- 1 -+ Inspection Arrangenent Field of the Invention 5The present
tnvention relates to inspection arrangenents and nore particularly to
i nspection arrangenents for inspection internal conponents of gas
turbi ne engi nes. Background to the Invention Referring to Fig. 1, a
gas turbine engine is generally indicated at 10 and conprises, in
10axi al flow series, an air intake 11, a propul sive fan 12, an

i nternmedi ate pressure conpressor 13, a high pressure conpressor 14, a
conmbustor 15, a turbine arrangenment conprising a high pressure
turbine 16, an internediate pressure turbine 17 and a | ow pressure
turbine 18, and an exhaust nozzle 19. -15The gas turbine engine 10
operates in a conventional manner so that air entering the intake 11
is accelerated by the fan 12 which produce two air flows: a first air
flowinto the internedi ate pressure conpressor 13 and a second air

fl ow whi ch provides propulS|veEEHEQQL__mHEHEEEEEnEdiate pressure
conpressor conpresses the air flow directed into it before delivering
that air to the hlgh pressure conpressor 14 where 20furt her

conpr essi BEIA iR InyeRliod.  The conpressed air exhausted fromthe high
pressure conpressor 14 is directed into the conbustor 15 where it is
m xed with fuel and the m xture conbusted. The resultant hot

combust i ohNHPEEERIIRVantiem relstas nsraciior Arrangameantearshyiots pasticulariydoni gh,
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exhausted through the nozzle 19 to provide addltlon propul sive
thrust. The high, internediate and | ow pressure turbines 16, 17 and
18 r especBadi@otndtb W lhaghtlihgh and internedi ate pressure conpressors
14 and 13_and, the fan 12 by suitable interconnecting shafts 26, 28,
30. 301 n BF&gats Figvdr 6\9@5é@%’ﬂﬁﬁ”%.'Eemqneﬂlqut?%tp@q'&mf&@% finj s
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operation. It is known. to use such techni ques as
compressor 13, a high pressure compressor 14, a combustor 15, a turbine arrangement

comprising a high pressure turbine 16, an intermediate pressure turbine 17 and-a low

pressure turbine 18, and an exhaust nozzle 19.

15 The gas turbine engine 10 operates in a conventional manner so that air entering the
intake 11 is accelerated by the fan 12 which produce two air flows: a first air flow into
the intermediate pressure compressor 13 and a second air flow which provides
propulsive thrust. The intermediate pressure compressor compresses the air flow
directed into it before delivering that air to the high pressure compressor 14 where

20 further compression takes place.

The compressed air exhausted from the high pressure compressor 14 is directed into
the combustor 15 where it is mixed with fuel and the mixture combusted. The resultant
hot combustion products then expand through, and thereby drive, the high, intermediate
25 and low pressure turbines 16, 17 and 18 before being exhausted through the nozzle 19
to provide additional propulsive thrust. The high, intermediate and low pressure
turbines 16, 17 and 18 respectively drive the high and intermediate pressure
compressors 14 and 13 and the fan 12 by suitable interconnecting shafts 26, 28, 30.

30 In order to improve design as well as confirm performance it is advantageous to inspect
parts of a gas turbine engine during operation. It is known to use such techniques as

boroscoping which acts in a similar manner to an endoscope and so allows images to



bor oscopi ng which acts in a simlar manner to an endoscope and so
allows images to - 2 - be obtained. Cenerally such inspection tools
I nclude a flexible or rigid shaft which is inserted into an engi ne or
through a suitable inspection port. Qbservations are then nade
remotely either directly by |ooking down a scope into an inspection
volune or indirectly by attaching a canmera onto the exposed end of

t he endoscope and observing 5the image on a TV canera. It wll also
be understood alternatively a canmera can be placed at the distal end
of the scope and steered into a viewable position by appropriate
mani pul ati on of the associated flexibk@-or rigid shaft in such
circunstances acting as a positioning tool. It will also be
understood that such areas nay be dark or inappropriately |lighted and
in such circunstances a |lighting element will also be 10provided at
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to a desired observation point may reqU|re steering with

Unfortunately use of scopes has limitations in terms of their action. It will be
understood that steering the distal end through which images are viewed either directly
or indirectly requires manipulation of the scope. It is difficult to steer a scope with an

15 overall length of action which is greater than approximately five meters. These
difficulties are due to:
a) Steering of the scope is via a near point hand piece which will act conveniently
over a large distance, such as two to five meters. The weight of the end manipulated
becomes effectively greater and so handling becomes progressively more difficult;

20 b) There is a problem of fouling, trapping, cafching or dragging of the scope sheath
as it progresses to a desired observation point;
c) It will be understood that the sheath of the scope may fall into voids and in such
circumstances the scope may become stuck;
d) Obstacles in the path to a desired observation point may require steering with

25 relatively severe curvatures in the scope sheath which again can cause seizing of the
probe in use;
e) Generally there are a limited number of access points into an engine and in such
circumstances it is quite common to need to have an abrupt change in direction of the
scope in order to gain access to the desired observation point again creating severe

30 difficulties with regard to jamming of the probe. One component which has been found

to be particularly difficult to access using conventional arrangements is the 6 stage of



25relatively severe curvatures in the scope sheath which again can
cause seizing of the probe in use; e) Cenerally there are a limted
nunber of access points into an engine and in such circunstances it
is quite common to need to have an abrupt change in direction of the
scope in order to gain access to the desired observation point again
creating severe 30difficulties with regard to janm ng of the probe.
One conponent whi ch has been found to be particularly difficult to
access using conventional arrangenents is the 6t1li stage of - 3 -
the high pressure conpressor 14 (HP6). This is particularly

probl ematic, as the HP6 nmay need to be3regularly inspected. In view
of the above it is generally difficult to place a scope with its

di stal end at a 5desired observation area. Furthernore even with
highly skilled operators it can be difficult to avoid problens

par ti cul atEhighspressuig eempesariyl 4dEEG). Tikeis partisularly aroplesatiesas the HRE
terns of mggﬁggﬁh,@@&bg@ﬂﬁﬂ@geﬁg@h as with regard to an onsite
inspection of a failing engine. As indicated a particular problemis
sei zure of the scope within the engine which may require costly and
time consuidigothe aaé\sé%.ml %n@?all? Bﬁndﬁﬂ% 4 plact 8 SLEEDY kb 8istalfnd at 5

i nspection tool. These | ens™ can urt her 'exacerbated as the
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along the path of the scope and so possib problems withrespect to
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using a positioning tool, releasing the canmera fromthe positionin
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pat ent application, European patent specification EP2119 (t'he
cont ent s %Ser'hoa?fé“%?@bWef%@PMéao Hyoyaky thersial and Wh%%ﬁéfﬁ"ngonce

r el eased lshdifg ROBlcdiRie itaiel hRhGéd Abndihelrdth 6MADSEIIcd!RQostp!  De
mai ntained in order to ensure that the correct observation area is
i nspect edProBlgMStvikrespect to seizure being exacerbated.

15 One known solution is to attach an inspection tool to a rotatable component of the gas
turbine engine using a positioning tool, releasing the camera from the positioning tool,
rotating the rotatable component and wirelessly relaying images to the operator. Such a
solution is described in applicant’s previous patent application, European patent
specification EP2119875 (the contents of which are hereby included by reference).

20
However, once released, the position and orientation of the inspection tool must be
maintained in order to ensure that the correct observation area is inspected, and that
the inspection tool can be retrieved following the inspection. In some cases, the
inspection tool may have to deployed in different areas, having different internal

25 dimensions. It is also desirable that the inspection tool can be deployed and recovered
without requiring further control wires and / or power to be supplied through the

inspection port.

The present invention describes an inspection arrangement and a method of inspecting

30 a gas turbine engine which seeks to overcome some or all of the above problems.

Summary of the Invention




the inspection tool can be retrieved follow ng the inspection. In
sonme cases, the inspection tool may have to deployed in different
areas, having different internal 25dinensions. It is also desirable
that the inspection tool can be deployed and recovered without
requiring further control wires and / or power to be supplied through
t he i nspection port. The present invention describes an

i nspection arrangenent and a nethod of inspecting 30a gas turbine
engi ne whi ch seeks to overconme sone or all of the above probl ens.
Summary of the Invention - 4 - According to a first aspect of the
present invention, there is provided ad-i nspection arrangenent
conprising an inspection elenent and a positioning tool for
positioning the inspection elenent, the inspection elenment being
attachable to the positioning tool by 5an attachnment arrangenent, and
having a fixing elenent to present the inspection elenent in use, the
fixing el ﬂ@@ﬂ@m?ﬂ)’@ﬁi@héﬁcﬁoﬂhéb?elsbﬁty infdntibARAh&le! i¥ pRX¥ iR Anigsetidd | ent
el ements. Advan eously, the Tnvention provides an I nspection
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and then automati cal mai nt ai ned pr esent ed posi tion until
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cavities, and does not require external” actuation to

retract tPEMEBSi | ient elenents to maintain the | nspectl on eI errent
15in position once deployed. Each of the radially extending resilient
el ements may conprise one of silicone rubber and nylon. Silicone
rubber anfd¥RaSFOHY:END EWANYELITEVIERS FaipEPedien pEGDgsRNt CarPIisiBRER i n

ordefp t 0 jAgpddisR Eleffént Whizh AR bE QoifSHed MCRIshHG thé IBptdieneintht t1aN
can be provided using 20existing boroscopes, bBut also the required

sti f f nessPRSEMoRAIS. frd thgn AuEmAticRl TS jip e presented position until the

inspection element is retracted by the user. The inspection arrangement can be used in
observation areas having different sized cavities, and does not require external
actuation to deploy or retract the resilient elements to maintain the inspection element

15 in position once deployed.

Each of the radially extending resilient elements may comprise one of silicone rubber

and nylon. Silicone rubber and nylon have been found to have the required resilience in

order to be inserted into the correct location with the force than can be provided using
20 existing boroscopes, but also the required stiffness to be abie to maintain the inspection

element in the correct position and orientation once deployed.

The inspection element may have a diameter from a distal end of a resilient element to
a distal end of a radially oppositely disposed resilient element greater than an internal

25 width of an observation location, and may have a diameter of approximately 6mm.

The radially extending resilient elements may be circumferentially distributed. The
inspection element may comprise a principal axis, and the radially extending resilient
elemenis may be distributed along the principal axis.

30



elenment in the correct position and orientation once depl oyed. The
i nspection el enent may have a dianmeter froma distal end of a
resilient element to a distal end of a radially oppositely disposed
resilient elenent greater than an internal 25w dth of an observation
| ocation, and may have a diameter of approxinmately 6mm The radially
extending resilient elenents may be circunferentially distributed.
The i nspection elenment nay conprise a principal axis, and the
radially extending resilient el ements may be distributed along the
principal axis. - 5 - The inspection elenent nmay conprise a row of
circunferentially distributed resilientt-el enents, and nmay conprise a
plurality of rows of resilient elenents distributed along the
principal axis. 5By providing the resilient elenents in one or nore

rows of circunferentially distributed resilient elenents, the
i nspect i ofh@insRRfion Elamark My seMmansea raw o§ drumisrentiallyydigibutedrestipeinal

orientati @i@rrfeﬂ{sabh(’i’ fha k%oﬁnlﬂﬂsepé 'pﬂﬁél@ﬁbf rBwk Sf RSIIEROASRAERE Wisthubed d16ng
internal surface of the cavity at the observation |ocation. By

provi di ngthg PpSPG'PﬁH"ﬂSy of rows of resilient elements, distributed

along the principal axis, the resilient elements can be 10maintai ned

in an orientation about the principal axis of the i ns}pecti on el enment.
|e
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whi ch nmay conprise a radio transmtter and/or radio receiver and
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sensor. Brief Description of the Draw ngs gure 1 is a schematic

T1 ust r at fesliegtelements, disiribiing longitupTncist &5 (e resiishapments 2 bes
sect yponal mainkfinad RvntdieRtalibn BBAL 1R plitfallags bitheiifpeind &8meht. Fi gure
The inspection element may comprise a camera and may include a lighting element.
The inspection element may have a wireless link which may comprise a radio
transmitter and/or radio receiver and/or transceiver. The inspection element may
15 include a temperature sensor. The inspection element may include a pH or chemical

element sensor.

Brief Description of the Drawings

20 Figure 1 is a schematic illustration of a gas turbine engine

Figure 2 is a schematic cross sectional side view through part of the gas turbine engine

of Figure 1;

25 Figure 3 is a schematic cross section front view of the part of the gas turbine of Figure 2
through the line A-A;

Figure 4 is a schematic illustration of an inspection arrangement in accordance with the
present invention;

30
Figure 5 is a plan cross sectional illustration of part of the inspection arrangement of

Figure 4 in a fully extended position;



25Figure 3 is a schematic cross section front view of the part of the
gas turbine of Figure 2 through the line A-A; Figure 4 is a schematic
Illustration of an inspection arrangenent in accordance wth the
present invention; 30 - 6 - Figure 6 is a transverse cross sectional
illustration of the part of the inspection arrangenent of Figure 4
through the line B-B in the fully extended position; 5S5Figure 7 is a
transverse cross sectional illustration of the part of the inspection
arrangenent of Figure 4 in a deployed position within the part of the
gas turbine shown in figure 2; and Figure 8 is a plan cross
sectional illustration of the part of -tthe i nspecti on arrangenent of
10Figure 4 in a deployed position within the part of the gas turbine
shown in figure 2. Detailed Description Figure 1 shows a gas turbine
engine 10 having, in axial flow series, an air intake 11, a

15propul sive fan 12, an internedi ate pressure conpressor 13, a high
pressure F@W@%%ar%ers@ ST iRl HBstralioh Bf i?lb'b%rt‘%rf kR SEERAbN
conprising a high pressure turbine 16, an Internediate pressure

tur bi ne 1amapgement siFigHieskiiraiohipe lineB-Bain thefully axtended rasitienz 2| e 19.
20In service, it is often necessary to inspect internal conponents of
the gas turbine engine 10. If a defect is found, it may al so be

desi riabl eFigrechifuEansveisaicreasssrciangl lksteting of bemggrsiesinspackiont fir st
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"bore bl endi ng'
in figure 2; and

Figure 8 is a plan cross sectional illustration of the part of the inspection arrangement of

10 Figure 4 in a deployed position within the part of the gas turbine shown in figure 2.

Detailed Description

Figure 1 shows a gas turbine engine 10 having, in axial flow series, an air intake 11, a
15 propulsive fan 12, an intermediate pressure compressor 13, a high pressure

compressor 14, a combustor 15, a turbine arrangement comprising a high pressure

turbine 16, an intermediate pressure turbine 17 and a low pressure turbine 18, and an

exhaust nozzle 19.

20 In service, it is often necessary to inspect internal components of the gas turbine engine
10. If a defect is found, it may also be desirable to conduct repairs of the internal
compoenents without first disassembling the engine 10. Such repair operations are

known as “bore blending”.

25 In one known gas turbine engine 10, of particular concern are parts of the high pressure
compressor 14. A cross sectional side view of part of the high pressure compressor 14
of the gas turbine engine 10 is shown in Figure 2. The high pressure compressor 14 is
contained within a housing comprising outer 30 and inner 32 cases. Both the outer and
inner cases 30, 32 include an inspection port 34 through which an inspection

30 arrangement 130 (described in further detail below) can be inserted into the interior of
the inner case 32 and manoeuvred to an observation location. The inspection port 34

comprises an aperture having a sufficient diameter for the inspection arrangement 130



251 n* one known gas turbine engine 10, of particular concern are parts
of the high pressure conpressor 14. A cross sectional side view of
part of the high pressure conpressor 14 of the gas turbine engine 10
is shown in Figure 2. The high pressure conpressor 14 is contained

wi thin a housing conprising outer 30 and i nner 32 cases. Both the
outer and inner cases 30, 32 include an inspection port 34 through
whi ch an inspection 30 arrangenent 130 (described in further detai
bel ow) can be inserted into the interior of the inner case 32 and
manoeuvred to an observation |ocation. The inspection port 34
conprises an aperture having a sufficr@&nt dianeter for the inspection
arrangenent 130 - 7 - to be inserted, and can be seal ed of f when not
in use to allow the conpressor to operate. The high pressure
conpressor 14 conprises an alternating series of rows of stationary
5i n use sioaﬁ@df‘%er(‘ij'eﬁ@q‘ adn be seriecelf when AoHN yEe & gllowthggompressyr tand
rotating hgbrige rotors (generally indicated in Figure 2 by R5 and
R6). Each row of stators and rotors conprises a plurality of
circunferentially arranged bl ades, such as bl ades S6a, S6b shown in
Figure 3.T#s B8R pebsbﬁrenfo%rgs%@r b@b&ﬁs&e@%m@manﬁ@ 3biMs dHrafe s été‘nd?ﬁﬁh

row. A si m | ar size @PI’OVI bet ween adj actent rotors I n each

row. 510 I'ﬁ %ﬁat@aéngﬁlvn Ieaied H'e'@QU’Pr?sL?Ye%‘H )POFratatipgin UseAP1ee i n
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an |nspec i on port adj acent each conponent fo be inspected
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exanpl e sdaih ih Fidurd B! & gdp dtidBroliaed Beiwedh RRicknt3datbsblBiYih@2eh row. A
adj acent the fourth stator 153tage S4. Access to other conponents of

the high Présireozfofipreddsshetueqnadarant (ersimeddceon port 34 nust
be ga ned by manoeuvring the inspection arrangenent 130 between

adj acent rows of stator and rotors bl ades. However, there is often no
di rect |iReN&it 985 §rbingengiaeh "ﬂ%@cﬁ'%ﬁﬁ@tqrﬁﬂpcﬁfﬁdt’” savespldogatiensy dlgweyer,

obser vat i depeaily A8t pdskiblEns ptrmée&ornep@@.oﬁ@eﬁ%aﬁwnttéacwcbmsbﬁé’m ttchse
|nspect| on arrangenent 130, nove the rotor to 20a new position,

reinsert PPREGSHs B@E‘PF'BHY Wy apRHeR s thebi gh@r¢%$ymmpae$ﬁ9rﬂﬂéﬂ tfﬁfbt or
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t hrough the |nspect|on ort 34 is the sixth high pressure rotor and
st at br st%(@%% fReficeags t e MPosRBRST thedighrsas e SAMRISsaAGEh S ile

in nore dasgdction pOe 34 REREBE hBRed by manoeuvring the inspection arrangement 130
between adjacent rows of stator and rotors blades. However, there is often no direct
line of sight between the inspection port 34 and the desired observation location. It may
therefore be necessary to withdraw the inspection arrangement 130, move the rotor to

20 a new position, and reinsert the inspection arrangement 130 to inspect a further rotor
blade. In the example shown, a particularly difficult area to inspect through the
inspection port 34 is the sixth high pressure rotor and stator stages R6, S6.

Figure 4 shows the inspection arrangement 130 in more detail. The inspection

25 arrangement 130 comprises a positioning tool 131 having controller elements 132 at a
proximal in use end and an inspection element 133 at a distal in use end. The
positioning tool 131 as illustrated comprises an elongate cable which can be twisted
and bent to allow manoeuvring through a positioning path within an assembly such as
the gas turbine engine 10.

30
The controller elements 132 generally incorporate appropriate external controls for

release, as indicated through a release element 134, of the inspection element 133 in



25artangenent 130 conprises a positioning tool 131 having controller
el ements 132 at a proximal in use end and an inspection elenent 133
at a distal in use end. The positioning tool 131 as illustrated
conprises an el ongate cable which can be twi sted and bent to all ow
manoeuvring through a positioning path within an assenbly such as the
gas turbine engine 10. 30 - 8 - use. It will also be understood that
the controller elenments 132 may incorporate a radio transmtter to
relay images to a base station or a renote |ocation for appropriate
vi ewi ng or processing. 5The inspection elenent 133 in accordance with
aspects of the present invention conpriBses a nunber of features.
Firstly, an inspection sensor 135 typically in the formof a canera
will be provided. Alternatively or additionally, tenperature sensors
or PH or chenical sensors could be provided in. The inspection .
el ement 183 i hwfipisobmvrfienEned tapihetcentroliss elementsa i reay iiceperaie gradio
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canera to be adjusted. | be understood that a fixing el enent

shown sch¥RHEIIECAPIFeadN@| enent 137 will be associated with the
i nspection element 133. The fixing element 137 is arranged to fix the
i nspection elenment 133 in a desired position and orientation once

manocuvr edN@ITEPRRIBN GlRPEN 133 HeacsasiBRGa Yt AsPastuef tan presaet inengdercr i bed
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conpri ses an attachnent arrafr;gﬁrrent_ for selectively attaching
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this exang dherdidif séidors dlBNbe BrOVRIBESTETHe HOPEUbS BRenfenP ¢5SRNASL Nagnet
134 attached to the |nscF_ect| on elenment 133, and an el ectronmagnet 138

att ached $HPRHBEDRIGIR] BAVARE ared manors ehigeamm eelftiepneidenaes 1138 te apalte

turned ontharsbvRidfares bhie chRefPiBttetidj@te! IEWRNYeSUNtBAtoo MBS 4 fien
el ectromagnet is turned on, ermanent magnet 134 is attracted to

the el ect 8@&@%@1}@9?\8%@%"{@%8 5h1( witdistaspadated withijhe weperiRed t o
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location, and is described in further detail below.
15
The inspection arrangement 130 further comprises an attachment arrangement for
selectively attaching or releasing the inspection element 133 to the positioning tool 131.
In this example, the attachment arrangement comprises a permanent magnet 134
attached to the inspection element 133, and an electromagnet 138 attached to the
20 positioning tool 131. The electromagnet 138 can be turned on and off using the
controller elements 132. When the electromagnet is turned on, the permanent magnet
134 is attracted to the electromagnet 138. The inspection element 133 is thus attached
to the positioning tool 131. When the electromagnet is turned off, the inspection
element 133 is released from the positioning tool 131.
25
The inspection element 133 and fixing element 137 are shown in further detail in
Figures 5 and 6. The fixing element 137 comprises a plurality of resiliently flexible
members 150. Each resiliently flexible member 150 comprises a suitably flexible
material such as nylon or silicone rubber, though other resiliently flexible materials may
30 be used. Each resiliently flexible member 150 has a length extending radially outwardly
from an outer surface of the inspection element 133 of approximately 6mm.

Consequently, each resilient member 150 is configured to be displaceable from a fully



The inspection element 133 and fixing el enment 137 are shown in
further detail in Figures 5 and 6. The fixing element 137 conprises a
plurality of resiliently flexible nmenbers 150. Each resiliently

fl exi bl e menber 150 conprises a suitably flexible material such as
nyl on or silicone rubber, though other resiliently flexible materials
may 30be used. Each resiliently flexible nmenber 150 has a |l ength
extending radially outwardly froman outer surface of the inspection
el enent 133 of approxi mately 6mm Consequently, each resilient nenber
150 is configured to be displaceable froma fully - 9 - extended
position (as shown in Figures 5 and 6}9t0 a bent position (as shown
in Figures 7 and 8) by applying a force to the end of the respective
el ement 150. When in the fully extended position, each of the
resiliently flexible nenber 150 extends in a respective radial plane
B- B, B- B' ©¥erdediRaziion fas shioum in frigures Dand 61l hans positieiriesseewn ircnigusgs
flexible 7 énﬂegﬁ’f-’épﬁ%ﬁ@a@&céb B cRBDF ﬁwetr@sﬁé&ﬁvé adhzht P Phenth BSrully

each el enent is resiliently flexible wi |l automatically

return t oe%twqquswoexqa@h&éaﬂegegllI@ntbﬁleﬁlb&m@meerbmex@wﬁm aresmReliver he

force is yalappmrREB- E\SBsh@wmweJér%&. [ﬁ,thé r%trp@éhéﬁ QAkn fdshchih) f?ex.bue
nmenbers 150 are arranged in a pluralit Sp aced rows arran

al ong a piPREPpEeRds &l ar aaﬂ'ettﬁ@q rr@gﬁée%n@r&@weﬁ@h\tel%@t 15Aés res E'FTIYent

f1exibl e mEqpreitwil abtohtatieRGtefufY\oahE fAY cRIRABEY sbéﬁdHﬁ&ﬁ ﬁfétﬂe?ﬂlt b¥sition
around the |nspect| on elenment 133 extending radially outwardly, wth

gaps bei nf he} Bgifered ivelspeeh adj acent flexible menbers 150, as shown
in figure 5. 15l n use, the positioning tool 130 with the inspection

el ement 131 attached is inserted through an appropriate access port
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20 133 is located in a first inspection location.

Figures 7 and 8 show cross sectional views similar to those of Figures 5 and 6, but with
the inspection element 137 located in a first inspection location between two adjacent
compressor stators S6a, S6b of the gas turbine engine 10. Since the distance d

25 between the adjacent stators S6a, S6b is less than the total width of the inspection
element 133 with the resiliently flexible elements 150 in the extended position, some of
the flexible elements 150 will be moved to the bent position when moved to the
inspection location. For example, flexible element 150" is bent by contact with stator
S6a. In general, one or more resiliently flexible members 150" from several rows of

30 flexible members 150 will contact one of the stators S6, and be moved to the bent

position against the respective stator. Consequently, the inspection element 133 will be



30f | éxi bl e nenbers 150 will contact one of the stators S6, and be
noved to the bent position against the respective stator.
Consequently, the inspection elenment 133 will be - 10 - held in
position, both in terms of its position relative to the stators S6,
and its orientation. Once located in the first inspection |ocation,

t he i nspection element 133 can be 5detached fromthe cable 131 using
a suitable release nechanism In one exanple, the rel ease nechani sm
conprises an electro nagnet. Once rel eased, the cable 131 is

wi t hdrawn, and the high pressure shaft 26 is slowy rotated such that
the each of the rotors R6 can be viewethby the inspection el enent 133
fromthe inspection |ocation. Once each of the rotors R6 have been
viewed, the cable 131 is reinserted to the 10i nspection | ocation, and
the inspection elenment 133 is reattached to the cable 131 and

wi t hdr awnheld irbpegitiann Bothris rsmsiobits pesitiongglatis: e the stajors Sfeanthiépect i on

el ement 133midnd be inserted into a gap between adjacent rotor
stages, say stage R5. The inspection elenment 133 woul d then be

det ached from 15t he cable 131, and the shaft 26 rotated such that
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above are considered to be illustrative and not Iimt Var i1 ous

changes t Oneéhgaqiefdhe Eéﬁséi@d%ﬂi’ﬁr?@ﬁﬂ yiemigg, the cablgd i fﬂﬁlﬁeﬁaéﬁhﬁhﬁl ng
fromd he mBpddibn Brdtiss RE 1A inkpetibR ¥RAdN®M33 is reattached to the cable 131 and

withdrawn through the inspection port 34.

Similarly, the inspection element 133 could be inserted into a gap between adjacent

rotor stages, say stage R5. The inspection element 133 would then be detached from
15 the cable 131, and the shaft 26 rotated such that each of the stators S5 could be

viewed. In this manner, substantially any individual rotor or stator blade in the engine 10

can be inspected from the available inspection ports.

While the invention has been described in conjunction with the exemplary embodiments
20 described above, many equivalent modifications and variations will be apparent to
those skilled in the art when given this disclosure. Accordingly, the exemplary
embodiments of the invention set forth above are considered to be illustrative and not
limiting. Various changes to the described embodiments may be made without
departing from the spirit and scope of the invention.
25
For example, the inspection element could alternatively or in addition comprise other
types of sensors. The inspection element could be attached and released from the

positioning tool using a different means.



25 For exanple, the inspection elenent could alternatively or in

addi tion conprise other types of sensors. The inspection el enent
could be attached and rel eased fromthe positioning tool using a
different neans. CLAIMS 1. An inspection arrangenent conprising an

i nspection el enent and a positioning 5tool for positioning the

i nspection el enent, the inspection el enent being attachable to the
positioning tool by an attachnment arrangenent, and having a fi xing

el enent to present the inspection elenment in use, the fixing el ement
conprising a plurality of radially extending resilient elenents. 102.
An arrangenent according to claiml1, wherein each of the radially
extending resilient elenents conprises one of silicone rubber and
nylon. 3. An arrangenent according to claiml or claim2, wherein the
i nspection elenment has a dianeter froma distal end of a resilient
elenent to a distal end of a radial |$LAMSpositely di sposed resilient
el enent greater than an internal width of an observation |ocation. 4.
An arrangenent according to claim3, wherein the inspection el enent
has a di aneter of approximately 6nm 20 5. An arrangenent according
to any of the Ay iRgRMiBYarhRddient WoRPRIMY énﬁ]SP@abﬁlehém&ﬁtaﬁaqldagmoning
resilient elenments are circunferentially distributed. 6. An
arrarfgement adedfefi Ragiticaingdle Bereqiien slementitheyinepegtien elamrit BRIt he

i nspecti on 25¢i@pR4Hie BPRBHbSiIBSNIRY Rlol BE AR akadkkicht a ikt FARiHaVInY a
extending resilient elements are distributed along the principal

axi s. fixing element to present the inspection element in use, the fixing element

comprising a plurality of radially extending resilient elements.

10 2. An arrangement according to claim 1, wherein each of the radially extending

resilient elements comprises one of silicone rubber and nylon.

3. An arrangement according to claim 1 or claim 2, wherein the inspection element
has a diameter from a distal end of a resilient element to a distal end of a radially
15 oppositely disposed resilient element greater than an internal width of an

observation location.

4. An arrangement according to claim 3, wherein the inspection element has a
diameter of approximately 6mm.
20
5. An arrangement according to any of the preceding claims, wherein the radially

extending resilient elements are circumferentially distributed.

6. An arrangement according to any of the preceding claims, wherein the inspection
25 element comprises a principal axis, and the radially extending resilient elements

are distributed along the principal axis.

7. An arrangement according to claim 6, wherein the inspection element comprises
a plurality of rows of resilient elements distributed along the principal axis.
30
8. An arrangement according to any of the preceding claims, wherein the inspection

element comprises a camera.



7. An arrangenent according to claim®6, wherein the inspection
el ement conprises a plurality of rows of resilient el enents

distributed along the principal axis. 30 - 12 - 9. An arrangenent
according to any of the preceding clains, wherein the inspection
el ement has a wireless |ink. 10. An assenbly as herei nbefore

described and with reference to the acconpanyi ng 5draw ngs.

-12-

9. An arrangement according to any of the preceding claims, wherein the inspection

element has a wireless link.

10.An assembly as hereinbefore described and with reference to the accompanying
5 drawings.



