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Abstract:Inviewofthedifficultiesexistingintheaccurateidentificationofstructures’modal
parameters,amodalparameteridentificationmethodbasedonlocalmeandecomposition(LMD)
andband-passfiltering (BPF)wasproposed.Firstly,theLMD method wasusedinthe
decompositionofadisplacementsimulationsignalandafrequency measuringsignalofa
compressorguide vane,and modalaliasing phenomenon existedinthe decomposed PF
components;Then,theLMD-BPFmethodwasutilizedinthedecompositionofthedisplacement
simulationsignalandfrequencytestingsignaloftheguidevane,andeachmodalfrequencywas
accuratelyandsuccessfullyseparated;Finally,theLMD-BPF modalparameteridentification
methodwasemployedtoidentifythemodalparametersofthedisplacementsimulationsignaland
frequencytestingsignaloftheguidevane.The maximum errorsbetweenthefour modal
frequenciesand dampingratiosoftheidentified displacementsimulation signalandthe
correspondingtheoreticalvalues were0.205% and2.387%,respectively.The maximum
differencebetweenthethreemodalfrequenciesoftheidentifiedguidevaneandthetesting
frequencieswaslessthan1.0%,andthemaximumdifferencebetweenthethreemodaldamping
ratiosoftheidentifiedguidevaneandthoseidentifiedbyhalfpowerbandwidthmethodwasless
than0.65%.Thesimulationanalysisandexperimentalstudyofmodalparameteridentification
verifiedthevalidityoftheproposedmethod.
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模态参数识别的LMD-BPF方法及其应用

边 杰,郑锦妮,陈亚农,徐友良,陈运西

(中国航发湖南动力机械研究所,湖南株洲412002)

摘要:鉴于准确识别结构模态参数存在的问题,提出了一种局部均值分解(LMD)-带通滤波(BPF)的模态参



数识别方法。首先,将LMD方法用于位移仿真信号和压气机导向叶片测频信号的分解,分解得到的PF分

量存在模态混叠现象;然后,使用LMD-BPF方法对位移仿真信号和导向叶片测频信号进行分解,成功实现

了对各模态频率的准确分离;最后,使用LMD-BPF模态参数识别方法对位移仿真信号和导向叶片测频信号

进行模态参数识别。识别的位移仿真信号4个模态频率和阻尼比与相应的理论值之间的最大误差分别为

0.205%和2.387%,识别导向叶片的3种模态频率与测试模态频率之间的最大差别小于1.0%,识别的导向

叶片的3种模态阻尼比与半功率带宽法识别的阻尼比,最大差别小于0.65%。模态参数识别的仿真分析和

实验研究验证了该方法的有效性。
关键词:模态参数识别;局部均值分解;带通滤波;压气机导向叶片

0 Introduction
Astwoimportantmodalparameters,modal

naturalfrequencyanddampingratiocanprovidea
valuablereferenceforthestructuraldesignand
optimization,simulationcalculationandanalysis,

loadidentificationandapplication,faultdetection
anddiagnosisetc..Therefore,structuralmodal
parameteridentificationisofgreatsignificancein
thefield of mechanicalvibration.Duetothe
difficultiesinidentificationandpoormeasurement
repeatability, the identification of modal
parameters,especiallydampingratio,hasbeena
hotspotforresearchers.

The modalparameteridentification method
canbedividedintotimedomainmethod,frequency
domainmethodandtime-frequencymethod.The
mostrepresentativetimedomain methodisthe
logarithmic decrement method[1]. The time
domainmethodusuallycanonlyprocessstationary
signals,anditismoresensitivetotheinterference
ofnoise,anditisnotsuitableforthemulti-modal
identificationproblems.Themostcommonlyused
frequencydomainmethodishalfpowerbandwidth
method[2].Thefrequencydomainmethodisbased
onFouriertransform andcapableofidentifying
multi-modalparameters. However,it can be
influencedbyfactorssuchassamplingfrequency,

frequencyresolution and analysis points.The
actualvibrationsignalsinengineeringaregenerally
nonlinearandnon-stationarysignals,andneither
thetimedomainmethodnorthefrequencydomain
methodcandealwithnonlinearandnon-stationary
signals.Inordertodealwithnonlinearandnon-

stationarysignals,time-frequencymethodneedsto
beadapted.Time-frequency methodisa new
modal parameter identification method. The
typicaltime-frequencymethodinvolvesshorttime
Fourier transform (STFT)[3], the wavelet
transform (WT )[4], and empirical mode
decomposition (EMD )[5] and local mean
decomposition(LMD)[6]etc..

STFT is also called the window Fourier
transform,andithasfixedtimewindow width,

which makes the time-frequency resolution
constant.Inotherwords,thefrequencyresolution
andtimeresolutionofSTFTinfluenceeachother.
Ifthefrequencyresolutionishigh,thenthetime
resolutionislow,andviceversa[7].WTlacks
adaptabilityinthelocalizationofsignals,andthe
selectionofwaveletbaseinthetransformhasa
greatinfluenceontheanalysisresults[8].EMDcan
adaptivelydecomposesignals,butithasproblems
suchasoverenvelope,underenvelope,modal
aliasingandendpointeffect[9-10].LMDisanother
adaptivetime-frequencyanalysismethod,anditis
betterthanEMDinsuppressingthemodalaliasing
andendpointeffect[11-12].Meanwhile,italsohas
fast computing speed, and the calculated
instantaneous frequency is always positive[13].
However,LMD itself hasthe modalaliasing
phenomenon[14],anditisalsoaffectedbyfactors
such as measurement noise which may cause
problemssuchasdecompositionfailure[15].

AnLMD-BPFmodalparameteridentification
methodisproposedinthepaper.Themethodis
usedinthemodalcomponentseparationandinthe
modalparameteridentificationofadisplacement
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simulationsignalandafrequencytestingsignalof
acompressorguidevane,whichistoverifythe
effectivenessofthemethodincorrectlyseparating
modalcomponentsandin accurately acquiring
modalparameters.

1 Modal parameteridentification
basedonLMD-BPFmethod

1.1 FundamentalprincipleofLMD
Theessence oflocal mean decomposition

(LMD)istoextractasetofpurefrequency
modulationsignalsandenvelopesignalsfromthe
originalsignal,andaseriesofPFcomponentscan
beobtainedbymultiplyingthetwotogether.The
decompositionprocessofLMDinvolvesatriple
circulation. For any signal, the specific
decompositionprocessisasfollows:

(I)Findoutallthelocalextremumpointsni

oftheoriginalsignalx(t),andcalculatethe
averagevaluesmiofalladjacentlocalextremum
points.Local mean functions m11(t)can be
obtained by smoothing processing using the
movingaveragemethod.

mi= ni+ni+1  /2 (1)

  (II)Calculatetheenvelopeestimatevalueai ,

andtheenvelopeestimationfunctiona11(t)is
obtainedbysmoothingprocessinginthesame
smoothingway.

ai= ni-ni+1 /2 (2)

  (III)Extractlocalmeanfunctionh11(t)from
theoriginalsignalx(t),anditisdividedby
envelope estimate function a11(t) for
demodulation,thenthereis

s11(t)=h11(t)/a11(t) (3)

  Torepeattheabovestepsfors11(t),andthe
envelope estimation a12(t) of the s11(t)is
obtained.Ifa12(t)isnotequalto1,repeatthe
aboveiterative process untils1n(t)is a pure
frequencymodulationsignal.

(IV) Multiply allthe envelope estimate
functionsgeneratedintheiterativeprocesstogain
instantaneousamplitudefunctiona1(t)(envelope
signal):

a1(t)=a11(t)a12(t)…a1n(t) (4)

  (V)Multiplytheenvelopesignala1(t)and
the pure frequency modulation signals1n(t)

togethertogetthefirstPFcomponent:

PF1(t)=a1(t)s1n(t) (5)

  Itcontainsthehighestfrequencycomponents
oftheoriginalsignalanditisasingle-component
AM-FMsignal.Itsinstantaneousamplitudeisjust
envelopesignal,anditsinstantaneousphasecanbe
givenbythepurefrequency modulationsignal,

thatis
θ1(t)=arccoss1n(t)  (6)

  (VI)ExtractthefirstPFcomponentPF1(t)

fromtheoriginalsignalx(t)toobtainu1(t).
Takingu1(t)astheoriginalsignal,repeatthe
abovestepsktimesuntiluk(t)isa monotonic
function.Atthispoint,theoriginalsignalx(t)is
decomposedintothesumofkPFcomponentsanda
monotonicfunctionuk(t),thenthereis

x(t)=∑
k

p=1
PFp(t)+uk(t) (7)

  Constructananalyticalsignalzp(t)through
PFp(t)anditsHilberttransformH PFp(t)  .

zp(t)=PFp(t)+iH PFp(t)  =ap(t)eiθp(t)

(8)

1.2 LMD-BPFMethod
Just like the EMD method, LMD can

decomposeanoriginalsignalintoasetofmodal
componentswithfrequenciesfromhighfrequency
tolowfrequency.Actually,similartotheEMD,

forsomesignalssuchasfreeattenuationvibration
signals, LMD has a serious modal aliasing
phenomenon,anditcannotextracteach modal
component, thus affecting the effective
identificationforeachmodalparameter.Aimingat
thisproblem,amethodnamedLMD-BPFmethod
wasproposedtorealizetheeffectiveseparationof
differentmodalcomponentsbyadoptingaband-
pass filter (BPF) to improve the LMD
decomposition process. The concrete
implementationprocessofLMD-BPFisasfollows:

InStep(V)oftheLMDdecomposition,the
firstPFcomponentisobtained.Asthereexists
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modalaliasing phenomenon,the obtained PF
componentisnotstrictlyaPFcomponent,andit
can be denominated as a pre-PF component.
Therefore,aftertheStep(V),themodalaliasing
ofthePFcomponentneedstobechecked.Firstly,

amplitudespectrumpre-PF1(ω)ofthepre-PF1(t)

isgainedthroughthefastFouriertransform.If
pre-PF1(ω)hasq q≥1  resonantpeaksandq>
1,then the average frequency f1,BPF(ω) =
f1,q(ω)+f1,q-1(ω)  /2 of theqth frequency

f1,q(ω)andthe(q-1)thfrequencyf1,q-1(ω)is
calculated,andthefrequencyf1,BPF(ω)isregarded
asthehighpasscut-offfrequencyofthebandpass
filter.Then,thetimedomainsignalPF1(t)is
obtainedthroughinversefastFouriertransformof
thefrequencydomainsignalPF1(ω)afterband
passfiltering.Thepre-u1(t)isthenobtainedby
subtractingPF1(t)fromx(t)andpre-u1(ω)is
gained after the Fourier transform of the
pre-u1(t). Furthermore, u1(ω)is acquired
throughbandpassfilteringofthepre-u1(ω),and
u1(t)isobtainedbyinversefastFouriertransform
oftheu1(ω).Meanwhile,theu1(t)isregardedas
theoriginalsignaltorepeatallthestepsofLMDin
section 1.1. Then the second pre-PF2(t)

componentis obtained.Similarly,the modal
aliasing evaluation for the component of
pre-PF2(t)isalsoimplementedbyrepeatingallthe
abovestepsofmodalaliasingevaluationforthe
pre-PF1(t)component,andthePF2(t)component
isthengained.Repeatallthementionedstepsto
completethewholedecompositionprocessofthe
LMD-BPF, and obtain a series of PFp(t)

componentsanduk(t).
Whenimplementingtheabovemodalaliasing

evaluationforthePFcomponents,ifq=1,thenit
meansthattheobtainedPFcomponentisnormal,

andthemodalaliasingphenomenondoesnotexist.
Inotherwords,thePFcomponentdoesnotneed
tobeprocessedbythebandpassfilteringatthis
time,sothereisPFp(t)=pre-PFp(t).Itis
extractedfromtheformerresidualsignalandthe
decompositionprocessofthenextPFcomponent

willbedirectlystarted.
Itshouldbenotedthat,comparedwithLMD

anddirectband-passfilteringmethod,theLMD-
BPF method proposed in this paper hasits
innovations.Thedirectband-passfilteringmethod
isonlysuitableforstationarysignals,whiletest
signalsinengineeringareusuallynon-stationary,

andthedirectband-passfilteringmethodhasits
limitations in processing these non-stationary
signals.Modalaliasingispronetooccurwhennon-
stationarysignalsareprocessedthroughLMD.It
cannoteffectivelyobtainsingle-modesignalsthat
canbeusedformodalparameteridentificationby
usingLMD.WhiletheLMD-BPFmethodinthis
papernotonlyutilizestheadaptivedecomposition
abilityofLMDtonon-stationarysignals,butalso
overcomesthedefectsofmodealiasingeffectively.
Compared with the direct band-pass filtering
method,theLMD-BPFmethodnotonlymakesthe
signal mode decomposition adaptive,but also
ensuresthecorrectnessandvalidityoftheresults
ofthe signal decomposition. Meanwhile,the
LMD-BPF method effectively decomposes non-
stationary signalsinto a series of stationary
signals,andFFT-IFFTisobviouslyapplicableto
stationarysignals.
1.3 Modalparameteridentification

Modalparameteridentification (MPI)isa
significantresearchitemformechanicalvibration
analysis,anditisofgreatsignificancetolearnthe
vibrationcharacteristicsofamechanicalsystem.
Foramulti-degree-of-freedommechanicalsystem,

thedisplacementresponseunderpulseexcitation
canbeexpressedasthesum ofdisplacement
responses of several single-degree-of-freedom
systems[16-17],thatis

x(t)=∑
k

p=1
xp(t)=           

∑
k

p=1
Ape-ζpωnptsinωnp 1-ζ2pt+φp  (9)

whereAp ,ζp ,ωnp andφp are displacement
amplitude coefficient, modal damping ratio,

naturalangularfrequencyandinitialphaseofthe
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pthmode.
For the condition of small damping,

contrasting expressions (8) and (9),the
instantaneousand amplitude andinstantaneous
phasecanbeexpressedas:

ap(t)=Ape-ζpωnpt (10)

θp(t)=ωnp 1-ζ2pt+φp (11)

  Takelogarithmonbothsidesofexpression
(10),thereis

lnap(t)=-ζpωnpt+lnAp (12)

  Accordingtoexpressions (11)and (12),

instantaneous phase curve and logarithmic
amplitudecurvecanbegained.Then,theyare

fittedusinglinearfitting,andthemodalnatural
frequenciesanddampingratiosofstructurescanbe
identifiedaccordingtotheslopesofthefitted
straightlines.

Therefore,themodalparameteridentification
methodbasedonLMD-BPFcanbesummarized
throughtheflowchartshowninFig.1.Itmainly
includesthesinglefrequencycomponentjudgement
forthepre-PFcomponentobtainedthroughLMD
decomposition,bandpassfilteringprocessingand
modaldamping parameterscalculationthrough
solvingtheslopeoflogarithmicamplitudeand
phase.

Fig.1 TheflowchartofmodalparameteridentificationbasedonLMD-BPF

2 Simulationanalysis
  Generally,low-ordermodesdominatethe

displacementresponseofa mechanicalsystem.
Accordingtoexpression(9),asimulationsignalof
displacementresponseisconstructedasfollows:

x(t)=x1(t)+x2(t)+x3(t)+x4(t);

x1(t)=5e-0.001×5000tsin5000 1-0.0012t+π/10  ,
x2(t)=9e-0.008×2500tsin2500 1-0.0082t+π/8  ,
x3(t)=10e-0.02×1500tsin1500 1-0.022t+π/6  ,
x4(t)=6e-0.04×300tsin300 1-0.042t+π/4  

(13)

  Thesamplingfrequencyandsamplingtimeof
thesimulationsignalare2048 Hzand0.4s,

respectively.Thetime domain waveform and
amplitudespectrumareshowninFig.2(a).From
expression (13),itisclearthatdisplacement
responsecontainsfourmodalcomponents,which
correspond to the four components of the
simulationsignalinFig.2(b).Ifeachmodecanbe
separatedfromthesimulationsignal,themodal
parametersofeachmodecanbeextractedusingthe
modalparameteridentificationmethodofasingle-
degree-of-freedomsysteminthesection1.3.
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Fig.2 Timedomainwaveformandamplitude
spectrumofasimulationsignal

Thesimulationsignalwasdecomposedinto
fourPFcomponentsusingLMDmethod,andtheir
timedomainwaveformsandamplitudespectrums
weredisplayedinFig.3.ContrastingFig.3(a)and
Fig.2(b),itcanbefoundthatthetimedomain
waveformsofthefourPFcomponentsobtainedby
LMD decomposition havesignificantdifferences
from those of the four components of the
simulationsignal.Meanwhile,fromtheamplitude
spectrumsinFig.3(b),itcanalsobefoundthat
the PF1 component contains several modal
frequencies,andthePF2toPF4componentsdonot
coincidewiththecorrespondingfrequenciesofx2to
x4. These results suggested that,for the
simulationsignal,modalaliasingexistsinthe
LMD decomposition results, and the
decompositionresults are not a single modal
frequencycomponent,andtheydonotmeetthe
basicconditionthatmodalparameteridentification
isonlyapplicabletoasingle-degree-of-freedom
system.Therefore,thedecompositionofLMDfor

thedisplacementsimulationsignalfailed.

Fig.3 LMDdecompositionresultsofthesimulationsignal

LMD-BPF method also decomposed the
simulationsignalintofourPFcomponents,and
thecorrespondingtimedomain waveformsand
amplitudespectrumswereillustratedinFig.4(a)

and4(b),separately.Thetimedomainwaveforms
ofeachPFcomponentinFig.4(a)areingood
agreementwiththoseofeachcomponentinFig.2
(b).Furthermore,theamplitudespectrumofeach
PFcomponentshowninFig.4(b)isasinglemodal
frequencycomponent,which demonstratesthat
theLMD-BPF methodsuccessfullyrealizedthe
separationofeachmodeofthesimulationsignal,

andthecorrectsinglemodalfrequencycomponents
areavailableforthefollowing modalparameter
identification.

Sincethesingle-modecomponentscannotbe
effectively obtained through LMD,the modal
parametersofLMDresultscannotbeobtainedby
usingformulas (11)and (12).Therefore,the
modal parameters of the simulation signal
identifiedbytheLMD-BPF methodcanonlybe
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comparedwiththetheoreticalvalues.
ForthefourcorrectPFcomponentsobtained

through the LMD-BPF decomposition, the
instantaneousphasecurvesandthelogarithmic
amplitudecurvesofthefourPFcomponentwere
obtained,respectively,accordingtoexpressions

(11)and (12).Andthefittedstraightlinesof
them werealsogainedthroughlinearfitting,as
showninFig.5.The modalparametersofthe
displacementsimulationsignalcanbecalculated

accordingtotheslopesωnp 1-ζ2p and-ζpωnpof
thefittedstraightlines.

Fig.4 LMD-BPFdecompositionresultsofthesimulationsignal

Fig.5 InstantaneousphaseandnaturallogarithmamplitudeofeachPFcomponentaftertheLMD-BPFdecomposition

  The comparison results of the modal
parametersofthesimulationsignalidentifiedby
theLMD-BPFmethodwiththetheoreticalvalues
wereshowninTab.1.ItcanbeseenthatLMD-
BPF methodcomparablyaccuratelyextractedthe

four modesofthesimulationsignal,andthe
calculatedmodalnaturalfrequenciesanddamping
ratioscoincidedwiththetheoreticalvalueswell.
The maximum error of the modal natural
frequenciesemergedinthefirstorder,withan
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errorof0.205%.Andthemaximumerrorofthe
modaldampingratiosappearedinthefourthorder,

withanerrorof2.387%.

Tab.1 Modalparameteridentificationresultsofthedisplacementsimulationsignal

Mode
Theoreticalvalue

ω(rad/s) ζ

LMD-BPFmethod

ω(rad/s) ζ

error/%

ω ζ

4th 5000 0.001 4999.1 0.00098 0.017 2.387

3rd 2500 0.008 2499.7 0.00815 0.010 1.851

2nd 1500 0.02 1499.6 0.01961 0.029 1.950

1st 300 0.04 300.6 0.04019 0.205 0.476

3 Modal parameteridentification
researchesforaguidevane
AsshowninFig.6,compressorguidevanes

werefixedwiththeinnercasingandoutercasing.
Thestaticfrequenciesoftheguidevaneswere
testedundertheirfixedcondition,andthetest
frequencyrangewasfrom0to10000Hz.Inthe
test,thetypePCB352B10accelerationsensorwas
installedatthepressuresurfaceoftheguidevane,

nearthebladerootandthetrailingedge.The
middleofthetrailingedgeoftheguidevaneatthe
sideofthepressuresurfacewasknockedbyasmall
steelstick,andthentheguidevanevibratedunder
thepulseexcitationforce.Thevibrationresponse
signalsmeasuredbytheaccelerationsensorwere
connected into data acquisition and spectrum
analysis system. The spectrum diagram was
obtained through FFT analysis,and through
identifyingthefrequencyvalueofeachspectral
peakinthespectrum,thestaticfrequenciesofthe
guidevanewithinthetestfrequencyrangewere
gained.Fromeachspectralpeakinthespectrum
diagram,theguidevanemodaldampingratioofa
certainorder modecanbecalculatedemploying
half power bandwidth method. The collected
frequencytestingsignalanditsamplitudespectrum
oftheguidevanewereshowninFig.7.Fromthe
amplitudespectrum,itcanbefoundthatthere
werethreemodesexistingintheguidevaneinthe
frequencyrangeof0to10000Hz.

Thefrequencytestingsignaloftheguidevane
wasdecomposedintothreePFcomponentsby

Fig.6 Theschematicdiagramofcompressor

guidevanecomponent

Fig.7 Timedomainwaveformandamplitudespectrum
ofthefrequencytestingsignalfortheguidevane

LMD, and the decomposition results were
demonstratedinFig.8.Fromthetimedomain
waveformofeachPFcomponentinFig.8(a)and
theamplitudespectrumofeachPFcomponentin
Fig.8(b),itcanbeobservedthatthephenomenon
ofmodalaliasingandincompletedecomposition
existedinthePFcomponentsoftheguidevane’s
frequencytestingsignalobtainedthroughtheLMD
decomposition.Inotherwords,thethreemodal
componentsoftheguidevane’sfrequencytesting
signalhadnotbeenseparatedsuccessfully.

Basedontheabovedecompositionexperience
ofthesimulationsignal,thefrequencytesting
signaloftheguidevanewasdecomposedintothree
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Fig.8 LMDdecompositionresultsofthefrequency
testingsignalfortheguidevane

PFcomponentsusingtheLMD-BPFmethod,and
theirtimedomainwaveformswereshowninFig.9
(a)and Fig.9(b)weretheircorresponding
amplitudespectrum.ContrastingFig.9(b)with
Fig.7,itcanbefoundthattheLMD-BPFmethod
alsosuccessfullyrealizedtheseparation ofthe
three modalfrequencies ofthe guide vane’s
frequencytestingsignal,whichprovideduseful
datamaterialsforthefollowingmodalparameter
identificationusingmodalparameteridentification
methodofthesingle-degree-of-freedomsystem.

Similarly,becauseLMDfailstoseparatethe
three modalcomponentsoftheguidevane’s
frequencytestingsignalsuccessfully,the modal
parametersofLMDresultscannotbeobtained
throughEqs.(11)and(12).Therefore,themodal
parametersoftheguidevane’sfrequencytesting
signalidentifiedbytheLMD-BPFmethodcanonly
becomparedwiththetestvalues.

Themodalparametersoftheguidevanewere
identified usingthe proposed modalparameter
identification method of the single-degree-of-
freedomsystem,andwerecomparedwiththetest

Fig.9 LMD-BPFdecompositionresultsofthefrequency
testingsignalfortheguidevane

modalfrequenciesandthemodaldampingratios
acquired through the half power bandwidth
method.Accordingtoexpressions(11)and(12),

the instantaneous phase curves and natural
logarithmamplitudecurvesoftheguidevane’s
frequencytestingsignalweredrawn,andthefitted
straightlinesofthem,showninFig.10,were
obtainedthroughlinearfitting.Similarly,the
modalparameters ofthe guide vane can be
identifiedfromtheslopesofthefittedstraight
lines.

Theidentificationresultsofmodalparameters
oftheguidevane’sfrequencytestingsignalwere
demonstratedinTab.2.Thetestvaluesofmodal
frequencies were obtained through the static
frequencytestoftheguidevane,andthetest
valuesofmodaldampingratioswerecalculated
fromtheamplitudespectrumasshowninFig.7
throughthehalfpowerbandwidthmethod.Dueto
the influence of the uncertainty and poor
repeatabilityandsomeotherfactors,itisdifficult
toaccuratelyidentify modaldamping.Asthe
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fundamentalmethodofdampingidentification,the
halfpowerbandwidthmethodisalsovulnerableto
being affected by factors such as sampling
frequency,frequency resolution and sampling

analysispoints[18].Therefore,itsresultscanonly
provide a reference for some other damping
identificationmethods.

Tab.2 Modalparameteridentificationresultsofthefrequencytestingsignalfortheguidevane

Mode
Testvalue

f/Hz ζ

LMD-BPFmethod

f/Hz ζ

difference/%

f ζ

1st 1328 0.0407 1341.0 0.0409 0.980 0.602

2nd 2969 0.0270 2971.4 0.0272 0.080 0.549

3rd 6250 0.0463 6270.9 0.0461 0.335 0.398

Fig.10 Instantaneousphaseandnaturallogarithmamplitude
ofeachPFcomponentaftertheLMD-BPFdecomposition

  Tab.2demonstratedthe modalparameter

identificationresultsoftheguidevane’sfrequency
testingsignal.From Tab.2,itcanbeobserved
thatthemodalfrequenciesidentifiedbytheLMD-
BPFmethodwereclosetothefrequenciesofthe
staticfrequencytest,withthemaximuerrorno
morethan1.0%.Thegreatestdifferenceofthe
dampingratiosidentifiedbytheLMD-BPFmethod
andthehalfpowerbandwidthmethodemergedin
thefirstorder,withthevalueof0.602%.In
conclusion,the LMD-BPF method successfully
identifiedthemodalparametersoftheguidevane,

andtheaccuracyoftheidentificationresultsisalso
high.

4 Conclusion
Throughtheresearchesofmodalparameter

identification for the displacement simulation
signalandtheguidevane’sfrequencytesting
signal,severalmainconclusionscanbedrawnas
follows:

(Ⅰ) When decomposingthedisplacement
simulationsignalandtheguidevane’sfrequency
testingsignal,modalaliasingphenomenonexists
intheLMDmethod,andtheLMDmethodcannot
effectivelyseparatevariousmodalfrequenciesfrom
theoriginalsignal,andthesignalsafterthe
decompositiondonotmeettheprerequisitethat
modalparameteridentificationshouldbecarried
outonasingle-degree-of-freedomsystem.

(Ⅱ ) The modal parameteridentification
results of the displacement simulation signal
demonstratedthatfourcalculated modalnatural
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frequenciesanddampingratiosthroughtheLMD-
BPF modalparameteridentification methodare
closetothetheoreticalvalues.The maximum
errorofmodalnaturalfrequenciesisnotmorethan
0.25%,andthemaximumerrorofdampingratio
islessthan2.5%.

(Ⅲ ) The modal parameteridentification
resultsoftheguidevane’sfrequencytestingsignal
illustrated that three modes exist in the
compressorguidevaneinthefrequencyrangeof0
to10000 Hz.TheLMD-BPF modalparameter
identificationmethodsuccessfullyidentifiesthese
threemodes.The maximum errorbetweenthe
calculatedmodalnaturalfrequenciesoftheLMD-
BPF modalparameteridentification methodand
thetestfrequenciesoftheguidevanethroughthe
static frequency test is below 1.0%. The
maximumerrorofthecalculateddampingratiosof
the LMD-BPF modal parameter identification
methodandtheidentifieddampingratiosbyhalf
powerbandwidthmethodislessthan0.65%.

(Ⅳ)Thesimulationanalysisandexperimental
verificationofthemodalparameteridentification
showedthattheLMD-BPFmethodcanaccurately
realizethesignaldecompositionandobtaincorrect
modalcomponents. Meanwhile,the calculated
modalparametersthroughtheLMD-BPF modal
parameteridentificationmethodhashighaccuracy
andcansatisfytherequirementsofengineering
application. Therefore,the modal parameter
identificationmethodbasedonLMD-BPFcouldbe
appliedinengineeringtosomeextent.
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