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2. Delamination shapeprediction
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(c) Control points (CPs) and control lengths (CLs)
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2. Pefi nition of evolution model s

Let us hasvsod ot ihté it lc anmbaédel ed as
ar Q0 P (1)

wh e the subscripk means thé-th timestep & i s ctohned e o,lg)t is thedifferencein the number
of load cycledetween the step of tlid occurrencézero forall CLsin this study andthetime stepk, "Q O
I & ddartialwer tgiovremag t he | engtheenmoinbéd garg Blistasvector
of modelparameters

Gi v & Imumcertainties in thelelamination growththe parameter® ar e a s svuameyd it
di f fepenitnehsea mef strucsbhoe)] dabend dadktemp mrse matdsd etdo |
the statenhvepdeabaded onpacetmnmdcdcel i ncluding th

equataisoonsl,ows:

an QO Py @)

I n the I|Isayatnmageat hempr oneass r e mead pNoti estelstt aatt e s |
mo dfedort ICdirs he fsammud sali @wde thar samo untutoifl imoedke|fsor s
akth egephaft Chat aat 8thbaadEvhetdep wi | | be embedde
b a ssecdh exlue to the assumption tfeindependent evolutiofor each €.

This choi csep aocfe,t hwehiscdha,t eas already stated, i
based descriptions of the delamination ®lsdapenad:
the parameters ohgathiet progressvendesctihlei shape
at a given |l oad cycl e, t he most updated esti ma
used to pr CjLescgtl amf@é¢ | yutt wr € e c o n sttirounc.ts Ataheee ufsuet uorf
filtecaathogsproblem into a sequenti al Bayesi an
for onitime, appadli cati ons. At -melren 3gamaotm wea, kt laes
for the augmented states representing the ©pos
adaptability of the filter with respect to both

and sudden changeavimmrthaspsogwasdgioon exampl e i
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To betdl e more specific, uncertainties (or

and environmental effects usually result in dif
state evolutions), asl astheostbyniclee ttahmee espeaint
I nto a model, for example, we can hardly find a

As al so descr i ®oefd uanbcoevret,a itnhtei eesf foencud a mang e ag reo wth
automatically in the particle filter frameworKk

state evolution) model, as validated 3°n 2hany ot

23Par t i c-bae df imotdeerl updating

Following a Bayesian approach, the unknown state vectde-thtstep P; can be inferred from the

measurements follows:

NPE Yag LNPRrPr NPy Spg P ©)

NPR dPig O NaR PrNPr rg (4)

whessg are the measur ement s ketohlel efc@paRys f andrimi;tPi; me
st andtshef otrransi tandthel diket i ihlowwh idad mrovéni bgthre process and
measurement equations, respectivelpd finally n Py »xg andn Py »yq are the pr
posterior probabiditesdestivblUyion function
EgatiB3namdform the basis for therapel ypapo 8Bsa
analyticalhya oahnhdudn@@eads si anTheejoret themsampling importance
resampling (SIR) PE* %is used in this studgs an efficienand generastate estimatiotechnique Table 1
lists a pseudecodeimplementatiorof the SIR PHor one CL Note thatat each time ste@ number of PFs

equal to the number of active CLs are running in parallel and independently

Table 1 Sampling importance resampling particle fibkerone CL

| ni ti adr NaptairotniPgdQeatBh) from t ke sitmi®judl
Fork=1, 2, é,
Prediicrt idrfilNyp ar t iPgdQemitiBh) b yPx | PP
Wei ght :ualdathlea we)i gyt ® n ar P ,and assign its
normalized formy to each particleP j

Resamplefor P dQ pltiB i) using the particle weightsdh dQ plgi8 H)




Appr o xeit mat e Pt ianfast e—B Py

End

24Fut Wdred ami ssilmagreendi ct i on

The t d@rhg estaPdfMi cat iporedii cftu h@drsdadsfe d on t he upPg,at e
then | ocati nagnfdimelfl wt croems@Ructi ng .They faubmbienidr
evol mbideyEq . (tlhke anpodit eriobusi panBmeyer bj¢ h st e

ahead Ithedlcan be calculated as in Table 2

Table 2 Calculation diuturel-th controllength

Fori=1:Np
Forj=1,2, 3, &

Calcufuamémﬁv'eaajg‘ Q0 Py

En d
En d

Fi grmevsbaw t hi s mfedorimed f wowhkiel e3 ttehpepr ocedur e
t@altlhe other FigQgme StheaasnsdZm@Wdconfi de e(c@&Bshdo und
preadtatf oee ,stwhp chbe awmsle¢dhiceditperor r espo,adi pd oCP e d
2( bBy. resorting to ,ae,tlue v K&IASfLuAmcitnigo, nsstéreadt cevgnydtdhpei s
del amisnhaatpeepn nbe constructedabyshie&é eN ati da tgsei rnep | CeF
will be utsltkelsasorméeg€Bs i nto a gl todbshey iwg€ B hfi onr t dhe
del amisnhaawiebe adopted floorwpbhaoGB Oddlga milsagwkoinl e t F
out si de t haer eméuasne dg bp@® |

Fi nand pyibntende cumul ative rel?dt iaveeavc CRrAa Gy (d(
study to evalodatee sthhaeg ag-tphr reeadhtesgtpde d d on t lkkehea$ em

hh hh

0YH —B p —m— ()

wheo emeamnlsneu modr refer(RiLedachi nésrwasyit ahti mghanten he

7



(RPimgefyined ast hemageenn)evi thinér shghie hxali r et i on,
I s dti lsetbaentcweeheena R® t hseh dppeear ¢ entt bweigh h s p Rcwh e t@ asi s h e
di sthaentcveeen t he RP anpdertihmee amrreschioomne diNmsthEaitpdelefagd 2
I ndi catlorensibpe] ¢ i,wheahebegr CRA means a mqgr e nac cvi

versa.

1\/3
X X
(o} Mean o)
Mean é \L X
—
3 X--%0%0 O -HXKOX--X4 X0X XOX
5 ¥--%0X%0 OX-OX---X6 X0 X XO0OX
—— 0
CB X V X
- (5 CB fo)
CB X X
¥
14
(a) Predicted CLs (b) Predicted CPs

CB X

(c) Predicted shape (d) Performance metric
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NotéeCL, OO6CHBOR atn dLordeRa@ ® nt r od, |decnogntthc oin f p o ie m ¢ &
Oreferemne poicitedtcacpredti Nedl y.

3. Application

The <context of the engineering application of

i nformation on the source of the data used and

3.1 Expesemept al

The proposed framework is applied totdfaitli gue f
experi menipd ya mb pcorxoys sl.a mTtinmeasiveerseo n d uwcd ieadg sdrydo a u l
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I nstroallBlOemidiemtiecn madhyidmea uvii(tshee!l #mgyceo m3 Q&
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the fatigue test3 data are given in Tabl e

TabB8BMechanical and manufacturing par a
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Monitoring data were collected from | aser e

t her mogr agpchayn afnodn eCofl €l ami nati on monitori-aganadtbs
are used for ace@epoanr measnrpmepts WEPE B8ad0iodA
l ngeni eur barsoy sre.meHIiFlilgguawvet B @b ®MIid2z ut ameh @rmp | i |
to 106 [dB] FngQO0r& B@B8) skeawms. anagaemmlbe b@nedpdu



(a) Fatigue test (b) Ultrasonic C-scan system
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(c) Sample delamination image at 10000 load cycles for specimen S1

Fi g3Faeé¢ i g Uexcrdpeossti t e panel-swmbhi tbydgtagmoni

3.12Zmapgeocags

Figdskkewtfloat dms processi ng -stchae Ir aamv i nmalattg ®oans dt ehnet |
contr ol pocobhsr 0 CEHLEHgEmRhs Hlkaesn a sequence of act
alarm is drawn by a damage detection and | ocal.
Ml mage caPpplijmibect anigrhggenten 6é del,dmi reattirce
frarnreaiwma geaah | osatdd pcoyucghe speci fic for the case
case, the rectangle di ménaidmr oan dlenatgened za&cc
authorities or airworthiness.
(iBx)tracei ami obhitTb@rBunp tvd dae sme a stueg edegt h of d
suchat hawer imewmthes deeperwidéli aamitrhabtiicame smatgeener |
t humb dmpécisf iaptpHd cadn tomwars hiesl asrelae cwleameadt htsed s
t habn diBhough a vi sual check i oftdckoptaed eli erdee | faoni

automatic del amination contour identi fication i

10



unavoi dakmlientwncer
(ibefHinition wfseggainiddtlbineeesgment ochéeéedmage-yhe
coor dxna22s5, ,2nd-56., 3,2.05.wh,er e t he unmrjs are ex|
(1efinitiolLdfhGELscamdhe itmtéarnseedct i ons bet we
t he del ami nmahteirbehaesc €hsoar e taken as t hec arirsesapnocn
cremasr ker s .

X [mm]
70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 180 195 200 205 210 215 220
1 1 1 1 1 1 1 1 1 1 1 1 L 1 L 1 1 1 1 1 1 1 1 L 1 L 1 L l, - L

50

554i

| 55 X 15 mm

E 65

£

> 70
754"

804"

85

DR. HILLGER

"""""""""" INGENIEURBORO
[dB]
(ii)
F
(iin)
(v) _ B T +
1 PTENT S A N— A ,
3 ¥ 4 -22'2’2::::___:’-:T:I:--::::::E
5 x 6 ;&:) '5)5 ———————————— 1——::———: ————————————— x
7 ¢ 8 S T
- 1 ] 1
0 — e %
0 225275325 55

x direction [mm]

Figudlemage processing procedure

Thelel ami nataitondidhepent | oad Sclganfishréewtr a bt e
Steps (,andanmndye (wieimy ¢ n AN@teen dtr ixeetA cfh . tshdee £ & megnrastw o
undaersi mi | ar ppetptaggran ,exsli.ade @t Giettnh e aldu da h @ wydiitormedc t |
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3.Modelaindg PF parameters

Given the demonotfr ptoé gy npeni fadr haant dagng afiat s ep nd
or deorl ynfomm@att i on map a-€ b pattdh et mulmbad oycl es, as

A Nr0O  NarO N fR (6)

whetrlee pol ynominglnpcaonalf;fairtea leean sas t he evoh#tLon

Thulse 4t at e fsoprd-ttbh etattnthd®le f or mul at ed as

f]ﬁﬁ rjﬁﬁ 1 kA

A hi N hi 1 Fh

Men N R T (")
A Nr0O  NaO Nwr &

wheTr el randpare ptrloees,s ahnadiss Biehaes ur e me n Ad adigti iskeenran

smoot?fisngdopted to improve the estinmatianny pearsf
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al ready: .dSiealg itnheet gpraarsamne edmpleemcekernel smoot

as

Nrr WP "QN ki p Wp Qnky 1 i €S)

wherenHy, | the esoinmatenhi s the kernel sTthaeo tshaimmeg ppre
apptibode ot her thwanpgar ameters

Ne xhe rmodcaltthhoiBlpdatidégdn i ndepPBvihd&Bripanr a sted ea
been sel ect eadnerhroou gla wa wtendirald. MGa b | d ett ma | esff foehchtes
par amet eersgs iamattehend coahi dendubadsu dbearmper of p
30t hset andar d devti l[dei ikeerd i (9 B 0 )hkéeurmncetli osnmo o t 3nti mey ipmail

randylastdhper oc e s’ ,dfoiilsee some comments are pr ovihekec

initialoffamgaedel par ameters.
TabdParticl eef @& ot ettbhgeratr raam |l ength
Number ofNopa STD in I|ikel,ih Kernel smoothi
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1 g mhp pm 1 g T pm 1 g Tip
Not(eat d i andhh ar ePBle ameters faoitdatf i(ned ket

50and Oi ndiucnatfeor m di Sausbuanoprabdbil|l regpdehns

Though one can expect algorithm convergence
order to | imit the number of particles and to
i n waltlhke del ami rfatoino ntcwiomasyxees ar e used to #Atrai
par ameter s, while those from a third speci men
trainiSzzgnd¥Brnd t eStairerg shhimwn i n Section 8owmbi whi.i
i's provided in Section 3.5.

A gener al bel i ef f or dthhei sprkeidndcctofonpr ovbh Il é m
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i ncreasing number of i magantior t @és )m maped fberc
enoafgwor di fferent applications (or different sp
of |l oad cycles for the same speci men), the def
hardly be cdlhawsl ataecdp eomelmiadaet.i en coul d be to use

I n oruwssao rGdos ff oaiohheagi ni ti al r angeac ho fCL heev
mo d,edf ourQlebeanve chaesmsi fogdolmse®d expeéediemidlaariisittiye,d
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(d) Prediction based on the parameter estimates at 17500 load cycles, specimen S3
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