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一

FU乙酬 In fe re n e e System (AN FIS) 15 th e n u se d to m o d elth e str u cto re an d Pre dict

th e disP lac em ent re sPo n se
.
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e In tern al M o d elin g Te ehn iqu e a e e ePts Pre dict io n resu lts as th e in Pu t an d g iv e s

u n e e
rta in ty e o o rd in at e s as th e o

utP ut
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Th
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tru
e
tur al dam

a g e o e e

urs un e x Pe e ted ly
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uro
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In tr o d u c ti o n

Str”c

tUr
al dam

a ge id e ni ifi e at io n
(SD I)ha s r ee eiv ed m u eh att

eni io n in th e fi e ld o f a ero sPa ee en
gi n eeri

n g
.

Num
er o u s tee肠q u e s hav e be en in tr o d u ee d fo r the dam ag e d ete etio n o f airc raft stru c

ttir
e s

,

am
o n g wh ieh

th e v ibrat io n b as ed aP Pro ac hes hav e bee n 侧d e ly ex Plo ited
.

T he se m etho d s ar e ba sed o n th e fa ct tha t an y

stru e
tur

e e an b e eo n sid ere d as a dyn

am ie system 侧th stiffh e ss
,

m a ss an d d am Pin g
.

o n e e so m e dam ag es

o ee ur in th e strU
e

tUr
e

,

th e stru
e
tur a l Par am

eter s
初11 ehan g e

,

an d th e tim e 一

hist o ry re sPo n se an d m o d a l

Par am et er s o f th e stl u c h江al syst em w ill al so sh ift
.

Thu
s ,

th e ehan g e o f th e stl刀e
tUr a l m o d al Par am et er s o r

an y o ther fe a位ir es ex tr a eted fr o m th e re sPo n se s e an be tak en as the in d ieat io n s o f ear ly dam ag e o ee

urr en e e

in th e s
trU

e
t’Ur

a lsystem
.

A d iffi eu lty in the Pro e ess o f d a m a g e m o n ito rin g
,

lo e a liz at io n an d sta tu s id enti fi eat io n is han d lin g

v ar io u s un
e e
rta int ies

.

M eth o d s fo r id ent ify in g s
trU

c tur al d am ag e b as ed o n low- fr equ en e y v ibrat io n

r e sPo n se ean be u se d to han dle un
c erta inty

c au sed by n o ise ini erfe ren ee an d m eas ur em en t err o r
.

T his has

su e ee ss fu lly bee n d o n e wi th
wav

e let tr an sfo rm m eth o d [l
一

3 ]
, a dap tiv e n eur o 一

血
z y system [4

一

6 ] an d

int erv al m o d elin g tee

俪que [7
一

9 ]
.

Fu rt he
rm o re ,

the in e o rp o rat io n o f the thr ee m eth o d s g e
ne

rat e s a bett e r

effe et fo r ide ni ify in g stru
e

tur
a ldam

ag e
.

T hi s PaP er Pr esen ts a strU e
t’Ur al dam

a g e id e n tifi Cat io n m eth o d u sing ini erv al m o d elin g tee

hni q u e bas e d

o n n eur o确z Zy syst em
.

W h en tim e ser ie s 15 e stim at ed an d Pr e d ie te d
,

m o d e lin g un ee rt ai n tie s ar e sm al ler if

Pro e essed by ad a Ptiv e n eur a lfuz
z y ln fe re n c e system (A NFIS) than by A N N

.

H o

we
ver

,

A N FIS m ay n ot be

ab le to e op e 俪th n o n 一statio n 田了 dat 氏 if PreP ro c essin g o f th e inP ut an d/ o r o u tPut data 15 n ot Perfo rm
ed

,
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wh ieh c an be effe etiv ely ad dr essed b y u sin g w av e let tr an sfo rm al g o rith rn
.

Fitt in g o f stt”c
tUr

al v ibrat io n

r esP o n se ean b e r ealiZe d b y w av e let tr an sfo rm b as ed ANFIS m et ho d
,

w hlch as a sin g le o

utP ut syst e m ye t

e

ann
o t d iree tly ident ify dam

ag e o fmu lti
一
sens o r stl 习c tt ir e s

.

T his issu e ean be su PPlem ent e d by intr o du ein g

int e rv a lm o de lin g te ehn iqu e thr o u gh in fo rm ati o n fu sio n
.

hit erv al m o d e ling tee俪qu e
,

a

kin d o fPar am
ete r un eerta in ty q ua n tltati

v e m eth
o d su itab le fo r s田m Plin g

eo
ntr

o l syst em
,

has be en us ed fo r ai rc r aft re al
一

tim e s
trU

c
tUr

al dam ag e id ent ifi e at io n [9 ]
.

Th e aP Plieat io n o f

AN FIS an d wa
vel et tr ans fo rm as system fe atUr e ex tra ct or s to sti刀c奴叮al dam ag e d ete eti on an d lo eal iz at io n

un d er d ifl飞r eni ex e itat io n s has b een wi d e ly r e se
are he d

.

B ut th e Pre v iou s stu die s hav e n ot inv o lv e d th e

eo

mb in ati o n o f int erv al m o d eling te e

俪qu e as dam ag e fe atu re extr a eto r an d ANFIS as s
trU

cn汀a lm o d e lin g

to o l
,

Wh ieh ean sub stant ially im Pr o v e dam
a g e id enti fi e at io n eaP ac ity an d has b een Pro v ed in th is PaP e r

·

2
.

In terv a lM o d eli n g T e eh n iq u e a n d A N FIS

Int erv al m o d e ling te ehn ique wa
s Prop o sed to so lv e stru e仅ir a l eert ifi cati o n Pro blem un d e r v

ari o u s

un ee川a inty
eo n d itio ns

.

Fo r syst e m un eerta in tie s in th e Par am ete
r v ect o r

,

inte rv al m o d e ling teehn iq u e

ex tr a c ts system fe at ur e an d ex Pr e sse s Par am
e te r y颐ati o n a s d om inant un c e

rtai nty
e o o rd in at e s

.

Par am
eter

v ect o r Pro ee ssed by int erV al m o d eling tee
hn iq u e e an be reP r eseni e d as

(1)
, (ti)= 尸。 +

艺aj (ti)、
,

j
, l

wh ere 马(ti) 15 th e

jth
elem en t o fth e c o o rd in a te Ve c to r an d 几 is th e a

Vera
g e o f a1lth e p

aram
et er ve c to rs

·

Th e s
trU

e
tUr al d am 吧e ean al so be reg ar d ed as a ki n d o fab n o rm al un e e

rtai nty
a n d b e id e nt ifi e d afte r th e

e o n sti 卫etio n o f d田叮ag e in d ex ex Plo its the sPe eiald istri but io n o f
unc

ert ai nty
e o o rd in at e v e eto r

.

AN FIS
,

th e eo m bin at io n o f允石卿 lo g ie an d n e

ura l n etw o rk
,

Per fo rm s bett er th an sin gl e n eur a】n e tw o rk
o r sin g le fuz Zy syste m in system m o d e ling

.

T her e ar e tw o strU c权ir es us in g n e ur ai n e tw o rk to r ea liz e fu ZZ y

system : 血双y n eur al n etw ork s bas e d o n th e Mam dani m o d elan d o n Tak ag i
一

Su g en o [10 ] m o d el
.

AN FIS
,

a d oPtin g th e latt er
,
refer s to fu 石沙 in fe r en e e syst em bas e d o n

ad aP tiv e n e朴刀o rks
.

AN FIS Pro e essin g w av e let fi it ere d str u etU ra l r esPo n se 15 us e d in thi s PaP er to a ee om Plish str u e
tUr

al

m o d e lin g an d to fina lly ac hiev e

分(无)
二

儿。 (
x
(走
一
1)

, x
(女
一
2)

,

f(无
一
l)) (七

二
3

, 二,

K) (2)

W av e let trans fo rm m et ho d 15 d e v elo Ped fo r its adj us tab le ti m e
一

fr equ en ey w in d o w to reP lae e Fouri er

tr an sfo rm
.

T he e ssen ee o f
wav

elet tr an sfo rm is to exP r ess sign ai s as th e eo m Po sitio n o f sign alProj eetio n in

d iffe r eni w av e let bas e

fun
etio n s

,

thu
s eo n d u c tin g ti m e seri e s data fi lte ri n g

.

D am ag e lo eati o n ean be dete rm in e d by eo

mP ut ing
”

lo eati o n fa etor ,,

男 ((i + l)T) =
(夕介)

T
(刀

‘(‘十 1, : )

}时 日
2 ·

日或+1) :

IIz
(3)

wh
ere l岭 11

2 an d 11, ‘(, + 5 ) : }一
2 ar e E u e lidean le n

gth
s o f ve ct o rs , 夕an d , ‘(, + , ):

.

Th
e ab o v e

卿 15

be tw ee n
一

1 an d 1
.

Ifth e ”
lo eat io n fa cto r ,,

aP Pro a eh e s to l
,

th e n th e dam ag e to b e de term in e d 15 in th e

s

am
e po sition as th e eo

rre sP on din g
”

ba se dam
ag e

, ,

凡
.

Th e ini egr atio n o f w av e let tra n sfo rm
,

ANFIS an d in terv alm o d e ling te ehn ique is d ePie ted in Fig
.

l
.



Z M D e
ng et al / 尸尸口c e edi ngs of IC月F- 20 I3, 12 3一月7 12 5

Fig
.

1
.

Se hem atie diagra m of in te
rva lm o d e1in g tee hn iq u e based on AN下15

3
.

E x a m Ple a n d R esu lts

3
.

了
.

月匆de ling

T he
fha

e la g e strU
c h叮e o f B U A A FH

一

1 e o ax ia lu

nm an n ed he lieo Pter 15 u se d fo r ex a m Ple a n alysis
,

wh
o se

siz e an d shaP e a re sho

wn in fi g 叮e 2
.

Y o un g
, 5 m o du lu s

,

d e n sity an d Po isso n ,
5 r atio o f th e fu se la g e m ateri a l

ar e 2 0 7G Pa ,

7 7 8 0吨/m 3 an d 0
.

3 re sP e etiv ely
.

R ayleig h d a

mP in g m o d el 15 e

mP lo yed to deP ie t th e strU etUr
a l

d am Pin g
,

wh
o se a an d 刀 ar e 3 an d 0

.

0 0 0 1 sePar ately
.

S ix d e gr ee s o f fr e ed o m eo n s
tra in t are

a d d ed to th e

j
o in t o f th e fu se la g e an d the lan d in g ge ar

.

五 a n d人 ar e th e sam e in Fig
.

2
, an d a re us ed to simu lat e th e

e ye]e lo ad in g the bla d e ae ts o n the fu selag e
,

w hieh 15 100 sin (8 0二
·

r)+ 10 0 eo s
(1 60厂

·

r)N
.

T he d isPla eem e ni s

ar e o

utP
u t in th e ta gg e d 14 Po in ts

.

Fig
.

2
.

Fin ite elem
en t m o d e lo fFH

一
1 u n m a n n ed Fig

.

3
.

Med
el o fd a m ag e S I

一

2 e 5 Fig
.

4
.

Mod
elo f d am ag e S4

一
1 0 0

.

he lie oPter fu se l吧
e s

tr’U
ctU re [1 1]

Fig
.

5
.

D a m a g e
ex a m Ple 1 Fig

.

6
.

Ex
a m Ple Z Fig

.

7
.

E x a

mP le 3 Fig 8
.

D am ag
e lo eat io n id en tifi e a tion

T h is PaP er stu d ie s 4 Po sitio n s an d 16 tyP e s o f d am ag e
.

Po sitio n s o f d a m a g e o ee

um
n g in the fo ur

di a go nal b rac es ar e re sPeetiv e ly 5 1
,

S2
,

53 an d 54
.

16 tyP
e s o fd

ama
g e , r ePre se

nti
n g d egr e e o f da ma g e ,

ar e



126 Z M De ng et al. / 尸阳ce e di月gs of I( 泪F- 20 I3
,

12 3-- 12 7

r e sPe etiv ely 5 1
一

2 e 5
,

5 1
一

15
,

5 1
一

50
,

5 1
一

100
,

5 4并
,

5 4
一

12
,

5 4
一

5 0
,

5 4
一

100
,

5 5
一

3
,

5 5
一

12
,

5 5
一

50
,

5 5
一

100
,

5 8
一

3
,

5 8
一

12
,

5 8
一

50 an d 5 8
一

100
.

D am ag e s S I
一

2 e5 an d S 4
一

100 ar e deP icte d in Fig s
.

3 an d 4
.

3
.

2
.

Ide
n t沪

c a
tio

n
of u n kn o w n

da m a g e
tim

e a
nd IO ea tto n

N o w th e id e ni ifi e at io n effe e t th e Pro Po se d m eth o d g en er at es o n tim e an d 加
e o f su d deul y

一
o ee

urr
ed

dam ag e 15 o bserv ed
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