WD 2010/ 017893PCT/ EP2009/ 005518 1 CLEARANCE AND WEAR DETERM NATI ON
APPARATUS The present invention relates to a device for

det er m ni ngotzbe/ocisenr ance between a nenber and a surf aceTEP2oenosarsd
relative to which the nenber noves. Particularly, but not necessarily
excl usively, the device can be used for determ ning the gas path

cl earance between a rotor blade tip and the engi ne casing of a gas
turbine engine. In aCh&3RANCH| AkD Sfith R QETERIUANATI ONh&8 PEABABHENh 10

cl earance increases the efficiency that can be achieved with the

engi ne. However, the dinensions of the engi ne conponents,

particul arly thedhengtdrsesafnt heidwdraridil adesiateexd the pesi tdeoniaeg ofor
t hese engi ne conpaonents, can flter during operating .of the engine.

Thi s can cad$deHengs Ji¢ 16 ERe2 T 0t 0}398}“’5883 & gt LoaMfisf tferface
casing. T REIMPRIALR 1LRIiGer WBbWRYchekhBehethBer CAST Y. COPPRFt BOSL ANy,
abrai dabl e outer liner and/or the blade tips are designed to wear.

The liner r&dbce®t MERiSERAESY SXALBFLYREY bl BR JRHRe<LIh Fenyigd for
when the rubling QGEUES.nkN §oSanak@ad: 1 LENROMNM M) O RYLERNGHade
changes in the anount “of cl earance between the bl ades and the casing
surface, redue mgdetyenengiheéctentyy of a gg: tyirdinef engéngbove, it

is generally desirable non| . 1 he ance, b n e ti
and the casing, tI% eﬁsu%ggst hgkkﬁaggenaﬁhgﬁ%berg?ée)gé%%ei rr%%ey%ala;(d; &:E)é%
this, 280t dleakaowe tonarsssdsathacesSEitsigmsyt hhhatnmagy, beorachieved
exanpl e, capacgitance, m crowave, or optic t echnol aay.. Fo anpl e, .
capaci t ance d&hﬂlbgt % Fogated i nH%wer‘é% 'ss%bPové:l&“eedlslln tsheOfcaglﬁﬁg %nn%mae
det ect s t he cdinpbasaesbetpseen cuharpyobmeanteridtchd i @f The proabe ilslades,
pl aced in the recess to 30 prevent it beinﬁ damaged by the rmvinqa
Lip. The gadifatinel ReFHHES fh Bb HRPEFnFHEA T SATPAECAT St e Biter
bet ween theg prehg apdrbhenti B and anpriec=exTatisngaknewuedgenel tife of
probe positioning relative to the casing surface. However, WO

2010/ 017893PEF EPLOBOPAOS538L2 HEPNGIRRNEE appf oRFL" G he G (RFCommodate

cl earance between iheitd p andnthe ©asi &gssugf a2t UAldaidable
measured. The nmeasured val ue may therefore be erroneous, because any
change in thaten ddmsss ardi{pe ¢asi iyt ads f htes c&FSe D3 Fishi f§ ofedr-

the The liner reduces in thickness and/or the blade reduces in

length when the rubbing occurs. This can lead to temporary

20 or permanent changes in the amount of clearance between the
blades and the casing surface, reducing engine efficiency.

In view of the above, it 1is generally desirable to

monitor the clearance between the blade tip and the casing,

to ensure that the engine operates optimally. To do this,

25 it 1is known to use clearance sensors that employ, for

example, capacitance, microwave or optical technolegy. For

example, a capacitance probe 1is 1located in a recess

provided in the casing and detects the distance between the

probe and the tip. The probe is placed in the recess to

30 prevent it being damaged by the moving tip. The gas path

clearance can be determined from the distance between the

probe and the tip, and a pre-existing knowledge of the

probe positioning relative to the casing surface. However,



5 surface by the rotor blades is not taken into account. Furthernore,
such capacitance systens are susceptible to contam nation due to wear
and air bowoeodsbrsys entering the recess, and the hi ghvrrempanabisss
operating environment can nmean expensive materials are required to
protect the 10 capacitance probe from dafage. In an attenpt to
sol ve probl ens descri bed above, US 5,818, 242 di scl oses a m crowave

cl earance senson tthdts iapplroeahedthn arnecedsaranthebetsiary @l Wiy cind
is arrangedf%p neasure t aranet ers._The istancqnp%;megﬂ}the as g
sensor and 8% K& B Y s "det & Hed By e dAShi T sted/ welT Keswh- ©
anal ysi s of wheepimhe towirpforasba bkadrepassesetiesPprabe.change in the
Additionally, the probe output, at tines when no b)ade is close to

t he probe, ¢§15ﬁ5F§§edxqogﬁgtgéﬁleﬂaﬁﬁé§aFﬁ1ﬂﬁ¥ Y 5PPPRRI| Pfi ige
on the prpbe utRdtl e the CRaNFES b1Rad28 tHe hbRi Ngakdh ckRess. addunt.
cl earance fromthe probe to blade, and cal culated |ining thickness,

are then usddrtbedapsem n'dheCAPICARRRCD e SWSERTEhA Bt ad8SSERATEREe to

casi ng. c_onlégmvlghokhsu@r EBNGEEBNL NG COLE T 8SrAdCaSENSOTe % Oy the
| ocated proxinate the casing surface for precise distance 25

measur enent reThiss, camdc e Inegiuf trnratatgad finedtiings v iinonmgnt can
require the sensorL f@aklike! Nud:ShR0MRN dy fECeRS(NALy T S fleslanatd Ofeno

capaci tance SPSbes. her nor e, e sensor ‘does not neas e true
t hi cknesl® okapheikinee. pRabhef romtdgrama.des for cal cul ation of the

| i ner thickness 30 based,_ on pre-existing kn edge ,of the original

t hi ckness and eIggtﬁﬁhﬂ@ﬁ%?mgthSpé¥Pf%% %¥&¥%%n iﬁ%?cﬁﬁde$h8 ove, US
nmeasur ed ef Begtlgpb4a reEdiQidsen in mhkeknass afl carebesoudgdqr Nnakang is
erroneous neasurenent a possibility. The

2010/017893¢8?PE9§06§/@O§§f§5§ in “*the casﬁﬂg and which is arranged to

t echni quei spakyswit ahbeharapptieal | DRSt Qi shi Seantidiais INd akesorS@nd
that the |ining nmeasurenent can be taken in the absence of passi

n
conponents. thei sPpgdeef bt uhSuidSHRT@NGA cBit | AabaRl E3heN %Lmﬁ$Q¥9
5 shrouded gasi{uibi e nQlors-ad Qigka disks. phhae, ﬁtaaeeée%%s,p@b@.

therefore the sensor, is prone to contam nati on and heat danage.

Additionally, the probe output, at times when no blade is
close to the probe, is analysed to detect changes in the
effect of the lining on the probe output due to changes in
20 the 1lining thickness. The clearance from the probe to
blade, and calculated lining thickness, are then used to

determine the distance between the blade and the casing.
However, the arrangement reguires the sensor to be
located proximate the casing surface for precise distance
25 measurement. This can cause manufacturing difficulties as
it may require the sensor to fit in a standarxd recess that
is designed for capacitance probes: Furthermore, the
sensor does not measure the true thickness of the liner.
Rather, it provides for calculation of the liner thickness
30 based on pre-existing knowledge of the original thickness
and electromagnetic properties of the liner and the

measured effect of a reduction in thickness on probe

output, making erroneous measurement a possibility. The



A first aspect of the present invention provides apparatus for

determ ning the clearance between a nenber 10 and a casing surface
over and rwbavine7s®® whi ch the nmenber noves, conpri si N@CT/EP2009/0@518a1 N
wavegui de, the wavegui de having a proxinmal end and a distal end, the
di stal end being adjacent the casing surfiace and the proximl end
being at a position recessed 15 in the casing, a
transmtter/treedwiivpre, priovi deshlt t heupraxiaml &md of aphbl el yons

to
wavegui de, . .a. refer l.enent 4t .2 posifi ' ' t
pr oxi mal and i nézll%élr? S g]ﬂcﬁﬁé:%\favegui%eator&a %%Ise){hoq rs]rb%%g%érgén o'}fjgn
t he wavegui d& takenwhiar eithet hebderaresnotft gpd seicey vepmpenantangedIto is
transm t antﬁlect omagneti c Si naJ‘%hrou h .t.he mai n wavequi de an

recei ve: STeLore | ungyy Coortion TR tectd et i &Ef'ynat®

25 refl eqt edsHiddddhegs £f enepepeel ®INs, and brakei )didslgacondipe,t i oe
of the electromagnetic signal reflected fromthe ‘casing surface, and
(iii) a thir®Eseri gadofthereterectPena§nertc %Fgﬂé?“?egPeE?’éHa’HWm“
the nenber. 3QThesfi tekhageecond and third signal portions allow the
relative positioning of the reference elenent, the casing surface and
the menber to be?si AukBanedsBeyt deder ilfed Pregent  invention provides

det er i net hepositi.oni ng, St A09aLAShong! At aNeRantR 204 o member

10 and a casing surface over and relative to which the member
moves, comprising:

a main waveguide, the waveguide having a proximal end
and a distal end, the distal end being adjacent the casing
surface and the proximal end being at a position recessed

15 in the casing,

a transmitter/receiver, provided at the proximal end
of the main waveguide,

a reference element at a position intermediate the
proximal and distal ends of the wavegﬁide or at the distal

20 end of the waveguide,

wherein the transmitter/receiver 1is arranged to
transmit an electromagnetic signal through the main
waveguide and receive:

(i) a first portion of the electromagnetic signal

25 reflected from the reference element,

(ii) a second portion of the electromagnetic signal
reflected from the casing surface, and

(iti) a third portion of the electromagnetic signal
reflected from the member.

30 The first, second and third signal portions allow the
relative positicning of the reference element, the casing
surface and the member to be simultaneocusly determined. To

determine the positioning, standard signal/distance



4 nmeasuring techni ques may be used, such as interferonetry or tine of
flight nmeasurenment (tinme domain reflectonetry (TDR)), which use the
rel ative piweserrantbor tim ng of the signal portions to rdaterambnesishe
relative positioning of 5 the various el enents. By

simul taneously determining the relative gositioning of the casing
surface and the nmenber fromthe second and third portions of the

el ect r omagnetdacs 1iiggalt ecdgpigueisy ey, b’eheseduesutbaaanéetbef&e@nethxe or

menber and the ca3|{|g éh" %L%rface can_he caI %ul at egbmgﬁlh m)verre

in the positi'dh ngof PHe SasiiGdhFses, 5d%8d BY p033| i715) ki by

of the menberroom i, hewrswn‘ ace: beéngelakenei phasaceaodnbri I’tJIl'di@lg of the

cal cul ation. Furthernore, since the refere ce el enent provides a
fixed refer end@ddoi WPt ¥ 150 c&?ﬁﬁ@lﬁﬁalpr?sstﬂ\ﬁ?néﬁgt Hef

posi tion of dhe veIbes easmbatgonpar ed by nonitoring the relative
positioning of the reference el enent and the casing,_determ ned from

the first and thiB¥d SEMLléenequsdyt Osk§rMéapagt Fhel Jelabyve PPl fHon g

actual positjon.of the;ngd0sRFReE relatine raé}ntme gAShNgneansd@nd and
i ndependently of any novenent and/or wear of surface. By using the

for the casitigrdr atdririansarrf heher ahsat renergnaiced vaiopsl | reapectively,
transmitter/gacelyge nged.bohcle Hinpckd elald VﬁlehBeEheaﬁés'Qﬂe % 1ng

my be posi tione a nore desira ocatl on, a position ere
t here i ssOrosarspaee. churt ber norécuflhéedr r angelnrenanyreamsmrtmt anyn the
g""e”e”t of LNa8 LLAST LEE/ [8SCI ¥Rl I8! AUNE LD 1hELERE Yy Sdss e
rubbing of the member on the surface, being taken into
account in the <calculation. Furthermecre, since the
reference element provides a fixed reference point with
15 respect to the casing against which the position of the
member c¢an be compared, by monitoring the relative
positioning of the reference element and the casing,
determined from the first and third reflected portions
respectively, any shift din the actual position of the
20 member relative to the casing can be calculated
independently of any movement and/or wear of the casing

surface.
By using the reference element as the reference point
for the casing, rather than the transmitter/receiver
25 itself, the transmitter/receiver need not be fixed relative
to the casing, and may be positioned at a more desirable
location, e.g. a position where there 1is more space.
Furthermore, the arrangement means that any movement of the
transmitter/receiver relative to the casing, e.g. as a
30 result the transmitter/receiver being taken away for
testing, or repairs etc., will not affect the accuracy of
the measurements. No re-calibration of the positioning of

the transmitter/receiver relative to the «casing 1is



30 result the transmtter/receiver being taken away for testing, or
repairs etc., will not affect the accuracy of the neasurenents. No
re-cal i br awpamogfizsohe positioning of the transmtter/r @CeiRPern005518
relative to the casing is W 201 OM 1 7893POAP2009/ 00551 8 5
necessary in such circunstances, since tRe reference el ement acts as
the casing reference point. In contrast to the transmtter/receiver,

t he referenceassstam gy beueh r efar¢westangaml e singent tieantagerence

moverent [ afddehc 1489 3PARE Qi o8 GorbOlnLEPALIne ! S #! LEELYRLO o
be necessary. € casing may conprise a liner, the outer
surface of tte | tnensmptowdirepdihemasiing sefktaceceThe . driemér may be a

abr ai dabl e. Th Ii.nerl may. pr.ovi ng a hteat shield for tHg %%%imngi.t‘léhefi od
liner may cdvertaV§ildt 41* opeTi HY- of “the"40™RAVEGUF de “8id ‘priovi
a heat shj elgddiaildag wayegbderapdi oy i ansiildler /Hetei wekessary.
Furthernore, the liner nmay prevent caontam nati on of the wavegui de
and/ or transnittdhfr &ESEr Mgy IR SBorfai lddiTe, TR 44 %Hygace of

provide a sagld fiGiad PUFidmPleidecsashdosuwhisd, i sTabr aiided Wien be
contacted by 15 the nenber, avoiding excessive heat bU|Id1uE or
damage of tléredsichde. The Slppert Reyi mi&visigr faackedt ehéclinder dthe
the di stal .af th veguLde Y-Refixedi iy rebali enctonthe & est
of the casi %%gl?lg'm?%?oglgﬂggt ﬂlgg‘rie%‘ erence e erraent. 20 Eigwesgr, ©
pref er ablly, wvavegiedeneedepenentesephrateshiontthe theevavegitdereahdfar

the prOXina%r%%%mﬁk%%%br%@@%vgg.theﬁ&%%éﬁ%oﬂéﬁF%ﬁgjﬁgger may prevent
contamination of the waveguide and/or transmitter/receiver.
By being abraidable, the liner may provide a sacrificial
portion of the casing, which is abraided when contacted by
15 the member, avoiding excessive heat build-up or damage of
the casing.

Since the inner surface of the liner, at the distal
end of the waveguide, may be fixed in relation toc the rest
of the «casing, 1t may provide the reference element.

20 However, preferably, a reference element separate from the
liner, intermediate the proximal and distal ends of the
casing, is provided.

Preferably, the apparatus can be used to calculate the
thickness of the liner. When the inner surface of the

25 liner provides the reference element, the thickness of the
liner may be determined by comparing the positioning of the
reference element and the casing surface (i.e. the outer
surface of the liner), obtained from .the first and seccnd
portions of the electromagnetic signal respectively.

30 However, when the reference element 1is separate from the
inner surface of the liner, the transmitter/receiver may be
arranged to receive a fourth portion of the electromagnetic

signal reflected from the inner surface of the liner, the



Preferably, the apparatus can be used to cal cul ate the thickness of
the liner. When the inner surface of the 25 liner provides the

ref erence wbemmmised he t hi ckness of the |iner may be detemmamedsbg
conparing the positioning of the reference el enent and the casing
surface (i.e. the outer surface of the |bner), obtained fromthe

first and second portions of the el ectromagnetic signal respectively.
30 However, thhehknele hefiagenced wllereat Hys cep@mrEng fuhemade timmeimg of
surface of the liner, the transm.tter/receiver e arran t 0.
recei ve a f &t Fportd on” a?%eq%rECtFSﬁaé%é?ﬁJ@ﬁ%ﬁ%ﬁ§+8?|g%%bf%ﬂ%%
t he i nner sunkac@eofinhke suf€acet bé tW® 20de OMIFBOBRET/ ER2D O O OSEddhd
6 thickness bejing_cal cul ated hy conparing the pqgsitioning of the

casi ng surf &8 (i feurthe ARG f alE OEQQ$K3I%iﬁg&fogﬁag?ﬁécinﬁ%%gnal
surface of thepkinekedbtained fromthe second and fourth portions of
the el ectromagnetic signal 5 respectively.. . Preferably,

el ectronmagneti c SFEAGFEPsYa nfeROWAIBREIYNET . SAHANAN cridhaves TrPeve
enitted from;g,3qur Cerlich @Soda @Ml 0de. cAStabh erPahi WeSoulR® such
el ectromagneti'c signal may be an infrared, visible |ight (optical) or
10 ul travi oket &i dghain Byodei ng Wssi dleerngihtvdr &kgnpeschymnagnetic
transmtter/r Lve ni b d : L Vi Sl i g
has a highersl %gaueﬁ%g é%%n?%ve?“3§§£§§h95$¥§§§¥% nﬁggggavgéééééﬁij B
preci se 1di sbancevireasur engmizlnay Bg achingvedi sitbEhel i glansdort exxanmle,
receiver may, be _integrated,into.the same transmitter/recejver unit,

or may be séBgr gf:g.nsgl%%er/ﬁ%ei"é?%r%’%% %ef)énm%entscn%yec[)eccopg"rnova}n gd Dy'<°
an i npedanceidibtentiimitt \haaf @nhigherf &geeghehvpenndi fifcereentwavelength
materials, a change in width of the majn mgveguide, a_change in theb
20 ext ensi oh AP SEAEGN BHE St nEGRE P HEVETU Gbs L OIC AN apRY BEFFAL emaY b
alternativegchieved.Preferably, the apparatus conprises a reference
wavegui de to enabl e detection of, and conpensation for, ang changes
in | engtl® of theThai if AAPEGEHEGE. e FBREERCHF ™2We 2% HMAFRINALEYUiIdEC

may change dyg tambhersBinef{ &€t fecdBANINGR], SkT ARY, LB ES54FEte.
vari ations and other influences. This can lead to errors in the

cal cul ations of EPeargheESnFenereRANEKRAYSPEL ErOVAFEEuSYed abdREABFe
detecting theschangguipy! ROt ofnddig el RNee aMeFU Rt materials,

a change in width of the main waveguide, a change in the
20 extension direction of the main waveguide, or  an
appropriate alternative.

Preferably, the apparatus comprises a reference
wavequide to enable detection of, and compensation for, any
changes in length of the main waveguide. The length of the

25 main waveguide wmay <change due tc thermal effects,
mechanical strain, pressure variations and other
influences. This can lead to errors in the calculations of
clearance, liner thickness etc., discussed above. By
detecting the change in length of the reference waveguide,

30 which may be similar or identical to the main waveguide, a
corresponding change in length of the main waveguide can be
estimated and factored into the calculaticns, reducing or

eliminating error in the calculations.” The electromagnetic



30 which may be simlar or identical to the main wavegui de, a
correspondi ng change in length of the main wavegui de can be esti mated
and fact orwd 2omtoe7sbhe cal cul ati ons, reduci ng or eli m n&CraAg20p/n@G618 N
the cal cul ations: The el ectromagnetic WO

2010/ 017893PCT/ EP2009/ 005518 7 signal may be split between the main
wavegui de and the reference wavegui de, and the transmtter/receiver
may be arrargahatio nageibee aplitt pgfoeeinontiod miadne| ezvewnedmeringd the

signal that reflects fr dj sta nd.,o wavegui.de,
a1 foni ng. any GERIES v r Crat oS RS vdegt aa ot bR Al S o AT pe
Pref erabl y, drianappartat us=desiwesed fifich jpdreingi nef eheg. e hegasorhag v s

ine, the menb ' t de. Accor di ng t ot
Things. t ho SAfPatat U6 g CBAStbeudeR™ o* oA BbFAt € HhcC RomiEor ‘T BT B

bl ade weay QizveL@8HRe,! Al1Qlbwlalgh driyi AighrefOsiOn1angdinear, @id Yasepatde
cl earance between the rotor blade tip and the engine casing surface,
whi ch are i fPorCafetEEBLBRe-in relation to engine efficiency.

15Nonet hel ess, t ke .2RRALALUS HRY BSpaPRthsd iisn @ider ihi e dgewhesgyine,
moni toring of the clearance between a nmenber and a casing Surface
over and releagi-ve (9@ swHiwpitne qieiBer fo\te PEPGIMPEHENt2 yotor blade.

non- exhaust i i appl I opspLpclype Prakhpg His6S ifd CRLS:
trai ns and g%%gf&%é??%o%% a |engeg|hscs Llli% achi ne to%% S; engi ne'£l§ be
cyl i nderl®, wseer wat ecabonlaor i agdofmoodregsixmtar leladd oWcabeari nygssep,

steam turbines, and.sli.ding shafts. nmbaqdi ts th
i nvention vurﬂ%‘-"ﬁmﬁaﬁ@ &é&&%igbeeg Obsy} o\?/a)‘/El ngf wéefgr?ploag]d\;\n? T e tehr e‘iﬁ]b%aliaonce
t he acconpamgicrgedr ahieng®tdr iladei cip and tHeguwregiheshovsiray surface,
cross-sectional _view of aBBar at us a%%or ding to a figst errbogi ment_ of

I

the present "I¢Bnt it IOPOE YT e 23SK8RE a &t 0s5S 5Lt bnalOvi sHHE

appar at us aeeghdiagci;0 a second enbodi nent of the present invention;

30Fi gure 3 shows_a cross-sectional view of appar tus acciqrdi ng to
third efSodi ment NBPetRBLpF EsedtS neRREFRhYs may »e applied In other

fields where monitoring of the clearance between a member
and a casing surface over and relative to which the member
moves is important. A non-exhaustive list of applicatiocons
include: braking discs in cars, trains and airplanes;
20 rotating discs in machine tools; engine cylinders;
underwater monitoring of corrosion or erosion; bearings;
steam turbines, and sliding shafts.
Embodiments of the invention will now be described by
way of example with reference to the accompanying drawings
25 in which:
Figure 1 shows a cross-sectional view of apparatus
according to a first embodiment of the present invention:;
Figure 2 shows a cross-sectional view of apparatus
according to a second embodiment of the present invention;
30 Figure 3 shows a cross-sectional view of apparatus

according to a third embodiment of the present invention;



WD 2010/ 017893PCT/ EP2009/ 005518 8 Figure 4 shows a
cross-sectional view of apparatus according to a fourth enbodi nent of
t he presemnwoiewemspdon; and Figure 5 shows a cross-sect iPOMEP2009/eNA5 1B
apparatus 5 according to a fifth enbodi nent of the present invention.
Appar atus according to a first enbodi men® of the present invention is
shown in Fig. 1. The apparatus conprises a rotor blade 1 |ocated

Wi thin an engi neFégsirrg 2 chowsgas tandsismeésehgonal Thiew oPtdr #bRaieatus

is arranged to 10.rotate s at j: of e« t r agde, L
passes over aé\:C|5)6:?jtllr1 nacc())f % ltij'pe(nlcﬁaésh n%"?tﬁédvﬁgnee}é ag%%%uﬁg%%giﬁé i's dntion;
provi ded i namdrecess 22 of the casing 2. The casing 2 conprises

an abraidable liner 23 d rigid section 24. An.inner surface 23

of the abraidabl é¥58%Fin rSﬁgwéouﬁlé&qﬁsfﬁefﬁéopﬁéi&”§3&t?gn 2 S H

outer surf agecd3dial theal Fnethpemvddiatedthe £ snd aeesehtt haveasiog. 2.

The wavegui de 21 has a distal end, opening 211 provided $ an orific
§ego g“&

inthe rigid por BPEATBEUENe?CERIMY'D, thd & hé136Twa enh ke

fromthe di stalsc.aRd OREBAPTR1L s aWRBwhr opht heid ot ar. bl adge 1, aggpadatus
proxi mal end opening 212. The liner 23 is arranged to cover the

di stal end opepiriagesla. rotor bhadhelf lpsatefbobinEntan £rFitalcasidy 2
regi on of t veaqui 1 j nt i openi “rlhgd

25 filled vvi%t%h\gg & sﬁ%%ﬁ'étj“é“‘r ?eg{gqg‘%t'ha%%sdﬂrﬁo?heb?‘%%g the Tetasged o
the |inem 23ocitatrechahi chktard telpedtlr icdalther opdrad dslaftee If ipastses over

material 3 1ayche 3,08 GH I GIMRLY Anetioh 3% MANER! WIS el Nfea
in a recess 22 of the casing 2.
The casing 2 comprises an abraidable liner 23 and a
rigid section 24. An inner surface 231 of the abraidable
15 liner is coupled with the rigid section 24. An outer
surface 232 of the liner provides the surface of the casing
2.
The waveguide 21 has a distal end opening 21l provided
by an orifice in the rigid portion of the casing 2, and the
20 waveguide 21 extends from the distal end opening 211, away
from the rotor blade 1, to a proximal end opening 212. The
liner 23 is arranged to cover the distal end opening 211.
In the first embodiment, a distal end region of the
waveguide 21, adjacent the distal end opening 211, 1is
25 filled with a first material 3 that 1s matched to the
material of the liner 23 in mechanical and electrical
properties. The first material 3 may be a dielectric
material such as Magnesium Spinel. The remainder of the
waveguide in this embodiment is air-filled.
30 Coupled with the proximal end opening 212 is a
transmitter/receiver 4 (a probe). The transmitter/receiver
is arranged to transmit a microwave signal into the

waveguide 21 wvia the proximal end opening 212. The



wavegui de in this enbodinent is air-filled. 30Coupled with the

proxi mal end opening 212 is a transmtter/receiver 4 (a probe). The
transm tt ewbremp@nises i s arranged to transmt a m cr owa\PETSPIIANIBTR O

t he wavegui de 21 via the proximal end opening 212. The WO

2010/ 017893PCT/ EP2009/ 005518 9 transnitt&r/recei ver 4 may be coupl ed
wi th the waveguide directly as shown, or indirectly (e.g. via a

cabl e). traffeniftitest/ negeérieal 8 and tive towele@3wahh pgrievenaveguide

contam nati opn of .the wavequide 21. ter/r.ec I 4 by
preventing parti e |ansgrseg§“’nl’n (% Qgﬁ%@gﬁ"@e% Jlea ceabd'%gtal end
openi ng 211. Further nbLestt haatfdrristl nAt emidal tBe arldntehte 2B nemay23pmayent

act as a heat shleldfor t transmtter/re Iver, 4 | acing.,the .
transmitter /SEEEVER M4 G n %I O ¢ ERpeyat Lt e ﬁn@P?oﬁF‘f@Hgm%egﬁgce”er
transm tted sighaprésavel iy OO & himgwseguitte Ahandpayiidnszdivia

the signal are caused to reflect back to_ the transmtter/recejver 4
from di fferéfte pshitiiddns SAon§PeRe "avEddi de 2F1ahASHBYERd. the nofkrst

detail, as nesWdtiaf 3hendmpgdangeem ML, alcdSabhe M facke Rl for
between the air and the proximal end of the first- material 3, one

portion of tiHe signaltiansméftitesysgcrivarthe i nferface Bid&ERIt o t hethe
fransmiter//eoendk ety %@belbekeafeﬁe 2 CAD, HISHRE QI8 R SN ARkRE . 2

ref erence elenen for the casing 2. Referring
10 The transmltted signal travels through the waveguide

21 and portions of the signal are caused to reflect back to
the transmitter/receiver 4 from different positions along
the waveguide 21 and beyond.
In more detail, as result of the impedance mismatch at
15 the interface 31 between the air and the proximal end of
the first material 3, one portion of the signal is
reflected from the interface 31 back to the
transmitter/receiver 4. This interface can therefore be
considered a reference element for the casing 2. Referring
20 to Fig. 1, the reflection takes place at point A along an
imaginary straight line 2 that extends from the reference
element, through the distal end region of the waveguide 21
to the tip 11 of the rotor blade 1.
Another portion of the signal is reflected from the
25 interface 32 between the distal end of the first material 3
and the inner surface 231 of the liner 23, at a point B
along the line Z. The reflection 1is as a result of the
impedance mismatch resulting from the transition between
the relatively narrow first material 3 within the waveguide
30 21 and the relatively wide material of the liner 23.
Another portion of the signal is reflected from the
interface between the cuter surface 232 of the liner 23 and

the adjacent air, at point C along line Z. The impedance



20 to Fig. 1, the reflection takes place at point A along an

i magi nary straight line Z that extends fromthe reference el enent,

t hr ough t h&odostatsyend regi on of the wavegui de 21 to t IRETIEPRI0LB0S6F8
the rotor blade 1. Another portion of the signal is reflected from
the 25 interface 32 between the distal el of the first material 3
and the inner surface 231 of the liner 23, at a point B along the
line Z. The misfiageti omepylhas af rawulttheof trhesipperlamedwisthates liner

resulting fr t transjtio e en,t relatively nary.ow,first h
material 3 vrﬁ%trﬂ%%%tlheﬁnm%/%%u?%% éﬁZ%taﬁglltsheﬂrLtéﬁ ativel y l\?‘ﬁ dle © the
mat eri al of ddfdddtien 28. point Andiheuspedtalmywef the signal is

reflected fromthe interface between the quter.surface 232..0f .th
liner 23 and the *&dj a¥5HISH r POREL P ﬁ’? &%ﬁ oﬁbgrllal‘j;lelz %é%cﬁéﬁa%%:%m
WD 2010/ G17892PEHAERA0QE GRS b thi) misrad ch atesulgesidft amdleng line 2.

transition between the |liner material 23_and the air at this
interface, <9 FaMt@life Peprget LBR £FfE38Fﬁ?dAp‘EI’F§%?}%s‘é’dﬂab%‘?/e"‘.‘ §Rtal

anot her por ti.g1 @k ibhe o3 gRy shignbef kemhedih§oatbet hendi pelleotidhe at
rotor blade 1 at a point D along line Z For_a netallic blade, the
reflected pootings Wil B BadaCyosanceethectPerbalofl afye shipde 2ebdidhingt!

after the r%fét,el%fsi WS AL POTHE See B dvesi Nogp i et@ly of Lhfanic

bl ade acting w act as a mrror to the mcrowaves. However, for a
cerani ¢ 110 or ceyaEmic cozted] rovoer bbadde, t hber ekféectdanwiviill lhdedudue

to a change_.in i e t.he t itipn t he; air d
the ceramc.-® ° ép%glg%ou?%silg“%aeld’a%%r%ti%gs tlrP%f Y\g%%éé atC?Apo;iD%g3 z“e%,ﬂ Brjhe
C and D respeaat/igeel yndr eheecerareidcby the transmtter/receiver 15 4. A

signal processing . nmeans is assaciated wth t trapnspmtiet ceiv
and is arranged ggedg‘rté’é‘rrm?fegqaﬁe R RV J|f)eo€]|‘eefcltoe(rjl}‘?nag11 o#’&béf%t g’AjaBr’B,c
C and D fromnkhe nefsdectedeliygnak pectiond dgi nhestaadsaniittechne cpicger

such as interferometry or_ tinme of flight neasurenent (tine doma%n 2&
reflect det Ay (TOR))S 9 ch PEGREEPEEt hacPhase andPSPCErhFfg Bt i hehe
reflected sicgRakmpetbikppsctovdet espiineithearehmgave th stancesmbed weeie
points A, B, C and D By determning the rel ative Igosi tioni ng of

points A Bre¢atadg motHel¢EIng i ¢€ pRitionfng B Fariots kohpBRerte

reflected signal portions using standard techniques such as

interferometry or time of flight measurement (time domain

20 reflectometry (TDR)), which compares the phase and/or

timing of the reflected signal portions to determine the
relative distances between points A, B, C and D.

By determining the relative positioning of points A,

B, C, and D, the relative positioning of various components

25 can be calculated. In more detail, the distance between

the rotor blade tip 11 and the outef surface 232 of the

lining 23 (i.e. the tip clearance) can be determined from

the distance between points C and D. The thickness of the

liner 23 can be determined from the distance between points

30 B and C, or based on a pre-existing knowledge of the

thickness of the liner 23 and the monitoring of any change

in the distance between points A and C. Any changes in the

rotor blade tip 11 positioning as it passes the waveguide



25 can be calculated. In nore detail, the distance between the rotor
bl ade tip 11 and the outer surface 232 of the lining 23 (i.e. the tip
cl ear ance)woamohersdet er m ned from the di stance bet ween powinrti®y/@3a18d

D. The thickness of the Iiner 23 can be determ ned fromthe distance
bet ween points 30 B and C, or based on albre-existing know edge of
the thickness of the liner 23 and the nonitoring of any change in the
di stance betddeere pbi nés A atREWGt ARy ehagews nin hlel 2@t of-eBRABe duep to

11 positionin S i h gui ; .
2010/ 017893 ﬁé%f%m85’9%%‘g§§§§51§f\3?¥%e%.98§s m?“?%%ﬁ?t " e nahgered
bl ade | engt bbydusortic corieep,argy  shafi¢e ngnofthehelisltadeentgivicrg, peamtre A
determ ned b itorjng_any .change .in the, di stance, between points A
and D. As ar?ynﬁr?lgr naté@e?nsi%teerb-%ecﬁtv% i -4 po8P P%neﬁs Whi éh RBrabtion

may be fisxedinielat aveot magasbag & {andrapytiher efoor eaalsg @ oyiadd amay
fi xed reference el enent for the casing_2),. changes in ggsitionin

. of
the rotor bitAg&efrpel 2439 aPFE-{o Phgf nGe R He yeterhi rfé’g’ byhe

noni toring R iekanges chankBe dhshanseibeingesrs pehdt sofbansh fde ¥ip 11
Monitoring of changes in the blade tip 11 positioning is preferably,
perforned atredagiiié starther casiBfiotthdhay epeattalbEEméRAerr et toring

condition. any BRRAEELUS;ACCONLI NgdioRSeendeetbodbarnl of they .
present |nventy| on is’shown in Fig. 2. The apparatus of the 15 second

enbodi maift Mendubstiagt icfl | ghateesaie &det Helagspat 8 udlofrasia iondey  is
enbodi nent. Howeve inste f ;the wav ' 2 ing.tilled w

air adj acenprte%%rﬁlé%%i rrﬁ’lere(r%égﬁf o?att heg r%ﬁe n%%ge)ﬁ al ° ata%po;,gn%&,&}er
t he wavegui dep2itiebléi Ehedronhdnta secandl nldreri al 5, whi ch has

i npedance 20 m spatch with the first material 3. In _this.e di ment
e ratori o of PRuSrehts " ArSend il oW Pherksdond 0shBRBLRERE, BF Mene
material 3; pirespatt iawkatioht iBashawni tpedamce? ni shed cdppyd tdtusheof the
first material 3, enhancjng reflections at point B. .25 ar at us
hotor di G 1 6o5ODHI 1 GTBTERaRREnt o 1R pe R n SHTS onCERE S hasn (e
Fig. 3. The;apparatyscef thbest bkt deppbadhamnl |Sowdthst aniisddad tdfe the
sanme as the apparatus of the second enbodi ment. However, instead of
havi ng firstayRauieeortd ety afdl3eds Witkh Rl adedafert 2106 KAWL
by end 31 of the first material 3 at point A, the waveguide 21

is filled with a second materiazl 5, which has impedance

20 mismatch with the first material 3. In this embodiment,
the material of the liner 23’ 1is also different from the
first material 3; 1in particular, it has an impedance
mismatch with the first material 3, enhancing reflections
at point B.

25 Apparatus according to a third embodiment of the
present invention is shown in Fig. 3. The apparatus of the
third embodiment is substantially the same as the apparatus
of the second embodiment. However, instead of having first
and second materials 3, 5 in the waveguide 21 providing, by

30 way of their interface, a reference element at point A, a
protrusion 25 on an inner wall of the waveguide 21 is
provided at point A. The protrusion reduces the width of

the waveguide 21, causing a change in impedance and



30 way of their interface, a reference elenent at point A a
protrusion 25 on an inner wall of the waveguide 21 is provided at
point A TWe2pnotTsesi on reduces the wi dth of the wavegeCuEr2me/005518
causing a change in inpedance and WO 2010/ 017893PCT/ EP2009/ 005518 12
providing for partial reflection of the ¥d crowave signal at point A
Apparatus according to a fourth enbodi nent of the present invention

i s shown i ngEHayiddngTHerappatatls refleheisnf ofir the enbotbware $kynal at
simlar to the apparatus of the previous enbodi nents. However,

i nst ead of é’od‘rn%‘t ?\lsi on or different materials providing the

i npedance m smat @ppatrapasntadsoadiolmngs i a theuril ecmbor ioknext efisi tthe
of the waveguide 21 (a ri ght angl ed bend éG& h?s been introduced Oth
at point A PHGSENGr FWVEELIE™ FEWEPOBR ot B2 9 nalegul de. 2PPATANY 9 Fhe
embodi nerd  Gloulrt® pPerRseBimEAYeNnis onsimgi W Fi @heb. agberappar abfis itHe
the fifth enbodinent is substantially the same as the apparatus of
the first ePF6diREgt sPochEenEFent ifsi¥evadwevdstedn &ddid iR FYE @ LT

15 is providgddnehie 6a8hhth1 Mith ALKGdesna refianee Waysautds Git
whi ch has the sane size and shape as the wavegui de 21. By detecting

t he change ipeilngngdh of ¢hangef éneride waiegat den 6 ofweEetEPbcefir the
due to ther f.ect pr.es variaftio t Gy or onehi
! m%k;e%%ﬁ%o?lt PLESBUR, VELERLAOREng! 06) RaCOTIRIPONH Mhiuced

change 20 inle eqgui can be ca
det er mi riedd and pbact:oRedThhsoptdreigmsid | biniwey galodullat | sasedisdassed

A ORE L S G X I SRR
m crowave sirggal travel |Thyg fapmraddims of the fifth embodiment is
substantially the same as the apparatus of the first
embodiment of the invention. However, an additional recess
15 is provided in the casing, which provides a reference
waveguide 6 which has the same size and shape as the
waveguide 21. By detecting the change in length of the
reference waveguide 6, which can occur due to thermal
effects, pressure variations etc., a corresponding change
20 in length of the ‘main’ waveguide 21 <can be can be
determined and factored into the positioning calculations
discussed above, reducing or elimindating error in these
calculations.
To monitor the change in length of the reference
25 waveguide 6, the microwave signal travelling from the
transmitter/receiver is split by a splitter/mixer 60,
causing one part of the microwave signal to travel into the
main waveguide 21 and another part to travel into the
reference waveguide 6. The portion of the microwave signal
30 travelling into the reference waveguide 6 reflects off the
inner surface 231 of the liner 23 (defining the end of the
waveguide 6) at point E, back to the splitter/mixer, where

it is combined with the reflected signal portions from the



transmtter/receiver is split by a splitter/ m xer 60, causing one

part of the m crowave signal to travel into the main wavegui de 21 and
anot her pawo20m/miTsavel into the reference wavegui de 6. pTImEPPOY/HOISETS Of
the m crowave signal 30 travelling into the reference wavegui de 6
reflects off the inner surface 231 of thH& |iner 23 (defining the end
of the waveguide 6) at point E, back to the splitter/ m xer, where it

i s conbi ned maiith thveavee@h'mtﬁ ed Qﬂgnalar}mbrti amsveiem t Hec\D to the
2010/ 017893PCT/ EP2 05518 13 in e2landirave C e
Cransmi (o FrEEDSTIOR R TBREREHT L Ari nivt REH B Feeterhe) Shatogerd | pronal

from poi nt Botsiiag theosi gj’dﬂjntpl’ @C&ﬁ@lr@ FBanss bgsaci airedewst hgt hﬁeans
transmtter/receiver, the |length and/ or ?ng chan e '1'? Ierg t’h é}]
ref erence wWAPEQGHa&cEal bl &8 eFﬁiaﬁéElltter receiver, the gt or

5 any change in length of the reference waveguide can be
determined.

While the invention has been described in conjunction
with the exemplary embodiments described above, many
equivalent modifications and variations will be apparent to

10 those skilled in the art when given this disclosure.
Accordingly, the exemplary embodiments of the invention set
forth above are considered to be 1illustrative and not
limiting. Various changes to the described embodiments may
be made without departing from the spirit and scope of the

15 invention.



Wil e the invention has been described in conjunction with the
exenpl ary enbodi nents descri bed above, many equival ent nodifications

and variations will be apparent to 10 those skilled in the art when
given this disclosure. Accordingly, thejexenplary enbodi ments of the
invention set forth above are considered to be illustrative and not

limting. Yard;gus changes to the described enbodi ments nmay be made
W t hout departing fromthe spirit and scope of the 15 invention. 14
Clainms 1. Apparatus for determ ning the cl earance between a menber

d ' f d relative to which the 5 menb
conpri sing:tt  APREURA wabdguFGEeTHE iveqUrde hFAG-E pPoKTRAD

end and a ¢icsdRlr el 4 headisyakuendcbebharadindcart] dhieyCasd Nghich the
surface and the proximal end being at a position recessed in the

casi ng; S10asMogTs Movesy/ ced@inieringgr ovi ded at the proximal end of the
mai n wavegui de, : e . a . pasi ti | | -at

t he proxi mal an&'d?%?%ﬁw%ﬁ%gﬁgggihgh§2§§gﬁggéagr?%?%% ei%i'ﬁg eﬁ% %?d
t he waveguiadel &l5het£hsénd, conpr diesad knvemeithe aiferersurflacecaiing

the liner providing the casin%%iurface, the, |liner covers, an opening
at the di stAFT@RE A" hENFaPROKATEguicE. 2ftPd 3t dher@iitiHe recessed
transm tten/y egRl WRlsiing;arranged to transmt an el ectromagnetic

signal through the main 20 wavegui de and recei ve:
10 a transmitter/receiver, provided at the proximal end

of the main waveguide,

a reference element at a position intermediate the
proximal and distal ends of the waveguide or at the distal
end of the waveguide,

15 the casing comprises a liner, the outer surface of
the liner providing the casing surface, the liner covers an
opening at the distal end of the main waveguide, and

wherein the transmitter/receiver 1s arranged to
transmit an electromagnetic signal  through the main

20 waveguide and receive:

(1) a first portion of the electromagnetic signal
reflected from the reference element;

(ii) a second portion of the electromagnetic signal
reflected from the casing surface, and

25 {(iii) a third portion of the electromagnetic signal

reflected from the member.

2. The apparatus of claim 1, wherein the reference
element is provided by the inner surface of the liner.

30 3. The apparatus of claim lwherein the reference element
is intermediate the proximal and distal ends of the

waveguide.



(i) a first portion of the electromagnetic signal reflected fromthe
reference el enent; (ii) a second portion of the

el ectromagnetic signal reflected fromthe casing surface, and 25(iii)
a third portion of the el ectromagnetic sisgnal reflected fromthe
menber. 2. The apparatus of claiml, wherein the reference elenent is

provi ded by, the #}HEGE@HEQ@BE Oéf”&%al'n{‘ei 230 31106 aﬁparhﬁute‘i%;l]‘?f JEhe

claiml V\/nerel n the reference elenment 1's internediate the' proxi m
di st al endstna‘na:r[hﬂ:nmvegwaieran@éd4tf5heeapmaeatausfcnjrtd1 atartli@ndof the

claim3, wherein the transmitter ?Eranggd to receive a fourth
portion of & teﬁ%%eﬂ%“%%gﬁ% Peffecteam fom tHE§mnerr-ace of

surface of gee limer. 5 5. The apparatus of claim3 or 4, wherein the
reference elenent is provided by an interface between different
mat eri als in t héheai apmevegys def clagm TEheoapﬁar athesregfn cthe nrgfereyce

wher ei n the r%{%{en%% el%n%lde rOVIg g¥e%§8h%ngge£neendtB%ﬁ%egegt

mai n 10 vvavegw e appar a raim 3°6r 4

reference elenmmitaliss ipr atieded by v&v@mﬂg& in the direction of
extension of the main wavegui de. The apparatus of any one of

the precedi®ng clBiens2PR- §iHeT ePh Fllréllg‘l e%t?%n‘égné"tl']iecr%r’gnfal?el geference
m crowave %iﬁﬁﬁgnt is provided by a change in width of the main

10 waveguide.
7. The apparatus of claim 3 or 4, wherein the reference
element 1is provided by a change in the direction of
extension of the main waveguide.
8. The apparatus of any one of the preceding claims,
15 wherein the electromagnetic signal is a microwave signal.
9. The apparatus of any one of claims 1 to 7, wherein the
electreomagnetic signal 1is a wvisible or ultraviolet 1light
signal.
10. The apparatus of any one of the preceding claims,
20 wherein the member 1s a rotor blade of a gas turbine
engine.
11. The apparatus of any one of the preceding claims,
wherein a reference waveguide having a proximal end and a
distal end is provided, adjacent the main waveguide, for
25 determining any change in length of the main waveguide.
12. The apparatus of claim 13, wherein the reference
waveguide is the same length as the main waveguide.
13. The apparatus of claim 11 or 12, wherein the
transmitter/receiver is arranged to receive a fifth portion
30 of the electromagnetic signal reflected from the distal end

of the reference waveguide.



9. The apparatus of any one of clains 1 to 7, wherein the

el ectromagnetic signal is a visible or ultraviolet Iight signal.

10. The apparatus of any one of the preceding clains, 20 wherein the
menber is a rotor blade of a gas turbingengine. 11. The apparatus
of any one of the preceding clains, wherein a reference wavegui de

havi ng a proxi en n istal end i rovi ded jacent th N
vvaveggi del,o ]f%'r ngjé‘ede%?%g%?ﬁg a‘%@ caﬁlﬁge()%leg ?éngi éo%%{eﬁ%%r%llgn %l%ﬁls,
wavegui de. cobriBim@ppar aliusaaf @raiceskingwhakens t kenheter@nceo the
wavegui de is the same | ength as the main wavegui de. 13. The

appar at us Jfr &SRR /GieCEAVadher ein the transmitter/receiver is

arranged togeceiye dabbithcRer tigh 30 of t Nes el eobiomagneti i, si gigha)
reflected fromthe distal end of the reference waveguide. 16 14.

The appdr atpro@fsssmg omeaofs t he peaecediag clai msstegconprs sithg arsilghabe
processi ng _neans. connected to the.transm.tter/receiver. .15. The

D par at s P S ST et 4F nePRENE. GHAK 6 EpPbtedd g sl | Som the
arranged t ARl MHMe therd bt VehHOSE L 11081 AUe 6f r b8y EE61i8Ys SYhhBF Lo
and the nenber, fromthe second and third portions of the

el ect r omagrietli g tghaihe t elearzifat Betrecr| sacanes et vieerfatre 2adi hge
surface and, nmber. 10 16. The apparatus of claim 14 or 15, and
claim2, wheréin the signal processing neans is arranged to determ ne
t he relldti e .poditd cappegraafud hef refeienteé elrertént zand d¢leinca?j ngherein
surface, fromthe fiist and second portiqgns of the C?I ctr netic

signal, to col- i@ t e XmSERAEs Mo T he P15 TIHECS 17, mine the

appar at us ofe1dwaiva 1401 th%rang Clod Mbe Wheke-BntBe shgRaht and the
processing neans is arranged to determine the relative positioni nfg of
t he casi ng cagiffscesanthehe frner toer flhcestof ankesprped, dordmarnge of the

seoond 210 QMR 20aply {15 SHAAAUELE F1908hest o ene
15 1liner.
17. The apparatus ocf claim 14 or 15 and claim 4, wherein
the signal processing means is arranged to determine the
relative positiconing of the casing surface and the inner
surface of the liner, from the second and fourth portions
20 of the electromagnetic signal, to calculate the thickness
of the liner.
18. The apparatus of any one of claims 14 to 13, wherein
the signal processing means is arranged to determine the
relative positioning of the reference element and the
25 member, from the first and third portions of the
electromagnetic signal, to calculate any changes in the
positioning of the member relative to the casing.
19. The apparatus of any one of claims 14 to 17 and claim
4, wherein the signal processing means 1s arranged to
30 determine the relative positioning of the member and the
inner surface of the liner, from the third and fourth

portions of the electromagnetic signal, to calculate any



18. The apparatus of any one of clainms 14 to 13, wherein the signal
processing neans is arranged to determne the relative positioning of
the reference el enent and the 25 nenber, fromthe first and third
portions of the electromagnetic signal, .t.0 cal cul ate any changes in

t he positioni ng of the nmenber rel ative to the casing. 19. The

appar at us o one of c 14 to im4, wherein_the
signal pr oc %egs mlaans %??Ja%b%ral?% §% 3:& r%?lﬂ}%éfhéerlgltétvieveto the
posi tioni ngfidde nmenber and the inner surface of the liner, from
the third and fourth 17 changes in the positioning of the nenber
relative to the casing.



