬂsdﬁ@tsend
clainmed in claim 12 wherein the tool nprises a %I’I ndi ng wheel

A method &NE PATaRERPS eagrking Nopd kg GNeieoTsel, mefds: opHeEBE Sl
appar at us a®@bp#ihg aRangeddiddeldiivBh BE R @k&Beal motor and tﬂ@boresée?iemaﬁymg a
clainmed in (fl aim 14 wherein the conponent conprises
cable extending from the electrical motor to the second end of the boroscope.
2. A boroscope as claimed in claim 1 wherein the tool comprising a brush or a
machining tool.
10 3. A boroscope as claimed in claim 2 wherein the machining tool comprising a
grinding wheel.
4, A boroscope as claimed in claim 1, claim 2 or claim 3 wherein the cable

extending through the boroscope from the first end to the second end of the boroscope.

5. A boroscope as claimed in any of claims 1 to 4 wherein an electrical power
15 source being connected to the cable at the second end of the boroscope.
6. A boroscope as claimed in any of claims 1 to 5 wherein the working head

comprising a first portion and a second portion, the first end of the working head
comprising a collar arranged to locate on the first end of the boroscope and the
electrical motor being secured to the second portion of the working head.

20 7. A boroscope as claimed in any of claims 1 to 6 wherein the electrical motor and
the ool being arranged coaxially.
8. A boroscope as claimed in any of claims 1 to 7 wherein the boroscope having a
bendable section between the first end of the boroscope and an adjacent portion of the
horoscope.

25 9. A boroscope substantially as hereinbefore described with reference to and as
shown in the accompanying drawings.
10. A method of 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 having a first end
and a second end, the first end of the boroscope having an optical fibre and a light

source, a working head being attached to the first end of the boroscope, the working



20conpressor bl ade, a conpressor vane, a turbine blade or a turbine
vane. 16. A nethod as clainmed in claim14 wherein the conponent
conprises atip timng probe, the tip timng probe being nounted in a
recess in a casing |ocated around a stage of turbine blades or a
stage of conpressor bl ades. 17. A method of processing a
conponent wi thin an assenbl ed apparatus 25substantially as

her ei nbef ore described with reference to the acconpanyi ng draw ngs.

-14 -

head having an electrical motor, a tool being attached to and being arranged to be
driven by the electrical motor and the boroscope carrying a cable extending from the
electrical motor to the second end of the boroscope,
b) viewing the assembled apparatus within the casing using the optical fibre,
5 c) viewing the assembled apparatus within the casing using the optical fibre
while moving the working head of the boroscope to the component,
d) supplying an electrical current through the cable to the electric motor,
e) driving the tool using the electrical motor,
f) processing the component using the tool, and
10 f) viewing the component and the too! with the optical fibre to monitor the
processing of the component.
11. A method as claimed in claim 10 wherein the tool comprises a brush and step f)
comprises cleaning the surface of the component.
12. A method as claimed in claim 10 wherein the tool comprises a machining tool
15 and step f) comprises machining the surface of the component.
13. A method as claimed in claim 12 wherein the tool comprises a grinding wheel.
14. A method as claimed in any of claims 10 to 13 wherein the assembled apparatus
comprises a gas turbine engine.
15. A method as claimed in claim 14 wherein the component comprises a
20 compressor blade, a compressor vane, a turbine blade or a turbine vane.
16. A method as claimed in claim 14 wherein the component comprises a tip timing
probe, the tip timing probe being mounted in a recess in a casing located around a
stage of turbine blades or a stage of compressor blades.
17. A method of processing a component within an assembled apparatus

25 substantially as hereinbefore described with reference to the accompanying drawings.



