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- 1 Method and device for detecting a pul se-type
mechani cal effect on a system part The invention
relates to a nethod and to a device for 5 detecting a
pul se-type nechani cal effect on a system part. There

is aneed inamltiplicity-of applications to

nmoni tor continuously the proper Operation of a system
10Mpahtodf endesanpte ﬁOinqbsettécnreirm @ modeitngre imechanical
chem cal process @f@é(p@eg Sﬁ'aenf é}g% f! ow nmachi ne,

in order to detect dlstur ances i1n time and to
avoid serious consequential danage. A nmultiplicity of

metthodsnvE©f i SMChe TG 0EbNG af[eEtH(Jf«iDVth ntéhe plehvAke for
or

ar 0_765.466 Bl propases anple, to
ARSCHET v | PRaAeCr PR TR A oy BT R, G { ar pUREen
blcededs with the aid of mcrowaves that are directed
onto the turbine blades. Conclusions nay be drawn on

the turbine's state 20 of vibration fromthe
medGTSt i bh of ERE riter swded 1IPddrigst tf agrphécatiipirpeto

bhagdesorl nedhe ekirad k’i}%/mpf*b,g& Déyégat%q%% Aé styB€em
ruptgg of the.shaft of a turbine is dete

§ (HETPIE Fortatd ondle f?req%eﬁ%%%l%?rt i‘18 éﬁ&%‘lcal
oprbhessha‘rtglnleterllsgprcm)oseofllundBElszS mk3 bt ,C2int oorder

UFger Bél?@ﬁ’c hedlgi@%%?éés of; 4 h%cﬁatc?t %1&%{1 aﬁggn‘oggt | 90014

drive wt an anal ysis of t uency
sPEELPUM 6P ERBUSD" hehsdrBABRtL Ai r@ﬁhrép%h%%tfar@f pﬁn@‘k}é@ds

Upow hchhgomd €o®ing e sOunthp Gkl aiged ddt .t he air
inlet region or exhaust gas region. In DE 197 27 114

C2, a machine is nonitored by 35 detecting the
sEgn@l 86 of 4 64 rRictrapdrmrne Sounekatpliki N underrsiteadhe

%ortlbteof‘iﬁ No# Sﬁﬁe Iﬁﬁﬂ&&@w n&thodhe %lad’@é |w1thd the

there is an anal YSI' S of he respectlvely determ ne

f%ﬂecau@ﬁcynﬂsc&@eﬁV§Softfe% RESs fHeiRstesi gnel s theet ettdigne
k1 4 dees StTAed MIS-dIey Me s W AHRIWKWR the turbine’s state

of vibration from the modulation of the microwaves

reflected at the turbine blades.

In the method known from DE 198 57 552 Al, the rupture
of the shaft of a turbine is detected by measuring the

rotational frequencies at the ends of the shaft.

It 1s proposed in DE 198 43 615 C2 to undertake the
diagnosis of the state of a combustion drive with the
aid of an analysis of the frequency spectrum of the
measurement signals that are picked up with the aid of
a sound pickup arranged in the air inlet region or

exhaust gas region.

In DE 197 27 114 C2, a machine 1is monitored by
detecting the signals of structure-borne sound striking
it, instead of the air noise. In this known method, as
well, there 1is an analysis of the —respectively
determined frequency spectra of the measurement signals

detected by the sﬁructure—borne sound pickup.



- 2 In the case of the nethod disclosed in DE 195 45
008 C2, as well, the frequency spectrumof the

nmeasur enent signal detected by a nonitoring sensor, 5

for exanple an accel eration pickup, is analyzed during
the operation of the machine @nd conpared with a
reference frequency spectrum In order to be able to
ascertain the intrusion of 10 foreign parts into a

gas. _turhbine, in_US 4,888, 94 her i rra he .
inl%élt oft}%%e t Grbrne aoéensgkrlgwi t%le%}%élaai dggggj\”/\ﬁ%% +
anD&l 866r #6 6R&r g2, i miuceelby tiHee foeaughclodirectimim of
detget gdasbhPehBnthg: gBLNOMetdibgehoggdal moBPLé24n934ensor,

for determning a change in state o
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desgki bbpg]:ath@nopefatﬁm siadie s e et ecoaghared with a
conti.nuously_and conpared w th adaptive threshold

vaf GEST TR of Her T8 20" Ret eF Hine t hese t hreshol d

val ues, quantile values of the probability

di stribugd.on.of the spasuned yaluessane et epwiigdon of
recursively and adaptively. Paranmeters for égg %8ate _
of EORBL FachiTES aFiet dlet 69 AP NERTP 1B tHe HanbetoSopdf there

| evel aptahbedi ast ameesiwfetover sbhet icngbahet ke s@bsor with

t hreshol.d values.. A particul ar_.prohlemis re nt.ed
bytlll%ogédpa? s % J‘acth are eglnﬁcﬁcaﬁlncedcbém?ﬁe ];rf%{vvceezaﬁdgg the

stfokelgrhéesyistemparatecirad.whi ch cause only a
pul se-type, short termeffect 30 that is

correspondi ngly problematic tqo denonstra reliably. _
Prigbl efrBeof BHiC%i nd d5F168EHr, ¥or Q)‘r()a%'gfle?g‘lnA?he for
Cabe fmigAsid uebi arRanwhOSEN cartatst | @f chanbecisime e ha8bing
lined wth ceramc 1j 0 rofectiqn e s

ofeoﬁhaetanl é?a%sésem%%%%%% {Z?IP%% aérggef g‘ubsfgL C agd (%eosciwﬁléi]lng

dyoeari oHesadsingy a@ltedenataasy pradssiiegd |qeattuariosysy  and
OCCHJ=IRG |4 the seapkysti om el . vhiuean happshdés to
t Iyes’&.e%%i%et h’?}t]egeor ttlh?:gséh%fldt h\?a Laés?,s %%atnl%%lreesggflgeiege of
the probability distribution of the measured values are
determined recursively and adaptively. Parameters for
the state of the machine are determined from the number

and level of the instances of overshooting of the

threshold wvalues.

A particular problem is represented by loose parts that
are entrained by the flow and strike the system part
and which cause only a pulse-type, short term effect

that 1is correspondingly problematic to demonstrate

reliably.

Problems of this kind can occur, for example, in the
case of gas turbines whose combustion chambers are
lined with ceramic tiles for ©protection against
overheating. These ceramic tiles are subjected to high
dynamic loads by alternating pressure fluctuations
occurring in the combustion chamber. It can happen in

this case that portions of the tiles on the respective
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- 3 holders break away, are entrained by the flow of
exhaust gas and strike the first guide-bl ade row of

the gas turbine. This can lead to danage to the

coating of the guide blades, _and to destruction of

the noving 5 bl ades arranged £ her ebehi nd. Mor eover,

there is the risk of a tile already damaged by the
brieakdengs awanyeadf ot orsebeeamiragnednpbegt etlye flow of
deé}@?ﬁﬁdt ];g?apén érbc? Q@ifikeé Sth@nﬁlpﬁs%\pide%% Fow olf the

correspon massi ve darrag as turbplne. n
t hgas c’faléTebth%e Vebar panceest SRalEnegel s6s&hsaracatdng of

artnendlgwl@@al blaa@s j ndircat es acmestfm@itﬁﬁmglotfm ghe N moving
ti an SO

r n atile or anu r of
e B SorEntre” g Telrtr i Wt vt o ChE | L the
emnhangrmgathelﬂaaﬁgeddylHemageévbytther@reekuegsawey of
2%{5?%%'0 155 ﬂécdnﬁx@h‘o ;Sfetpé C&Ql:gc}fl%@”k%o%ﬁgs%@ders
e pur pose of noni t suc acts on a
SYSeRREIPIND CabiEnUSeOBE SRR blll‘él%eﬁ%?%v‘? odgBpest to
th 1dl rgaa,cd ttzbg:vo%r@a% OEmS% ruglgwletla@r aiebawaﬁbé herelyall
pr.oduce wever, par ul.a in e cas

P OPhPRos DA pbbl Bt ari LB Y 1 et LT el Rt RF s
Iampbndﬁngpebabﬂn@rGMMumg|away3dﬁgﬁ1ti&& evea hheber of
Si opent e Y a

CEPAtSh (he galde T aRe bt OE R e Yo bl e Soen | gr°°
thamet h@n%acqég?ftﬁjm% Gérer @lﬂ@agw thel §or pglevent more

opetahkNge N@hHE§e. and so, in particular, the
occurrence of relatively small portions cannot be

detected by sinply nonitoring the anplitudes of the
signalss lofowst r Uint prexbdpie swomd. WOt 0L 8752 her éRorfr the

p 9Posed LR fngh§t89|k?h?c§hb9nl [ dee purPases 39, ogaxt to

roving the O0- Nol se atlo to subject the
n%%ﬂg%r gfentolsi @%h‘Falb}r%kéénﬁﬁrEy 0 ngakest n*g'h§eﬁ§fk5>ra0tto by

h@é&w\ss o@r m&ﬂhd}_aﬁﬁe—fbdxtrﬁil ngoiifAdor Gt@ferlefibyt hisro@yced.

| te th st t d
DRURY F1E o Bpolat FBR GFEnd 1 (D1 Ty the

meashirees @arieses here that the normal level of operating
noise is so high that even the signal component
generated by the impact of a whole tile on the guide
blade of the gas turbine is smaller than the background

generated by the normal operating noises, and so, in
particular, the occurrence of relatively small portions
cannot be detected by simply monitoring the amplitudes
of the signals of structure-~borne sound. It 1is
therefore proposed in this publication for the purpose
of improving the signal-to-noise ratio to subject the
measurement signal picked up by a measuring sensor to
bandpass or high-pass filtering in order in this way to
eliminate the signals of structure-borne sound produced
in normal operation of the turbine. These measures are
not, however, sufficient for reliably identifying a

pulse-type event in the case of high background noises

that vary temporally.
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35 not, however, sufficient for reliably identifying a
pul se-type event in the case of high background noi ses
that vary tenporally. - 4 There is known from WO
03/071243 Al a method for detecting a pulse-type
mechani cal effect on a system part in the case of
whi ch the detected structure-borne sound signal is
Zlupﬂg?%ﬁgsgo ]@rll(\g\a]@ddoy\@&nth qul@j/@lzna}lsﬁor ret imgthdkhe for
expl ai ne ere in nore are used
def¢VRCE oA & ﬁm%qﬁﬂq%H%ym%?ha?%ﬁﬁ}eFf%Sectra 3G dten
de%aefﬁn nedthe thiss wdy wanicbvalheatdarectfaghot i micikandrgrorne
i ndi cates_the pccurre e- jty Glaani :
ef?é%?é l?%%?syg%engggpgétgﬁ %g algo?ﬁfﬁﬁi (?Hurler
spemzfsfecdrmatntqn s Thbl 20T g opXpeR {VFRgtRERE 10 more
g}’@éa‘éia:% 'gﬁ;élrfém%ts' el ng?abt&ﬁset herphecd SgnLCiLG:IJQﬁIJld)H’ty of
conponen hat is, su osed on_the
mEireenFPeFpRal SRhE e red bglagg?gbe&itoan' %ﬂ%¥q59ﬁon
tyfpfnl @afiffectk thatheiresisertdsal tis¢ epcicnrthnseperpOQedPulse—
eval uation , al gorj thmeks_fhat for.,each, ¢iang, w ana
each of THe q%%scrlgta T%eq&en0|é§ the JSSTat?%%%/f e
t radgmgmlmdesptec:cﬁ‘letdwelmom;t%r PHPAHSRBERR T r SR a AT 1Y
Mgl tide A diSnEeetaicn kednabn elshitheC gseciacdeeiteictd on

significance  attaches to the formation of t he

néghlﬁuﬁégﬁﬁl SPRRENEREr E8Sn e THIHGIRS e'hangesglggnnmsy

sh@b%mﬁémaﬂﬂeﬁmgnﬁmtsmdpastHuulhelyscmlbhé daseaobudse-
Erbln%ffln mhlch the system part changes from one

tlng state into 25 another, and the operating or

background noise can rise very quickly to a

ﬁ gl ficanthy; i gh%Ftebevein Tl‘ﬁﬁl%t arprogfsed soerallbadion
umis such .a change. i n st in the a%%jogagh of the

t ALBPRE EPFor Sextdfpt &0 TRt i B the
aprra@gemeetl febqgtiheci bantkei dewhabhoul <af Eb@c@agwatléﬁe A

ﬁf % h?X&rigPt%gﬁHg%gEHaHﬁkﬂﬁ £Nfkhe %%Qﬁﬁﬁﬁkﬁﬁ A is

I S excl athetic vibrations, %
vdbtarm@ned. In this case, a decisive Slgnl icance

attaches to the formation of the mean magnitude
since there can be random changes in state in system

parts, particularly in the case of a turbine, in which

A,

the system part changes from one operating state into
another, and the operating or background noise can rise
very quickly to a significantly higher level. The start
of a so-called hum is such a change in state,

case of a turbine, for example. This is caused by the
which

in the

arrangement of the flames in an annular space,

can have the result that the entire combustion chamber

is excited to sympathetic vibrations, the vibration

modes in the circumferential direction being preferred,
in particular. These resonance phenomena can in part
break off abruptly and likewise start up again
abruptly. If a sliding mean magnitude that is formed by
a simple averaging as an arithmetic mean from a number
of prior magnitudes is used as a basis for the method
disclosed in WO 03/071243, with the content of

WO 03/071243 being expressly a constituent part of the
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nodes in the circunferential direction being

preferred, in particular. These resonance phenonena

can in part break off abruptly and Iikew se start up
again 35 abruptly. If a slldlng mean magni tude that is
formed by a sinple averaglng as an arithnetic mean
froma nunber of prior magnitudes is used as a basis
fOpréB@nﬂeba@entdl&wlqwduom WA 03h0F 1248 rawidt titdte these

tent 071243 t 1p
paPeior FHECTURt i eca Patonts anpr et o L P

energed thaavbhdsansm@msesﬂqﬁnsnﬁh(ﬁ%ﬁ@%ﬁPW%aﬁr%@gerlngr
erljr’\ﬁlpf@ i %' ggerL NGy 1lde - Qffler LechyRt dal nS%&E@@%SOf was

such ‘erroneous trigdering, ~nonitoring.for
neehars Eare eW@EJE%S%\%% 5t REFEFOFE é&gﬁwﬁg‘& Slem“Y ing ot
pragd | €€riuké Ngwh henh husmdegeet edt g teuraddiyvre ngwhiteh $isgnal
det ect ed b al yzing the signal characteristic. In

ot FRAT A/ qﬁb as well, for exanple in a 10
reactor pressure vessel of a nuclear power plant,
opg{atugnajlg ispduce §hgrt gequgperagbng ggg§§§earﬁn a
super posed on YPhe conti nupus basi ¢ Noi (fluid fl W, -
PUTRRFHGI % e PregsUEgus¥§SSPér B%anpl enuﬁi ?)%r Yol &40
changes: iidhdihe, opedatedg stordi-tieans @perd mtrent honaes are

e e e B

ohjiegt obithe, i menthoseto s§6©|ﬁwaﬁqhﬁhoay ﬂﬁﬁmlSSlble

d g gnp LYRE nb%ﬁhat@EBQCtlﬂm & tZhtional
s?%%%%é% i ﬁgigls fuf?ﬁggplnpro&ed b y " 3

V\/IltrﬁetIW@nﬁ_‘élo%d i sERBsPSLR BB D37 ﬂ8 B%F%c? of

ofyaiRes,i NweRtinenti sraksatkolspedsfy a devi ce for
carrying out, the nmethod. 25 Wth regard to the

nmet hod, said object is achieved in accordance wth

t He iierté onbikth bhe thied iofventiesrhoe® HRGFHEY t Remethod

f%%EurSétQEtEﬁgené ch@l g leypd the-caseof dﬁﬁ%dﬁEtb@d a
for detecting a pul se-type nechanlcal ?ffect ona . ..ip
SY¥BERTPRAEL §ﬁaépé§a€Pﬁ§hﬁ6| dBP5PEEENPY cﬁmpﬁglso

the method disclosed in WO 03/071243. The object of the

invention is also to specify a device for carrying out

the method.

With regard to the method, said object is achieved in
accordance with the invention with the aid of a method
having the features of patent claim 1. In the case of
the method for detecting a pulse-type mechanical effect
on a system part, an operating noise present in the
system part 1s detected continuously by a sensor
arranged on the system part, and is converted by said
sensor into a measurement signal that is processed with
the aid of the following method steps:

a) the magnitude (A(f;,ty)) of the transform of the

measurement signal (M) 1s determined with the aid of
prescribed parameters of a mathematical transformation

rule in time steps of temporally sequential time

windows,



30 systempart is detected continuously by a sensor
arranged on the systempart, and is converted by said
sensor into a neasurenent signal that is processed
with the aid of the follow ng method steps: a) the
magni tude (A(fi,tj)) of the-t®ansformof the 35
nmeasurenent signal (M is determined with the aid of

prescribed parametiers of anmathesratdcal t(Aaﬂ§,ftqr)r)mtﬁm a

rulelntlmastes rall t t
wi Rg6%s magrﬁlt ﬁgf (cft%vrg?l p SE%geJrrﬁl%l n| folégeeaCh time
(Aetept j(31) fazmn @a chireaf trmrpﬂemte:n(b@q fdarapetiegs (£i) /

detgrm ned fo?g%g? tlfgg?l tggg)p @8t jand; each piq thAer each

gscri bedp pa an evaluatlon function

5 (Kttu)@ S edorBred from édch d5/1a hend R (B 5O TheSach
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deyiathons -det £1wanesa fareeaedh (@f ,the prescribed

p t fi d) th I
po et (1))t e et 0 ncl o () s o

ovemﬁ@m?@g eilide (Khreshakdd vakueofKOphdstised @ the
an_j ndex for *L e 10 Rr esenge of .2 pul sestypegskanghy +the
coﬁ‘p‘o‘ﬁ%ﬁ? T ndi caLfl ng °f he fec an(?ca i effec?ﬁ ejc téé

mepne senyee t wde ¢ ADUlisetiyPR | 81ded br FORE@NERt, indicating

sl i@ ng. frashi on asr@edwunction of time (t) froma data

record (A t)) h
wi ¢h th@e(geavdméﬁn?\ﬁﬁ%ewgﬁ 1%363% dg%frmm@i hn a
(@I_{cﬂ_{ﬂd faﬂllca:ﬁfast)a Yivhd@e cancbQ time el ngrom a data

" eSbectd *(15 h%@%n)(glresp fi%'d'e%S (EQf. 108 ) with the

(f?ude ctivel etermned in a
tlamdse@rtém I(e'li)atloé)rﬁlltﬂnt +6t and m bei ng a whol e
20 nunber. Thg 'fnvﬁﬁtw'@@& et:hased Q[Lat(hlﬁt)C)a/SZé‘ on t he
fi nd| ng that a s | e nuneri.cal,. avera %{ € ntiles

1 (]?ﬁr?ngh HArE 1SS Jién e Fha
tRﬂmStﬁeoma@ﬁltﬁmEQS EpéLahlmgnﬁ&gagtpweéyadgﬁggglned in

r%y%gg?gteg%ﬁgﬁtnotrst éﬁ&e' . L8, 68 0B8QUS] Yoeing a whole
number

The invention is based in this case on the finding that
a simple numerical averaging of the magnitude A can
have the consequence that a fast transition of the
operating state into a state having a higher noise
level is erroneously interpreted as a burst signal,
that is to say a signal resulting from a pulse-type
effect on the system part. Such a signal is illustrated

in the diagram in accordance with figure 2. 1In this

diagram, the measurement signal M picked up at a
turbine by a structure-borne sound pickup is plotted

against time t. It is to be seen in the figure that a

humming that lasts respectively approximately 2 s sets

in abruptly at the instants t = 4 s and t = 8 s.

The evaluation function K(t) derived from the
measurement signal M in accordance with figure 2 on the
basis of the in WO 03/071243 A1 is illustrated,

likewise as a function of time, in a diagram in figure
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that is to say a signal resulting froma pul se-type
effect on the systempart. Such a signal is
illustrated in the diagramin accordance with figure
2. In this 30 diagram the neasurenent signal M picked
up at a turbine by a structuffe-borne sound pickup is
plotted against tinet. It is to be seen in the

figurepthgts ac ah%‘g“ Rg chhakyl aﬂ&nr%ﬁ%ctfyghye that the
apprOX| matel s sets |n abruptly e |nsit ant.s

P Bvs LuAdLon. et 15 Thet leval-BaFi S FicCran IR R(t3° Least
deauyeggfnﬂf@ t e npasub@rrerﬂ shgnalimhihg adcoritanterbine

vvlth flg %n the % %SI S¢ of thﬁufsn }_/ps%):%lwgﬂyfsd@n be

i sPPFYS Se~a8 3 1urnds oh a
dlagrmwsiygurreterﬁretesi las i & t busstgacheped fFem the

t hi)écxfligéjﬁg?t %"1‘: af he, - gyalsyatian ﬂé&n:‘:t | oA Kht)k rdses  the

signifircant east” dufing th e of the
huﬂﬁiﬁ‘gl@‘ﬁl@%eoﬂfurtﬁi%eevﬁéﬁ%’éﬁlt unﬁt§°§ 583(? hbased

This ralnsel Hbekd hemrebetrdver rmemu&dmngﬁtmephedednaswlalch

burst si for. th§ gecurrence of a Wi 2t ion
parts i th‘%“%'&s% G hé Ehfcdt afTR o(lfl?a{c%:%val ‘32%%%# B

f utedt oand& X ) awas mhlrrﬁd afof meesvedt reerersyefs in a

C
LGB TUIPIR, ey o o oo
I

defelfni Attt ot BéacH i Faqliendy ™t P (Fr af i¥fihg f ashi on
Wi fdrd he ,akdeof the rekaaj:mnslhitps A €fi, te -&Fﬂd))(Azékat+8t -

(f+ t 4-K)A(fi t+6t) n r A(f
b OB B ol hE BrER TR iy the
bemarqutmﬂietl HPE sxseprueﬁpmmheﬂm dstﬁﬁ@hnegde @i time

r eSneEh VRkY dﬁ}ers@lré%QJ_B%r @ndi @%raﬂe&dﬁw W. iBy is now

sel'ecting the paraneter Kk, it is now
witkt esftigynd %Pnﬁaﬁh@&éeﬂ(f. g ttﬂfg Zg ﬁe”f\M%t) being

ad{é@&ityt Q%%fal' ﬁlﬁéﬂ@ﬂ@e&ﬂﬂl@eﬁm}dsy takcuhavkd cmelmlated
magnl ude t+ Thi s RO 3[} ptoq)]d?so
(t 4 ﬁV\é % av aa Iﬁooayét ermnin to

eragin g the
adaazptatp@rerr’@taelly m%i@h@ﬁén@‘f@ia@l@@]ddén derrgrgd iRy the

tlg%laptatlon rate. In the event of a sudden change in the
magnitude A(f;,t) from a constant initial wvalue to a
likewise constant new value, there would then be an
approximately exponential adaptation of the new mean
magnitude A to the new, currently present magnitude A
with a time constant 1 = 8t/(1l-k). For k = 0.999 and &t

~ 3.2 ms, there is a time constant 7 of 3.2 s.

As is to be gathered from figure 3, even an evaluation
algorithm improved in this way 1s not capable of
adapting optimally to fast changes in the operating
noise, that is to say of determining with sufficient
accuracy the respectively valid mean magnitude A (fi,t),
and the standard deviation A(f;,t) thereof, of the
operating noise in the event of fast changes.
Certainly, it is possible in principle to adapt the
mean magnitude A (f;,t) more quickly to the changed
operating situation by reducing the time constant T,

that is to say by reducing the parameter k. However,
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magni tude A(fi,t) froma constant initial value to a
i kewi se constant, new value, there would then be an
approxi mat el y exponential. adaptation of the new nean
25 magnitude A to the new, currently present nagnitude
A with atinme constant ti = 6t+(1-k). For k = 0.999
and 5t - 3.2 nms, thereis atine constant i of 3.2 s.

tohgﬁ Q@ﬂgef&EEJJ&HHHAg%Uf%h%m ewensapeevakeat i parst
30 a gorlt nproved 1 n thi's wa

not capabl e § ont
adapehag oﬁﬁﬂnaPPy {eneast EﬁanﬁégoFﬁe he"bper at élCl
n05§351£ha%tys ta %&ﬁdﬁ ﬂ&t?@ﬁhbﬂﬂgﬂmtdu&nﬂﬁgumshnburst
accuracy the respectively va ma
(filgTa¥saﬁﬂ“¥%e %tgﬁgar eV|aF9§ﬁH%if§ ;Hgﬁ%rCXE toose
of pthes 35 raper ahé sy ﬁupseppﬁedh@aﬂhﬁﬂOqﬂdf@@%ses of the
gﬁggﬁfﬂe Cert qighl Yo dds f%’RQ?Sﬁg%ékmfh@rhnﬁk@hechﬂ which

mean nitu i,C to th

ch@@géérs§pé#aﬂﬁﬁgg§lﬁ@@?FBﬁSBQ'réﬁuérﬁgﬁgﬁéﬁ} ?WPOSSEEIY
Co@%@f‘ﬁoéed bﬁ@&tl %ltgaasamnbyarrﬁdaceng hhe marmmlmlble

wever, - h i s has the disadvaniage fhate @, very
sub%fbb%%ﬂebﬁ?sf“:§f§ﬁar“ﬁhn Ho 1 origet’ be reco?d
Wi tdrgaffinos emdnstsersitivity. In order to be able to
di stingui sh burst signals such as are caused by t he
striking of |oose 5 parts fromthese suEFrpos  th
batkeyr saAenAoraRad 0PLY Pt hBcRCR&SVRE P& R&SEesars 0™t
detigs mMiRsr < dTRaN PDcMhitte Badbusst =i gealices hav1ng the

d, f d ic
Suqufaa OS?eSn 8%;/ %%tre%%@hgqalmp%ss Tl%‘ll%l a %%[t 3;%93 Qf'rstn;h h

a negl i nfl uence on
t heo measp araynt ¢ udbeA AdvianttpJew rﬁ}DQQ)lfal%rJyn I@llaéﬁ-@é‘ to
ti st@aht, 1The second-naned object is achieved in

accor dance mnth the invention with the aid of a
devi ce having the features of patent claim6, the
adasd Afs \Miiecfhnéﬁaen@sr esponthé¢ o nétehatlvantdgest the

f | at t 1
SHESHe I 535500 L BRL oLl oy iranipeous

speC|f|ed in the respective subcl ai ns.
Reference is made to the drawing for the purpose of

further explanation of the invention. In the drawing:

figure 1 shows an exemplary embodiment of a device 1n
accordance with the invention, in a schematic

diagram,

figure 2 shows a diagram in which the operating noise
(measurement signal M) of a turbine that is

detected by a measuring pickup is plotted

against time t,

figure 3 shows a diagram in which the evaluation
function K derived <from the measurement
signal M of figure 2 in accordance with an
evaluation algorithm represented in

WO 03/071243 is plotted against time,



20 Reference is nade to the drawing for the purpose of
further explanation of the invention. In the draw ng:
figure 1 shows an exenpl ary enbodi nent. of a device in

25 accordance with the invention, in a schematic

diagram figure 2 shows a di-agramin which the

operating noise (neasurenent signal M of a turbine
th%?ﬁh&e 30 %%E%%te% b%lﬁ@ﬁﬁ%ﬁ%@'”@lﬁ@@%%p Ii$ photited the
against tine t gure 3 shows a min which t Q

eval uati on ﬂ@ﬁ@PF@WethéP@W@&‘@?oh?tﬁzoﬁﬁﬁguﬁgﬁéﬁF time

35 signal M ef wfitguhegReirntappordancesud thiam,
eval uation algorithmrepresented in WO 03/071243 is

plotted against tine, - 9 _ figure 4 shows a
5si iflufrieed dsagrama ndisgoin t e whegburdrertagh gigde M of

is plotted agﬂ%nsfréﬁﬁgh ¥ \@ﬁéﬁtgbgheﬁeﬁgﬂﬁﬂﬁ@& from the
resol ution, ure 5 §%oms a diagram.in WE
nmagni t ude A @?asﬂﬁ@mﬁﬁﬁque%%QD%bect umdet e ﬁﬁﬁed ?PBﬁ%eI

the measurepephssbgnatidhbysf astotkedr i®yainst time t for

transformation_is plotted.against tine t for a

prescri bed fPeBGERCTPET, F109FF g €6 shows a di agram
10in which the sI|d|ng time mean A of the magnitudes A

OffE 8-2PgCt LY a | LkeWrsh tht%%QC%gatﬂét §lﬂaidg time
e—r

prescri equency fi, 15 fi
dlagran1|n WAEER £he TeFRISuARIToR TUPGRC P % Rhﬁe??@%grum is

fromthe msa§yr:@<m£@é @Ilg)lﬂaledof afgagum; 2 windr the dak a
of a nethod in ac tpe i nvention is

ace
plotted 20 BHafnst % ?quency
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figure 7 shows a diagram in which the evaluation

function K derived from the measurement
signal of figure 2 with the aid of a method

in accordance with the invention is plotted

20 against time t,
figure 8 shows a diagram in which there is plotted
against time t a measurement signal M picked

up at a turbine and on which there 1is

25 superposed a burst caused by an impact, and

figure 9 shows a diagram in which the evaluation

function K determined from this measurement

signal is likewise plotted against time.

30
In accordance with figure 1, there are arranged on a

system part 2, for example, a gas turbine, a plurality

of measuring pickups or sensors 4, in particular
piezoelectric acceleration pickups, that continuously
35 detect in a number of measuring channels the operating
noise present in the system part 2 and propagating in
the form of structure-borne sound. The sensors 4
respectively convert the structure-borne sound signals

into an electric measurement signal that is amplified



figure 8 shows a diagramin which there is plotted
against tine t a neasurenent signal Mpicked up at a
turbi ne and on which there is 25 superposed a burst
caused by an inpact., and figure 9 shows a diagramin
whi ch the evaluation functionoK-determ ned fromthis
ggasurenent signal is Iikemﬁse pl otted agai nst tine.
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o i8)ot am parpagpliEled SBP e 100 B BAG ARt an
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payt Heubar mogzoel ®Ct rhe asgalierial Qﬁbammﬁeﬂmt thagnal M
continuously_ 35 detect in _a nunber . of nea ered and

chiRABPSTLKEL Bp& @SS hdi s egéﬁﬁtﬁﬁeahe st
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soynd. ] P@%S%%Oravééugmﬁctgyggylsmva{ecamng to the

structure orne soun S|gnals nto an electric

measueehbor 5f giepleaneRted. anplified - 10 in a
preanplifier 6 and is relayed to an anal ogue/digital

converter 8 that is connected to a di |taLﬂn§nDr 10,
Th%lﬁnﬁ?f¥ﬁeﬂﬂhﬁasBPéhenfSS|bﬁhT“%ﬁ Sifec Vel mcasu*lqy
presemiel s 4 husraigitdozedfobufder éais‘andcélcr:lelc‘alyne@ fopf a

PRl D w;g08§s'tpx%oﬁ°at%pn %hgpgﬁt kG Wlld dRa1bfudhifdical

the eva 1on a acco I nventi on
|sc¢mme¢\emt &d. a’meweﬂtﬁﬁet@cr&ﬁgt mel@l%cﬁ%es"‘t%rmg a

eaghueasurj ngo40 ghannet ranpreemRssorddtrmimdast by  the

calcula ion of a transform of e data rel ayed t he
?Rﬁéﬁ?ﬂiﬁ%%ﬂ cgﬁ%grte?r%nsggr@@ﬁﬂ‘rés §:¥1ngg¥ for
(rjreafmam}plfeqr at oﬁasng aindowbdr Towfidhe trransbompsion FFT.
A 1 f t
& IHEHZ?] exange%‘%fl%rfrggi - wh Hips ¢ ansfydmtden to

can ‘be wi ndowed Fouri er

tﬂ&ﬁ§ﬁ@ﬁﬂﬁ|Rﬂi34math@W%ﬁ#ﬁﬁheﬁ%$?%%Wno%eF%tFBﬁ fifh of a
W&A’ﬂ)l'ette' SspeSSH Ml @ritdogoeRnespatet hindmitdiamatiscato be

unc elfr%ﬁegdgﬂ%é Ihg atorsbrggfgrmatl Illeto% Sseaglcpf fSBE@QQQ”aJthe

measurement signal M(t)) in the meaning of the present
invention. As is the case with the Fourier
transformation - these orthogonal base functions can be
formed by the exponential function e i®t, However, it is
also possible in principle to wuse other periodic

functions as orthogonal base system. These

transformations are used to calculate discrete
transforms with the aid of a predetermined set of
discrete parameters. In the case of Fourier
transformation, these are permanently prescribed
frequencies fj=0;/2n that are selected in accordance
with the respective system part, as 1is explained in

more detail for a turbine, for example, in

WO 03/071243.

For each measuring channel, an algorithm implemented in
the arithmetic unit 12 and explained in more detail
below employs the discrete transforms determined in the
arithmetic unit 12 to determine an evaluation function

K(t) dependent on time t that is compared 1in a
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understood as a transformation of said function (the
20 nmeasurenent signal M (t)) in the nmeaning of the
present invention. As is the case with the Fourier
transformation - these orthogonal base functions can
be forned by the exponential. function e-10't.
However, it is also possibtellin-principle to use

ot her periodic 25 functions as orthogonal. base

SYSSg r e saevt bansfor yatons ﬁf@sé‘f’ﬁgeﬁotﬁ%le%%loﬁhe value
di screte ransforns with the aid of predet erm ned

séto- of1“mQ¥ﬁ%ﬁW9%ﬁ#%heP§r§hﬁnt?ﬁéséﬁéé(ﬂa¥%®rﬁer (alarm

t riansf Oramd ) Osk’br\tf@ﬁsﬁs af 8dper rBRenhky ppeesekkbed 30 pulse-
frequenci es 8%0 i/2it that are selected in accordance
e

Wit het FedpeErivensyst smipat ,Phs™i STeRprahedqnanical
m@ﬁf&hﬂ&mdndcgemeiamémne cboreepanplieg tmigW®r signal S.

7 C asur an, al_gori t,hm
e SPURgRos, TRodtd NG A D8he B PrERREHRT 16
|ﬁmnmh§QRn%h¢ ngesoneenphbys mhesdmemeetesngwmﬁﬁomnﬁ for
det ef phoed-4.nd her aﬁbt Ermtf& u%ktam%ﬁet o det ef_ré%]cﬂ%@tp and
eval uati on function dependent ‘on'tine t t

coRpared itw &n ?L‘ialté@ﬁiaaﬂl rETREVEEe 1B4 Wp thrder that the

preseeirbednt Beeskeld tealdie r KQutAn evgysshprtd g of fdies .
threshol d value KO (alarm threshol d) serves as index

for the presence of a pul se- type signhal conponent
caugedeby? ashoassi en¢ mechanieeantS ef fest, Dﬁnﬁespectlvely
g corr nd| g tr| g i gnal

e, B TRROP e S TR LRE Feloruer tp pRAio
mfc@p@tx@xm@mﬁled dat a. (rfeasm emgpbrdiygnad sbhb)sdeor that

a b M [N g6 Ofbe]qQHSs far ﬁ%ﬂn@&fﬂ %e%&rd%ﬂeangnsﬁants

rel ayed to an eval uati on conputer order that t
10 Tatterakantbs 8séd to carry out a subsequent
anal ysis. Figure 2 shows the nmeasur enent signal M

res ect| el detected b sor 4 at a turbine for
STTTES b FH8S &1 BpBTBRL et SIGEY <10 | EXPahed FhESt

tret.@geerbﬁ hathd5 mdwge t usbi r;erm@mﬁetolrhpmza&ﬁml yi@at the
tiEﬁéﬂH%é{%Sunit 12 (figure 1). The measurement signal M
digitized with a high clock rate (typically 80-100 kHz,
associated time interval DT approximately 0.01 -
0.0125 ms, (drawn enlarged in the figure) (and
illustrated in analogue fashion in the figure for
reasons of clarity) is respectively stored for a time
range TS (typically approximately 10 s), and updated in
accordance with the clock rate. In a time window At
within this time range TS, the digitized measurement
signal M is subjected to a fast discrete Fourier
transformation. Subsequently, the time window At 1is
updated displaced by a time step 0t, and a Fourier
transformation 1is carried out anew in an overlapping
time window At of the same length. In the exemplary
embodiment, At = 25.6 ms and 6t = 3.2 ms. In this way,
time-dependent magnitudes A(f;,t) are determined for

each time window At and for a finite number of discrete

frequencies f;.
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t =4 s andt =8 s. Figure 4 uses a schematic sketch
to explain the first step of the node of procedure

i mpl enented in the 20 arithnmetic unit 12 (figure 1).
The measurenent signal Mdigitized with a high clock
rate (typically 80-100 kHz, ~&ssociated time interval

DT _appr oxi 0,01 - I
tﬁé1 W%%rmbl( Jﬁ%e G s qoflgl S n anaﬁz)a\ﬁ% qsﬁllrd%e%lgor 2
t e efsicguibedf orf r2sueeasons;of 16l aniliiy‘;trstﬁéspeétl vepy Dbe
@%&?\%re‘&r &%ﬁ Earfg ure (Lypi cahly n%@?ﬁ@ﬂd@t@l Yaries
and ‘updat

ccordance with the clock rate.
| widht i eV ddow mhls\/vuptrmstq:rtlrlﬁesitfﬁ%q%ﬂ@é Ts, the time

d'lgﬂttelzzv%q IS EITEDE  t8kgMalguMd Sisubhectachd Osted ast in
di screte Fourjier, 30 transfor mtfé; Subsequentl

t MiRE-CRi nelotv ACSTs FOPRAEEd iR TR oy TR P metR C%/éetp

dtaccandiaacEouyi et tméamaﬁehﬁabnontm& czefrsrc»cadamﬂ aakwe of

in an overl in ow_At _t n

Iﬁhtehem%%%ﬁgﬁg?y%ggﬂbgﬁl m&*n%jl SRt e’ 25 hﬁi‘ré% % Q;t&ng 2

3n2tnsall munter ways @@ttarmn@eﬂpeif@ena m@mmideﬂslty N of

A frle’s 1):( 6 dete %HS? ekore, e@fhftre'a%e\f\ﬂcnﬂo}f\’a%e§n%nd in
nite nu er of discrete frequencies fi,

| r@ernip@maéls/ t IseaiemeE 1grlof itH@<cof Sttﬁ@srraéﬁl tas Atfaﬁpoéally

PLeeciRed nbr @4uRNGY Hdoviss Altl.l ustrated. It may be
gathered fromthis figure that the magnitude A varies

with time for this prescribed frequency fi. The tinme 5
i nt efosal nplgatitedid nAt (e, ki) gurse ricsy therniédref s¢reptbe values

whi_ch .t he fast Furle nsf t i

aé)go:]% fhcd? Wl%ﬁ gﬁe |¢1\}én?l onﬁlr r%eﬁgés]%ggﬁagﬁqgﬁ‘@% u}é_noff t)

the reagoétpdea ALy f isliding, meway evibjck fe+jdeSiernings ngn 2
filg I@:'gg}ggﬁ%g{qhst%%e@wgﬁd §or 2@ aul iRl YoN the

frequenci es fi frequency ranges

aﬁdmlen tt &S ab| yi%fe?quéﬁflpéld tﬁh%l tepsapeeppgped from M

t epRon &kl s QV%L@Q)W@E 41 EBnan & nttT, AylEANthe aid of

%nltudeA fi,t) is now forned rom the val ues
e relatiohship

A (fi,t) = (Qu(fi,t) + Q1al(fi,t))/2,

wherein Q, and Qi are the o and (l-o) quantiles of the
magnitudes A(f;,tn) relatively determined in a time
segment T, where t, = t + mdt and m 1s a whole number.
To this end, the magnitudes A(fi,tn) associated with
this time segment T, arranged by way of example
symmetrically in relation to the instant t (it holding

M-1 M-1
in this case that - > <m< > and M 1s odd), and

respectively forming the data record A(fi,t) assigned to
the instant t are sorted in a sequence by value of the
magnitude. The o or (l-a) quantile is then that value
of the magnitude which 1is located at the position
oM or (l-o)M of the sequence. In practice, values are
set between 0.7 £ o < 0.8, preferably o = 0.75 for «. A
mean magnitude jK(fi,t) obtained with the aid of this

calculating method is illustrated in figure 6.
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15 of the magnitude A (fi, t) . This nean nmagnitude A
(f j, t) 1is atenporally sliding nean which is
determined in a sliding fashion in tine steps 8t as a
function of the tinme t froma data record A(fi,t),
assenbled from M nagnitudeslA(fi,tm of a tine
segnment T, with the a|d of 20 the relationship A
(fi,t) = (Cn(fi t) + Q-a(fi,t)) /2, wherein CH and

are guantjles of the
T gt (et qfﬂ%{lgi%%{ Y ChecRi Red | PRI 7L
segaentbwT, usmiar eot maidulatmjta andam ideva athicglire agfheérn. of
T, e gni t.u , |
T0nd 2o r?’m:tdég A”ﬁl,mé@rggggg%e &na% oﬁn%gmﬁﬂ%% Wik, o),
s@/m@tlm@a‘tllfll%/ ml@*éigwl@hpto the instant t (|t hol di ng
30 in this case that - M1 <m<- M1 and Mis odd),

and 2 2re ng the data record A(fi,t)
ap d t /%t hetinStaht/t) are sorted in a sequence by
ué of tNe nmaghgtyde. The a or (1-a) quantile is

then that value of the magnitude which is | ocated at
the position 35 aMor (1-a)Mof the sequence. In

pﬁ@QHkQQ@W&ﬂ@e$la&ﬁ qﬁ@htb@émﬁﬁntﬁe7n@rﬁal@j%d Gaussian
an _magni tude A (fi,t)

fe .a = 0.75 f
éb? ﬁﬁ} Q%§h1QWMP%ﬁTP f§E§ﬁ§9bQ§ﬂ%ﬂ1atlng met hod is
illustrated in figure 6. - 13 The a and (1-a)
til , .
%gﬁ%h: %gnggﬁ%bﬁfdé%?%? E&B%§£i¥§ %?th?ﬁz Qg %ﬁ% éf%re
Ae fused nfof p@mquﬁ@tma?hmargﬁamudequefmattl)on OB by data
%%d&l&'%hﬁﬁ%ﬁ%'Q%%Yﬂbsaéébuﬁ% of ($hd) Fh R i ehdt 2re

1- a beud? the (I-a) quantlle of the nornallzed
%@f@é@éﬁouﬁ@ estfrh%uwwwd%ﬂf%@ Ry s¢r pBdt i(ga ) Fhildis

elagyl aliatg sebsedn{gyanyi heghetheg)groanddier efeh easbean
used to.calculatg t.he negg and devi_ation of ,a dat

PEEGTd Wit Gt £&K g CRedaunt SBP e ol (ESTIRR drem 2

superposed burst signal are not taken into account, and
thus also cannot corrupt the result. This method can be
used in conjunction with the same quality of the result
of calculation to select a substantially shorter time
segment, for example a data record A(f;,t) comprising
M = 100 values of the magnitude A(f;,ty) and having a
length of T = 320 ms for the time segment for a time
step Ot = 3.2 ms. Consequently, the mean magnitude
K(fi/t) is adapted to rapid changes in the operating
background so that these are unable to lead to
corruption of the normalized spectra or to appear as
erroneous displays in the monitoring. It is possible in
the case of such a mode of procedure for the striking
of loose parts to be detected even during the humming
of a gas turbine, that is to say when sympathetic
vibrations in the combustion chamber give rise to
substantially higher background noises very abruptly,
for example with a time constant of approximately 0.5 s
in association with an amplitude rise by a factor of b

and more. The existing calculated mean magnitude
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15 | ocated outside the ranges defined by a and (1-a).
This neans that substantially higher nagnitudes such
as ' can occur in an additionally anplified fashion
froma superposed burst signal are not taken into
account, and thus al so cannat4 corrupt the result.
This nmet hod can be 20 used in conjunction with the

(guah i %dOftHéqqné'aﬁ'?U&év1§él&§l Suf atiyon 40 M a@é @sed

stantla y shorter time segnent, Ol' exanp

da%]& PedoyFHaE i CanPHokist | $FRR tf?/l dei@ém&aﬁué@ "fh% hasis
magni tﬂfij@ Apfdntild ) mithdwviarg dmphergtih péad =m3@0itude

—for et egment_.f or | 25
Risebheht ¢ LB NRES el ot e o) el Bresent
ad@qattadrteoordplpd(fehahge\:élqsw tihregroigerdts Ny (L hdekgridwid are
fn%?l @d%?ﬁ Anable 1o ) ead,d o r@@ﬁBHBﬁ._‘yoncé)Icﬁi'@ted
nor i'Zed spect

aor to appear as,erroneos J:}C)
i Medie HeaRibringA (%i/itd -possiBIectiFao the éés@ Sred to

sygh éﬁﬁ@ﬁ%ﬁéﬁoﬁ@oﬂﬁddh@sf@@sbh@h&hﬂd@hﬁ@ldﬂid@ﬂﬁhﬁ mean
parts 1o be detected even.during g, ) af a.0as .,
3¥b|?é§mTWﬁﬂe|§“?%esﬁ?gﬁhéﬁugs A&EH&?# b |bréfiﬁﬁ o
||thdmaAdmbustlen3ehimber viehrmbe p@mp§@5§tﬂ@ﬁ&ﬂn%p0ﬂi
hizg ackgr,ound, pi éﬁcyﬂﬂlﬁprélpt Iln¥an3§sf Q%e%xm&ied

—thlé ?(ne const ant of apgrOX|nate 5 b
a$3dci vt Flon thiet ikt 8Apla t9deTri S By %?rétcjtjoﬁ" of‘nS whic
andgwre. The existing cal cul ated nean magnitude 14 A
(fi, t) and the nean deviation s (fi, t) can now be
used in a further conputing step to determ ne on the
béas+sa dM-Mhe/Muantil e met hod an i nproved nean
magni tude Aopt (fi, t) by elininating fron1the
respectively present 5 data record A , é t ho
ReRReadech Tt (151 Kot AMTRATe Ooi GHF { PEait FYIG el & t=)
t hantt harpr e\@r@usby cahatl atzedr; ,mean ags tfude) . As  an
Ln_practice as proyed t\q  be d
é@gﬁféagﬁug |ng%ﬁr%tcase mﬁen cal ¢y giln o
t nachembhatell hoselemigniafludes Aetermine) thRat aped (1-o)
ggﬁéﬁ?ﬁléoahgﬁnwAtﬁf%hé)aiﬁ:%%(£|da$a redbtd tBBuced by

data record A(fi,t), a renewed calcu atlog
;hﬁﬁgnmagn@ﬁ@ﬁeéarAMgd,tm) With the aid of these and

(1-8) gquantiles, or of the o and (1-a) quantiles
obtained with the reduced data record, an improved mean
Kopt(fi,t) or an improved mean deviation sept(fi,t) 1is
now calculated in accordance with the abovenamed

formula.

With the aid of the mean magnitudes Z(fift) or
Zomjfi,t) and of the mean deviation s(fi,t) or
Sept (£i,t), a normalized deviation D(fi,t) of the
magnitude A from the mean magnitude A is now calculated

for each frequency in accordance with the following

equation:
D(fi, tn) = (A(fi,tn) - A(fi,t))/s(fi, t) or

D(fi,tn) = (A(Fi,tn) — Bopt (fi,t))/Sops (fi, t).



out with the aid of a 5 or (1-6) quantile, in which

case 15 6 = a (MME) /Mholds, and ME is the nunber of
the magnitudes A(fi,tnm) that are greater than A

(fi,t) + 3s (fi,t) . As an alternative thereto, it is

al so possible and 20 mat hemat Lgatly identical to
determne the a and (1-a) quantile anewwith the aid

of I&uéjahaﬁﬁﬁﬁﬁﬁgsf@d(lﬂﬁﬂm)b%ft hiessapétagm t udes eez/amfauted in

of Oﬁﬁi@ té)ngd?eflea%‘}lncﬁjaﬁﬁqels%sasn 35?%{? “&@ gﬁ%mjc ®¥a1%4 az

r edicedidatant ecordd ahd mpravedemkanios A (dptt)fyalid
Calkg{ateét%%&o%ed QH%Q&VM%EHQD $OR$ (e rlehn Sradh@Wude

i n accordance with the abovenaned formila.
SW th (£he)ai oF of otd{&: nbhnapdghlEuded ATV IRt IR S3Fiat) or
ODtSOgt |f;l,¥_) antk okohhReaneay deydatdon wslu(hf fthet .3i®r of M

oD kb paghel S FELL 7 00,1180 Lk Lol e

caktubat éd . fore edete f reqoedici ( tﬁ&a)ccﬁodlanlw Whe hbehés of

fokLgygﬂ.cu gya%LoBf 35 Dgghnf n ugA&¢Lqu) .”Jt*ﬁt‘ or
10 Aoptcpt { £t Y)PE) p@mi. of)thelgewm@alﬁa aviaaesnas (£i.040K or

of Mtse@eqtm ar@se\@ﬁ@@dmn thlIsdeEats@ dey erqeire itthe the
tant t_ ,and the

n magnit A(fl % |
rregﬁ THkvi a&cilﬁ&}e?sﬁﬂ {‘ﬁ% at antdhl s g%%i}%nt e fewest
ot hegniounds: ot hthdie caman aagai tude 5sAgRent tl) arranged

Op£¥%%étr§gaff9 Lhe.pea ggvgﬁé'9%s§aﬁ@’tt)tﬂgse %ﬁe the

are const ant ated with the aid of

15 trlaﬁ@ﬂb’ﬁ‘h%ﬁi ons. This updatl ng is performed in tinme
steps 6t. The data record A(t+8t) form ng the basis of
the cal cul ¢tipn of the new nmean qmgnltude A (fi,t+8t)

OB (1), Aopt —f+, dt+8endaAdLioft ﬁhe‘Eew an deviation s
(fi, t+8t. )20r sopt (fi, t.+8t) formed in this

case by deleting the
In an advantageous refinement,
20 D(t,f;) is additionally averaged in a frequency range
surrounding the frequency £; and

the normalized deviation

fi—LI fi-—L+lr LR fi+L
consisting of 2L+1 frequencies, and a mean normalized

deviation B(t,fi) is determined by the equation

—_ 1 k=+L
25 D(fy,t) = Y. D(fime,t) .
1+2Lkﬁ—L

This additional computing step leads to a reduction in
the 1level and breadth of fluctuation of normalized
deviation in the ranges in which only background
30 signals are present. The useful signal components are

not markedly varied by the averaging in the frequency
always occur in a fashion
This

range, since they
concentrated about neighboring frequency lines.

measure results once more in an improvement to the

35 signal/background ratio by a further 10 to 15 dB.
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first (oldest) magnitude and addi ng the newest

magni tude. In the case of a tine segnent T arranged
symetrically relative to the instant t, these are the

15 magni tudes A(fi,t - M1 St% and A(fi,t + M21 5t).

I n an advant ageous refi nenent;, ®the normalized

deviation 20 D(t,fi) is addltlonally averaged in a
fréqﬁent?eramgerOVémEntfﬁanhe s igna lif/icelc kspronoundiangio is

th§cf1£§\‘ﬂé’&”9¥héﬁ and . ,gansi sty ng, g}tZLﬁl ”equed“a%'tefd pally

and a nean normali ze evi atl on deternine
byl hec@geadi omnd k=L »ermrliied) de‘D(éﬁtHknt)D (fi,t) 1is

1#&&&nﬂan§@'§1@ﬂdthéoﬁﬁb 6?”&%@'@%1%&%%n§%ﬁ§ 30 Anp, for
Suctlon in —the Fevel and breadth of fluctuation o
no

mal P2e < dBvi at PoiOfn It e oanges i n whi ch only
background 30 signals are present. The useful signa

on not narkedl [ by=t he aver agifg
Qﬂ?heggrequéﬁ%§ de¥rigd -4 éia%hgs’alﬂégs'hbcﬁF i hs s B
fa%&h@mmunﬂmcentman@dnabpuar@ebghbmehngnﬂiequmméy through
lies.. nthi$ o § nce nore in an
%is

i mprovenent to t e |gna ] background ratio by a
further 10 to 15 dB. - 16 A further inprovenent in

the I gn backgrqy d ratio is achieved when a
hﬁlgﬁig D% addltléﬁblly i ntroduced, and a

nornallzéd deV|at|on DS(fi,t) is determned with the
aid of the relationship D, = Do for 5D, The
normal i zed deviations D (fi, t ) , D (f|, t ) or Ds
(BilEitF dg}érdLnEM Aim this way) are squared and summed
through iall the discrete frequencies fi: 10 N S(t) =
Y D(fi,t)2/N(a) S (t) =Y D(f1l, t) 2/N(b) 15 or

or

An evaluation function K(t) is now derived from this

sum S(t) by extracting the root:

K(t) = /S (t) (1) .

The latter serves as indicator for the occurrence of an
impact. As an alternative to this, it is also possible
for the evaluation function to be formed from the
difference between the root of the sum S(t) and a

sliding time mean of this root
RK(t) = K(t) - K(t) (2),
and for it to serve as characteristic for the

occurrence of an impact. If K{(t) or ﬁ(t) overshoots a

threshold value Ky (alarm threshold), which is between



NS (t) =Y, Ds (fi, t) 2/N (c). An evaluation

function K(t) is now derived fromthis 20 sum S(t) by
extracting the root: K(t) = S (t) (1). The latter

serves as indicator for the occurrence of an inpact.

As an alternative to this, ttl7s also possible 25 for
the evaluation function to be forned fromthe

di ff erencg between thesroehirefinkhe sumis(t roapdidutes an

sli di ng time pean_of ‘this roo% K%t% = %tt)5 - K (t)
(2)}n91i8aTAAA FOF FESt™R_TFVeCas® charitttistic for the
occurrence of an inpact. If K(t) or K(t) overshoots a

E hﬁisgh%!vgl.\é%gﬁganuggzlt@om tlb{@)Shg}B?%in@@i g’LH !t%i@etmnand

for gas turbines, I's constitutes—an

5inditht tha fadd tie thpaveasf nereddE€cardevipidon Ds from

10

15

20

evghyahbQButuneht o0 Khk) ebta nedpdde thiss wayl@deratted in
with the aid_of the meap normalized devi aflog q§ from.

t heL 9852 uf enbht 1 i BA4I CHPOFLYi GareS 2SFER | Fiast YAt iRt nd
fighretie |tuilsimow d¢bearl|yoto befdeenct hath¢ heevaluation

hupm ng. Ng)fv &he turbi ne does not influence the
evaltation “function K (t.) 10 Neverthel ess, it

remains possible with the aid of the inventive nethod
tad@l il detect BRashki HoaGi0fled wiQ0SEnSYSEEMof the

part. Figure g shows a real asurenent . signpal. Mt)
OBy e T TR B 4170 2O i Sor ES s SRy of a
supes0sSedsaémapairnist antgires 8. Siows bar skeaflhated mirement

caused b [ C , ' i fd di :

i nSthn%ea1 lm):i\qa(‘::,lc r é)nen%%se%{g;%é’l aapﬂnafﬁ%ﬁ}éed%{q Ic{r{ugﬁlg!tf{egﬁ vériéh %S
arumdmmaged t e Trall@stikat 20 sval Bafi oh Puasti ophE 1S
derdueed: fypmb hepprasureentansb@nBk. ieknfiiguea @iddctly

is to_be seen fromthe figure
in the measurement s?gnag F/I

Figure 9 illustrates with an enlarged time scale the
evaluation function K derived from the measurement
signal of figure 8. It is to be seen from the figure
that the event (the burst) taking place 1is rendered
noticeable by a clear rise in the evaluation function

K.



that the event. (the burst) taking place is rendered
noti ceable by a clear rise in the evaluation function
K. - 18 - Cainms 1. A nmethod for. detecting a

pul se-type nechani cal effect on a systempart (2), in
the case of which an 5 operatli8ng noi se present in the
systempart (2) is detected continuously by a sensor

(4) arranged on the systemsparkts (2), and is

converted by said sensor into a measurenent signal

(M, characterized by the following nethod steps: 10

a) 1he mmgmictude (Eoffideﬁédﬁlrﬁj tahepnmestppm ofedenical

neas nt_s gnal i s de m ned d

pre%%‘{?(gcgdorba?aﬁé’ Srd #3EY &?fa ngt ﬁ\gnat J%e 8k duflficn 0

5trmr1_:ssfmtrnatg onoigke pneséme wimddws (avptematbare (2) 1s
mporalday s& ercﬁlsly nb§" qe ssetn%l%% (8t) aﬂﬁa@ée& h@n the

deV|at|on of t rranltue(A( t]

magii SRl PEA L £i2)t) )anqu IFetMTiaTea s &Y )éa‘&ﬁi ﬂer‘?éorstlé%

( Btne 2 c@ER @(ldl’hﬁ_ ppescr thetapes ami@risy (Eh, f@)ll@lWlng

eval yation function (K(t)) is derived for each tine

st 8 (8t SFF8f t he deviations deternined for each 20
100f a)he phesonddreidyshr af® Er,st500i )Qf dfhehd revalfigar ont the

f ugrg\eta's%'iggné&'i:) )sﬂg%aclonpﬁf ed WM §d & idHeshold alkuesiq of

e overshooting of the threshold vaIH 1
(K@)re|8§ra§>@é as PRFRAEX st or the pr¥fsencd of Mgthematica
DU|tSr@ntskf@@m§tQBﬁ| eomponemt {1k catimpw25 (bhe that are

h ff t h t d h th
e SAIRRGR L Fibep TR S LS bR TR, e e

15f a®hi onths aefmindtioon of thee nadyigmde dé@éfurteé:gr dqom a
(f heah) )malzfi‘l\i't%gleM RO, H§* S X (&éte}_mnéﬁﬂt BothesaddD time
aid of the rel ationshi %rﬂ%%e (?%“1 . .
OLS5eP1,(8Y) 3nd Gph th.e, ,sz SFEETEVEES (e a
and) (1. af XvgUaatibes function is derived for each

time step (6t) from the deviations determined for each

20 of the prescribed parameters (fj),
d) the evaluation function (K(t)) is compared with a

threshold wvalue (Kp), and the overshooting of the

threshold value (Kqo) 1s used as an 1index for the

presence of a pulse-type signal component indicating

25 the mechanical effect,
characterized in that

e) the mean magnitude CK(fi,tﬂ) is determined in a

sliding fashion as a function of time t from a data

record (A(fi,t)) having M magnitudes A(f;i,tmn) with the

30 aid of the relationship
A (fi,t) = (Qu(fi,t) + Q-a(fi,t))/2
Qo and Qi-¢ being respectively the o and (l-a)
of the magnitudes A(f;,t,) respectively determined in a

quantiles

time segment (T), and tp=t+mét and m being a whole
35 number.
2. The method as claimed in claim 1, in which the

time segment (T) is arranged symmetrically in relation

to .the instant t.



of the magnitudes A (fi, tm respectively determ ned

ina time segnent (T), and tmt+nBt and m being a

whol e 35 nunmber. 2. The method as clained in claiml,

in which the tinme segnent (T) is arranged

symretrically in relation toiphe instant t. - 19 3.

The nmethod as clainmed in claim1 or 2, in which an

i nproved nean magni tude (AOPt (fi, t)) is calculated

from the nmean magnitude (A (fi, t)) , in that to
detder ni Faet methoguast idledmefoda pagRint ddes GA( LR, #yich an
th%%pQ%%%lh%ant %gﬁ%@@ﬁ%é{@?,{ﬁp by aapresetibedrom

difference value K are elinnated fromthe, data,record.
4. HPRe RS IR A T ngé Phv o b mi, @Eagrt%, IPheRRERR the

510qghanteaeb ahokke nprgadcnideed (Paifapel ershéfi pvarapaat the
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deviatiaon (s..(fi, t of .th qni ( ' id)
from it hnéaq('r%laégdrﬁagrgi)a {degy ( Ag( ?3? g{g f}gggade@eér% rneedd e)f oyalue
a apkuedliinipabedsegoenthal dafaersgdicthws (At) with the

aid of the relationship 15 s(f,,t) __

/Q(fioQ _a(fit) 2qg,-a, qgl_,, bein he, (1--(X), ...
quantiIEh%fm?ﬁﬁoﬂo?ﬁHF??éﬁeﬂo?ﬂanaﬂ“sifi%u??o%f FRghich
t heonoremdh zesk denticat persetibhd 20anaget¢sles(fi) onat heean
mean ni tude, (A  a 1) i - i N | thythe

o ACTREr Lot S Gt by iy tfE Mg S TR (AL IGY errom
eveheatmem f unegd DFudK(t §3. (55, tThe ket hdgtasnired neter 2
inpchaiMdy ba geghhlﬂﬁ&h@ntil%é wihBogkai (3, Wirnwieh aid
the_prescribed difference value is a threefold
mPtiPre LI HEPHEREP deviation (s). 6. The nethod as
claimed in either of clains 4 and 5, in which for

each time w ndow (At) the ST, 9i-dhgr, B0 squares of

each normalized devi(hit)e ﬂ%?#i%ﬁﬁ##ﬂﬁkﬁ each of the
prescribed paraneters fr whi frehe eval uati on
function (K) is derived.

di-¢ being the (1-a) guantile of the normalized normal

distribution, and the normalized deviation of the

magnitudes from the mean magnitude (A (f;,t)) being
determined with the aid thereof and being used to

calculate the evaluation function (K(t)).

5. The method as claimed in claim 4, in conjunction

with claim 3, in which the prescribed difference value

is a threefold multiple of the mean deviation (s).

6. The method as claimed in either of claims 4 and 5,
in which for each time window (At) the sum of the
squares of each normalized deviation is formed over

each of the prescribed parameters from which the

evaluation function (K) is derived.

7. The method as claimed in one of the preceding
claims, in which the mathematical transformation rule

is a windowed Fourier transformation, and the
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7. The nmethod as clained in one of the preceding 35
clains, in which the mathematical transformation rule
is a windowed Fourier transformation, and the - 20
paraneter's are frequencies §f|) of the frequency
spectrum of the nmeasurenent sPgnal 8. A device

f@%r@%b%%&%ngeﬁ%@U|§@e§M§ﬁcHB§haﬂE9a| o& effleet @Reduency
system art él havi n at Ieast one iﬁnsor (4),
arPang é £ & Ss §FP Y 2y 9%or €8nt i nuously

detectlng and neasurlng an operatlng noi se present in

t t t
(e SeRLSTIRT (Bl A0S0 o HD-eenyett ohelillyca
1e fifke tneas @ exvsritersigpietl s({M) Retierd edt byeahe seasepnsor

(4h) a%%ﬂ&ﬂgé&”@ﬂ'@ﬂetg§sgbﬁ'bb%%d @ﬁasuf@ﬁeﬁéntlnuously
S|gna s to "an arithnetic unit (12) for carrying out

t RELRETROW My d cBRPEHALNENAD sPRPEItHYT t ReLFRgIERRRE 1N

(Aﬁfal istjs)t)enpfp%ﬂ”l‘f l?ﬁﬂsﬁﬁﬂmnﬁﬁfltﬁbe anéﬁ&/]t]ﬁ&smwﬁmbr (10),
na eterm ne the al o) escCr.l
DAPARBECFE RV et hRTi CATS0f T dndror et | OROF o &0

imhé!weamwnémmndlsggné&ﬂ avp deeapoedl by séquesgnabr (4)

I n_tl t

(et ) FREakEaY 5ok ne%ng%%% 3 irpREn UG eo

d@neramm@dlertmc eycht t i he) Spepcesgryiagd adchtlod faélowing

pE%ﬁ%EkQ%@oH@ﬁagﬁgggs (fi), c) an evaluation function
Is derived for each tinme step (8t) fromthe

U6V a1 FBRs TR THIRG (FE-caoh BF (16 pf BRCFBER O the
pacagetemnsntf ls)J,grQa'Sl ?%Mb hﬁ_sfvdéﬂlélfm@ﬁng;JﬁCﬁﬂ}gntﬁK( ta)id of
1S C a resno val ue t .

o@é?Engégﬁgg oﬂ@%ﬁﬁ@ R%ﬁesho?g valu8%(KO) ?2 %%gge%%tlcal

anrandénrmetlbhe rpﬂesemne ofima puis@ewype stgnathat are

ggﬁﬂhgegé&ﬂ% talt 'E;% ‘E‘E&Qaf%‘t%% 6L

eri e mean nagnlfbde (A (f|
t,b) ) i:bedest%ﬂmtmmu afa'ths | wpEYiEagAi Ok Es,&;)) from a

fyaghi oy @Hlﬂwﬁ@ tArem@data determined for each time
step (dt) and each of the prescribed parameters (fi),
c) an evaluation function (K(t)) 1s derived for each
time step (0t) from the deviations determined for each
of the prescribed parameters (Zf;),
d) the evaluation function (K(t)) is compared with a
threshold wvalue (Kg), and the overshooting of the
threshold wvalue (Kg) 1s used as an index for the
presence of a pulse-type signal component indicating
the mechanical effect,
characterized in that
e) the mean magnitude (Z:Hﬁ,tj)) is determined in a
sliding fashion as a function of time t from a data
record (A(t)) having M magnitudes A(t,) with the aid of
the relationship
A(fi,t) = (Qulfi,t) + Qioa(fs, £))/2
Q¢ and Qi-¢ being respectively the a and (l-a) quantiles
of the magnitudes A(f;, tn) respectively determined in a
time segment (T), with tp=t+mét and m being a whole

number.
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record (A (t)) having M magnitudes A (tm) with the aid

of the relationship 35 A (flit) = (Qa(fi,t) +
Q-a(fi,t)) /2 Qa and QL _,,, being respectively the a

and (1-a) quantiles of the magnitudes A(fi,tm
respectively determned in-a2tisre segment (T), wth

tmet +n6t and m being a whole nunber. - 21 9. The

device as clainmed in claim8, in which the tine

segnent (T) is arranged symetrically in relation

t h@-i nsfaat davices 2e. clisdrgevi e &dadmaifredifn Vthlsﬁfm the
8 @himd, SRawend 3(|T algog i tdWBed NP EABAt BRI, the relation
arithnmeti¢ unit (1 g, for calculating an inproved

me&R FRGnFEEEEPEASPt (fi,t)) fromthe nean magnitude (
A(fir t) ) , -in that to determ ne the 10 quantiles

t hose | (AGF it hgot, ..t HBRA

nagﬁ tgggg(gggige % J%#%ﬁggir?%g%ﬁd?fkergﬁce hg an
vabbgoat ehe |mmla¢1e@1’¢¢6bmm hehelat Bl Fleeol e (WY ) (13), for

Th@aﬁ@ﬁ(l&@u@g% &l ad by Qﬁ!%rpfma%rﬁﬂﬁijes tR,1Af; ) Brom
mhlc t he arlthnetkc for, each,of the

pré%%r%%%@ BATRHELST s éff irfhd v mmﬁwﬁﬁﬁﬁzﬁQ(ﬁ1ter mne the
(sqtiant)es ofhddee mim;gmttum (.M(ﬂlt tx) X j)Datf rometdteot the
rren%ga (e n| %de( AI(]gif éﬁ“ % eat e%ﬁ%%%giggﬁ adl%ference

plurarli seque
aith bie talr@ red| igtingrsid g reo §@1€ datta) recprl( fRL}))
Q--(f, , t) 29 1-a gl-a being the (1-a) quantile of

the normalized normal _ distribution,
norimal i 260 GiCa iF6h DRITRE 125 rﬁflfgéasmlsr Smthd 0 in
mean arggni b udée( Aafithme‘old:)eungtdetlez m nédrwigarh hef the

qui t&%%%f drapr% ;%g)iﬁc%le % arﬁgvia{"@lon S(£i,t))

Fation of tlon S devi c6 as el 5 e
i wicl &hen lf@gfw’?u&ﬁﬂ u Kforﬁ)% rem &h& ey F‘ﬁ‘gnltude

whiZh £t he) pr escuichedndhbherences valWeality of sequential
time windows (At) with the aid of the relationship

f,t)— f,t
S(fi,t)=\/Qa( i ) Ql—a( i )
qu-—a
di-« being the (1-a) quantile of the normalized normal
distribution, and the normalized deviation of the
magnitudes from the mean magnitude (K:Uﬁ,t)) being

determined with the aid thereof and being used to

calculate the evaluation function (K(t)}).

12. The device as claimed in claim 11, in conjunction
with claim 10, in which the prescribed difference value

is a threefold multiple of the mean deviation (s).



is athreefold multiple of the mean deviation (s).
22 List of reference nunerals 2 System part 4
Sensor. 6 Pre-anplifier 8 Miltiplexer 10

Anal ogue/ digital converter 12 Arithnmetic unit 14
Conparing device 16 Transienk2recorder 1.8

Eval uati on conputer. M Measurenent signal K

Eval uation functipis+t Fi PR Jioe, Whddow 8t Time
step A Magnitude fi Frequency A Mean magnitude A
Data record TS Tine range DT Tinme interval T Tine

segnent System part

4 Sensor
6 Pre-amplifier
8 Multiplexer

10 Analogue/digital converter
12 Arithmetic unit

14 Comparing device

l6 Transient recorder

18 Evaluation computer

M Measurement signal

K Evaluation function

Time

Time window
Time step
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Mean magnitude
Data record
Time range
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