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PCT/ SE97/ 01348 METHOD AND DEVI CE FOR SENSI NG A CLEARANCE

The present_j jon relates to a nethod of sensing the cle Lﬁ%ﬁ?
between an %)&r%@gbénd a surface that |ies adjacent thereto, 3{1 oF 101348

generating a 5 signal representat.ive of the magnitude of said clearance
for adjusting the clearance to a desired magnitude with the aid of an
adj usting device controlled i n dependence on said signal.

The invention also relates to an arrangenent by nmeans of which the

met hod can be caEwmsb AND DEVICE FOR CENSINGCAS CLEARANGEf r om sone tenths of
a-mllimetre up to several mllimetres can be neasured in many ways.

The neasuring prﬂ%{ﬁ?&s@ﬂ?ﬁv‘éﬂtiﬂw relate@ﬁé’%"uﬁ%th&d@ﬁgnéf theR§&staREe MO €

conplicated when' it 1s erfected In or generate a signal that
control s a petiveen@rdebjectearicdoa sardfacs thatdies ladjateatthenetn, antiof generating a
particularly true of neasurin rocesses that are effected [n troubl esome
15  at mdspHiigral reprasentative qfﬁge ityde of saidearanee fof aglystingheexchanger s
t hat o) [ | ; }: L < r

I nstance, a:ﬁ%ér%%@e tﬁﬁ%%?gﬁég'@%@tﬁr@'gpgﬁgg&?%hgél%ﬂﬁﬁ%&é{:@uFéﬁg%"nef Itions.

In an appl iiﬁqﬁp@ndgﬁcé bhsaitbéignal. the cl earance between noving sector
plates or seals and a rotor surface nust be held constant said rotor being
20 t hr ough- passEhe vestion alsg relatesitiar arrengement by seeansgf which thee.

As will be evjdent fron 3.,246 686. nobil e nechanical sensors have
been testedpeglotﬂ%ég%légn?&bpnditions have been found too troubl esone

with 19 respectichpafteerangingdiin sofetahthsoraamiltheae Uptokisveral
The same applies to the devices disclosed in US 3 232 335, these 25

devi ces i nahilitheiessan ibe raeesuiaddn manyiwaysy ToRdcoeasiingsprogess appliatst t he
rotor and on the qther hand an_ inductive, Cc onent and a . '
conpr essed-RAWEY&L "‘F’BFB'at&y b@BﬂWﬁEW@EscM@PY@D‘gBe'&%d? 5&?‘&%@«59 OFteR 10, ng of
theslideség.peg@da' ' | : ' b Ofhi
inpossible Tn prr act F?Z‘? Pﬁ%gg??%%is\?eseat{ﬁﬁ%gg\ﬁggZqﬁ‘é&iuﬁgnr%fﬁﬁiscé%&iag%gpgts ures
make t he usie paftiauiaiyntive of meaguring proagsses that are effgttedin actrouhlesordet he
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operate in a corrosive atmosphere contaminated with soot for instance, and
under high, véryin_g pressufe and temperature conditions. - -

in an application of this nature, the clearance between moving sector
plates or seals and a rotor surface must be held constant. said rotor being

20 through-passed axially by air and combustion gases for instance.

As will be evident from US 3 246 686. mobile mechanical sensors have
been'tested. although ambient condition_s have been found too troublésome with
respect to bearings and journals among other things.

The same applies fo the devices disclosed in US 3 232 335, these

25  devices including on the one hand a sliding shoe that slides against the rotor
| and on the other hand an inductive corhponent and a compressed-air jet for
contactless sensing of a clearance. Dirtying of the slide shoe and its bearings
makes the use of this solution impossible in practice. A corrosive atmosphere
and high temperatures make the use of an inductive device impossible in
30 practice and the markedly varying pfessure conditions in particular have a

“pronounced effect on measuring processes that use a jet of compresséd air.



2 Sliding shoeﬁ‘%nggyﬁiB@eWs and carbon or graphite have
r

been . proposed in rece t hese shoes result in higher
fricti on wOd8/06994 pr obl e:}ém%l

I hbri cation of ceporsedinigds
surfaces, subsequent adjust of cl earances, anong other things. The

use of air cushions has been proposed 5 as an alternative to sliding
shoes. The use of air cushions, however, introduces conplications,
partly as a result of the greatly varying pressure conditions. A

sensing device that includes fibre optics for infrared |light beans has al so

been pr oplidieg shees maggpfesamios and earhon o geerhiteaverkeen oubl ed by

T Sati of achPYbes i fecsnt 842 HBREVEE & ehod el il Rlab L RlcBR b0 b ovi e
a met hodohbrad ralativg delibhitatiin of contadiihgkduthcesf sutsbquBnt Bgjusemaduct i on

that will enable clearance ranging fromsone _ tenths off a mllimetre to
sever al ofidiéarapcessamengethes shingedike upe of aindupbions ihasibgen proposedil |

> e e h . . e th
ot hol cBnBR ALPIAA G0 SUPHE shose e upe oEaleuRblnerhewerth INTRAICH  h ( he
arrange pﬁéﬁbne,fﬂéar&mscdwsam&ﬁégtéau@%wﬁg%@s%hre condifi@hd /A1 N claim 2

In accordance wth the” present inventlion; ther provi ded a met hod
-of sensi sensitgedevicatizatdrciy@®s fibtevaptics dor infraead ligle beammblasalso been

bj ect - adj t , d of, at | [ | which is,
P oy s enploppss 698 4366 61d) b seiirte ik A Gatbi B SREOSRNCAM s used i n
t he  adij : t Ik i b f
ot ny rfEfindtion! 8., and do RoficteRe pfovid HsakEciEp Solul oY fals of &
signed , char aTheobjeetiobthegneentitimig tb peovide achethod and(éh akangémenesf | east

one conpressed-air oFerat_ed@&:’cﬁe (?‘) that includes a . resonance tube
t hat hasthedend dghned tnothg iateeudtion thatwlianabieflearange rRAgIngdEym $aMEY

openi ng W i adi ' - -t hat the
Fesonanciis tA pillineleip RUSEAtriffHeeRto ndasiiek el And oy
magni t udiy aif relldvant aewiemtoand®pnsand by i ndicating and utilizing said
frequency to _ . .control, the setting device (12, 32).
This object is achieved with the method comprising the method steps set
15 forth in claim 1 and with the arrangement that has the characteristic features set

. forthinclaim2
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Themventlomsbased on the und-ersqt;;:'mdi-r;g“;~ that a Whistle ;:Jipe.h 6rgan
pipe or flute can be funed fo an exact resonance frequency and that the so-
cailed end éorrection and the resonance frequency will change markedly when

20 an object is brought into the close vicinity of a s-ound—emitting opening of the -
pipe or flute, while a change in the length of the pipe or flute will cause the
resbnance frequency to change in accordance with the change in length. Trials
have shown that a frequency change of 50 Hz can correspond to a change in

| clearancé of from 2 to 3 mm. Since frequencies of some few Hz can be

25 measured readily, it will be understood that the invention affords an accuracy
that has not earlier been achieved. The only driving force required to operate
the pipe is a weak compress-air flow. One particular advantage afforded by the
invention is that the frequency is highly insensitive to external or ambient
conditions, which.although affecting the strength of the sound that is generated

30 have no affect on the resonance frequency.

The invention will now be described in more detail with reference to

- exemplifying embodiments of the invention and with reference to the
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2a The invention is based on the understanding that a whistle

. pi.pe,, organ . pi pe or flute can be tuned to an exact resonance frequency
and t hat t iﬁQG call ed end correction and the resonancedwsEywersdy

wi | | change mar 'y when 20 an object is brought into the close vicinity =
‘of a sound-emtting opening of the pipe or flute, while a change in

the length of the pipe or flute will cause the resonance frequency to
change in accordance with the change in length. Trials have shown t hat
a frequency change of 50 Hz can correspohd to a change in c| earance of
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i nsensi ti veFiggreeXisca Mgltodlrmh’seetrun view of aroopin pipesnchutied in thet hough
affecting the strength of t d, 30 have no affect on

t he resénarﬁﬂﬁﬁ rREPWN '"@93%9(1:'5“%1%'3 "ﬁg r@\??\ﬁppwsﬁ%%sb‘ée escri bed
in more det r}cﬁﬁs f%\ﬁ{cﬁﬂﬁ%ﬂcfeaﬁance aPGHglid %\E‘g g?ﬁgg%gd?’%ﬂéé sife t he

i nvention erence to

PCT/ SE97/ Ol\ﬁéﬁ of another embodiment of the invention. 3
acconpanyi ng schematic draw ngs, of which Figure 1 shows Q@'Part of an air-
preheater from albgueg 1ehgws @ typica! @télé[r’ie%"é@é'b’ﬁd\?@H%F rDICh 1Sy

sector-plate e ng. t

cl ear ance tBteo'i'dregt he%t'ﬁé dgg&lt'sagry" 'ﬁﬁ%ﬁ‘a(ﬁ fe&ﬁasec i on w@&vmgﬁ an

open p'lh t lHE‘UHég(é stﬂtléﬂi&y Hi:us fgr’ﬁﬁgeml@torsmﬁm hias aFegeneralor Eagﬂaad&l s a
a

graph t shows neasur ed requency as a function of clearanc and
Fi gure 5 i smaupted foy ratation nthe mww woiaxjalyrmayaile sectorpiiesent a8 t he

: sh
exchanger  euRtadson bearingk afor St pepBalBeflor sBiiided ELEA Elattedtia'
of exhaust ?ﬁé@éc@??ﬂé’t@é ah4 Jisgpar::it@‘é' gulesida 55frérhigmar ¥ide!siimgrewitand a rot or

2 that has regenerat or nass and
although gas and air is able to enter the clearance beneath respective sector

15 plates 3, 4 dueto rotation of the rotor, no direct leakage need occur from one
side to the other provnded that the clearance between the sector plates 3,4 and
the ends of rotor can be kept small in spite of the fact that the ends of the rotor | |
will never be completely flat. ' ST

The outer ends of the sector plates 3. 4 are guided by sensing devices 7

20 that coact with a circular flange 8 extending around the rotor circumference at .
the top and at the bottom of the rotor 2, as evident from Figure 2.

The sensing devices 7 consist of a compressed-air operated pipe 9. of
the whistle pipe, flute or organ pipe kind, that has been tuned to a specific
frequency. Each pipe 7 is attached to a lug 10 that projects out from each side

25  of a respective sector plate 3, 4 immediately above the upper rotor flange 8 and '
immediately beneath the lower rotor flange (not shown). The bottom part of the
pipe @ is threaded and screwed into a hole provided in the lug 10, and locked

- with a lock nut 11.
The sector plates 3. 4 are set by means of a setting device 12 which is

3¢ fixedly attached to the housing and has an adjuster rod 13 connected to a
respective sector plate, said sector plates being set with the underside about 2

mm from the rotor end and the flange 8.



nmounted for rotation in the housing 1. Two axially novable sector plates 3,
4 are mount ed on beari ngs above and beneath the rotor and close to its
end surf awe.98/06994 The sector .plates 3, 4 separate a gas Si ®CTBEMT/AMEN air
side 6. wherewith al though gas and air is able to enter the cl earance
beneath respective sector 15 plates 3, 4 due to rotation of the rotor, no
direct | eakage need occur from one. side to the other provided that-

t he cl earance between the sector plates 3, 4 and t he ends of rotor
can be kept spmll in splte of the fafc t hat the ends of the r ot or

wi Il never beTheRiped iRy the well-known form shownjg Figite3.4nidiBe & he sect or

pl-at es 3sg§.gﬂggm%%%ﬂc#§ sECsH RGN i r#ge@ hab MenTREG. A(vﬁidag%m reul ar

flange 8 I'ng around the rotor ci rence at op and at

the bot t giateicludies aﬁfaﬁrpa%sagsway A7deinseriethedgeutv @dge with the upper The .
sensing devices 7 consist of a nEressed air operated pipe 9. t he
a

whistle pdge ofthejﬂéeWﬂQdﬁgEfP\W?ﬂa thed.ppen endrafdhe pipe & @rﬁéﬂoweé%pem fic
f 7 | t hat t t f h
i de 5 5 Hayncues BEofmergs it Af Patsddbeiy 18t cbaR b F AR AT e Loper
rotor fl Wbé cHMhected to a ﬁaﬁizﬁwtyemeaé Botiiee (heveHowirf)ta?r flange (not

shown) . ottom part of pipe 9 is threaded and screwed into a
hol e prov:bd'lpdessed'-ale | ug 10 and | ocked W th a Iock nut 11.
The sect or pI

ar e s b ans set ch is 30
fixedly attac eF‘bé ?éés HtS’HE aéﬁ'& gﬁhﬁdﬁ'&%é ﬁ"?éz é@n@%‘i ed to a .
respect | ¥nctiohs Us am } 8ition hriéhtineSss fr o d&sfeeueag%rtaaﬁe&mmuma&éewunder si de

about 2 e rotor end an

98/ 06694 the sleeve mtenor where the mouth opening 15 is Iocated by means of
PCT/ SE9Q7/ 01348

The pi pe PISHAGEWRYS RN Shavibherhase Ieadaa has airausitonieat{hioughas £9f |
St rai ght t{xghﬁsé w&u 8 Bnfgeted! tb%%ﬂbr%%‘%ﬂ:hlﬁm o |?S:€ﬁn€@téﬁ éoA bl ock
ge

ncIu es an alr passa s 1nserted edge to edge with
the uppera frequencydgeasurirgdevige26 m;atlﬁcludesnalrﬂedsearytﬁher ampampdifier. of t he
pipe 9 is a nozzle 18 5 that m\dﬁudes a corrgressed air assqgeway 19
that operkhe fieQUeNcy;peAsiIryg device is\gesignedLo etthepatingdeyce 1289 hat

! ead38 éﬁet |?ﬂr% aeé%%%egﬁgmeeﬂfthe undﬁrs%’érBf l’%ﬁ%@ﬁ@é% ector plates 3,4 A

sl ee art of t and the nozz e 18 and
functi On%rﬂﬁthénotﬁrtfmbe’rﬁrﬁhdnkﬁdecrbase ahbdme;deaa;d nithsuling desive28 willt es wi th
oyl O e i he sl.eeve.interior, where the muth -opening 15 i-s |- oca ed,; %y ‘reans -
of déliver a first signal that causes the setting device 12 o lift the sector p ate 3,
" slightly. If the clearance S should increase, the frequency measuring device will
deliver a second signal that causes the setting device 12 to lower the sector
20 plate 3. 4 slightly.
This function of the sensing device 7 is based on the fact that when a
surface approaches the end surface 14 of the pipe 9. the end correction of the
: resonance tube will be affected within a distance equal to 0.6 times the end
diameter of said tube, therewith resulting in an increase in the resonance
.25 frequency or a decrease in the resonance frequency if the distan_ce shoul_d
decrease. | |
Flgure 4 shows how the frequency is changed when the distance A
between the end surface 14 of the pipe 9 and the rotor flange 8 is changed
between 1 mm and 6 mm in a certain case.
30 Figure 5 shows a rnodiﬁed version of the sensing device. In this case, the .
bottom part of the pipe 9 has the form of a bore 30 drilled in a carbon or

graphite block 31 and forming a continuation of the bore in the pipe 9. The block



passageways not shown. The hose lead 23 has a transit or |ead-through 24
for . the hose 21 and is connected to a m crophone 25 which, in turn,

i S. connect axlo 806994 a frequency neasuring device 26 that | REW(SBAH01348
necessary filter and anplifier. The frequency neasuring device is
‘designed to control the setting device 12 so 15 that if the clearance S
"bet ween t he underside of respective sector plates 3, 4 and the rotor
fl ange 8 shoul d decrease, the frequency neasuring device 26 will del i ver
a first signal that causes the settlng device 12 to lift .the sgﬁtor pl ate

3, 4 - 314s agangsd to slidenen the-flange 8 anddhe pive Pikeieivs forms.a ency

TS coey e diayiart; of kgt be3freafo eattaiciited Ry hifs
This funct H@geﬁ’é]eﬁtfb?l Hene dgm aieneé pipero. lthﬁWéthrccurseorh trs blobk G 1tren a
surface appr es the en urface 14 of the pipe 9. the end cgQrrection of

t he pip&se)wﬂhb&ve aisbortet length and ¢he fraquenayi thezefaresingreaseedbal to 0.6

h f d b
e Lo, FoRHenTeisdRERETeY 3 4 p3idk vgs (et esEibed wif eefedie ) °0
frequency F%If?% SHSLABAGhS 'fr@ldhén has incf@sgeRA5ea value correspondinglo®ir e 4

shows how t reqgquency i s changed when the distance A bet ween t he
end surfac mrﬁ%pmstdmeptmaawsmmde\hee causes 2 binokeactuating setling gevice 32

modi 11 6l v eWapRe 51 e RScaar ale,Sbin Tiove the Bk 1w ifghén 2 ARAE, o,
part of t hl'Qfg@P%I %ﬁﬁ;&c@ﬁu?@fs%@éa@dtm{tﬁtr?@blﬁ k '3'1%5' tech Afidaen O

-graphite b ormn ontinuation o eborelnthe pi pe 9. The
bl ock 19 Ietemcﬂ'&bﬁﬁﬁﬂmd must be replaced.
PCT/ SE97/ 01342?

arranged to sli Rt emR?dFmﬁﬂ'g‘é’SSD%ﬁ%b'? tQ uilizethe f?ﬁg}h@* i sfoé??rﬁeao?o@l 0s ed
P 2E U g A Eohe il el e § e ressenarg e coLerey

that is When wear ‘occurs on the

bl ock 31, tih&eased bPlaﬂﬁll%ctlavbldeaym pro@hceta@sroheagd:éd sigdak he frequency
therefore increase. The 5 frequency is nmeasured in the sa Hﬁﬂyztﬁas t hat

described with feviikeeederstood thatihginventions naf eestiicted o the,

.|ncreased b a val.ue corr ing
dovi colsaushe PBrEEy SNGARRHE Berdctponet mBsaioh B2 BERAAEWRRIE.
sector pl at ﬁ‘e%coﬂe bPtHEMeehtive ddrivelst 33 defined immjgho@mgmlélms This i nstance.

Thi s proce(}ure i-s:repeated until the bl ock: 31 has been al npst C

corrpl et el y applies ngmqulajlyrmgbe mea%mgcqggnpment The mouth opening 1% of the
pipe 9 may be used to measure the clearance. instead of the end 14 of the pipe

9. When required, pressure and temperature variations can be compensated for

in a known manner. By placing the sensing device_s 7 on outwardly projecting

ro
<

peripheral fastener lugs 10, essentially constant pressure and temperature
conditions can be achieved in normal operation of a regenerative rotary heat
exchanger, by virtue of the sensing devices 7 therewith being located on the air

side 6 and the gas side 5 respectively.
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In this enbodi nent it mﬁﬂm\\mﬂﬂ tilize the fact that if for some
reason t he bl ockm“E di stanced fromthe flange 8, the

f r.equency wo bs/nodond *i nér easdd by a full octave so as to yrOsEsID1ISAS
pronounced si gnal . It will be understood that the invention is
not restricted to the illustrated 15 and descri bed enbodi nents thereof and
that nodifications can be nade within the scope of the inventive
concept as defined in the following clains. This applies particularly
to the measuring equi pment. The nouth &pening 15 of the pi pe 9 may be
used to neasur €laimscl earance, instead of the end 14 of the pipe -9 :

When.required, pressure and tenperature variations can be conpensated-for—
in a known manner. By placing the sensing devices 7 on outwardly proj _ect_l___n__g

peri pheralq f as H\%’Ehddlﬁssé@mgethé%arﬁh&é( mawa L@ aand aRPerature

condi tions cantpbe achi eved i i normnal ope ation o?‘ ?@generafl ve rotary

heat obgam-laa;apent sWaoa {8) Lancb6f géresratims arsigres whictsisfepleseatutive diei ng
| ocated on the air ide 6 and the gas side 5 respecti velt}{.
WO 98/ B69¢he magnitude of said clearance and which is used in the adjustment of the

PCT/ SE97/ '

O ai | YeHince to 3 desired magnitude by means, of 3 setting deviog (13 3RLR 8, ob ect
(3, 4) ancontrolled in @épamenaelpasanutsugmlf ena-awénzwdypfomﬁgm bbject si gnal
which is representative of 5 the magnitude of said clearance and which is

used in t K3 4tk ahiadst epe Fwapfessed@'eaperﬁt@ P'Bedgbltf‘ﬁt inslpdeschi t ude by

s st gndpSolAnsedepE hdihes Keeniohell 18 spbeif fradi8Aby St ffat oGBS ST ©F
| east j9ne dpeRMgEEIAcdSpwhichns piiced Tjalferﬁ%)aldtélﬁfadef‘(‘swd@‘ﬁtr%tthe resonance

tube that has been tuned to a specific frequency and that includes an 10
openi ng ( TasonBcefreaency Obmﬁcﬁzléeéa} wdlechanganu dependenrce @) thauch that the

f d t
maoni ¢ ude BRSTHEEBe sedferf e e By naibalend DulsiREEes ?%3989%'?
f d 12, 32 2.

a; ?gﬁgg%#ﬁaﬂ%rglrthgaﬁf;iggé\gﬁf‘q%?%n;?ﬂodeg;Cgegm ng t%]e cl earance (S; 15

bet Ween ar2.obj ¢ arrangementfar eamyng eut theimethot obsersingthegjearanae ¢8) dance
wth 35 | aeveeRenated G hitchs EECtSB'g?Lg‘?Aé&C@ iaerseedestivd, ¢ acen
f romga cormgﬁ,s 3eéh§l'act§ﬁ2t5d3ﬁ’1 that the ob;ect (3 4) is provnded with at least one plpe _
| ke (9) which is operated by compressed-avr taken from a compressed—alr source |
and which includes a resonance tube that has been tuned to a specific
frequency and that includes at least one sound-emitting opening (14, 15); in that
20 the pipe (9) is positioned with the sbund-emitting opening located adjacent said
surface (8) so that the resonance frequency of the pipe will be dependent on the
magnitude of the clearance (S); and in that a setting device (12, 32) for setting
said clearance is adapted to be controlled by a device (25, 26) that indicates the
frequency of the pipe (9). _
25 3 An arrangement according to Claim 2, characterized in that the pipe (9)
is a straight open pipe which is mounted on the object (3, 4) at right angies to
said surface _(8) with a clearance (A) between the surface (8) and the end
. surface (14) of the pipe (9).
4. An arrangement according to Claim 2, characterized in that the pipe (9)
30 is a straight open pipe which is mounted on the object (3, 4) and is axially
displacéable by means of the setting device (32), with one end (31) of the pipe
lying against the surface (8) which therewith closes the end (31) of said pipe(9).



and whi ch includes a resonance tube that has been tuned to a specific
frequency and that i nciudes at—fteast—one sound-em tting opening (14, 15);

i n-t-hat zowms/opme( th the sound-em tti IRCTSEIMOIBYS
| ocat ed adj acent said j"l"”mim#m rmso that t he resonance frequency of ~
the pipe will be depen cont ni tude of the clearance (S); and
in that a setting deV| ce (12, 32) for settl ng said clearance is
adapted to be controlled by a device (25, 26) that indicates the

frequency of the pipe (9). 25 3 An drran enent according to Claim2,
characteri bed i Amamngamemuq@éow)g to any onhe of Claimsi Yhé. wberelrp‘tfpmobmth is
nmounted on.the o —angl.es;to urface (8) with
a cl earancis 288 c@éﬂf@%k *t‘ﬁé}rb%f? "?@‘53 &ggytr}?@té)fahanger ag@ Ege (14) of

t he pipe ( s ﬁﬂgé terized
in that th(%h'g?ce 1 ﬁg&heﬁbﬁééﬁgﬁgﬁ%opengg‘%ﬁpg& |c|§1;1%56?rfat2)ﬁe rg'ri t he

abj ect (3, ﬂémgam orsthmuo@d»ﬂqf said heatob:s:pbage:alcharhqtenzadsn tattthe seefori ng
device (32). with aone ai nst the surface
(8) vvhléh Pi?é?é%n‘l)ﬂs(ﬂ'%‘e‘g%é Pﬂét@-’rﬁﬂ PQE)OfBF sidgsgvith aepa?b()a B which h pri?ds8/ 06994
PCT/SE97/0£§§€

arrangenent a %%?t?ragy ogposne tgﬁéog’ "éf‘ gergs) in wh,lchv%agpes éﬁens'@?ect is a

sect or ‘pl adevice,(7¥providen wmgartesarltanc;embwry heat exchanger, and said
surface to which the clearance shall be nmeasured is conprised of a

peri pheral flange (8) on the rotor of said heat exchanger, characterized in
that the sector plate (3, 4) is provided on at |east one of.its sides with
a part (10) which projects out peripherally opposite the rotor flange (8)
and which carries the sensing device (7) provided with a resonance tube.




