1 AN | NSPECTI ON ARRANGEMENT The present invention relates to inspection
arrangenents and nore particularly to inspection 5 arrangenents utilising
gas turbine engines in order to obtain a visual view of engine operation.
Referring to Fig. 1, a gas turbine engine is generally indicated at 10 and
conprises, in axial flow series, an air fintake 11, a propulsive fan 12, an
internmedi ate pressure 10 conpressor 13, a high pressure conpressor 14, a

conbustor 15, a turbine arraggerRbrEPRBYI RRASNEENEGD Pressure turbine 16,
an internedi ate pressure turbrme 7 and—=a tow pressure turbine 18, and an

exhaust nozzle 19. The gas turbine engine 10 operates in a conventional 15
manner so that aijf_ent erig\gertlge intake 11 is accelerated by the fan 12
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suitable interconnecting shafts 26, 28, 30.
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.
The gas turbine engine 10 operates in a conventional
15 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
20 directed into it before delivering that air to the high
pressure compressor 14 where further compression takes
place.
The compressed air exhausted from the high pressure
compressor 14 is directed into the combustor 15 where it 1is
25 mixed with fuel and the mixture combusted. The resultant
hot combustion products then expand through, and thereby
drive, the high, intermediate and low pressure turbines 16,
17 and 18 before being exhausted through the nozzle 19 to
provide additional propulsive thrust. The high,
30 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.

In order to improve design as well as confirm



In order to inprove design as well as confirm2 performance it is

advant ageous to inspect parts of a gas turbine engine during operation. It
is known to use such techniques as boroscoping which acts in a simlar
manner to an endoscope and so allows inmages to be obtained. 5 Cenerally
such inspection tools include a flexible or rigid shaft which is inserted
into an engine or through a suitable access port. Qbservations are then
made renot elper @ d@rc&i rectd i o] : i nt.o,an ipspection
vol une or i nFydei rectly by att acélhi %gvggggﬁgggom&o%lﬁge}%e?%og@&tfo %‘ﬂdgofgatshe
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scope and steered Tinto a VPEWALTRIPIsTEIOR Byt appFopr Safe lpgnmanrss de of
the associ alred &heykbbgeor ahiddi dsshahilbssugh gdcunsianges 15 acting as a

positioning tool. It will also be understood that such areas may e dark or
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either directly or indirectly requires manipulation of the scope.

difficult teisthesr &iseopby wyhlapkdner alown engidopé actboan vilnsgledtson
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trapping, CQ%&FH&Q Bﬁaced at the distal end of the scope and steered
into a viewable position by appropriate manipulation of the
associated flexible or rigid shaft in such circumstances
15 acting as a positioning tool. It will also be understood
that such areas may be dark or inappropriately lighted and
in such circumstances a lighting element will also be

provided at the distal or steerable end of the scope.
Unfortunately use of scopes has limitations in terms
20 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 1is
difficult to steer a scope with an overall length of action
which is greater than approximately five meters. These

25 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

30 handling becomes progressively more difficult;

b) There is a problem of fouling, trapping, catching 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



draggi ng of the scope sheath as it progresses to a desired observation
point; c¢) It will be understood that the sheath of the scope nay 3 fal
into voids and in such circunstances the scope may becone stuck; d)
Obstacles in the path to a desired observation point may require steering
with relatively severe curvatures 5 in the scope sheath which again can
cause seizing of the probe in use; e) CGenerally there are a |limted nunber
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nmet hod of inspecting a gas turbine engine
observation point again creating severe difficulties
with regard to jamming of the probe.
In view of the above it 1is generally difficult to
place a scope with its distal end at a desired observation
15 area. Furthermore even with highly skilled operators it
can be difficult to avoid problems particularly as
situations may occur that are highly stressful in terms of
personal performance such as with regard to an onsite
inspection of a failing engine. As indicated a particular
20 problem is seizure of the scope within the engine which may
require costly and time consuming dis-assembly of the
engine to remove the inspection tool. These problems can
be further exacerbated as the engine may be observed in
operation and therefore will go through thermal and
25 mechanical cycling leading to tolerance clearance changes
along the path of the scope and so possible problems with
respect to seizure being exacerbated.
In accordance with the present invention there 1is
provided a method of inspecting a gas turbine engine
30 comprising a rotor and a stationary component, the method
of inspecting comprises the steps of (a) attaching an
imaging device via a releasable fixture to the rotor via a
positioning tool, (b) rotating the rotor so that the

imaging device views the stationary component, (c) relaying



30 conprising a rotor and a stationary conponent, the nethod of inspecting
conprises the steps of (a) attaching an inmaging device via a rel easable
fixture to the rotor via a positioning tool, (b) rotating the rotor so that
the inmaging device views the stationary conponent, (c) relaying 4 inmages
fromthe inmaging device via a wireless lipk. In accordance with another
aspect of the present invention there is provided an inspection arrangenent
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positioning tool for the Inspection elenment. CGenerally, the fixing conprises
a clip and/or adligsieammlly, the inspection element comprises a camera.

Typically, the inspection element includes a lighting
element. Generally, the inspection element has a wireless
link comprising a radio transmitter and/or radio receiver

15 and/or transceiver. Possibly, the inspection element
includes a temperature sensor. Possibly, the inspection
element includes a PH or chemical element sensor.

Generally, the positioning tool comprises a flexible
or rigid shaft.

20 Typically, the releasable element 1is configured to
allow attachment of the inspection element by creating
association with the releasable element greater than the
fixing when required.

Possibly, the releasable element 1is detachable from

25 the positioning tool to allow an attachment element to be
secured to the positioning tool for the inspection element.

Generally, the fixing comprises a clip and/or adhesive
and/or reciprocal element to a part to which the inspection
element 1is to be secured and/or a magnetic association

30 and/or a latch and/or an interference element.

Possibly, the inspection element 1is manipulatible to
adjust its orientation.
Possibly, the inspection element includes an optical

path adjustment mechanism. Possibly the optical path



and/or reciprocal elenent to a part to which the inspection elenment is to
be secured and/or a magnetic association 30 and/or a latch and/or an
interference el enent. Possibly, the inspection elenent is nmanipulatible to
adjust its orientation. Possibly, the inspection elenent includes an optical
pat h adj ustment mechani sm Possibly the ogtical path 5 adjustnent nechanism
conprises mrrors and/or |enses and/or beamsplitters. Generally, the
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securing an I nspection
configuration of the releasable element to allow the
detachment or attachment of the inspection element.

Possibly the inspection element has a storage element
to store information obtained by the inspection element.

15 Embodiments of aspects of the present invention will
now be described by way of example and with reference to
the accompanying drawings in which:

Fig. 2 1is a schematic illustration of an inspection
arrangement 1in accordance with aspects of the present

20 invention;

Fig. 3 1s an 1illustration of positioning of an
inspection arrangement in accordance with aspects of the
present invention within a cross section of a gas turbine
engine;

25 Fig. 4 1is an 1illustration of securing an inspection
element in accordance with the present invention within a
part of a gas turbine engine; and,

Fig. 5 illustrates positioning to two 1inspection
elements in accordance with aspects of the present

30 invention and particular areas of view for those inspection
elements.

Aspects of the present invention relate to an
inspection arrangement which generally comprises an

inspection element and a positioning tool which are



el ement in accordance with the present invention within a part of a gas
turbine engine; and, Fig. 5 illustrates positioning to two inspection

el enents in accordance with aspects of the present 30 invention and
particul ar areas of view for those inspection elenents. Aspects of the
present invention relate to an inspectiog arrangenment which generally
conprises an inspection elenent and a positioning tool which are 6
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between the 14 n ti I d ithe Ltioning tool allows 15
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chosen 15 be i ol o e ry et harer orar e aaBgeERs dsadine end
of the inspédtisoncannenpement. sonderdwgtat ed rajpacpbilat e yement which may
comprise a permanent or electromagnetic coupling or
releasable catch mechanism. Such association between the
inspection element and the positioning tool allows
15 manipulation of the positioning tool in order to place the
inspection element appropriately.

The positioning tool with the inspection element
attached is inserted through an appropriate access port in
an assembly to be inspected such as a gas turbine engine.

20 For example the areas to be expected may be a rotor and in
such circumstances the access port will be chosen to be in
close proximity to that rotor. The inspection element end
of the inspection arrangement once located appropriately
will be fixed to the rotor blade or adjacent to a rotor

25 area using an appropriate fixing. The fixing may be an
adhesive or clip or any other appropriate coupling such as
reciprocal engagement between opposed parts or an
interference fit or otherwise. It is important that the
fixing mechanism is appropriate to the circumstances and

30 will be sufficiently robust to retain the position of the
inspection element 1in use. It will be appreciated that a
number of fixing mechanisms may be utilised.

In accordance with aspects of the present invention

care must be taken with regard to the strength of the bond



will be fixed to the rotor blade or adjacent to a rotor 25 area using an
appropriate fixing. The fixing may be an adhesive or clip or any other
appropriate coupling such as reciprocal engagenent between opposed parts or
an interference fit or otherwise. It is inmportant that the fixing
mechanismis appropriate to the circunstances and 30 will be sufficiently
robust to retain the position of the inspection elenent in use. It wll be

appr eci at ed ugbe f fixi chani sns. may be utilised. In
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strength of the association between the releasable element

of the positioning tool and the inspection element may be

15 achieved through re-configuration of the positioning tool.
A mechanism for such alteration will be described later.

Once 1in position it will be wunderstood that the
inspection element such as a camera will be robustly fixed
by the fixing. In such circumstances the inspection

20 element will be able to view or otherwise inspect an
appropriate part to be viewed. With regard to a camera it
will be understood that turning optics in the form of
lenses or mirrors or beam splitters may be utilised in
order to allow a side ways view to be taken.

25 As described above the inspection element when in use
in accordance with the present invention 1is substantially
independent of the positioning tool. Thus, with a camera
it will be able to view a portion of a body to be inspected
and either transmit through a wireless 1link images to a

30 remote location or store data for retrieval later. Aspects
of the present invention utilise mechanisms for data
transmission which mainly include encryption, data

compression and other techniques to achieve a desired level

of resolution and accuracy with regard to viewed images.



wi |l be understood that turning optics in the formof |enses or mrrors or
beam splitters may be utilised in order to allow a side ways view to be
taken. 25 As descri bed above the inspection elenment when in use in
accordance with the present invention is substantially independent of the
positioning tool. Thus, with a camera it will be able to view a portion of
a body to be inspected and either transmt through a wireless |link inmages
to a 30 renpte location or store data for retrieval |ater. Aspects of the
present inventionfFtidesT Reharbene tupidalay tmansmmssitorbmhe temeat nli
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means of inspection of an area or volume.
Inspection elements may include means for determining
whether the inspection element is operating correctly or
15 particularly with regard to data storage whether the data
storage capacity of the inspection element is about to be
exceeded and therefore the inspection element should be
retrieved.
It 1is envisaged 1in most circumstances that the
20 inspection element will be wutilised either during the
initial design stages with regard to a gas turbine engine
and also with regard to determining problems with
performance or operation of a particular engine. In such
circumstances the inspection element will remain insitu for
25 a period of time. As the inspection element is detached
from its positioning tool it will be understood that less
consideration of the inspection element in terms of fouling
with other parts of the assembly 1is required. Prior
arrangements as indicated typically comprised a positioning
30 tool in the form of a flexible or rigid shaft. In such
circumstances the flexible or rigid shaft would remain in
place during operation of the assembly. With regard to gas
turbine engines it will be understood that there may be

thermal as well as other mechanical cycling which may cause



20 inspection element will be utilised either during the initial design
stages with regard to a gas turbine engine and also with regard to
determ ning problens with performance or operation of a particul ar engine.

In such circunstances the inspection elenent will remain insitu for 25 a
period of tine. As the inspection elenentgi s detached fromits positioning
tool it will be understood that |ess consideration of the inspection

elenment int - uling ith other parts of the assenbly is required.
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to place the inspection element whilst the assembly is hot
to potentially open access paths. Such heating may be as
15 indicated through operation of the assembly such as a gas
turbine engine or warming the engine in an oven to an
appropriate temperature.

As indicated above whilst the inspection element is in
place it will be understood that the positioning tool will

20 then be decoupled from the inspection element through an
appropriate release mechanism of the releasable element.
The release mechanism as indicated may be with regard to a
magnetic or a mechanical 1link. Generally, the positioning
tool can be completely withdrawn or removed to a safe

25 position to avoid fouling and seizing in use.

The inspection element will typically have a wireless
link. The wireless 1link may be to a completely remote
receiver or through a receiver in the positioning tool.
Signals from the 1inspection element, whether that be a

30 camera or other form of sensor, will be transmitted to the
receiver and interpreted appropriately.

The inspection element may be secured directly to a
rotor or other element. In such circumstances turning of

the rotor will alter the orientation of the 1inspection



As indicated above whilst the inspection elenent is in place it wll be
understood that the positioning tool will 20 then be decoupled fromthe

i nspection el enent through an appropriate rel ease nmechani sm of the

rel easabl e el enent. The rel ease nmechani smas indicated may be with regard

to a magnetic or a nechanical |link. Generally, the positioning tool can be
conpletely withdrawn or renoved to a safe0 25 position to avoid fouling and
seizing in use. The inspection elenent will typically have a wireless |ink.
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performan inspection. Furthernore, as indicated |lighting whether that be
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that the obgernvaiduoral area of the inspection elenent can be adjusted as

requi recsill. Thus, in addition to the inspection el ement being positioned by
the posi%ioni ng®Soding ot PREEF oM aplomeREd varldadd traddtivdby fhxbe it

possi bl e ongg 1Roskki opgdet-batbhher L eved aregs. fay. be 5 area of the

inspection element can be adjusted as required. Thus, in
addition to the inspection element being positioned by the
positioning tool for particular viewed areas it will also

15 be possible once positioned that the viewed areas may be
changed by appropriate reconfiguration of the inspection
element either physically or by electronic means with
regard to use of mirrors or beam splitters or lenses to
change the area of inspection.

20 Typically it is advantageous to remove the positioning
element to allow operation of an assembly such as a gas
turbine engine with the inspection element in situ.
Alternatively, the positioning element may be retained at
least partially inserted within the assembly to allow a

25 closer spatial relationship between the inspection element
and the positioning element for wireless connection pick up
in a potentially hostile environment.

With regard to removal of the positioning element it
is understood that generally the process is the reverse of

30 the positioning procedure for the positioning tool. In
such circumstance the positioning tool will again be
brought into a situation where the releasable element will
engage the 1inspection element robustly to allow that

inspection element to be re-attached through simple pulling



changed by appropriate reconfiguration of the inspection elenment either
physically or by electronic neans with regard to use of mrrors or beam
spli-tters or lenses to change the area of inspection. 20 Typically it is
advant ageous to renove the positioning elenent to allow operation of an
assenbly such as a gas turbine engine w P the inspection elenment in situ.
Alternatively, the positioning elenment may be retained at |east partially
inserted within the assenbly to allow a 25 cl oser spatial relationship
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positioning path within an
positioning tool 31 as illustrated can be twisted and bent
to allow manoeuvring through a positioning path within an
assembly such as a gas turbine engine.

15 The controller elements 32 generally incorporate
appropriate external controls for release, as indicated
through a release element 34, of the inspection element 33
in use. It will also be understood that the controller
elements 32 may incorporate a radio transmitter to relay

20 images to a base station or a remote location for
appropriate viewing or processing.

The inspection element 33 in accordance with aspects
of the present invention comprises a number of features.
Firstly, an inspection sensor 35 typically in the form of a

25 camera will Dbe provided. However, as indicated above,
alternatively or additionally temperature sensors or PH or
chemical sensors could be provided in addition to or as an
alternative to a camera. The inspection element 33 in the
embodiment depicted includes angled mirrors or beam

30 splitters or lenses 36 to enable the viewed area of the
camera to be adjusted. It will Dbe understood that an
appropriate fixing mechanism shown schematically as element
37 will be associated with the inspection element 33. The

fixing element 37 may comprise clips or adhesives or other



assenbly such as a gas turbine engine. 15 The controller elenments 32
general ly incorporate appropriate external controls for rel ease, as

i ndicated through a release elenment 34, of the inspection elenent 33 in
use. It wll also be understood that the controller elenents 32 may
incorporate a radio transmtter to relay 20 i mages to a base station or a
renote | ocation for appropriate view ng or processing. The inspection
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all ow nore | ocal 10 communication with a transmtter or a transceiver
t he i nspectinspes tarmgnhte 3gnent 33.

Fig. 2 provides a schematic illustration of a first
embodiment of aspects of the present invention. Thus as
described above generally the positioning tool 31 has the

15 function of simply positioning the inspection element 33
whilst the inspection element 33 itself is substantially
detachable from the positioning tool and in such
circumstances can operate independently. This independence
relates to enabling fixing of the inspection element as

20 well as by providing either local data storage or
transmission of such data with regard to images to an
appropriate remote location. It will also be understood
that the controller end 32 may itself incorporate a data
storage element if required.

25 As indicated above generally the positioning tool 31
with the associated inspection element 33 will Dbe
manipulated into position through an appropriate access
point in an assembly such as a gas turbine engine. Fig. 3
provides an illustration of such location. Thus, a

30 positioning tool 41 is presented through an access port 40
and manipulated appropriately to position an inspection
element 43. The inspection element 43 incorporates an
image determining element 46 to allow images 1in the

direction of arrow heads 42 to be seen. The inspection



Fig. 2 provides a schematic illustration of a first enbodi nent of aspects
of the present invention. Thus as described above generally the positioning
tool 31 has the 15 function of sinply positioning the inspection elenent 33
whil st the inspection elenent 33 itself is substantially detachable from
t he positioning tool and in such circunsi$nces can operate independently.
Thi s independence relates to enabling fixrng of the inspection el enent as
20 wel | as rOVIdI g either | ocal data storage or transm ssion of such
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end and in Sﬁﬁﬁmstood that typical fixings will include a spring hook

or other interference which is pushed into a root gap

between platforms 44. The spring retention of the fixing

in such circumstances can be released by a pulling action

15 upon the positioning tool when recovery of the inspection
element 43 is required.

As indicated above, <careful <consideration of the
relative strengths of association of the fixing when
positioning the inspection element and when removing that

20 inspection element must be considered. Generally when
fixing 1initially the positioning tool should have a
sufficient location and assembly with the inspection
element to allow accurate positioning and to allow forced
engagement of the fixing. However to achieve detachment

25 the strength of association of the fixing for the
inspection element must be less than an appropriate release
mechanism or element of the positioning tool with the
inspection element. Such reconfiguration of the
positioning tool may be achieved in a number of ways as

30 described later. It is important that the fixing to the
platform or otherwise is stronger than the association with
the positioning tool to allow detachment. One approach to
ensuring robust positioning of the inspection element is

depicted in Fig.4. Thus, an inspection element 53 is



ci rcunst ances uses the view determ ning elenent 46 in order 10 to achieve
side ways views as required. It will be understood that typical fixings
will include a spring hook or other interference which is pushed into a
root gap between platforns 44. The spring retention of the fixing in such
circunstances can be rel eased by a pullinggaction 15 upon the positioning
tool when recovery of the inspection elenent 43 is required. As indicated

above, carefu-£onsi i gn 10f e | at kye st.rengths of association of
the fixing when posigtgiggﬁi %g @hae&él]n%%%%%‘?o%xeluzc&éﬁtsqgﬁd hent? endvidfy dhat
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i nspection elenent 53 is.14 |oqcated about a bl ade shroud 54 utilising a
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port or direction of arrowheads 52 appropriately. As the
inspection element 53 1is essentially independent and not
coupled to a positioning device it will be understood that

15 the rotor 55 can rotate as many times as possible to alter
the view as seen by inspection element 53.

The inspection element 53 depicted in Fig. 4 1is
attached with a significant axial orientation. In such
circumstances the «c¢lip 57 will generally secure the

20 inspection element 53 through spring hooks at each end.
The spring hooks may be caught around the front end of the
blade outer platform shroud and extend to the rear where a
similar hook engages that end of the platform. Generally
as indicated above in a preferred embodiment the inspection

25 element 53 will incorporate a camera. The camera will
create images which are transmitted by wireless coupling or
the inspection element 53 may incorporate an appropriate
data storage mechanism. The view is in the direction of
arrowheads 52 and is generally axial so it may not be

30 necessary to provide a beam splitter or otherwise in order
to allow sideways views.

Once the inspection element in accordance with aspects

of the invention is in position it will be understood that

such positioning must be robust. Thus, the inspection



ot herwi se. CGenerally, the inspection element 53 will have a viewin the
direction of arrow heads 52. As the inspection elenent 53 is | ocated upon a
blade 10 rotor 55 it will be understood that the rotor 55 may rotate about
its axis and therefore change the view as seen in the direction of
arrowheads 52 appropriately. As the inspggtion elenent 53 is essentially

i ndependent and not coupled to a positioning device it will be understood

that 15 the 5cgan ro s lrany tines as possible to alter the view
as seen by i%ﬂg%fe?%??oggelqesrre%t?é@sg ﬁ’%eli)é J5ect S PRmBRESEB LgepfictadD Ut Fi g.
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actuators V“égggkderation with regard to fouling by that positioning
tool can be avoided. The inspection element 53 in such
circumstances can be manipulated relative to the surface
15 upon which it is secured and surfaces can move as fastly or
slowly as required depend upon the strength of the fixing
provided.

As indicated above generally the inspection element

will also incorporate lighting if necessary for a camera
20 integrally associated with the camera.

Fig. 5 provides an 1illustration with regard to
positioning of inspection elements 1in accordance with
aspects of the present invention within a gas turbine
engine. Thus, a first inspection element 63 is located

25 wupon a rotor 65 to give views in the direction of
arrowheads 62 towards a high pressure nozzle guide vane 60.
A second inspection element 73 1is positioned upon a rotor
75 and is arranged to have a new direction illustrated by
arrowheads 72 towards an intermediate nozzle guide vane 70.
30 Positioning of the inspection elements 63, 73 will be
through an appropriate positioning tool (not shown) and
access paths. Once in position it will be understood that

the respective elements 63, 73 will be able to provide data

capture either through wireless or radio communication



5 the inspection elenent 53 which may alter the positioning and direction
of sensing elenents such as caneras. The inspection elenent 53 either
through rotation of a mounting upon which it is secured or through other
adjustnments nay vary the area inspected. As there are no physical 10
connections between the inspection el enmenig53 and the positioning tool 51
inuse it will be understood that consideration with regard to fouling by

that positionifig %ol €an oi . inspection,el ement 53 in such
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limited curvature positioning movements by the tool. The

inspection element can be associated with the rotor through

relatively straight or simple broad curvature movements of

15 the positioning tool. Once the inspection element 1is

appropriately secured to the rotor that rotor can be turned

to provide access to other areas and in particular regions

of static elements which could not be conveniently

inspected with a traditional inspection arrangement

20 comprising a camera or otherwise on the end of a rigid or

flexible endoscope or boroscope. For recovery of the

inspection element it 1is understood that the rotor will

simply return to the most convenient access path so that

the positioning tool can pass along that straight path or

25 with only a limited bending to gain access for retrieval of

the inspection element.

As indicated above there may be circumstances in which

due to the small volume available the inspection element

cannot incorporate a sufficiently large battery to have a

30 large transmission distance particularly in the view of the

high rotational speeds of such assemblies as gas turbine

engines. Thus, the positioning tool with an appropriate

transceiver or simple receiver can be partially withdrawn

but only sufficiently to avoid any fouling or seizing



position for inspection elenents 63, 73 in accordance with aspects of the
present invention. It will be noted that 5 these positions are upon rotors
65, 75. Turning of the rotors 65, 75 will allow inspection of different
static parts within the engine. Rotation of the inspection elenent
overconmes any difficulties highlighted above wwth regard to gaining access
to different positions away from 10 conveni ent access. It will be understood

that generalJya¢cegs b sitiqni.ng .can be more direct aqr with
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as gas turbine engines. Thus, the positioning tool wth an appropriate
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element will be required to allow such variations in the

capability with regards to the attachment and withdrawal.

15 Such reconfiguration of the releasable element may be

through appropriate mechanisms within the positioning tool.

For example, the positioning tool may comprise concentric

sheaths which can be rotated relative or otherwise

displaced such as laterally or longitudinally to each other

20 in order to create at the distal end upon which the

releasable element is secured changes in that element. For

example, for robust association of the inspection element

with the positioning tool whilst being positioned there may

be a latch of other physical association to prevent release

25 of the inspection element. Alternatively, an

electromagnetic or other mechanism may be utilised in order

to retain through the releasable element association

between the inspection element and the positioning tool.

Once the inspection element 1is located and its fixing

30 secured appropriately the releasable element can then be

reconfigured such that the association Dbetween the

inspection element and the positioning tool is removed. In

such circumstances the mechanical latch would be displaced

or the electromagnetic association released such that a
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within the assenbly. This partially withdrawn position wll reduce the
transm ssion range of the inspection elenent needed to allow the receiver
in the positioning tool to be utilised appropriately for picking up of
imges 5 and other data signals. Cenerally, as indicated above the
positioning tool in accordance with aspegcgs to the present invention wll
incorporate a releasable element to allow positioning and then rel ease of

the inspectig g}ggf(?ﬁ A3 S gQuUi redy T,Qn Jg%ngl easaqs)ele?eﬁﬁe}gﬁfgre h wll also

al | ow reattachment of the inspection f o™ agycyeveral

ci r cunst ancese¢hani smpossidl ep]fdﬂ@éS@o)D@t eMdBldngonmstdicat £d releasabl e
element will be required to allow such variations in the capability wi'th

regards to tTRIBRtEChABAL SHGE LR Ifdelfat may %@huteé@)ﬁﬁdgwr@tar@ttedfy tdne

rel easabl e el epentc oy, be r ARprapriat e nisme within the
posi tioning tool . eFornexgr(%%P cyg}g e pos |&o}?11é| n\éa Ry 8o S hehtric

sheat hs whi ohf caas $reciat adred hsettvaéerve tdte otlheg]gm(ﬁ&ordl sl gtk suehy astne
| aterally or | ongijtudi nallgq‘to each other 20 in order to create at the

di stal end UpuH ‘?‘H’P‘i’ heC%1 et REuMh et ot ehebrasablecitemerhanges in that
| F | Latiqn af
el ement. For exapp §rdé9rt6°PH§E agsochat hggggcaﬁpﬁeeﬂsé%%tt' or% :ﬁgfg%e of

with the positioning tool e|ng posi re nay
ot her physi catdasstoeddt itdmtt o threevenkitebedasag 25001 t\h@uldilspt_efﬁ:éﬂl OnNs Jemant
n electromagnetic_or other nmechanismnmay be utilise

Al t t |
or dg;na_t Iovregea? PYRr 50§h HWE %rsél ¢dsablie Eredenfeassoionsivh beeheds tie
I nspecti pm Q&ﬁﬁe@%eangeigﬁ%£5§étéﬂ@h@%ttogkou?ﬁpcqﬂkgp 5Q§8§?é£gnneleQSpt IS

| ocated and it's fixing 30 secured appropriatefy the rel easa ement-tan
then be recordi guspdcsiuch ehleamenhe aassochat robubet ween tree-e dUw{IeGH N

el ement and i.he positioning.tool is renoy In_ such circunstances the
nEChanicalliﬁ%ﬁlﬁékH%Fb O%?gﬁ?ﬁ%@dbe suf%1c1ent to overcome the fixing
for the inspection element with the part to be inspected.
The releasable element would re-establish a mechanical
15 latch or re-employ an electro magnetic association. An
alternative with regard to retrieval of the inspection
element would be to provide the releasable element as
detachable from the positioning element. In such
circumstances the releasable element would be removed from
20 the positioning tool and a retrieval releasable element
attached to the positioning tool. The retrieval releasable
element would then be brought into association with the
inspection element and a bond established sufficient to
overcome the fixing with the part upon which the inspection

25 element is secured.

Aspects of the present invention separate the
inspection element and the positioning tool in order to
provide greater functionality with respect to inspection
arrangements in situations where positioning and fouling

30 though seizure could create problems. Furthermore, by
taking advantage of movable items such as rotors within a
gas turbine engine, views of parts of an assembly which
would not otherwise be available can be achieved. It will

be understood that the inspection element when associated



or the electromagnetic association rel eased such that a 18 separation
occurs. It should be understood that several nechanisns and processors
i ncl udi ng nmechani cal |atches, nagnetic and suction elenment nay be utilised
separately or together in order to provide the variation in the strength 5
of association between the inspection elemgnt and the positioning tool
through the rel easable elenent. In order to retrieve the inspection el enent

it will be wndergt he .p 0 tool would then sinply perform
the reverse of the 3?&%%%%% %reogtzIsgere(IIhag i'd o HAY° KEPRhe WReFBadui ld

el ement brought et oagssdebaki onsimgh a t heevispect FoRe8! epEnt; @0d; Lhe Jobust
bond re-established. This robust bond would be sufficient to overcone the

fixing for YHESHAsPYEt FBI‘IeEIael?éhtavmffLFiefihefl@a"?ltb]teb be |rﬁ§p@ctsetbm Thesy
rel easabl e Qalrﬁmnﬁngl\ﬂlﬂe%ofv%le%%b'tﬁ@ JEGha Crfdn 13.0a %h oTF et Jgjgpro% an
e et'fHEvalPof

el ectro magnetic association. An alternativ regar

t he i nspect |LUTdereﬂfelrE,d1t viruleb becdragqumivvigle drieygielpasal e tqla%ﬁgr}{g aSre
detachabl e fro 1 posi tion el ement. In such circunstances the

rel easabl e &% IianséaIg%ové&ef AOMPEY fies pokswewhi Agnt bel lame tad

tri I I I h t ool . The
retrieval I3”22?2%?3eefgﬁé%ﬁilﬁéﬁaﬁg\?ﬁl&%é o Rt 80 C A S

t he inspectwmmlmmalmndiga Syl iest abld ssIeacklsrujfl cient to overcone the
fixing with the rt }é\/n %h the inspection 25 elenent is secured.
Aspects of the p ﬁn‘?/ t16n BEEFETt el R RNt i s pEeL pbA dcerst afid arhe

posi ti oniong 1trQa@JedtIIdH den ehentPr @i dengi eatey funghd onal iy, with e%scpéct to
i nspectl on ar rangerrent S in situations where posi t1oni ng and flO Ipl

t hough sei z@lemead dmaveat @Cphrddl ars caR@rtsherndr ein b)sud}aklcﬂgcaﬁ\sa@h@@% of

movabl e IteQE)Sucq_aspggggggegIthlncfhdlng mirrors lenses or beam

splitters may be utilised in order to allow the steering of

the image seen by the inspection element. Adhesives and/or

15 spring clips and/or hair pins or otherwise may be utilise

with regard to the fixing. The fixing in such

circumstances will Dbe designed to ensure that the

inspection element remains in place but also to enable that

fixing to be overcome when removal of the inspection

20 element 1is required. Alternatively, if the inspection

element is sacrificial the inspection element may remain in

place.

In particular with regard to an inspection element

which 1includes a camera to provide images it will be

25 understood that lighting is important. In such

- circumstances an incandescent source in a lens portion of
the camera may provide appropriate illumination.

With regard to gas turbine engines it will Dbe

understood that the inspection element in the form of a

30 camera will be mounted upon the rotor blades as described

above 1in order to view nozzle guide vane locations. It

will also be understood that inspection elements including

a camera may be utilised with regard to watching

operational <clearances for internal and external parts
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gas turbine engine, views of parts of an assenbly which would not otherw se
be avail abl e can be achieved. It will be understood that the inspection

el enent when associated 19 with a rotor can be turned to view positions

whi ch would not be avail able using a previous fixed conbi nati on of

i nspection canmera on a fixed flexible or dgid stem By enabling renoval of
the positioning elenent it will be 5 understood i ssues concerni ng snaggi ng

and trappi ng)a? & . 2vol ed., Gener al lﬁé the inspection element can be |ocated
in stable coiiitions avhi Mg thePRBINGy THHY T 0888 e51 1 Gt c e IRna A ng

snaggi ng andrised zi R@chAsaees ghptheaRd esente i et i enrelat 1.0 ]:lfnsi%eoé an
10 inspection el enent as indicated above. The i1nspection el enent may
i ncl ude a cdmRecand i suchnei r rssieces iromritcain pr deesses gayediudi ng:

mrrors |ens r_ he plitters may he utilised in order to allowthe
steering of a%%%cl%a:gfeggenwbéhthﬁeﬁg%ggecgponlé‘tsé’ﬁﬁﬁtmgAdﬁé’éﬁl\P@s &ffiem 15

spring cli pstaydoram@i inpbhgeor 6t REEWE$eyMRY vRRHEL! 13§ MLhegard to
the fixing. The fixing in such <circunstances will be desi gne(? to ensure
that the irfSpettderel efefhrvsinineyensesl arel bupmmebsonopz daabl e Ithatill

fixing to be over en. .r enqpv f the inspection 20 elenent is required.
Al ternati veiaayl,élclJ f Bfgﬂglr%r:es%etc ?n%n%hgger%%ﬁrqogls%gc&qq i BE5P (HRI3 T pEet il

el ement may feMminy idhd BrRe@didd @&t thEuhawi whidyregard to an inspection

el ement which includes a canera to provide inages it will be 25 understood
that |ighting isd45Rttant ol n §béh cPreamastancesvemt i acandesceitedourage in

ooy P LN ler P ST P oL U5 SO QBELBLE LTI 0 T
el ement in tiesdenrtmaaf docation can be reduced in comparison with
previous arrangements. The inspection element can be
placed in an appropriate situation and remain in operation
with the positioning tool withdrawn at least partially. By
15 separation of the inspection element and the positioning
tool as indicated above problems with regard to snagging
and seizure can be avoided. Aspects of the present
invention as indicated are applicable to assemblies such as
gas turbine engines, but may also be utilised in other
20 situations such as tunnel boring, gear boxes, sealed
machinery and rolling machinery. It will also be
understood that the present invention can be utilised in a
range of test rig environments where the risk of loss of
the inspection element, and in particular a camera, is not
25 considered of great concern.

The present invention also lends itself to a method of
inspecting components of a gas turbine engine. In
particular, because of the complex architecture of gas
turbine engines it 1is difficult and time consuming to

30 inspect a non-rotatable annular engine component, such as
an array of stator vanes. Here, the method of inspecting
comprises the steps of (a) attaching an imaging device via
a releasable fixture to the rotor via a positioning tool,

(b) rotating the rotor so that the imaging device views the



30 canera will be nmounted upon the rotor blades as descri bed above in order
to view nozzle guide vane |ocations. It wll also be understood that

i nspection elenents including a camera nay be utilised with regard to

wat ching operational clearances for internal and external parts 20
particularly during ground running and fljght scenarios. Thus, nechani cal
gaps and tol erances can be determ ned. Aspects of the present invention

have partic ; i,cabili ith gard to_inspecting during design 5
st ages and i%n%o?ld%?g%% ?Q%%ff(lg%(?/mrmvaelﬁr{gnt gc)andrecpae‘élrré?lc F9ES sulFPmr el as
thrust reversesgamg demior wizzleswitélabs! 1iaksedes uadep st podnthat,
accreditation with, reggrd,to ice formng and sheddi ng can be nonitor edé.l
Aspects of tHEEPretant IPRVERt i o 5t VAR Brde1DCe nspeasiien Lar rangenem, i n

whi ch probl e W bhpeegarghfQ.od NS ionJocation be reduced in .
conparison wWwth previous arl?caenégerrgﬁtgé. Te i%lisfplg%trlc%gn eﬁg%ntu‘ﬁcta'ﬁastfémc

pl aced i nd are@apipopnt ateysal sat benuasd.r emeiheri Aedpenat iodn tnd thedhey of
positioning tool withdrawn at |east partially. By 15 separation of the

i nspect i on el EHTTEENY t'He lpoBFt iBMAEN T 06FORs ThRli desed imtdva pobbl s
wi th regard {0, 50800500 o AN REISH! € £ ARAVOLARd; ASPecs . of, Lhe present
ca

invention as indicated are appli | e to assenblies such as egafé“ﬁclﬁ
engi nes, butadweantdge ke uthki sedthodotdred 2@ rainigeaicn@nsosuctnas gramal

boring, gear, boxes, seal ed machinery and rolling machinery. It will also be
under st ood tHR{CTHEC Pr éSent ¢ n@gﬁ;ﬂ%g{ deh BECBLYI iER *é%er aff astt ftagst

rig enviiEnmehiscaheffoddle rigk ofndP8ss ofor thgd nspection g enenty, and in

particular a camera, is not 25 considered of great concern. The presen

invention alzmndendsive sglduttimea nethots ofgrdartdpyechihgscorpondnispaaft idrgas

turbine en@ﬁ%%céég because prior art devices must be deployed at
various discrete points around the engine or only part of
the circumference is inspected Dbefore changing the

15 insertion point or direction (clockwise or anticlockwise)
of inspection. In the prior art devices and methods some
vanes etc can be missed. Furthermore, wired inspection
device can foul 1in the engine and pull on the device
causing it to be misaligned. This can all result in poor

20 inspection and even the wrong vane or blade being removed
and replaced.

Modifications and alterations to aspects of the
present invention will be appreciated by those skilled in
the technology. Thus, the inspection arrangement allows

25 flexibility with regard to the inspection element. Each
inspection element will be relatively independent and may
be particularly specified for a particular function. In
such circumstances a camera, along with other sensors for
temperature or chemical reagents within a gas flow can be

30 combined appropriately for different parts of an inspection
scenario. The inspection elements can be made of an
appropriate size and can be positioned by a positioning

tool which requires less consideration with regard to in

use robust positioning of the inspection element and



particul ar, because of the conplex architecture of gas turbine engines it
is difficult and tine consumng to 30 inspect a non-rotatable annul ar engi ne
component, such as an array of stator vanes. Here, the nethod of inspecting
conprises the steps of (a) attaching an imging device via a releasable
fixture to the rotor via a positioning toel, (b) rotating the rotor so that
the i magi ng device views the 21 stationary conponent and (c) relaying

i mges fro i.nagi deyi i i | o] LSspl it.qr a
recordi ng ggégggfo$%e1&%£g?%g é%#geg?éﬂggﬁ ﬁ?§1§9%§%E?§1Q%%§ta%&¢£% égvices
such as i nf lessediked ihlcbrdasdnistayodqy pmentseiaying So bheseused. Gt her detail s
of the nmethod of inspection will be apparent fromthe description of the

i nspection arrangenent descri bed herein. One inportant advantage of the

nmet hod and arrangenent of the present invention is the ability to freely
rotate the inspection 10 device around the annulus of the engine in a single
consecutive routine. This greatly hel ps the inspection process because
prior art devices nust be deployed at various discrete points around the
engine or only part of the circunference is inspected before changing the
15 insertion point or direction (clockw se or anticlockw se) of inspection.
In the prior art devices and nethods sone vanes etc can be m ssed.
Furthernore, wired inspection device can foul in the engine and pull on the
device causing it to be msaligned. This can all result in poor 20

i nspection and even the wong vane or bl ade being renoved and repl aced.

Modi fications and alterations to aspects of the present invention will be
appreci ated by those skilled in the technol ogy. Thus, the inspection
arrangenment allows 25 flexibility with regard to the inspection el enent.
Each



i nspection elenent will be relatively independent and may be particularly
specified for a particular function. In such circunstances a canera, along
wi th other sensors for tenperature or chem cal reagents within a gas flow
can be 30 conbined appropriately for different parts of an inspection
scenario. The inspection elenments can be pmde of an appropriate size and
can be positioned by a positioning tool which requires | ess consideration
with regarddi@ims use robust positioning of the inspection elenment and 22
therefore may be Sized and proportioned so that there is Iess likelihood of
snaggi ng and -séi Z19igrah aelnyWeciClagne dasAtnebhod ehgiinepeckiphd sa ngas

t ur bi ne enmﬂg%é§nggés%ngtgtirotor and a stationary conponent, the method of
i nspecting conprises thd §t&p8asy & &t tacHity Bathrdpeét ilasprecstast via
a rel easabl eonfiritsde the tAegHPtHr via a positioning tool, (b) rotating the
rotor so that the inspection elenent views the stationary conponent, (c)
rel ayi ng i ndges fatdmdHead neafi ngleieveceivi a alenmert essiallal i mkledsaBle

i nspection ar.range t .(30). conpri.sing an . .i.nspection _elenment
(33, 43, 53, 63,(%&5?3%&(6‘&9%0%00? g % GolPOSE AL 1) ¥ positioning the
i nspection qk@n&m&@ﬁjm@:HiéUf@mg@nggttgggrgﬁéeghgﬁgctgogrgﬁeﬁggtl §g?%t|on

element is secured to the positioning tool by a rel easabl e el enent 4)
and i ncl ude§hg fFiteitdgnEzw, £P®Pnard .present the inspection el ement in use,

t he rel easahl enent _c igured to. allow the detachnment, of the inspection
20 el enent Rﬁssﬁ%ﬁggggmké%ﬁéégggﬁ%%tt§§ &m&%%&gié?Wﬁgﬁrﬁﬁ?o? Y1FREEEEN t he
10 1link.

2. An inspection arrangement (30) comprising an
inspection element (33,43,53,63,73) and a positioning tool
(31,41,51) for positioning the inspection element, the
15 arrangement characterised in that the inspection element is
secured to the positioning tool by a releasable element
(34) and includes a fixing (37,47,57) to present the
inspection element in use, the releasable element
configured to allow the detachment of the inspection

20 element in situ.

3. An arrangement as claimed in claim 1 or 2 wherein the

inspection element comprises a camera.

4. An arrangement as claimed in any one of claims 1-3

wherein the inspection element includes a lighting element.

25 5. An arrangement as claimed in any of claims 1-4 wherein
the inspection element has a wireless 1link (61,71)
comprising a radio transmitter and/or radio receiver and/or

transceiver (38,39).

6. An arrangement as claimed 1in any preceding claim
30 wherein the inspection element includes a temperature

Sensor.



i nspection el enent conprises a canera. 4. An arrangenent as clained in any
one of clains 1-3 wherein the inspection elenent includes a lighting
elenent. 25 5. An arrangenent as clained in any of clains 1-4 wherein the
i nspection elenent has a wireless link (61,71) conprising a radio
transmtter and/or radio receiver and/or pgransceiver (38,39). 6. An
arrangenent as clainmed in any preceding claim 30 wherein the inspection

el ement includes ph t /e RSt SENSOr. 244 - AN arrangenent .as cl ai med in
any preceding claim mhegg%n t he inspé%f%éﬁx%léﬁ%n%nﬁhcgﬁﬁgfd&nﬁH aim

chem cal elvearetirsenber ir@peArt ianr aagerent ascdhaigwdai pranyr preesdidaa
claim 5 wherein theeyositioning tool conprises a flexible or rigid shaft.
9. An arran&é LS red in any preceding claim wherein the rel easabl e
elenment is configured to allow attachnment of the inspection el ement by

creating 10gassoqirat i;o1r M &l e I n re r. tthan the .fixing
when required. 10. An arréﬁggﬁgﬁtagg ?ﬁ%ﬁh&ﬁpig%gnén%regggfﬁglgﬁai %aﬁﬁbrein
the rel easabihersiiengme | godet dchahyetbpdmconpripesi td ofii ewgilb DOl ot0 ralgiew an
attachnent e%eggpt to be 15 secured to the positioning tool for the

i nspection Srémert.  11. An arrangenent as clainmed in any preceding claim
wherein the fixing conprises a clip and/or adhesive and/or reciprocal

el enment to @ .partan 0 MMHGRydnled NSRECH1QA M engnt 4y t?r@%eﬁ%ﬁére@lgﬁq{or a
magneti c association 20 and/or a latch and/or an interference €l ement. 12.
An ar r angen®RErgs el &iheed ried cavpbdreec ediengntl ailm  wherfégnrekde itospacdtioan

el ement 'nCEQQ%%h%%n.ptl%%l p%%% inspection element by creating

10 association with the releasable element greater than the

fixing when required.

10. An arrangement as claimed in any preceding claim
wherein the releasable element is detachable from the
positioning tool to allow an attachment element to be

15 secured to the positioning tool for the inspection element.

11. An arrangement as claimed in any preceding claim
wherein the fixing comprises a clip and/or adhesive and/or
reciprocal element to a part to which the inspection
element 1is to be secured and/or a magnetic association

20 and/or a latch and/or an interference element.

12. An arrangement as claimed 1in any preceding claim
wherein the inspection element includes an optical path

adjustment mechanism (36,46).

13. An arrangement as claimed in any preceding claim
25 wherein the positioning tool comprises concentric elements

relatively displaceable to each other.

14. An arrangement as claimed in claim 16 wherein the
concentric elements are displaceable circumferentially

and/or longitudinally.



adj ust nent nechani sm (36, 46). 13. An arrangenent as clainmed in any preceding
claim 25 wherein the positioning tool conprises concentric elenents
relatively displaceable to each other. 14. An arrangenent as clainmed in
claim 16 wherein the concentric elenents are displaceable circunferentially
and/or longitudinally. 25 15. An arrangggent as clainmed in any preceding
claim wherein the inspection elenent has a storage elenent to store

I nformation,gbtahped, by LBeLLATPEGLI 0B1ELRABN in5 any preceding claim
wherein the inspection element has a storage element to

store information obtained by the inspection element.





