,e3eHkffgli.i$j6j THK|0, 22 March 2003 -1 Apparatus and ne%hsf for active
reduction of the noise em ssion fromjet engines and for th r) %P@%W%%is
The wmmmwm tion relates to an apparatus and a nethod for active
reduammﬂﬁm noi se em ssion fromjet engines and for their diagnosis.
The i nterpgooi se, as well as the externdl- noise fromjet aircraft, are
nowadays governed primarily by the noise em ssions fromtheir j.et..engines.
As air traffic increases, both the reduction of the internal noise in
aircraft as well as, in particular, the reduction of the immmnmﬂm e to
which those living close to airfields are subjected are b Ilmﬂm
inportant. Attenpts are frequently nmade to achieve a reducti oRgi,fp.t he noise
|l evel in the interior of aircraft by further inprovenments to passive
sound-proofing—and silencing The efforts to reduce noise also include
nmeasures relating to the decoupling of structure-borne sound. In this case,
the aimis to prevent t A ®praEiHsdndmethodifor pefivegeduction of theioissei ng
transnmitted to other partsmigsianHeomij¢tengies agdifop el diagnosist o parts which
are connected to the interior of the aircraft. Furthernore, so-called DVAs
(Dynam c Vibration Absorbers) are used which, within a defined, relatively
narrow frequency spectrum use resonance to absorb a portion of the
vibration and oscillations transmtted through the aircraft fusel age
structure. 22 March 2003 -2 Finally, in individual cases, noise
conpensation s 4 . I |l e Ll athe d . cl I f the
passenger arear it DinataveRliay R & arpfptat e el Ry RGP ef .
used to emt chepeisahiigionomdet dngines dad forehdiedidggosienet rat i ng engi ne

noi se. The neasures described for soundproofing, silencing, structure-borne
sound decoupling etc. al nost necessarily | ead, however, to increased
weight. In general, all the noise protection neasures which increase wei ght
reduce the effigl al rGr r J . ng..i i ng
the fuel cons uirrrp ?g%%alﬂ—%?lt eargnggfﬁe?pg}ef %@%{%12& ﬁ%?gg&?%ggggﬁaghgﬁesw n éd to
hi gh devel opnmegdveeeslt pritharilyl toyc dtei myjseaerdissiond ditonn theimhjet iengines. disakir nmiffie
sources and the noise transm ssiqn paths..ln the .end, this cost .is ipncurred
Wi th all new i KEEARS boffuitbmesaucep of (he;inigtael Bgige 1 pirsrall oS cwellidsi gh ¢ ho
noi se reducti oparfiulRe REfRGEItA b the GirtaROndisE d Which GHede! Iiyinﬁnéloiel”'?o _
ageing of the materials used as well as the effectiveness of the processing
t echni ques useadirfirlds arsubjracted aiedzecentingmiorgimpontant. usi ng costly procedur es.
A general disadvantage of the systens nentioned above is that they do not
result in any reduction in the noise emssion in the area outside the
aircraft. In the past, various design neasures were taken to reduce the

ext ernal noi seA@sinps &8 fréghileimRRAoNRhievEd redeatigd én thdBoide I8led el Of
bypass engines led to a reductign _in the noise emssion. However, this

noi se reducti oiiteries ef jaircrafi byr Bithes dmprevements, &e gagsive.sound-proofing and

silencing. The efforts to reduce noise also include measures relating to the

decoupling of structure-borne sound. In this case, the aim is to prevent the sound
emitted from a jet engine being transmitted to other parts of the aircraft, in

particular to parts which are connected to the interior of the aircraft.

Furthermore, so-called DVAs (Dynamic Vibration Absorbers) are used which,
within a defined, relatively narrow frequency spectrum, use resonance to absorb a
portion of the vibration and oscillations transmitted through the aircraft fuselage

structure.



22 March 2003 -3 US Patent Specification 5,325,661 relates to a noi se
suppressor for jet flow mxers for high-speed jet aircraftgy .8, sop3Pr essor
m xes a high-speed air flowwith a | ower speed air flow Acoustic waves

whi ch are produced by obstacles fitted in the jet nozzle are used to
suppress noise. US Patent Specification_ 5,758,488 describes a system for
reduci ng the noise fromaircraft turbines. This essentially conprises a

noi se reduction unit, a fan, an air flow diverter, a core flow expansion
chanber device, a thrust-reverser and a tailpipe. In these solutions, noise
reduction is attenpted by nmeans of design, flow mechanics inprovenents.
Furt hernore, apparatuses for active noise reduction have been proposed in
the prior art, in order to reduce the external noise fromjet engines. PCT
Appl i cation VNG L3288 vIIBRICELE oRB cEinpedsafion SRR e alras@liaBwithip S
operates with a reference signal. This reference signal is derived fromthe
fan angul ar stheddteonal isladdingpefstbe pgssengayperc 9f thechifarafinfuselage. ki disatasewhi ch
are sensed by, acoustic tranigucers. The ?ignal s, are used t.o actuate val ves
on the fan st SRESPRREAIER Sl SemRaiRipT PP ke 5 edds Rensiayine
tenperat ure aggpifemitated is directed for noi se conpensation. 22 March
2003 -4 PCT Application WO 96/ 11465 |i kew se describes an apparatus for
actively reducing engine noise in the region of the engine inlet. The
apparatus has sensors to neasure the fan bl ade passage frequency and

sensors to ne r Ld 001 or, I I I I are
passed on to ‘Z‘ﬁ% orﬁ?e{;sgﬁls u(?h%k n&%lh Z&c Sﬁﬁdgf&gﬁ%t S?EE‘%? n%tgfc(lta‘%gi%g e\ggégg%eaker S
whi ch gener at deconplinghets.cslmost ieeedstrilgriest, hb Weverpiociacreasedendigiatnir Feherlr cr af t

propul sion system The sensors for measuring the bl ade passi frequency
and t he |oudsﬂi§mogseam@tqcrl9@ SRS, NI BHERSR Y§ightrednes Rsietfigenays engi ne

inlet. PCT Appld Lot iR 4 dSAcea; gﬂs]ﬁg‘g%at us for the
active reductlgioﬁ&%wtﬁieu rgt%gé?’%’gg%aﬁi nceryu?léoﬁ%efﬁ?rcom rotor bl ades in
aircraft engines. For this purpose, a fluid is passed at high pressure

along the path of the source signal so that an inverted pressure wave is
created relatjive to the pressure waye .of .the source signal . US Patent
Spect 11 cat i onFSTSBOB0EIESE Nbie Trcipbdt Sk FoPeh e R IE SO%E 1 noi se
among ot her t RjcRGsy hill EQAPART BB iMIilRIual 8&Se bolrBdsnshdemgidifse feldfshissidie
acoustic transducers are arranged at the outside of the engine or are
spread over tbathgdnphegnrd, this cost is incurred with all new internal equipment for a jet
aircraft. In order to design the noise reduction to be effective in the long term, the
quality and the ageing of the materials used as well as the effectiveness of the
processing techniques used must be investigated and approved using costly
procedures. A general disadvantage of the systems mentioned above is that they

do not result in any reduction in the noise emission in the area outside the aircraft.

In the past, various design measures were taken to reduce the external noise
emission from jet engines. For example, the development of bypass engines led to
a reduction in the noise emission. However, this noise reduction has still not

reached a satisfactory level.



outl et opening. The object of the present invention is to provide an
apparatus and a nethod for active reduction of the noise e sgitddosom j et
engi nes, in which case a high I evel of noise reduction is intended to be
achieved in a way which is as sinple as possible and is effective in the
long time, in particular in controlled agoustic conditions and avoi di ng
maj or changes to the engine. In this case, the solution is intended to be
applicable in both the inlet and outlet region of the engine. This problem
is solved by an apparatus for the active reduction of the noise em ssion of
a jet engine which has an air inlet, a gas outlet and the actual engine, in
whi ch case t hES®atentSpeifidation iSS 281664 ngjetds tred nesnsuppeessorifor jet Aowamidedshe gas
outlet. The appargtus has at | t. one first ,acoustic transdycer in the air
Ul et Upst r caliF HEN-TRECE igh HEPTalh ol ais SPPPIEEY GUECSoR DHErSRBhALT IRKAWI &t he
engine, for 1o4fr ¥dedhirAOw. ARoGRIRWRAVES Whid aé%fﬂ&’tldé’a‘{ﬁsoﬂsfﬁcfésfﬁtfeatin
signals, which axe a neasure of the frequency, anplitude and phase of the
sound waves, thajainozzle areiused onsupptessingise.f or converting the first signals in
the second signals, and at | east one second acoustic transducer for
converting the second signals into conpensati on sound waves whose
frequency, anplitude and phase are such that the sound waves and the
conpensat i on goWAtnY\BY&Sfidioh STBB, 438 debcdbeY a G foPRAuaANE tHESKoiR rom
According to the present invention, the second acoustic transducer is

arr anged centalmraig tyrhinepelkis esseptialy eqmprises ; nofiset teductiogi wrat, anfahoan eantral |y
in the gas ouplgly;0gastr GAMAN, LRSERT! BEmpED dbhie. COMEL Ol Lhg, Present
invention, the termjet englne AFSE R oVers ur boprép j et engines hd
turbines for wilpipkyi ng an aircraft with electrical power when the

propul sion turbines are not in use, so-called "Auxiliary Power Units
(APU)". The first acoustic transducer is typically a m crophone for picking
up the sound waves enitted by the j et engine, while the second acoustic
transducer i st Vipigal a.lo e £ or: emtil ﬁﬁﬂnﬁ ti@n d
waves. O her %Eéﬁ%%igbgpgﬁéd3%§$s§%§&gé igbg&%ﬁ%&ga pugggséﬁngég owever,
be used just fswwumdchanios emegrocasents. Fdurthérenope)r pppaatusds tfoe petbsemboise
invention, the term.acoustic transdycer, may al so cover a plurality,.of
acoust i o 1 r an@dvcHendiave Reenpraposel i therpriaf attsnicider o gt LeeKIRTpAl SBiSs e
operatively f@smGovegkindg the entire rel evant sound propagation area, the
rel evant sound front planes and the required frequency range. The first
acoustic transducer converts the sound waves into el ectromagnetic or

optical first signals, which represent a neasure of the frequency,

can b pr ocesRel SerRGR W e HpPaslcienbee 3 e B e Pk s o o
can be carri egheatbs with a 2e¥eldBés Bigdfl0 ThisOreference signal is derived from the fan
angular speed or blade passing frequency and from error signals which are sensed
by acoustic transducers. The signals are used to actuate valves on the fan stage,
from which valves an air flow whose pressure and temperature are regulated is

directed for noise compensation.



order to break the conpl ex sound pattern down into indivi @afl268&PP3 ati ons.
Furt hernore, specific frequency conponents, for exanple those outside the
spectrumthat is audible to human beings, can be excluded from
conpensation, unless this is regarded as bei ng necessary, for exanple, for
reasons of physical noise perception. Thg_noise conpensation by the second
acoustic transducer is intended to be as conplete as possible, that is to
say the remaining residual noise level is intended to be as |ow as
possi bl e. ndi E i t {00, I £t ]
BT anged cogty APPIcaRR WO GTHRR LiRvist a8 GRECTH, ARANRL for kBRG] Rk
central |y engihb@ogasn thet legionddvihs engamirdét. The appeyatne has bemsere nd madasure the
arrangement, of éfge seconpd acoustcic transducer is &?Pisen Si nrée t he

§oisg o

symet ri cafarabladk Passagsolieenehand sansers de mpasyradesd VERSTH SYRRDS vy
consi derab'sén QNAARS Ex*éeREJsé&C&d YENeLSnb) LhE ARk S&IBIIMERS A 8@ o
sinplify the noi se conpensation systemoverall. In particular, 1naccuracies

in the noi sexdspeapensseliicio geneestalantipigaséd ooiseléd aydet itoreedicéd heise fioes tHeoircsaftind

waves from a nunber of | ds%%aker not | ocated ﬁ%ntral.lg tare avoi ded, in
the. same waSPRALSIGN SYIFBI G TRRGNT dPERRSeWiTE K< BIP05 Raaring (FSaushcl 404 ihe of
| oudspeakeng,dapGkaisAERel QidigifeleR@dlyCaRhe #hll ¥f tHeenpREtdleul ar | ocat ed
opposite to each other. The first acoustic transducer is preferably

| i kewi se arranged centrally in the air inlet upstreamof the engine, and/or
centrally i e gas out ream.of the engine..lpn the context t he
rosent | nbeih RERATRE W DR BZA pREFGs by B TRRLR on et BrERRb S fidhticer
arranged egs®flhg alacNinky Adie fidHdbter bia@és BNGIcRESerlgiRBUES this phepdieta Naidas
entirely circular cross-sectional areas in the engine inlet and in the gas
22 Narch 20esed guhight pressira dlpag dhespath of sheasaen signal rsaribefaneinyeried presiien be
arr angeq e3aRatd (g'!t:;Lth ?e%lh’.éqg ltﬁ/e’ Spré%gx%%&eaof\@@sowcaetsi%ﬁ?.y ensur e | ar gel y
symetri cal” acousti ¢ conditTons. neral’ly, 1njet engi nes, noise is
propagated primarily both forwards out of the engine inlet and to the rear

out of the gas outlet, in the direction of the |ongitudipal axis of the
engi ne. Thﬁ%é’at?gt Secqificplion 3004 descHER: B PEPHAME PR BFAICHIE 20YEF Aplge

al i gned so g @ : atd j it j : Bl [oChed S

ori ont ed_ e<mone; bt AMBETALARRARALIA 3 B (bt drfiaf’ A" Hpie

engi ne, andransiisepaaralamahgedoati ths avidide o6 timderdgionr preanmeadSevanidiaropnypdetad
front planes I ich.differ fromthis may be covered by inclining the

eni ssi on afyP'e " WEsecond acoustic transducer (which may be split on a
sector basis) or of a plurality of second acoustic transducers. The
arrangenent and alignnent of the acoustic transducers in the jet engine,
parti cul ar |'Khejgbjech @y the presentrinyantioads to Pepyide areapRarays aid agngtaed &pgictise
al'so have t0;fake ogctﬁé)lﬂgﬁeOefmigs%rp?r%ﬂlaﬁt]%n?}‘%@?olhswhilﬁ"c§sé § h?%)c?e%faof W{a%sE' the
gi ven high airspeeds 1n Jét engines, e trarisducers nus ver create
excessi ve dedgtiands nushdedoto beddtievadhian pevdyowiivhcie of siinpk: angbsstblbaydnd a
negligi bl e tent, It is therefore, advantageoys to arrange.the acoustic
transducer se%é‘ﬁ%‘fer irahedon (4 i erticglfg 18 FoRiellsl BEogptia ReNCtiRfiSHRn avOuing

| OW- pr eSS Uny6AMRRESBthe bikidtn HEILAR, B sbRfoRld inleAbed toWe SRRCANOIHSoth | N
the rear exhaust area of the engi ne, the acoustic transducers are

pr ef er abl y the indetcdnd ourdettregamobthetehgine.ai | cone of the engine, that is to say
inits wind shadow. This not only reduces the drag but also inproves the
mechani cal robustness of the arrangenment with regard to the forces acting

on it fromiymhe frbBinGs alolve@®$§ean apparatd e (ROO0Rtiv8_reduction of the noise
emission of a jet engine which has an air inlet, a gas outlet and the actual engine,
in which case the actual engine is arranged between the air inlet and the gas
outlet. The apparatus has at least one first acoustic transducer in the air inlet

upstream of the engine and/or in the gas outlet downstream of the engine, for



One ,preferred enbodi nent of the apparatus according to the invention has a
first acoustic transducer and a second acoustic transducer 288d#chg0@he air
inlet upstreamof the engine and in the gas outl et downstream of the
engine. This allows not only the noise emtted forwards fromthe jet engine
but also the noise enmitted to the rear t-&-be conbated. In this case, the
noi se conpensati on systens can operate conpletely independently of one

anot her. The apparatus for reducing noise em ssion preferably contains a
cone which is fitted centrally in the air inlet of the jet engi ne and has

at | east one opening, i.h which case the first, acoustic transducer d the
Second acoust CRNYETSIA Rfcepung; Wayes fugp finst (sanalse ik, &y MeAmenef 1t

they are acou?fehﬁé}{c(l‘)'}’arﬁﬁﬁﬂggﬁﬁﬂpﬁdée bPhedblind Wafls, ¥h RlebREniOREAIIGmit HBE Noi se
conpensation unit conprising the two acoustic transducers and, possibly, a
m cr opr ocessoropantingths fist sgminimsbiasednd sighhls, zidratiledstoneasacon aeovistial | y
before the direct, inci.dent flom/ﬁ%rikes it a%d. o that ig IS Er tected
against dirt, _t’iﬁiﬁfq“@eralfort ranveding fensecand siggalsy MEPTY B PO §%tion
area in the aifhosdlfRlquerfcy! bMBLTRE Qindt fHRs 8F0sicRaRhCtHRNuil Zdvie® Andfthé he
cone ensures that the préssure conditions are conparable not only in the

regi on of the campersation seundswarse ptleasi partiplly ¢aneel ohe angthgrartabeapnding éa, t hat

is to say in the region i ich the noise.c ensation take | ac In
order 1o avoi % pierg Fhvenfiptiabf Pedod aBaE RERERS R srehabd STefy it ne
vanes of the nfiiakt apstransat theengitketant/or chtrallyini the @hs 6ditldt o wasgedne of an be
electrically heated. In the rear gas outlet of the j et engine, the

acoustic trandkRenging. are preferably fitted on a central holder which is
matched, in ternms of flow nechanics, to the tail pi ece of the engine.
Aerodynam c optim zation is also desirable here in order 22 March 2003
9 to produce simlar pressure conditions in the region of the acoustic
transducers arn thencdntext o€ gheopresdnt ihventiampka seati jenergimaalsd\bopns ngbdprep
acoustic transducers towards the rear, avoids them bein ubj ect to direct

i nci dent f|ow1%ﬁagtq¢a§n$ﬁﬂ&frg9ﬁ$ ?or DbingamaiFrape vty aﬁﬁﬁcaﬁa%@rw@aﬁ%d by
the incident f}siBiturBheCarlhbVRtss, sbRaIs ASLilisrylFoARs B8 (ApTyom wear and
dirt. Afurth r6¥ﬁ%?§#¥ed enbodfhentdbf t he apﬁé%gfus accor ingmto t he

i nvention has a cooling device for cooling the second acoustic transducer
and, possibly, the first acoustic transducer in the gas outlet. For this
pur pose, the oustic transducer or transducers s are. screened

br et or abl y by WEANS BRUGERsANcer iy bRy myicroRhng forPicking i Ty PHad gas
flow It is pajdveseidtddbyrthefdleaping, While teQefHdSRoGRNLMSAIdeP s tyPichlly O be
installed in an outer cone at a distance. For coollnglpurposes, ext er nal

air or, in tha lpudspeadier fyrpanigingrgmpensation seund,upxes cGer agaustie ansdHeetpy pass
flow, can be ' ' ' bt Dl e or
more vanes. - Tio i ethe sERE pLifbbOfE Yipletel vkt Rl S wEE i pdlh U FBPC
transducers, ahd p@posesiofitie fresengmsentivnl e témhoasduskc eragidnesr maydalsd cdvee sanme
time prevents the production of reverse-flow hot-gas turbul ence, whjch

coul d i npi nge aonqwiaﬁév et asnuptlc transdyeqrtc Bresplupalith o acuisiiny gﬁaﬂggl,certs BB ng

ai rcontinues gy fol oty ORI o Gatidg RS eftirk SeltvhntOfounll SprBp£r2aibh Carél, AR

provi ded there ?éogﬂ%?ic?ent presé%re ei??erence %@t gn the bypass ?Iow
and the gas f Irdeyariflound fsont plantoanrctlie bgquited fikgnency cangeessur e pr oduced
upstream of the acoustic transducers by the gas flowin the gas outlet from
the engine. If the aircraft speed is sufficient, particularly in the case
of plain jet engines, the cooling air nay also originate fromthe
environnent. DOtel figt hedudhié trahfRicSHUERREHEMe SR Wive8XhR) Adircthdgnead obe
provided by the ramair pressure at a point which is suitable for use as an
air inlet. Thioptigall firakssigheds,rwgkich meriressnt o mpasratafdhe fignuvency, graplitude and | y

wel | controll ed, 2 rch. 2003 -10 |If operating states occur. for exanple
during engi ne PORSEy ?ngii)lggrtﬁes H‘tﬁ“ge&t/\ﬁo‘ﬂ}d Wﬁ%‘%‘ f@le??gﬂfsﬁrslg‘? S @e esgche§sg§Mi ch
the natural suyRE@OMefEroptdRessef. Fdieex@ipld, a RelrickUinhiygisedtin beoEargied!dubgnand to
conpensate for turbulence, the cooling air can be assisted by a fan. The
effectiveness of the cooling for the noise conpensation unit can be

assi sted by choosing suitable materials with | ow thermal conductivity for
the outer cone and for the vanes which carry the air and, where necessary,
by neans of surface treatnents which reflect thermal radiation.



The apparatus according to the invention can al so be used for diagnosis of
the condition and of the operation of the jet engine. For £hi ﬁh %E%e, t he
apparatus according to the invention has a conparison unit for conparing
the first signals fromthe first acoustic transducer with nom nal signals.
The frequency of the sound waves being cénsidered need not necessarily be
determ ned accurately in this case. |If a very narrow sound frequency
spectrumis present, it is possible in sonme circunstances even to di spense
wi th frequency analysis, and all the frequencies which occur within a range

b d { i f Clt,is.suffjci L., t h th
capabi 11ty t ooueb s habREATS FOPlesy S ARG dnep kS VBBl ARl e &
di fferent frepuyemgmotd) Pebific FeqRneRKeohdhehte fS0eREmpRt ek csidihas the

| evel required in practice. This |evel may varg dependi ng on the
appl i cati on asn¢ctemecthal ispudible e hnmguibemngsnean beexalwdedalzemreppypensatione sound

anal ysis. An actual.sound pattetn i s thus. cempared,w a_nomaal sound
pattorn. Thi soasintis SRealRh af Srk b, POTREERY b Pl o osRRL

engi nes have foigd pereptin, StheCndi@Uednpaisatioinby Glie sohd aboldie twakdhaes is
operating sta;es.@Eisturbances, 22 March 2003 -11 for .exanpl e caused by
damage to theindgditebeas eqmplete asqossiblepthehisdtosay the rsmaining residuak poisg j r st
acoustic tran OF I i i.nl et cone of the engine or its
exhaust area,ﬁ?ﬁﬁ?Egéﬁggﬁépggfgﬁégy%ﬁgggﬁdramn with regard to wear,
conbusti on- chanber deposits, dirty conbustion due to poor fuel quality or
mechani cal damage, for exanple due to a birdstrike. In this case, it is

often possible to deduce the pature of the defect fromthe nature_of the

di sturbance t 8°¢HEingdR e laa%qtgnnﬁle|Sﬁcqmrwoesargésépswﬁeslsaaﬁaegweaﬁa%Hm the
condi tion - {4 diofifls bEGRaR 8f e enbihe! SRYGRERFILCR BE oAPEIRY LBEnSIARE - (he
tenporary state - of the jet enginé requires further groce33|ng steps, in
particul ar f uof theengioepbhe eatralstrmpgemeitwe sy secannd demastic travsduree sechosernf a
def ect can nor.mal |y be det.ected even wi.thout. this further signal. ..

br 0cess! ng. | THES) [HesBTuREHAT s ot R isons, Hatien 26 (e UgEs ahepabin iter
parts of thesgafidonkidetabRaleshstice StheOe@tivesdsd G thedBbisy @bnipenstioneagi first
signals are used for the diagnosis process on the j et engine. The first

si gnal s obt ai simplife therngisecompensation; sybismmexearah Iapetiiculancnpgcaepsiasdy the he

anplitude and_t. . [ . ] EN_SOome
cases, di agnogélgggﬁgﬁﬁlgaﬁ?%ﬁ %%@éﬁ%gljoé{ a%el%%t@g;&rfﬂ%rgﬂ%egff OIj wgﬁ% %ggﬁlaasi s of

t he frequencynambat dSﬂJIﬁudﬂdehhﬁsltnoﬁm'tddeéénI&glly% awgided, udeharamphegeas | n

t hese cases, the anplitude need only exceed a specific limt value for the
first acousti @isfwbingdntederencs Whigh can acqur dohplurplity eblogdsnepkers arqnengsd
occurring. Thj gl e; : ﬁﬁﬁ% ] i y by the response

t hreshol d of ? g}?@%g?ﬁgg'hgg?%u§$§ﬁg§ﬁ%er. F§§£$§#ﬁ2§§%p|e, di screpanci es
occur in a predeterm ned variable or neaning of the actual spectrumfrom

t he nom nal spectrum these can be used to draw the above nenti oned
concl usi ons on, t condition qr operation of the jet engine.. The.nom nal

Vel tes ar e detts FsiaRontic, it iy preAPly ikt hfnegRdenFiil Mot RE f or
exanpl e di f f effedttuRiedd LFIRE REine Y Ad/QUSent@RY ih AIND 8 Bl RARPEAANOf the
tenperatures, and'these are stored in the conparison unit, so that it is
possible to comgds-e the nom nal values with the actual values in daily
operation for a nunber, or a |arge nunber, of operating 22 March 2003 -12
states. In this case, it is not necessary to use all the information of the
noi se conpensation unit such that, for exanple, a full frequency spectrum
of actual val geshd sofeRPar e Wréknt Mereaibm, ehieOoRENELecARAly1ahIsY JoWeS- an

Sel ective conparison may be sufficient in all cases. The conparison _ itself
is carried ougcqusie trangdicermreangpd eesentigihoin the dpiddisnpelt aaginegieapently dp par t
of the conparj e ys..aceor di ERvent . referably
al so has an Oh?t%&v‘éﬁéﬁqel{%ﬁc@%%ﬁ F%&ggﬁv%%lﬁ ﬂﬁgthgf}é%g? li@%teér%ltdzf@ ’}Pée’gg{ one
previ ously defined discrepancy occurs between the first signals fromthe
first acoustic transducer and the nom nal signals. Such a warning signa

may conprise a straightforward warning by neans of a warning | anp or the
demand to change the operating conditions, for exanple to reduce the
thrust. For the purposes of this disclosure, such a warning signal is,
however, also a signal which automatically results in a specific
consequence, for exanple |oad matching, a change in the ignition timng,
energency di sconnection or information to a control centre by radio that a
specific mal function has occurred. The apparatus according to the invention
preferably al so conprises a selection unit for selecting first signals from
the first acoustic transducer which correspond to one or nore specific

v o o o




22 Narch 2003 -13 respective operating state. The service nonitoring unit
nonitors the tine behaviour of the actual values of first Qﬁdﬁapb28&3parts
of them for exanple the frequency, and uses themto draw concl usi ons on
when the next inspection of the engine is required. This is feasible since
certain frequencies in the sound spectrum-of the exhaust gases from an
engi ne occur increasingly frequently when the engine is ready for

i nspection or overhaul. The present enbodi nent of the invention can thus be
used to define individual inspection intervals which can not only result in

consi derabl e cost savi.ngs as, a result of ,the average .inspection intervals
becom ng | ongSPLeto i TS Aass dhe acaishe tragsducers aiich BRE e mranged earaHab af ot y
by inspecti on chhtkY M suchRE b that s a@uﬁh&rfgém%me!?ﬁééua_ewsﬁe cafluapisages are
feasible in this case, for exanple’if the tact "'that an inspection is due on
the aircraft engine is reported directly to an adm nistration centre, which
directly assigns the aircraft to inspection when it next arrives at a
servicing airpprt aqr support-base airport. |n another vant agequ

enbodi ment of CeReralli BBt SREinssC RIS Hprobaderes pRED bt TopvarEaR Qithe
structure-bor gRgiR@UAR SAASRY theS rér ' QRISE the) ga§ diflet, "R kIR dBBEHIIRE of the
preferably on its casing, and is used to associate the source of

mal functi ons Wmgiudingbhards pf thewgineohhe fcqustic transdueeryiane thergforeaprefeealdy i bed

o det ermine. A hnigRbr S by I3 oBfed Rt PR Bl Ffled b p i g 00
nature of theigratiéited tdsemtiatiynatirightuagies Yo fie dagditedital) axid of therenghe, and ual

signals, that is to say the frequency spectrumreceived. |If certain

mal functions &usuraralelite, i weaiy spund:Epntplang, Seeandsry sound frent plapgs ghich ne
nature of the f than 1L ' : u S of
the mal functi g@rf%&e@f;ﬁgﬂ%sﬁn%@e%ﬁt‘gg@%g}%p%@?gﬁg iaﬁé% Iggial ?#F’gcg | f
this is not theyustisdransduces (whiohvan®r be split (o assebioe Hasis) ocaf @ ploslity ofi n of
the mal function. For these sjtuations, the present enbodi ment of the
appar at us accSFnAgeeustic fangdygerst i on offers the capability to localize the
origin of a malfunction by fitting one, or preferably a nunber of,

struct ure-borne sound sensors to the casing of the 22 March 2003 -14 jet
engi ne, whose results can be conpared with one another so that the origin
of a defect cdheberangemensdandralignmentoifcthe sgotstist transdugess o the jeoengihesensor s

can be fitted to. t casd ng of t i et _enqgine, for exanple at the |evel of
the first-st a@g&é’gﬁ@? é??bely , argﬁ%tf%ﬁ?édatlo e}nhél%agxgﬁlsglpggﬁee °n a§8rﬂ§y‘é§%or and
yet anot her atakehgedoufitobh@SrodyvhamicOhspR¥@MIhes i bedukelNGithOtheOgidh _SniFllil t he
mai n conpressor, the_ corresponding structure-borne sound sensor w |

normal |y exhi Bitspeets inyjet Angtes.cihg fgnsducernmusoneier (sreate lescessive frgdhaah t he
concl usi on ca t f .05 i ed. .l mai n
compr asor . AT pRLAN R ockidfm R B RS B b hopBleTBat KIE 18T,
t he i nventi ontleasfore adviahtageoussty aclangantheadcoosticotrarisdacens upstreamesigtha dsnt i n

whi ch case this unit, conpares the first signals fromthe first acoustic
transducer fr &4 ﬂ%ﬂ&nbvr%é&ﬁcfns@es‘ww < SUMBHTEFOPNBNG 478108 OB R HE
control parang{igf 5t thOEndiRE 18 MM fR8SexHallt AFPMhE ehdife. [tHEhcMRPInsdufers Uch a

manner that the first signals fromthe first acoustic transducers fromthe
vari ous engi nes prefeoahdy fitted dewnssicatmeoft thaiaihcamef dlmoerigine, that is teesay dw #s of
aircraft, the j.e ngi nes.nust run nchronously jn.order to avoi d.acoustic
i 5t ur bances. et AEAEM) A PRt AeFET Bl PR Y als® iBiptdts e BEhMGE T <
engi ne synchr esthgeiekPBf ilfe MRddERidedt Gathl fe@akdOte! thRYfof@RNRLhS Bnt REfr@AGhoe
speeds. In practice, however, this engine speed conparison is subject to

i naccuracy andlowing §#Emessesy, which hinders rapid and efficient

synchroni zation. In the context of the described preferred enbodi nent of
the invention, it is possible to conpare the operating state of the engi nes
with one another by conparing the first signals fromthe first acoustic
transducers with one another and adapting the engi ne control paraneters so
that these first signals, for exanple the frequency spectra, becone
consistent with one another. This results in sinple, effective and rapid
engi ne synchroni zati on. 22 March 2003 -15 A further preferred enbodi nent
of the apparatus according to the invention has a nonitoring unit,
preferably also for calibration of a tachoneter for a jet engine.
Conventionally, the output fromtachoneters is based on neasuring the
rotation frequency of a rotating part, for exanple the central drive shaft
of the j et engine. By virtue of the principle, such neasurenents include a
range of error sources, which can lead to incorrect nmeasurenments. These
measurenent errors can be identified and corrected by using a nonitoring

—— " 4 o o r - r " 4 .




22 March 2003 -16 The present invention thus provides an apparatus and a
nmet hod for active reduction of the noise em ssion froma j@g ﬂﬁhﬁ@93in
whi ch case conpensation for the noise at the noise source results in
reduction in noise emssion fromthe aircraft both for the environment and
for the occupants, in a sinple and effici®nt manner. The apparat us
according to the invention and the nethod according to the invention offer
t hese advantages with mniml use of energy, little design conplexity, and
negligible | oss of performance, while at the sane tinme saving weight for

desi gn noi se otectio asur e the ajrcraft. In this cas at .| east
the Second acoReEela RERALEIEnT o heaARyRSAEHTIne ) theimREA S etrs hus
creating the Besistid@asidabs mATRESILRbustlcAtfk@bdey bbthTh HRir ﬁﬁéi%g&ﬂr&m
conditions. In this solution, the conpensation sound waves can be em tted,

and, if appr opf theteaginetaad dwthezas antl¢talommsieeane df the snginei Bhis gligas adtiasly t o t he
mai n noi se osgillation.plane thus aghi.eving high.noi,se conpe ti
efficiency. THS AiarRitd e thyt 1§ 1B ehgh b e o st cedts n o

si mpl e manner réip th R @hgbhatal. ih tthis Wasd)ake m@isk Coffehation syaeins ah WpefiRsi gn
changes. The apparatus according to the invention is thus also suitable for

retrofitting cempletalygengndentlnptong gnethey. i n use. The noi se conpensati on
apparatus nmay be used not only in the air inlet but also in the gas outlet.
This all ows noi se conpensation at both ends of the engine. Wth a
conparison unit added to it, the apparatus according to the invention can

al so be used fThe agpagiestos rafucin@t ndfgemésion IpiefeRIbL cotaig® A0idneoRhich i@ | et
engi ne can thys be determned. at any tipe. The invention will be, described
inthe follo W@dtcs&ttrallysmn@etaﬁemé&téé%tﬂ engine @ad has ghicagh onexepeping, 17 n

whi ch: Fi gure ohighons {0 fioRgL IR frariiudd? nd PR s8dAd &Bﬁﬁfcdérélﬁdfx&é.ta?g
invention for reducing the noise emssion fromjet engines, including a
di agnosti c f uffitted dmthe cod2 ilvanchha AaARer-that they arceacAusticellys canmdeteditd tHerim t he

rear engine end of, the apparatus show in Fig. |.. with . acoustic transducers
Cool ed by an' P TIRGHE oPREH ol asidh EompRmiathrt conBRr RS Mg « he
operation of &ﬂaﬁscﬁl@&@raﬁa,uﬁos%ﬁeraq‘hﬁgoﬂr.@cefsﬁ cﬁ.ﬂmtﬂe%lcoﬁhﬁ)ﬁat@& in ﬁ{eeii?glce

terms 1 Jet engine 2 Suspension 3 Air inlet 4 Gas outlet 5 Engine 6,
Noi se conpens dlgtorerodynamiemdlyr beforef the slireahthcilenbAawastikest it @nd sartbatui¢ds s) 7,

7" First acou%}(;tgct&[ afgsé?nusi: e&irtg m\-v 1€ paﬁo r&(';g same time acting optimally on the
compensation area in the air inlet. Furthermore, the aerodynamic optimization of
the cone ensures that the pressure conditions are comparable not only in the
region of the acoustic transducers, but also in the compensation area, that is to say

in the region in which the noise compensation takes place.

In order to avoid icing in appropriate weather conditions, the cone and the vanes
of the noise compensation unit in the air inlet of the engine can be electrically
heated.

In the rear gas outlet of the jet engine, the acoustic transducers are preferably
fitted on a central holder which is matched, in terms of flow mechanics, to the

tailpiece of the engine. Aerodynamic optimization is also desirable here in order



8, 8 Second acoustic transducer (l|oudspeaker) 9, 9" Additignal fi raa
acoustic transducer (m crophone) within the retaining Van93221Mgrob12-0 o0, 10
Correction m crophones 11, 11' Retaining vanes 22 March 2003 -18 12 Cone
130Opening in the cone 1214Quter conelb5Tail pi ece of the engine 516,

16' El ectronic control unit (with frequency-analysis unit)17, 1 TConpari son
uni t 18D agnosi s term nal 19Quter casing of the engi ne 520l nner casing of the
engi ne 521Structure-borne sound sensor22Structure-borne sound

sensor 23St ruct ur e- borne sound sensor 30 Sound waves 31 Signals fromthe
first acoustic transducers 7, 7' L gnal s fromthgéel ectronic control

32
unit 16, 16' 39 RESTHSE SULHArRTessyis, EORFIuAS 1p, thrresian Of (i Acapstic, Sgpgducers

transducer 8, Bd iAh@e r8iBh VTGBe RBHPASIOR | drEiNVeidhing thea Bukti® RiABsdudergach
case denote conponents in the rear part of the engine. 22 March 2003 -19

Fi gure 1 showdowaidsttheregi peoids them bhing suhisst to dingat-ingident flypand thusgaaie,

which is arranged on a. suspensi.on .device 2, T ' L 0 | S..equipped
with an appar at pé%vcegpd? nrg)lﬁeomtgﬂ%l 519 rﬁr?%lhce?%90§%eeﬁgﬁ%eﬁe%?)%’eb’tlthgisﬁoi se
em ssi on. The gredenetfié BeoudtibaansduddrOfibmawearianidirt.3 and a rear gas outlet 4.
The actual engine 5 is fitted between the front air inlet 3 and the rear

gas outlet 4. The jet engine 1 shown in Figure 1 has both in the air inlet
3 as well as in the gas outlet 4, a first acoustic transducer 7 and/or T,

s : . g
that is 10 says gfffer ﬁ%ﬁﬁe@%f?n&u d;,{sﬂémgfétﬁ&’lﬂé‘ﬁ%ﬁaﬂ% %%c%gcgilﬂg% ﬁ&%%ﬂtﬁgﬁﬂa@@s ucer

8 and/or 8', for exa er. e conpensation unit 6
i S nonitored kyolng dévcd farrdooling ther sebondhadoudtic tramdutdreande possibdyythe giadti on
unit 6 s nDnaicE)l?srtiei‘:dtratl)l%d&gr (i%r{ ﬁ\%tgra(s) r(])iuﬁet(.: 10:8; {h?sl pllljr?)ioge, %l?e acoustic transducer or
transducers is or are screened, preferably by means of cladding, from being acted
on directly by the gas flow. It is particularly preferable for the noise compensation
unit to be installed in an outer cone at a distance. For cooling purposes, external
air or, in the case of bypass engines, relatively cool air from the bypass flow, can
be tapped off and introduced into this outer cone within one or more vanes. The
cooling air can then flow away, enclosing the acoustic transducers, outwards into
the gas outlet from the engine, and at the same time prevents the production of
reverse-flow hot-gas turbulence, which could impinge on the acoustic transducers.
In bypass engines, the cooling air continues to flow automatically as a result of its
pressure drop, provided there is sufficient pressure difference between the bypass
flow and the gas flow. This is reinforced by the dynamic pressure produced
upstream of the acoustic transducers by the gas flow in the gas outlet from the
engine. If the aircraft speed is sufficient, particularly in the case of plain jet
engines, the cooling air may also originate from the environment. During flight,
the subsequent flow of external air can be provided by the ram-air pressure at a

point which is suitable for use as an air inlet. This allows the rear noise

compensation unit to be thermally well controlled.



The front noise conpensation unit 6, conprising the acoustic transducers 7,
8, is fitted in a cone 12 in the air inlet 3, which has an23Machg0d3 for
the acoustic transducers 7, 8 to comruni cate acoustically with the
conpensation area in the air inlet 3. The noi se conpensation area, bounded
by the inner surface of the air inlet 3;10n this case has a conical, and
thus symmetrical, shape, which | eads to defined acoustic conditions. The
opening 13 in the cone 12 continues this symretry. The m crophone 7 and the
| oudspeaker 8 (which is in this case configured in an annul ar shape) are
therefore arranged centrally. Design characteristics, in particular

aer odynami ¢ cH:0Reeating;siatescaccup doy @sampi%v&g, enginestaTb R 85 PhUldvn ovherer ent
arrangenent, Yi@lhg Mt PQler& %hyﬁuﬁathr%l @ﬁl?!%g%é}ﬁ' ﬁo%_cgsﬁﬁ it &l Iy
central. Three r&talning vanes, Ich are provi at” uni form angul ar

i nterval s frosufficientifiot doelingrasidab ocomipehsade fgr dsnlemn, the cweding aimpdrebel y i n
Figure 1 as the,vape 11, are used for suspension of the cone 12. This is
arranged a sh@st 3 in front of the front end of the |ow pressure
conpressor, which |ikewi se has a conical shape. This design leads to the
noi se conpensati on system causing only a small anount of additional drag.
This drag can be further reduced by aerodynam cally advantageous shapi ng of
t he vanes. Zhe MifectiveROG30f-thO chdlinghfor thanoisn dompertshéore ngit wan be lassisted

' h T and,the | ker, 8' fijted | at whij ch i
ot ched, 1t B sEong PR ek Rt dov itheriial Frndief s KR Rl dgife 5 i n
order to avoi dnd A& tﬁ@gﬁigéﬁi WHicR Carry "tl@&i@gﬁ&, Whtré RedeRitrgl, hyeAdaiof igfaeere hand

to increased drag, and on the other hand to poor acousti'c conditions with
regard to noi ¥eatosiprerkigh reflect tharmaliradiatiere, t he noi se conpensation unit 6
is fitted, so to speak, in the wind shadow of the engine 5. This unit is
hel d by three vanes, which are fitted at equal angular intervals from one
anot her, only one of which is shown conpletely, as the vane 11'. The
retaini ng vanghe appafisiReaiding ®hdpaalvagiondun anoChd hiyed fop didpn®sivaf,the
turbul ence can be avoided, and the drag can be minim zed. The noise
conpensat i on @piditors andof e pparations of the jefcngiie &or His pHPOss: Shey appargHy t he
second acoust | : . 8 |l ed: AR vi a
supply lines %ﬁco%ﬁlggﬁgtﬂgle?{r@ﬁ%l%gtﬁ?? ?‘i‘ﬁﬂ%%ph t‘éfog g%ﬁh%ﬁ%ﬁgqﬁrgpﬁﬁgﬂscont rol
units 16, 16' fiowhitleh fiest eacbudticetdansduden ewithn giomeénal asigrlalse ) Thel fequency iofi thée
retaini ng vanes , 11'.. .The va e(%l' can al so ge us to pass cooling air
to the hol der SOWd Wevesdbeing censifayed Beed it MRS oo sTm e RGP o uni t
6' together Wil chReIBE Q4G idatroly dumd UsRfuench: saa%btruxﬁ'ig preled! #Qs PHAYKle N0
further mcrophones 9, 9'] which are arranged upstream of the noise
conpensat i on pémAecipunisiancehevertiai dispense anwidh fraquendy anglysispiand odhdhes 9,

9' are used f@r, _supple ary. det.ection of e,.engin ise, f .
reacurenont  pFgoglls RS 2ieeE FlBSh . darite b1 of SUelifod B CrerTRBIHYS avey
from the fl owfichuaieghltain supfdiemiGodiave ke camibilgdae didtinghigh iaresodhivhild1' .
The rear mcrophone 9' is thermally protected 1 n an equival ent manner to
the noi se conptangen bedweemsaund wavgs at & diffesent deguencydy order ie, break dowRithey t ext .
22 March 2003 .- CAl keCt ] ] ST ' : o} Wy whi ch
are arranged Fﬂ%ﬁhQJ%%% ?E?ﬁeﬁgﬁﬁéﬂ%%[gggggﬁrg%ﬁﬁgﬁ&%ﬁghﬁg?%% %%ﬁpensation
pl ane, in thedepdndimyfor the applicatioheahd dependirig dththe gequirenidntst fod theTdveuracy
correction mcrgphones 10, ,10' record any residual noise fromthe | et
engine 1 mhicﬁfﬁ§§° ‘conpensated for, and are thus used to nonitor
t he noi se conpensation. The present enbodi nent of the apparatus according
to the invention furthernore conprises devices for diagnosis of the
condition or operation of the jet engine 1. The first signals, which
represent the Anoaceali sounflepatem isnthes c8mparedawitiowt hanhindl sdundhpatieet. Bhrigi ne,
are supplied by the first aceustic trapsducers.7, 7' tq the .electronic
control unit fé{npi%so,n \ﬁﬂ%?"% IAg8Psty OF piPS IR ST SIS 8 EBBPEHSRYP o, The
conpari son unichgradtéristie/soutd 'pbtt&htfl?ﬁéach%? NeVariol§ oﬂé}ﬁﬁ’ng’ K814, ToiSulincdhe
conpari son of the nom nal and actual val ues described above fromthe

el ectronic control units 16, 16', or receive the first signals directly
fromthe first acoustic transducers 7, T. Figure 1 also shows a diagnhosis
terminal 18 for conparison of the output signals fromthe two conparison
units 17 and 1 T. Discrepanci es between the actual value signals and

nom nal val ue signals which have been determ ned by the front conparison
unit 17 are conpared in the unit 18 with the correspondi ng di screpanci es
whi ch have been found by the rear conparison unit 17" in order in this way
to make a reliable and/or differentiated statement about any mal function
whi ch may possi bly have occurred. Both the nature of the malfunction as

o o, . Y o o o "



Figure 1 furthernore shows three structure-borne sound sensors 21, 22 and
23, of which the sensor 21 is fitted to the outer casing 122March@0@hgi ne
5, and the sensors 22 and 23 are fitted to the inner casing 20 of the
engine 5. They are distributed and arranged in such a manner that the

| ocation of any mal function which occurslbnd i s diagnosed, for exanple, by
the front conparison unit 17 or the rear conparison unit 1 T can in many
cases be localized better. This is because many defects cause
structure-borne sound in addition to a differenti ated airborne sound
spectrum which structure-hborne sound is nore or |ess characteristic, but
in any case affoskAmnle cpesed| by damase o the nrerisippi watemp digpeh this sauadus be

| ocal i zed rmor ﬁatf]e%.il?tﬂkey g&f'gccﬁ@{i@ txgléé'd%éryigiﬂgfexg@:in tBQEﬂl?ﬁ@d%'o?’thé Qﬂﬁiﬁée

neasures whic ave to be 1nitrat can be m ne vance.

si gnal s from bhetsséxhaastuarea,bfirther soucidsisan an sbe? Hravd? ,will3 regaed ttoawear] t t ed

to the conparison unit 7' and/por to the, diggnosis termnal_ 18. The
histigh-ch dve, fie

17,
present enbodFPfé St’ﬁf"_ ﬁ‘@ggpéél?oéftﬁrs_d%cﬁf’a Hﬁ“’_ﬂ‘o éOiIPRPén rﬂ“ﬁll‘tﬁ’_ef’rs t he
capability fOherHJ?H'éaﬁ'd&ﬂua%@,dfo?%(%ﬁ%ﬂé)Gu@'t@%“Bﬁﬂﬁﬁfc&FIn@tHi@Eas%ngﬂ eoftéh @
sinple and cost-saving nanner. In order to prevent icing of the front
acousti c trangosstde taidéduce thenatperafpphe defectiramhtbe natsmel of itlendistutbance td et

cone 12 and the vanes %t?‘ miﬁ'[ al so be electri C§| l.y h at{sq}é The .gl ectt{li cal
power for t helleSPIigPaieietl PHY Fign PiecoRdpTYn HROHT s RIBARR hhe
vanes 11. ThelchghRsmakidte S81QNE op&rafibdbf Spekatiy sthRdUeBmperabe stald-oFitRns from

a jet engine can be arranged as an addition to an existing engine in a
si mpl e manner jet enging reqpireefusthenpracessingrstendcigingricular furher comparisanagtepsnent s

can in this c oVi [ I v tter t .

aer odynam cal ?I?,)%e%rggt l%gsrtc ¥ é‘lﬁg‘%’% Ogg &Eﬁcgﬁ%egﬁg{éﬁlgk (geteﬁgc’?‘ a%lgggwhtoﬁg

appar at us froisfigthedsigisil ppotessingzone 14, in which the conpensation unit 6
is nounted at a distance, is provided in order to cool the rear noise
conpensation unit 6' together with the acoustic transducers T and 8 . In
order to cool the noise conpensation unit 6', cooling air is passed through
the retaining 10l : : e . ol.i i d
through is i n'ﬂ‘ ggﬁ%e%é?ﬁ% OQ)tb ?aﬁltééa?lelg#{epglfétio%ﬁ u%ﬁetr%}%?ggabgh@gfz tréensgait?%gn

fl ows, encl ossiggals e sEcondary cignalandativeé rfsori, these, fiestvasygnalst avar ukedi for dh¢ he gas

outlet 4. At the sane tine, |t .oprevents.th roduction of reverse-flow
hot - gas ¢ ur bufERRETS RRRCER bihedSs FREne o hsriish uieats obianed: peprll opainy g
The outer congmfddndiRn ARAF BRY frafRnOPaRE REpIRle il thePIHaBODE a pRifaBEyBf @i T,
for exanple, or, in the case of the illustrated bypass engine, relatively
cool air fronseund winsasHowevsy incemelrasesadipgdoss pf therjecerginenepn bef catdedssary,

the cooling aif,.is cQ ed ans of f aur i he .orocess @af
Starting un oPUiihepiiiY BhI0AT e BN ooy silffouf Sordsi Bk 3 aapRlde i
T, 8 can be uhephik] In thesd casen)tthio®hmplitida nebe oflgsexcedibd spavifie imif-v4ug e 3

shows a schematic il lustratjon of the nethod of operation of the present
i nvention. Sofffdthraliest agoustic, transdyger; t9e indicats aseonseqyence of nhguirequency 7'

for exanple a .Gt " t L LT i ich are
a nmeasure of Pﬁ@éﬁ%@%%@ﬁ&@ﬂgﬁﬁftu exgélc}%gﬁgﬂsagﬁ%l%at%%pgoggalh\%aléé%o%. The
first signal stlidshatdofithe fiest aechistin tdtahsduebe ¢f, faméxampis) disotepamdies dyr i6a and

are converted into secgnd sjgnals 32 for.noi se conpensati.on, these.chond
Signal s 32 bePHYCISHRLES b ok FealnE Gt riiel, SesRER F5m fhe Repie
signals 31. T cﬁﬁﬂl’,‘%é&@%%ﬁ b%oué‘efanto' Brabhine ARYE MéOnbe oHALE6 LN thOT
exanple, to a Fourier analysis, in order to break the conplex sound pattern
down i nto el erentithory os pperatipty of theSet lengine, Flee nwaminal yabieowre etemiged én 3.
22 March 2003 524 T tic t d 8 i I
Coutsponker BTG ST BROEN BRI RD APe g AR CF Sty Mittwb e Befe
second si gnal sadaus lcfadaraﬁgélsf io?ropéfh%in)gsie‘inﬂ%?aﬁm*éﬁ,eBn&athédeedreo%réan% the
el ementary conpensation wave, for exanple, is emtted per elenentary wave.
Such an el emesempyrisoBripénsatthanit inpessitle (o lcompeee Hrowmning Yalyes with therhi s
has the same LLEQUERGY ANShiRMRd-AH®for LS, QPRORECHRARSC of BPerhllfy

y Ich'rs igure 3.

associ ated el enentary wave I Kewi s shown 1




22 Narch 2003 -25 Clains 1. An apparatus for active reduction of the noise
em ssions froma j et engine ( 1) having an air inlet (3)22Maeak2003 | et
(4) and an engine (5) which is arranged between the air inlet (3) and the
gas outlet (4), having: (a) at |least one first acoustic transducer (7, 7')
which is arranged in the air inlet (3) updtream of the engine (5), and/or
in the gas outlet (4) downstream of the engine (5), for converting sound
waves (30) into first signals (31) which are a neasure of the frequency,
the anplitude and the phase of the soundwaves(30), (b) an electronic

control unit 16 &6 for copverti cg the first seg\r}lﬁl (31) to second
signal's (32), 5 G- doBuath Reasaa b U b MRpERtal of
centrally in E&ﬁ é}isétlér{‘hﬁﬁ sﬁ@ﬁ tl‘rﬁi’stre@(mn?ie hRefed J&’ﬁcﬁéspéd?nﬁn g?%ﬁﬁl ly

arranged cone upstream of the engine converti second signal s

(32) into corrpelusamaompamdnwtlth\/ﬂlcas)r(esla)ndwvtg)mmalemlmsc9¢leaml domymheisamd
P e Rk e A5 T SR o LS FRRE B P 2

microchip or microcomputer, which is a part of the comparison unit.

The apparatus according to the invention preferably also has an output unit for
outputting a warning signal when at least one previously defined discrepancy
occurs between the first signals from the first acoustic transducer and the nominal
signals. Such a warning signal may comprise a straightforward warning by means
of a warning lamp or the demand to change the operating conditions, for example
to reduce the thrust. For the purposes of this disclosure, such a warning signal is,
however, also a signal which automatically results in a specific consequence, for
example load matching, a change in the ignition timing, emergency disconnection
or information to a control centre by radio that a specific malfunction has

occurred.

The apparatus according to the invention preferably also comprises a selection
unit for selecting first signals from the first acoustic transducer which correspond
to one or more specific frequency ranges, in order to carry out the signal
comparison. This allows selective comparison of frequencies, which requires less

computer capacity and can therefore be carried out more quickly.

A further advantageous embodiment of the apparatus according to the invention
has a service monitoring unit for calculating and indicating the date when the next
servicing for the jet engine is due on the basis of the time behaviour of signals

from the first acoustic transducer in comparison to the nominal signals for the
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In another advantageous embodiment of the apparatus according to the invention,
at least one structure-borne sound sensor is arranged in or on the jet engine,
preferably on its casing, and is used to associate the source of malfunctions with a
specific section of the jet engine. If, as described above, a malfunction is found in
the propulsion system, it is advantageous to determine the nature and location of
the malfunction’s source. The nature of the malfunction can frequently be
deduced just from the actual signals, that is to say the frequency spectrum
received. If certain malfunctions occur exclusively in certain parts of the jet
engine, the nature of the malfunction also makes it possible to deduce the source
of the malfunction, for example in the event of compressor instabilities. If this is
not the case, it is, however, not possible to locate the origin of the malfunction.
For these situations, the present embodiment of the apparatus according to the
invention offers the capability to localize the origin of a malfunction by fitting

one, or preferably a number of, structure-borne sound sensors to the casing of the
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example the fuel supply, in such a manner that the first signals from the first
acoustic transducers from the various engines become more consistent with one
another. In the case of aircraft, the jet engines must run synchronously in order to
avoid acoustic disturbances, such as beat frequencies or rumbling noises. These
days, this engine synchronization is normally carried out by comparing the engine
speeds. In practice, however, this engine speed comparison is subject to
inaccuracy and a time delay, which hinders rapid and efficient synchronization. In
the context of the described preferred embodiment of the invention, it is possible
to compare the operating state of the engines with one another by comparing the
first signals from the first acoustic transducers with one another and adapting the
engine control parameters so that these first signals, for example the frequency
spectra, become consistent with one another. This results in simple, effective and

rapid engine synchronization.
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acoustic transducers in the engine are compared with the output from the
tachometer and, if necessary, corrected. This comparison is possible since each jet
engine speed corresponds to a specific engine sound pattern. In addition to
monitoring correct operation, it is also possible to calibrate the tachometer in
defined sound propagation conditions. This can be done at predetermined time
intervals or else when required, that is to say if a considerable discrepancy is
found between the output from the tachometer and the engine speed determined

by evaluation of the sound pattern.

According to the invention, a method is also provided for active reduction of the
noise emission from a jet engine which has an air inlet, a gas outlet and the actual
engine which is arranged between the air inlet and the gas outlet, comprising the
following steps: (a) conversion of sound waves into first signals which are a
measure of the frequency, amplitude and phase of the sound waves, in at least one
first acoustic transducer which is arranged in the air inlet upstream of the engine,
and/or in the gas outlet downstream of the engine, (b) conversion of the first
signals into second signals in an electronic control unit, and (c) conversion of the
second signals into compensation sound waves whose frequericy, amplitude and
phase are such that the sound waves and the compensation sound waves at least
partially cancel one another out, in a second acoustic transducer which is arranged
centrally in the air inlet upstream of the engine, and/or centrally in the gas outlet

downstream of the engine.
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the second acoustic transducer is arranged centrally in the engine, thus creating
the best possible symmetrical, laterally limited, acoustic conditions. In this
solution, the compensation sound waves can be emitted, and, if appropriate, the
sound can be received, essentially parallel to the main noise oscillation plane, thus
achieving high noise compensation efficiency. The apparatus according to the
invention can be mounted in a simple manner on the engine without having to
carry out any major design changes. The apparatus according to the invention is
thus also suitable for retrofitting to engines which are already in use. The noise
compensation apparatus may be used not only in the air inlet but also in the gas
outlet. This allows noise compensation at both ends of the engine. With a
comparison unit added to it, the apparatus according to the invention can also be
used for diagnosis of jet engines. The precise condition of a jet engine can thus be

determined at any time.

The invention will be described in the following text using the attached figures by

way of example, in which:

Figure 1 shows an embodiment of the apparatus according to the invention for

reducing the noise emission from jet engines, including a diagnostic function.
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Figure 2 shows a detail from the rear engine end of the apparatus shown in Fig. 1,

with acoustic transducers cooled by an air flow.

Figure 3 shows a schematic diagram illustrating the operation of the apparatus

according to the invention.

List of reference terms

1 Jet engine

2 Suspension

3 Air inlet

4 Gas outlet

5 Engine

6, 6' Noise compensation unit (pair of first and second acoustic
transducers)

7,7 First acoustic transducer (microphone)

8,8 Second acoustic transducer (loudspeaker)

9,9 Additional first acoustic transducer (microphone) within the
retaining

vanes 11, 11"

10, 10’ Correction microphones

11, 11 Retaining vanes
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12 Cone

13 Opening in the cone 12

14 Outer cone

15 Tailpiece of the engine 5

16, 16' Electronic control unit (with frequency analysis unit)

17,17 Comparison unit

18 Diagnosis terminal

19 Outer casing of the engine 5

20 Inner casing of the engine 5

21 Structure-borne sound sensor

22 Structure-borne sound sensor

23 Structure-borne sound sensor

30 Sound waves

31 Signals from the first acoustic transducers 7, 7'

32 Signals from the electronic control unit 16, 16'

33 Compensation sound waves from the second acoustic transducer 8,
8"

The reference numbers followed by an apostrophe in each case denote

components in the rear part of the engine.
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Figure 1 shows a jet engine 1, in this case a twin-spool bypass engine, which is
arranged on a suspension device 2. The jet engine 1 is equipped with an apparatus
according to the invention in order to reduce the noise emission. The jet engine 1
has a front air inlet 3 and a rear gas outlet 4. The actual engine 5 is fitted between
the front air inlet 3 and the rear gas outlet 4. The jet engine 1 shown in Figure 1
has both in the air inlet 3 as well as in the gas outlet 4, a first acoustic transducer 7
and/or 7', that is to say, for example, a microphone, and a second acoustic
transducer 8 and/or 8', for example a loudspeaker. The front noise compensation
unit 6 is monitored by an electronic control unit 16, and the rear compensation

unit 6' is monitored by an electronic control unit 16'.

The front noise compensation unit 6, comprising the acoustic transducers 7, 8, is
fitted in a cone 12 in the air inlet 3, which has an opening 13 for the acoustic
transducers 7, 8 to communicate acoustically with the compensation area in the
air inlet 3. The noise compensation area, bounded by the inner surface of the air
inlet 3, in this case has a conical, and thus symmetrical, shape, which leads to
defined acoustic conditions. The opening 13 in the cone 12 continues this
symmetry. The microphone 7 and the loudspeaker 8 (which is in this case
configured in an annular shape) are therefore arranged centrally. Design
characteristics, in particular aerodynamic characteristics, could, however, also
necessitate a different arrangement, which is not completely but is nevertheless
essentially central. Three retaining vanes, which are provided at uniform angular
intervals from one another and of which only one can be seen completely in
Figure 1 as the vane 11, are used for suspension of the cone 12. This is arranged a
short distance in front of the front end of the low-pressure compressor, which
likewise has a conical shape. This design leads to the noise compensation system
causing only a small amount of additional drag. This drag can be further reduced

by aerodynamically advantageous shaping of the vanes.



10b .10b9&GLO%E& () - &F10%& () -, 109%& () -"10%& () - NN. PSTUUUUdYNC 10' 10"

10" 22 March 2003

10" 91310% & () - && F10% & () - mBy310% & () -: &310% & ()-110% & () - UUUZ| A} A~AnA
xnmbC 10" "10% & ()- 10 10 109#GLO%& ()-9

10%&' ()- @O0%&' ()-",10%& ()-~"ffff-f2fbgpl0 ,10% & ()-"10% & ()- 10" 10"
10" 9YGLO% & () - &Z10% & ()-L10% & () - 2f j nnnnnnubC 10

10% & ()-& ff10% & ()-3"S10% & ()- 10" 10"

10" 9$GL0% &' () - T&Z10% & () - ueuuuvvvyv, vxnbC

At the rear end of the engine, the microphone 7' and the loudspeaker 8' are fitted
on a platform which is matched, in terms of flow mechanics, to the tailpiece 15 of
the engine 5 in order to avoid the formation of turbulence which could lead on the
one hand to increased drag, and on the other hand to poor acoustic conditions with
regard to noise compensation. In this case, the noise compensation unit 6' is fitted,
so to speak, in the wind shadow of the engine 5. This unit is held by three vanes,
which are fitted at equal angular intervals from one another, only one of which is
shown completely, as the vane 11'. The retaining vanes are preferably shaped
aerodynamically. In this way, turbulence can be avoided, and the drag can be

minimized.

The noise compensation units 6, 6' with the first acoustic transducers 7, 7' and the
second acoustic transducers 8, 8' are supplied with electrical power via supply
lines in the retaining vanes 11, 11'. The connections to the control units 16, 16’
(which are fitted in the engine nacelle) also run in the retaining vanes 11, 11'. The
vane 11' can also be used to pass cooling air to the holder, if it is necessary to cool

the rear noise compensation unit 6' together with the acoustic transducers 7', 8'.

Fig. 1 also shows two further microphones 9, 9', which are arranged upstream of
the noise compensation plane within the retaining vanes 11, 11'. The microphones
9, 9' are used for supplementary detection of the engine noise, for measurement
purposes. The acoustic measurement is carried out facing away from the flow
through an opening on the rear edge of the vanes 11, 11'. The rear microphone 9'
is thermally protected in an equivalent manner to the noise compensation unit 6',

as is also described in the following text.
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Two correction microphones 10, 10' are also shown, which are arranged inside the
jet engine 1, downstream of the noise compensation plane, in the wall of the air
inlet 3 or of the gas outlet 4. The correction microphones 10, 10' record any
residual noise from the jet engine 1 which has not been compensated for, and are

thus used to monitor the noise compensation.

The present embodiment of the apparatus according to the invention furthermore
comprises devices for diagnosis of the condition or operation of the jet engine 1.
The first signals, which represent the noise in the air inlet 3 or gas outlet 4 of the
jet engine, are supplied by the first acoustic transducers 7, 7' to the electronic
control unit 16, 16', where they are processed for noise compensation. The
comparison units 17, 17' will either receive the data required for the comparison
of the nominal and actual values described above from the electronic control units

16, 16', or receive the first signals directly from the first acoustic transducers 7, 7'.

Figure 1 also shows a diagnosis terminal 18 for comparison of the output signals
from the two comparison units 17 and 17'. Discrepancies between the actual value
signals and nominal value signals which have been determined by the front
comparison unit 17 are compared in the unit 18 with the corresponding
discrepancies which have been found by the rear comparison unit 17' in order in
this way to make a reliable and/or differentiated statement about any malfunction
which may possibly have occurred. Both the nature of the malfunction as well as
the location of the source of the malfunction can be analyzed better in this way.
Interfaces for external use of the diagnosis data are accommodated in the
diagnosis terminal 18, for example for a data line to the cockpit, for data radio, for

a floppy disc drive or a screen.
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and arranged in such a manner that the location of any malfunction which occurs
and is diagnosed, for example, by the front comparison unit 17 or the rear
comparison unit 17' can in many cases be localized better. This is because many
defects cause structure-borne sound in addition to a differentiated airborne sound
spectrum, which structure-borne sound is more or less characteristic, but in any
case allows its local source to be identified. A defect can thus be localized more
reliably and more quickly so that, for example, repair measures which have to be
initiated can be determined in advance. The signals from the structure-borne

sound sensors 21, 22, 23 are transmitted to the comparison units 17, 17' and/or to

the diagnosis terminal 18.

The present embodiment of the apparatus according to the invention offers the
capability for condition and operation diagnosis for a jet engine in a simple and

cost-saving manner.

In order to prevent icing of the front acoustic transducer unit 6 in appropriate
weather conditions, the inlet cone 12 and the vanes 11 may also be electrically
heated. The electrical power for the heating elements is then preferably supplied

through the vanes 11.

The apparatus shown in Figure 1 for reducing noise emissions from a jet engine
can be arranged as an addition to an existing engine in a simple manner. In the
case of new engine designs, integrated arrangements can in this case also be

provided, which are even better matched aerodynamically.
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Figure 2 shows a detail of the apparatus from Fig. 1. An outer cone 14, in which
the compensation unit 6' is mounted at a distance, is provided in order to cool the
rear noise compensation unit 6' together with the acoustic transducers 7' and 8'. In
order to cool the noise compensation unit 6', cooling air is passed through the
retaining vanes 11' into the outer cone 14. The cooling air passed through is
introduced into the rear part of the outer cone 14 and then flows, enclosing the
acoustic transducers 7', 8', away outwards into the gas outlet 4. At the same time,
it prevents the production of reverse-flow hot-gas turbulence, which could
impinge on the acoustic transducers 7', 8'. The outer cone 14 has appropriate
openings for this purpose. External air, for example, or, in the case of the
illustrated bypass engine, relatively cool air from the bypass flow, can be tapped
off for cooling. If necessary, the cooling air is conveyed by means of a fan during
the process of starting up or shutting down the engine. The rear noise

compensation unit 7', 8' can be thermally well controlled in the described manner.

Figure 3 shows a schematic illustration of the method of operation of the present
invention. Sound waves 30 arrive at the first acoustic transducer 7, 7', for example
a microphone, and are converted into first signals 31 which are a measure of the
frequency, amplitude and phase of the sound waves 30. The first signals 31 are
processed in the electronic control unit 16, 16' and are converted into second
signals 32 for noise compensation, these second signals 32 being phase-shifted
through 180° with respect to the first signals 31. The sound waves 30 can in this
case also be subjected, for example, to a Fourier analysis, in order to break the
complex sound pattern down into elementary sine waves. Such a sine wave is

shown in Figure 3.
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The second acoustic transducer 8, 8', for example a loudspeaker, outputs
compensation sound waves 33 corresponding to the second signals 32. If a
Fourier analysis has been carried out one elementary compensation wave, for
example, is emitted per elementary wave. Such an elementary compensation wave
is likewise shown in Figure 3. This has the same frequency and amplitude, but the

opposite phase, as the associated elementary wave which is likewise shown in

Figure 3.
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An apparatus for active reduction of the noise emissions from a jet engine (1)

having an air inlet (3), a gas outlet (4) and an engine (5) which is arranged

between the air inlet (3) and the gas outlet (4), having:

(a)

(b)

(©)

(d)

at least one first acoustic transducer (7, 7') which is arranged in the air inlet
(3) upstream of the engine (5), and/or in the gas outlet (4) downstream of the
engine (5), for converting sound waves (30) into first signals (31) which are a
measure of the frequency, the amplitude and the phase of the
soundwaves(30),

an electronic control unit (16, 16') for converting the first signals (31) into
second signals (32),

a second acoustic transducer (8) which is arranged centrally in the air inlet (3)
upstream of the engine or in a centrally arranged cone upstream of the engine,
for converting the second signals (32) into compensation sound waves (33)
whose frequency, amplitude and phase are such that the sound waves (30) and
the compensation sound waves (33) at least partially cancel one another out
and /or

a second acoustic transducer (8') which is arranged on a centrall‘y arranged
holder in the gas outlet (4) downstream of the engine (5), for converting the
second signals (32) into compensation sound waves (33) whose frequency,
amplitude and phase are such that the sound waves (30) and the compensation

sound waves (33) at least partially cancel one another out.

Apparatus according to Claim 1, in which at least one first acoustic transducer

(7, 7" is arranged centrally in the air inlet (3) upstream of the engine (5), and/or

centrally in the gas outlet (4) downstream of the engine (5).
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3. Apparatus according to one of the preceding claims, in which the air inlet
(3) has, centrally, a cone (12) having at least one opening (13), in which
case the first acoustic transducer (7) and the second acoustic transducer (8)
are fitted in the cone (12) in such a manner that they are acoustically

5 connected to the air inlet (3) via the opening (13).

4, Apparatus according to Claim 3, in which the central cone (12) in the air
inlet (3) is matched, in terms of flow mechanics, to the front end of the

engine.
10

5. Apparatus according to one of the preceding claims, in which the gas
outlet (4) has a central holder (14) for accommodating the first acoustic

transducer (7') and the second acoustic transducer (8').

15 6. Apparatus according to Claim 5, in which the central holder (14) is

matched, in terms of flow mechanics, to the tailpiece (15) of the engine

()

7. Apparatus according to one of the preceding claims, furthermore having a
20 cooling device for cooling the second acoustic transducer (8") and/or the

first acoustic transducer (7') in the gas outlet (4).

8. Apparatus according to one of the preceding claims, furthermore having a
comparison unit (17, 17") for comparing the first signals (31) from the first

25 acoustic transducer (7, 7') with nominal signals.

9. Apparatus according to Claim 8, furthermore having an output unit for

outputting a warning signal when at least one predetermined discrepancy
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occurs between the first signals (31) from the first acoustic transducer (7, 7) and

the nominal signals.

Apparatus according to Claim 8 or 9, furthermore having a service monitoring
unit for calculating and indicating the date when the next servicing for the jet
engine (1) is due on the basis of the time behaviour of the first signals (31) from

the first acoustic transducer (7, 7'} in comparison to the nominal signals.

Apparatus according to one of the preceding claims, characterized by a unit for
synchronizing at least two jet engines (1), in which case the unit compares the first
signals (31) from the first acoustic transducers (7, 7') of the jet engines (1) with
one another and, in the event of a discrepancy, varies control parameters for the jet
engines (1) in such a manner that the first signals (31) from the first acoustic

transducers (7, 7") of the jet engines (1) are matched to one another.

Method for active reduction of the noise emission from a jet engine (1) having an
air inlet (3), a gas outlet (4) and an engine (5) which is arranged between the air

inlet (3) and the gas outlet (4), comprising the following steps:

(a) conversion of sound waves (30) into first signals (31) which are a measure of
the frequency, amplitude and phase of the sound waves (30), in at least one
first acoustic transducer (7, 7') which is arranged in the air inlet (3) upstream
of the engine (5), and/or in the gas outlet (4) downstream of the engine (5),

(b) conversion of the first signals (31) into second signals (32) in an electronic
control unit (16,.16'),

(c) conversion of the second signals (32) into compensation sound waves (33)
whose frequency, amplitude and phase are such that the sound waves (30) and
the compensation sound waves (33) at least partially cancel one another out,
in a second acoustic transducer (8) which is arranged centrally in the air inlet
(3) upstream of the engine (5) or in a centrally arranged cone upstream of the

engine (5)
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(d) conversion of the second signals (32) into compensation sound waves (33)
whose frequency, amplitude and phase are such that the sound waves (30) and
the compensation sound waves (33) at least partially cancel one another out,
in a second acoustic transducer (8') which is arranged on a centrally arranged

holder in the gas outlet (4) downstream of the engine (5).

13. Method according to Claim 12, in which the first acoustic transducer (7, 7') in
method step (a) is arranged centrally in the air inlet (3) upstream of the engine (5),

and/or centrally in the gas outlet (4) downstream of the engine (5).

14.  Method according to Claim 12 or 13, in which the first signals (31) from the first
acoustic transducer (7, 7") are compared, in a comparison unit (17, 17"), with

nominal signals.

15. Method according to one of Claims 12 to 14, in which a warning signal is output
by means of an output unit when at least one predetermined discrepancy occurs
between the first signal (31) from the first acoustic transducer (7, 7') and the

nominal signals.

16.  Method according to one of Claims 12 to 15, in which the date when the next
servicing of the jet engine (1) is due is calculated and indicated by a service
monitoring unit on the basis of the time behaviour of the first signals (31) from the

first acoustic transducer (7, 7') in comparison with nominal signals.
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Method according to one of Claims 12 to 16, in which the first signals (31)
from the first acoustic transducers(7, 7') from two or more jet engines (1)
are compared and, on the basis of this comparison, control parameters for
the jet engines (1) are varied in such a manner that the first signals (31)
from the first acoustic transducers (7, 7') of the jet engines are matched to
one another, in order in this way to synchronize the jet engines (1) to one

another.



