CLEARANCE AND WEAR DETERM NATI ON APPARATUS The present invention relates to
a device for determ ning the clearance between a nenber and a surface over
and rel atWoeotoiv@®ch t he nmenber noves. Particul arly, bRCTAFROMMEEISari |y
exclusively, the device can be used for determ ning the gas path cl earance
between a rotor blade tip and the enginelcasing of a gas turbine engine. In
a gas turbine engine, reducing the gas path cl earance increases the

ef ficiency that can GeEZBERANECY cANW FBARhBEERRMABAT HOWeR@PARRAESAi mensi ons of
t he engi ne conponents, particularly the Iengths of the rotor blades, and
the positioning of these engi ne conponents, can alter during operating of
the engine. Thisrgan gausenthe ihpsnOiohhe reotb@ksbl agdes ko rddyagai ngort he
casing. To accommpbdate this rubbing, either the casing conprises an

abr ai dabl e drierminiey A&h¢ oflearapraddativyserare dSifHedand veapurfree
iner 1educas n. tai pkNess,8naLoL e Ripde,digdices,d, | enghb uhen Lhe,
rubbi ng occurs. This Ccan T'ead to tenporary or permanent changes in th
amount of dearascenbetveeniihechlcaded vaig,t hehecakinigcesuwrdmaciee neddcifiog
engine efficiency., In view of the abo it i neral | y desirable

ve, it is 0
moni t or t he' Y LEFHMERT béfee??  h& i ade!l 87 h2ART ng, rt%t%’?'nsﬁﬁéthat
the engine operates.RptiNglhy. c10iH9 bhi g, ghk ksrkRawnchgiwse clearance
sensors that enploy, for exanple, capacitance, m crowave or optical
t echnol ogy. For Bxandl egaa capabinancengiolse i ssddbratedl i vha reeesspath

rovid in the casing and detec th L nce b en . the.pro he
Pip. T %|m9ﬁﬁ§5%p%ﬁagéﬁﬁ%?%ﬁﬁa&%%%sgfgéééggggnt€$¥§béﬁﬁg 5§ha§§8§%$e?he
movi ng tip.wikhe gas patdine. However, the dimensions of the engine

components, particularly the lengths of the rotor blades,

and the positioning of these engine components, can alter

during operating of the engine. This can cause the tips of

15 the rotor blades to rub against the casing. To accommodate

this rﬁbbing, either the casing comprises an abraidable

outer liner and/or the blade tips are designed to wear.

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 1s 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 technology. For

example, a capacitance probe 1is located 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,



cl earance can be determ ned fromthe di stance between the probe and the
tip, and a pre-existing knowl edge of the probe positioning relative to the
casi ng suwbaow/o1Fkever, usi ng thi s approach, the true clreamep@e/obisisveen the
tip and the casing surface is not actually neasured. The neasured val ue nmay
t herefore be erroneous, because any change in the thickness of the casing
surface caused by rubbing of the surface by the rotor blades is not taken

i nt o accounisirkyrttes nmpprosubh tcapatirt@ncd esystrens letevsascepei bip tad
contam nation due to wear and air borne debris entering the recess, and the

hi gh t enpertdttur €@ 9pR? afAd 26Rviroriitht 2EAHA b ¥n "ERFETS Ve nblter PERSUEFE

required tq,prat 6gly t PR c8PAELT BACR RRRS Usr omLdanpge. P éRaRGE Rt the
sol ve problens described above, US 5, 818,242 discl oses a m crowave
cl ear ance gdensofnasat offs florareding surbrys causkd dasi ngbhadowdththe

arranged. t o_neasure tmotﬁaraneters Tgf di stance b%&a en Hh sensor._and the

bl ade tip ¥ det%er n‘ibﬁ/ed 3e/ e%?%%fi .sq'ulea Siel Ilskn%% ana eymsi s o’ tﬁgcf)’%%é

out put as agHaterpRssSes due peabacifddicki osast ¥mst heror ehe ceyitille ato

ti mes when no blade is close to the probe, is analysed to detect changes in
the effect iNtaelnahieRy dnct he perébe 230Gt Fdtr ARt hbeserherhrdl theng

t hi ckness. T ea cefraq e I , i nj
thickness,lﬁggﬂgibnéﬁge hFo é%gr%?ﬁgggﬁggégs?gﬁgéﬁ%g¥ﬁg%ﬁy%ﬁ%ﬁﬂ?g%ehgﬂd

t he casi ng.mddowevexpethevar raagemenf sr equier e dhel rsghsoro t ophetéotat ete
proxi mate the casi ng surface preci se di stance nmeasurenment. This can

or
cause mahufERAfH TR 9T ?t%ﬁ%maga??gﬁay require the sensor to fit in a
standard recess thabni saeshgned of oso capagirdoaneamsPr abesribunt hesdms e, ushe

5,818,242 discloses a microwave clearance sensor that is

located in a recess in the casing and which is arranged to

measure two parameters. The distance between the sensor and

15 the blade tip is determined by established/well known

analysis of the probe output as a blade passes the probe.

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 requires 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 standard 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 1in thickness on probe

output, making erroneous measurement a possibility. The



sensor does not neasure the true thickness of the liner. Rather, it
provides for calculation of the liner thickness based on pre-existing
know edgewof20t0d7898i gi nal t hi ckness and el ect r omagnet i c POTdP2IWI06H1Hf t he
liner and the neasured effect of a reduction in thickness on probe output,
maki ng erroneous measurenent a possi bilitdy. Thetechnique is only suitable
for applications to discontinuous surfaces, so that the |ining neasurenent
can be takeredimidnes absénce afmlpassi sigitahpenenttsr |t dgpthereione to
unsui tabl e for continuous surfaces such_as sg oqud. as turbine rofors _and
refor e Pﬁe &H%

brake di sk€" TG LTHET eZBELACERA 132 oF , 73" pr ohe"to 2"

contam natiian apgheat ndapRge.adsdidst ASPPaks@hgt heoppssent si.nventd on s
provi des apparatus for determ ning the cl earance between a nmenber and a

casing sur fdtRr of@re andnpEL&RPYE t o Uhi cRORRENHBHBer SYBVES S TonpRFBI ngs a
mal n waveoulde,,dde WaLeou 0g; Naving A pr okl eld and @ di stls gnde he
cent t en

di stal end bei ng adj e casing surface an e proxi nmal bei ng at
a position yecessedahd thereéisragthe tsearseom,t tier /pooes: veo, cpnouindedtabnt he
proxi mal end of the nain waveguide, a reference elenent at a position

i nt er medi at®®'% HEPr AGHRFS and distal ends of the waveguide or at the distal

end of the wavegui de, yhergipethe transpittgrésesei vepvbataphangedvtiges
transmt an el ectromagnetic signal through the main wavegui de and receive:
(i) a firstagmrtdtors off orthedetecnidiagnetie silgagince between a 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 waveguide or at the distal

20 end of the waveguide,

wherein the transmitter/receiver is 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

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

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

determine the positioning, standard signal/distance



reflected fromthe reference elenent, (ii) a second portion of the

el ectromagnetic signal reflected fromthe casing surface, and (iii) a third
porti on ovorhw/Mrgdt r omagneti c signal reflected from t h@CHEPREO/ 00 first,
second and third signal portions allow the relative positioning of the
reference el enment, the casing surface and the nenber to be sinultaneously
determ ned. To determ ne the positioning, standard signal/distanceneasuring
t echni ques mmas el ugedecknthuas mayebk ersewbt rsudr a3 nenoérféirghetry or

measur enent_ (time donain f lectonetry (TDR). whi ch. use_t relative
phase and/ d'Tl(’Tef m f g?#fﬂégsi ﬁlﬁglsuﬁgﬂ%‘&n_s[)@c}%éet ST A ¢ h’éeng’ﬁﬂe'P{}‘?try
posi tioni ng@irthe WALEAUS:R! efRat se1BY isleMiHaneodstyodettamiiny ngrt ke
relative positioning of the casing surface and the nenber fromthe second
and third poratidhsPef tilkasel et IARRRITELIIT §hgnaletespeet PPENELIAaHEG r @

cl ear ance bctentewe&%ltmsng L @0nd the casing surface can be calculated, with
any novenent in e positioning of the casing surface, caused by possible

rubbi ng of the rmepbetrmobtéhecasifacet elreiing nivakere | 1 e atcoupbsiinibheéng

calculation. Furthernore, since the reference el enent provides a fixed
reference poi ntRRi 975 dhettr t8CEh&Chst g ﬁﬁﬁ%ﬁﬁ %@rﬁht e FE1F oAk

the menber tqm@epswﬁéﬁ@d,ofbytw@nieq@eitegmfagﬁe%%lcatéivgaqanpskéggehegy@flyt,he
reference el enent and the casing, determned fromthe first and third
refl ected pdrd i onsug espesaiaety, haywednftthe thenberuabn@osthfoncesinge

e i b 0% CERL 9.0 e 80 LAY | AIPPSRIRAL Y O 1A ehe
positioning of the ~casing surface, caused by possible
rubbing of the member on the surface, being taken into
account in the calculation. Furthermore, since the
reference element provides a fixed reference point with

15 respect to the casing against which the position of the
member can 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 in 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



surface . By using the reference elenent as the reference point for the
casing, rather than the transmtter/receiver itself, the

transm t t\NEO/208087898r need not be fixed relative to the ®aTIERYIANFH1$ay be
positioned at a nore desirable |ocation, e.g. a position where there is
more space. Furthernore, the arrangenent dreans that any novenent of the
transmtter/receiver relative to the casing, e.g. as a result the
transmttemeersiary béhng stuaken awagufistanessi ngsioce epdies seferenicel
not affect the accuracy of e neasurenents. No re-calibration of the

posi ti oni ng ST"%'he ??ta%s?r’?t %e?/ Fggéin\gerre%lra e E%Oolrfath'e cg’t%i %%n}ggﬁcsagegé’ary
in such ci BB LaReeHmi tTictve ddhd veaf er enee © Saedticactks ecagerithemegsivy a
reference point. In contrast to the transmitter/receiver, the reference

el enent may P tal ¥l at SHEPY s et eRBAN IREaMI TRV e mEAL™ riond | £4 *fi%xed

positio . for repair, ¢l Lkely;t0,he:nE§ESSAr Y TRELASING MAY
conpri senj a%ic%nlegrl,&%’he@'(a)%t egbgu%l?%%:g?bfl%hg Fllner9provi gi ng tehe casi ng
surface. The |i nere naysbegabrgi daipe:iskheal i heerpayher ovitder ashefécshiodl d

for the casing..The liner . cover a distal eni gﬂf%mcl the vvaveggl.ede

. na end o
and provi délf h%é‘?eEhipélod'lid&%tghet}\’/\%vﬁaﬁilag asr‘lltf?fd@rc ranshtt terfTedtf Ve

Furt her nor g, thegdner mahdr eygat eent apkaten ofhdde waveagu desandher
transmitter/receiver. By being abraidable, the Iiner may provide a

sacrifici alcgmoimd on dhea hkirasi AgY v | 8 airsdiadedeWherPredingct@d Byet he
e S R AT Db DY e A amer o e gasi e, o e (e
fixed in reladondoet heetester. Furthermore, the liner 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 to the rest
of the casing, it may provide the reference element.

20 However, preferably, a reference element separate from the
liner, intermediate the proximal and distal ends of the
casing, 1s 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 second
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



of the casing, it may provide the reference el enent. However, preferably, a
reference el enent separate fromthe liner, internediate the proxi mal and
di stal eri®20fo/mim93casi ng, i s provided. Preferably, thePapgeeeOsssean be
used to calculate the thickness of the liner. Wen the inner surface of the
liner provides the reference el enent, theé thickness of the liner may be
determ ned by conparing the positioning of the reference el enent and the
casi ng surftacecKness bhaéngutcerl surdtack oy thephirmen) theohpas nedohiog e

first and second portions of th electrorra tic si rep i v

However , @grlgf?_er e e?n?fnfE is }%eepgflgfeé fsr‘b%]?%ee X %u‘ifl\éc% ) of
the liner, atrhﬁ thansphéteslibeaekver e he rans a;r&eﬁlﬁéur@@@mveha tewbhi
portion of the el ectromagnetic signal reflected fromthe inner surface of

the |iner, &kt hifokidds b&ioid icdicul &tfed BReconpaPFRgOMRENEESIC | oﬁllﬁ@aéf

t he casing lgg@ . the outer surface of the liner) and the inner
surface 52f %eé i ne ‘;él tained fromthe second and fourth portions of the
el ectromagnetic ESﬂegﬁ‘m&akb_‘eﬁpecéWetyomé’geéeﬂabl .1 geledct riomgaet ndcgbgaake i s
a mcrowave signal. The m crowaves may be emitted frogma source such as a

Qunn di ode.S 8%k 1 er AEE VES TRV ST eBEY ofgg gt ST ghaPmngy BRYERE | APFar ed,

visible light Gopgi;aal)apbqsltravol %tlt%'rgﬁ%llve%y U%h@@ éﬂéb’@k@mbbﬁ@tﬂcm
exarrpl e, the transmtter/receiver unit may be scal ed down and, since

vi si bl e |ighitgrimls anchi gleer fmequdedepradd | gwsibdavellegdth t hat imadn owaves,
Tor e, POSel SG dLSLANce. MeasuLaTent oY, ben goiieede TheGhr AN tLeLand,
the transmitter/receiver unit may be scaled down and, since
visible light has a higher frequency and lower wavelength
than microwaves, more precise distance measurement may be
achieved.
15 The transmitter and receiver may be integrated into
the same transmitter/receiver unit, or may be separate.
The reference element may be provided by an impedance
discontinuity at an interface between different 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
waveguide to enable detection of, and compensation for, any

changes in length of the main waveguide. The length of the

25 main waveguide may <change due to thermal effects,

mechanical strain, pressure variations and other
influences. This can lead to errors in the calculations of
clearance, 1liner 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 calculations, reducing or

eliminating error in the calculations. The electromagnetic



the sane transmtter/receiver unit, or may be separate. The reference

el ement may be provided by an i npedance discontinuity at an interface

bet ween dwoOferoantsssat eri als, a change in width of the necm/Eravwegessde, a
change in the extension direction of the main wavegui de, or an appropriate
alternative. Preferably, the apparatus conprises a reference waveguide to
enabl e detection of, and conpensation for, any changes in |ength of the
mai N wavegu idtha Thedyengeh o1 ite beivearavepe deammy whangei dele dral t herenmal
effects, mechanical strain, pressure variations and other influences. This

can |ead tdLrFoTEe nwtaIY@ggPéidcﬁJl atainﬁlnst]t?)?_ G SN e T 4 FRFe AP Bk s B€c. |
di scussed aa\?rmoﬁléf'rhgéi' gt eclicng et he ehapgepbrchigRgdy ofnd her1betebgagRetic
Ich” may b I e, a

wavegui de, e simlar or identical to the main wavegui de,

correspondisiggrehlangéaitn fehgeht of fdven nai rdiwevehuicdel cah bBdesrefetredcand

fact into the cal ti , reducj el imnat] in the.
cal cul ot oV e ectt GHHGRGH i T0) gRar Hay Be LBAE" DErwodit ¢ HE”RarAce

wavegui de ayl gheisesf arenee. wavegui de, and the transmtter/receiver nay be
arranged to receive a fifth portion of the el ectromagnetic signal that
refl ects from a Risterakhd oftltheaPepepéice WavedifitieNal d o 8RY1ERange

|0 jength of 4 he,vaygaulde ho he e MAgdnRbelealy, 4 heoappapabis | s
used in a jet engine, e.g. a gas turbine engine, the nenber bei ng a rotor
bl ade. Accaradiagl ynglympngstoraister otthiergsthihgsappanat upprnea thes used t be

cal cul ate and ponitor rotor blade wear, or creep, rotor path |ining_erosion
and wear® &ﬁ?%agopﬁ%%@aﬁ%néggbé‘{%&@}?ﬁ héogglrorb%ba}%edew?faﬁ amd gﬁgegngi ne

casing surfage path lining erosion and wear, and gas path clearance

between the rotor blade tip and the engine casing surface,

which are important factors in relation to engine
efficiency.

15 Nonetheless, the apparatus may be applied in other

fields where monitoring of the clearance between a member

and a casing surface over and relative to which the member

moves 1s important. A non-exhaustive list of applications
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;



which are inportant factors in relation to engine efficiency. Nonetheless,
the apparatus nay be applied in other fields where nonitoring of the

cl earancevpedwedmda nmenber and a casing surface over an®#CT&lP209wessi® whi ch
t he menber noves is inportant. A non-exhaustive |ist of applications

i nclude: braking discs in cars, trains ad airplanes; rotating discs in
machi ne tools; engine cylinders; underwater nonitoring of corrosion or
erosi on; beari nggigstean t shbiwsesa amdbs$i+skagichalt svidnbodi nepps refushe

invention will now be described by of exanple with reference to.the
acconpanyi 1ig° e HystPn av%ﬁodjri:.qd}:i %%g%dimgﬂgv\g%aec@reos%g%%%? oﬁalve{?i%é\?/n(jf
apparatus aggprding to a first enbodi ment of the present invention; Figure

2 shows a cross-sectional view of apparatus according to a second
embodi ment of thHAlpresert iSHPESt | &n CIPIRTEEI oIS &7 kFDs SLise@PParalt L ew

of apparal us AGEONd NG, 19 A1 EbL " drBEROALARNG Ot hENR ALBARNL JRMION:

Fi gure shows "'a” cross-sectional view of apparatus-according to a tourth
enbodi ment of timpgyesent |iaventdony abd Fagufer5Stshembodimeass- séct ithueal
vi ew of apparatus according to a fifth enbodi nent of the present invention.

Appar at us &FOT/hg 1A TS Je'?rbc'fd}%ht 6 t*He -pr dsent iﬁ\“?e_r\?P_Bﬁr'fa§u§hom
engi ne casi g 2 bl s Gact ir b RE eng Aeo i rot et bl age 1t art amadd X o
rotate suchf hmtgast kprbinef erlgsinreot orThd adeterpadees dvers aapvanged & t he
CaSing]%\M¥%§%€%M§ggﬁu£ggt2%ié%ﬁ”fwiggdthe rotor blade 1 passes over
a portion of the casing 2 where a waveguide 21 is provided
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 1liner 1is 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 211 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 1liner 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 1is a
transmitter/receiver 4 (a probe). The transmitter/receiver

is arranged to transmit a microwave signal into the

waveguide 21 via the proximal end opening 212. The



in a recess 22 of the casing 2 . The casing 2 conprises an abraidable |iner
23 and arigid section 2 4 . An inner surface 231 of the abraidable |iner

i s coupl asowotanirese rigid section 24. An outer surface P8I/EFROWMIOOSSIS ner
provi des the surface of the casing 2 . The wavegui de 21 has a distal end
opening 211 provided by an orifice in thé&rigid portion of the casing 2 ,
and the wavegui de 21 extends fromthe distal end opening 211, away fromthe
rotor bl adecdansmotaeploxceadveend operi rige 23:2>up'l[hzel | vheh 234 swavegmgee to

cover the distal end opening 211. t he t enbodi nent istal end
regi on of tqfer%%u?ﬂesﬁﬁwgad?ﬁcéﬂglfﬁg P’st &' 9end *6péhni r?ég‘f’l is filled

with a first materdalsiddihamaicsrmatiched 4yt heamiental o the, | prewe2d in
mechani cal and el ectrical properties. The first material 3 nmay be a

di el ectri c retteriatasien & NiynesauaeSpiaell ®ie reranfBéEtet /EReeiver

vavegui de I h01 3, 80080 RENG, 1.5 Al fiﬁ&%%s% fggg%;eiﬁhg&w&i%gxw%l%nd

openi ng 12 i s transmi receiver
transm tter‘dk[@CGdiilﬁfalS andangedntiogt r &idmi t a Mcrlesaversj gnahei nifd riste
wavegui de 21 via the_proxinmal end opening 212. Thetransmitter/rec |ver 4

may be coupt®diih éh@%v%%l dengi re?n?tl‘i}aés aShovd Br NSAdi reteyd (&4,

via a cabl ), The f|£§gng§5ggbgl/rgc@@qetrhe l'iner, 23 may,pseygyt the
cont am nat i on of the waveguide 21 and transmitter/recei ver 4 by preventing

particl e ingrassninter f heceaveguf dén2a Ypba thapdirstalrcemt vopemment211.
Fur herypre, N4y R aTRbanlals S, oad NS LIer, 2BTBYoC e Baleghitl ol ¢
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 1is
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 Z 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 7Z. The reflection is 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 outer surface 232 of the liner 23 and

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



transmtter/receiver 4 in a |low tenperature environnent. The transmtted
signal travels through the wavegui de 21 and portions of the signal are
caused t owpeblogarsdBack to the transmtter/receiver 4 fr@crdirPRdoeoessus
positions along the wavegui de 21 and beyond. In nore detail, as result of

t he i npedance m smatch at the interface 32 between the air and the proxi mal
end of the first material 3 , one portion of the signal is reflected from
t he interfacesidtdackrdsmlthe tfmamsnmtther /rreceiivarord befhieen nttéref ade nean

therefore be considered a reference elenent for the casing 2. Referring to
g 10 O R TR bt Pon SekesTpl ALE &t parHT APAFOAGSAn Fddi a8 y Fet Fitht
line Z that,extendsod rom phent efiegeneasekamapbyet hrough the distal end
region of the waveguide 21 to the tip 11 of the rotor blade 1 . Another

portion of the sighaknioshedaf | eeredonr oifi t heei Micrfadcels? trfthelred hd r@inst al
end of the first. material a i urface oft inet 23, at a
poi nt Bfgl3ﬁﬁat%%pligeo§ F§$%QQP%¥$QQP$§% ?sggs%ap%§%ﬁ1ﬁ)o$f?%% ?égédgﬁce
m smat ch r esdit td ngef s 0 theltdansithicon dfatamaen tdrertriedratw Vel ybaaar awtfilr st
material 3 within the waveguide 21 and the relatively w de terial of the

. : y
liner 23. ARUIRGT Pt tPBna8Y ERENSIgHAMIN i 13dtd Fhonf EheeFht8PFadd

bet ween thgxpi & surfagey232 af ihe didele 23 and the wodiasentcaht, watil
point C along [ine Z . The inpedancem smatch results fromthe transition
bet ween t headti nes aameériralr 23 ante ttheécapwamest hi slowstverf,ackQr sinickgemic t he

reflection at point. A dis%ys ed @bov - _Yet q:qgheéfgggggog %flhhebsigﬂgl s
ref | ect’ed prng?ﬁ%mprcff’5¥ftﬂ% ?Btggagﬁadeql at“a pornt "D dlong Ti e Z .
to a change in impedance at the transition between the
air/gas and the ceramic.
The four signal portions reflected at points A, B, C
and D respectively are received by the transmitter/receiver
15 4. A signal processing means 1is associated with the
transmitter/receiver and 1is arranged to determine the
relative positioning of points A, B, C and D from the
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



For a metallic blade, the reflected portion will be a total reflection of
any signal remaining after the reflections at points A, B and C, since

t he net alwof2otda7¢9Bade acting will act as a mirror to tRETHAPCIOONOISES .
However, for a ceramic or ceram c coated rotor blade, the reflection wll
be due to a change in inpedance at the ttansition between the air/gas and
the ceramc. The four signal portions reflected at points A, B, Cand D
respectiveldl are.pgeceisved hesihg tolnsm chengeedai verade . lAngitgnaflue to
processing neans i s assocjated w the transmtter/receiver and is.
arranged t & ‘detRr rﬁ"ﬁes}f‘hgc?Bﬂaf)}ryvéﬁﬁo?ﬁ‘taio{?hi“hod”b?“b%ﬂ NS A°C e}qegnéﬁl&dD
fromthe ref)ectrdcsigngl POr tERASqESIIAG Wiandasdaheehneduesersushiassi nt erf
eronetry or tinme of flight neasurement (tine domain ref |lectonetry (TDR) ),
whi ch conpates Phe phA&seadndyldrerriahiitg of SERESr PP et ed® stgnal POPLILARE to

determ t he rel ative dist eS¢ I , . Ca - By
determ ﬁngw Jﬁ%’ah r%llastol vgbgog:&%i anllq%&ﬁ &(%lcyr#}sesAé? Bgést‘rg? %dqﬁn,@t ﬁlgy
rel ati ve pagidieofvng afl swarpoosidenaonénksdcare fleeregalecukdtrdnt| nfomr éhe

detail, the distance between the rotqr bl ade ti 1 and the outer surface
252 01 tho J4341 B (FIEROERe DI BOCREAPRIED) Yart e HRtr P DACST Fofh tite

di stance betyean poi pbs GandaBingThe kAl cknesgeotrhbgehi N8f R3n¢abrheg

determned fromthe distance betwéen points B and C, or based on a
pre-exi sti rguknosiadges ofin hethéi ckhesanod thetveaer pP3iahd t Re ADAI t &ri ng

of any ange in the distance between .poin and C ..Any changes in.the
rotor bi adggmlpt(?ﬂlrb%spii ontHyY @3 it ptgqsesegs)%faﬁg \r/]\cfal gl d 1S,lhcel.<%?l%% a®
result of a.dEngemin bbadeckerdt h due tageheep,starishi bti ngatof thetbkade

nounting, can be determ ned o
repeatable environmental condition.
Apparatus according to a second embodiment of the
present invention is shown in Fig. 2. The apparatus of the

15 second embodiment is substantially the same as the
apparatus of the first embodiment. However, instead of the
waveguide 21 being filled with air adjacent the proximal
end 31 of the first material 3 at point A, the waveguide 21
is filled with a second material 5, which has impedance

20 mismatch with the first material 3. In this embodiment,
the material of the liner 23’ is 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 1is

provided at point A. The protrusion reduces the width of

the waveguide 21, <causing a change 1in impedance and



by nonitoring

any change in the di stance between points A and D. As an

alternative, since point Bis a position which also nay be fixed rel ative
to casi ngw@20emd7svay t herefore al so provide a fixed ref @c&mpeoogioeisent for

t he casing 2),

changes in positioning of the rotor blade tip 11 relative to

the casing 2 may be determ ned by nonitokiZng any changes in the distance
between points B and D. Mnitoring of changes in the blade tip 11
posi ti oni ngprsvipdeier bt yppetfeined fdbceigme Stard mrcatwanot begnal at
repeat abl e envi ronnental condition. Apparatus according to a second

enbodi nent RSt

ritheb"present invention is shown in Fig. 2 . The apparatus of

the second enbodig®nt,igs sustartigy! yed hey samias t kenpRaaitus off the
first enbodi nent. However, instead of the waveguide 21 being filled with

ai r adj acemre
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A fifth embodiment of the present invention is shown

5. The apparatus of the fifth embodiment is
stantially the same as the apparatus of the first
odiment of the invention. However, an additional recess

provided in the <casing, which provides a reference
eguide 6 which has the same size and shape as the
eguide 21. By detecting the change in length of the
erence waveguide 6, which can occur due to thermal
ects, pressure variations etc., a corresponding change

length of the ‘'main’ waveguide 21 can be can be

ermined and factored into the positioning calculations
cussed above, reducing or eliminating error 1in these
culations.

To monitor the change in length of the reference
eguide 6, the microwave signal travelling from the
nsmitter/receiver is split by a splitter/mixer 60,
sing one part of the microwave signal to travel into the
n waveguide 21 and another part to travel into the
erence waveguide 6. The portion of the microwave signal
velling into the reference waveguide 6 reflects off the
er surface 231 of the liner 23 (defining the end of the
eguide 6) at point E, back to the splitter/mixer, where

is combined with the reflected signal portions from the



provi ded at point A . The protrusion reduces the width of the wavegui de 21,
causi ng a change in inpedance andproviding for partial reflection of the

m cr owavewvei2gHAIl788 point A . Apparatus according to a PORMAPROSHBHES nent of
the present invention is shown in Fig. 4 . The apparatus of the fourth
enbodi nent is sinmlar to the apparatus of3the previ ous enbodi nents.
However, instead of a protrusion or different materials providing the

i npedance mssimat chwatvegoiinte A |, 24 chaagée i n thevells ect immrlof extcensi tcheof

t he wavegui de 21 |, ri ght angl ed bend 26) h bheen ,i.ntroduced, at, point A .
s oy oottt Gt AR G TTEE oy dbr aquih Wb posrtef BRgnal
present i NyUdiQth | SroROWBokinG. B -udheg apiad atsugyrefl t beoliefsish nerbadirent

is substantially the sane as the apparatus of the first enbodi nent of the
i nventi on. aEmsiertecny hidldi Ehen&iranesés$s sird 1ecsviivied i tthe heeashngnadigirch

provi des. a refer wayeguj ich S Si . sha s,t.he
maveguig% fﬁglB?gggggct¥ﬁgq%%§q§ﬁggﬁg Fﬁgle%€§%§§$8?hé%$é r%%%eQﬁggegﬁide
6 , which cmit«ecittedlue to thermal effects, pressure variations etc., a

correspondi ng change in length of the | mjn' wg%% ui.de 21 can be can  be
c

det erm ned and fHtt6t ebN®ntHVERE 198513 DnPRE. FdISonst i SeldEBE aRve,

reduci ng Orwieéer' PALT NG QAL AN thessafrbsubat eRs ri bk MAKBELE, t hpaphange
in length of the reference waveguide 6 , the microwave signal travelling
from t he treansimalery reeel Yecat sogpl bndby aa igyliictnserw ini ik dpe 6@ppreaastngoone

part of. the m crowgve signal to .travel, into the nmain ye ui e ng
anot herl%aﬁihqsoet%ch%t Jene hethe art when Tgiven Vayeg g sg%ogu e.
Accordingly, the exemplary embodiments of the invention set
forth above are considered to be illustrative and not
limiting. Various changes to the described embodiments may

be made without departing from the spirit and scope of the

15 invention.



reference waveguide 6 . The portion of the mcrowave signal travelling into
the reference waveguide 6 reflects off the inner surface 231 of the |iner
23 (defi niwAgotwd7898d of the waveguide 6 ) at point E , BeZIEPRYIONSIS
splitter/mxer, where it is conmbined with the reflected signal portions
fromthemai n wavegui de 21 and travels baék to the transmtter/receiver 4.
By nonitoring the reflected signal portion frompoint E using the signal
processi ng @dexmiws associ ated with the transmitter/receiver, the length

and/ or any change in length of the reference wavegui de can be determ ned.
VWil e the invention has been described in conjunction with the exenplary
enmbodi ment s} descappeda abovefomanyeequinyakiagt ondi f ctabirangeandetaicicdt i @NS
will be apparent to those skilled in the art when given this disclosure.
Accor di ngl yieTRPRY exBAPPaGR Sdisodi WetR S 0P VERe 2PAV &ftliadn et L9 oV BACRDEWE are

considen§dI%%ng@&i%&yégya&%Mgrgggnagt limting. Various changes to the

descri bed enbodi nents nay be nade W thout departing fromthe spirit and
scope of the invenhadn. Qaaiegsitle, Apparabusghiodedbierimaniangetbrinhéaradce

bet ween a nenber and _a_ casing surface oyer and relative to whjch the nenber
Toves. | compTL! fgd I Ak ATy EglA GRS E AL RAGeGEI DS G pF %I P ERG
and a di stalyefike t Baaditsal peddi kgl nenadjBe hhe aCasd 1o s f aeeeanrdd he
proxi mal end being at a position recessed in the casing;, a

transmtterin eded versipgovi ded at the proximal end of the main wavegui de,

andiarfgerence §'%@%ﬂ%mﬁkféﬂ%%ﬁééfvééﬁtSEB@QE%BEeﬁﬁethe proximal end

of the main waveguide, and

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

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

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

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

(iii) a third portion of the electromagnetic signal
reflected from the member.
2. The apparatus of claim 1, wherein the casing comprises

25 a liner, the outer surface of the 1liner providing the
casing surface.

3. The apparatus of claim 2, wherein the liner covers an
opening at the distal end of the main waveguide.
4. The apparatus of claim 2 or 3, wherein the reference

30 element is provided by the inner surface of the liner.

5. The apparatus of claim 1, 2 or 3, wherein the
reference element is intermediate the proximal and distal

ends of the waveguide.



proxi mal and distal ends of the waveguide or at the distal end of the
wavegui de; wherein the transmtter/receiver is arranged to transmt an

el ect r omreNyQ@E01001389dnal t hr ough the mai n wavegui de and r @&iBP2009(0D351% fir st
portion of the electromagnetic signal reflected fromthe reference el enent;
( ) a second portion of the el ectromagnet?c signal reflected fromthe
casing surface, and (iii) a third portion of the el ectromgnetic signal
reflected féd.om thee nepberats. ofhelappadatanst oflaimisndr , 3wheherainhghe
casing conpri ses | iner, the_outer surface.of the liner praoviding-th
casi ng surfa@cd S CtGhel AppArANIS Coft R I BFRT 27 S ﬁth&ﬂgaté?éﬁ%%ﬁ ggvéﬁ? an
openi ng at dhe-whshadnente obiyha 1mMugt maegui geom4theThewrappagsat Bscef od ai m
2 or 3, wherein the reference elenent is provided by the inner surface of
the liner. B¢ Theehpparatus of claim1 , 2 or 3, wherein the reference

el ement d's - nterfpdi the Br ¢ nef o and sdist ab, ends Qi f e, yayegui-da £ -
The appé%a{té ofﬂg?a?hgg ana cﬁginlzaor 3 , wherein ghéjiransnitter ig
arranged t ecreositve s f qureahigedt ilom ofint heneéetaconagaeveensi gadlferent
reflected fromthe inner surface of the liner. 7 . The apparatus of claim5

or 6 , wher®rPiiels et’erEhCe™ 2 BrdAY PEBPovi ded by an interface between
different materials Lpphhaci bMayegunds. & . ¢ Thahappamatitse okegbakmce or

6 , wherein the reference elenent is provided by a change in width of the
mai n element is provided by a change in widt of the main
10 waveguide. '
9. The apparatus of claim 5 or 6, wherein the reference
element 1is provided by a change in the direction of
extension of the main waveguide.
10. The apparatus of any one of the preceding claims,
15 wherein the electromagnetic signal is a microwave signal.
11. The apparatus of any one of claims 1 to 9, wherein the
electromagnetic signal is a visible or ultraviolet 1light
signal.
12. The apparatus of any one of the preceding claims,
20 wherein the member 1is a rotor blade of a gas turbine
engine.
13. 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.
14. The apparatus of claim 13, wherein the reference
waveguide is the same length as the main waveguide.
15. The apparatus of claim 13 or 14, 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.



wavegui de. 9 . The apparatus of claim5 or 6 , wherein the reference

el enment is provided by a change in the direction of extension of the main
wavegui deVORO10/0IAR3appar at us of any one of the precedi n§CEERRH/003®r ei n
the el ectromagnetic signal is a mcrowave signal. 11. The apparatus of any
one of claims 1 to 9, wherein the electt®nagnetic signal is a visible or
ultraviolet light signal . 12. The apparatus of any one of the preceding
cl ai ns, whérei n Thise Appbertius aofotanyblerke off athaes puebedangngrheimsi3,
The apparatus of. any one of. t he, preceding. ¢l ai wherein referenc
wavegui de ﬁﬁﬁ?ﬁf%ﬁ%ﬁ(ﬁﬁrmﬁl%%%laﬂ%r%gﬁ?sfﬁ eha s p?ggPﬁga?gadﬁgceﬁpethe
mai N wavegu e s of t et es @ 1&g, any change in length of the main wavegui de.
14. The apparatus of claim 13, wherein_the reference waveguide is the sane
length as the neite wadBgaraés15.0TheCapplr atty of YBPAPAI13 Wt 14S1@REHei n

the transmig ! GIILEOH vefedr aIANGGE L dPCRloV e bl NP OLhLON Bl athge
el ectromagnetic signal reflected fromthe distal end of the reference
wavegui de. Mms ifhieorajppar af ushef caryiraneswffade pndcadiengnapilesd ms, fromphsi ng

a signal processing nmeans connected to t transmitter /receiver. 17. The
apparatus(ﬁeQQQEréh%,thﬁgepﬂrFﬁ8n§i@ﬁal%&'élﬁﬁﬁ?ﬁﬁ?ﬁ%ﬁ&l?ssé??ﬁigeaoto

det erm ne the el atd venpositihennkg dfedhescashagcsyhhace amhdheangnbee,
fromthe second and third portions of the el ectromagnetic signal, to

cal cul at e tisanizdear ance between the casing surface and the

10 18. The apparatus of claim 16 or 17, and claim 4, wherein
the signal processing means is arranged to determine the
relative positioning of the reference element and the
casing surface, from the first and second portions of the
electromagnetic signal, to calculate the thickness of the

15 1liner.

19. The apparatus of claim 16 or 17 and claim 6, wherein
the signal processing means is arranged to determine the
relative positioning 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.

20. The apparatus of any one of claims 16 to 19, wherein
the signal processing means 1is 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.

21. The apparatus of any one of claims 16 to 19 and claim
6, 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



menber . 18. The apparatus of claim16 or 17, and claim4 , wherein the
signal processing neans is arranged to determne the relative positioning
of the rebenerma7®Benent and the casing surface, fromtreTfEPR@/0033ds second
portions of the electromagnetic signal, to calculate the thickness of the
liner. 19. The apparatus of claim 16 or 17 and claim 6 , wherein the signal
processing neans is arranged to determine the relative positioning of the
casi ng surfacengae tihe thmeposutfiacenof ¢hethienerembeomrehetseeontdo ante
fourth portions of the electronmagnetic signal, to calculate the thickness
of the Iiné&@SY - The apparatus of any one of clains 16 to 19, wherein the
signal processing neans is arranged to determne the relative positioning
of the reference elenment and the nmenber, fromthe first and third portions
of the electromagnetic signal, to calculate any changes in the positioning
of the nber relative to the casing. 21. The apparatus of any one of
clainse I6 to 19 and claim6 , wherein the signal processing neans is
arranged to determine the relative positioning of the nenber and the inner
surface of the liner, fromthe third and fourth portions of the

el ectromagnetic signal, to cal cul ate anychanges in the positioning of the
menber relative to the casing



