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Abstract

Vibration-based damage detection, a nondestructive method, is based on the fact that

vibration characteristics such as natural frequencies and mode shapes of structures are changed when
the damage happens. This paper presents cooperative coevolutionary genetic algorithm (CCGA), which is
capable for an optimization problem with a large number of decision variables, as the optimizer for the
vibration-based damage detection in fixed-ends plates. In the CCGA, a minimized objective function is a
numerical indicator of differences between vibration characteristics of the actual damage and those of the
anticipated damage. The damage detection in fixed-ends plates is used as the test problems. The
simulation results reveal that the CCGA can efficiently identify the occurred damage in the fixed-ends
plate.
Keywords: Vibration-based damage detection, Genetic Algorithm, Co-operative co-evolution,

Residual force vector, Eigen problem, Plate structure.
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fuaddd s = 1 lnaidnassuaznavlussaunon
# (4) Ty sauaNTuaaud (4) 89 (5) Ao M3
1 39UV8INNIYN% CCGA

lugﬂﬁ 2 uFadlALARDINTZUIRAITUAN
289 CCGA °1Jaaaﬁymmsmﬁwﬁmm:awﬁ'qd@sl
17 4 dudslunisdaduls lugdasndn weazad
Fdu09 CCGA unuennitssrulsaadula

>

3. MIAIWIRINI N AR IADU T FIA

q

IRUNHaz R IAARD 9T TNITAI1I THIAN

Waﬁﬁ'ui’@]qﬂi:mﬁ NITATWIHRININ T W

Qs

mqﬂnaaﬁiuﬁﬁ"ﬁmmn [5,6] RNNNTNITLARDUN
wuy'lawnfauas Multi degree Freedom System
A ¥ o dq’
Faazla aadh

[m]{x ()} + [k H{x (O} ={F ()}, (1

Wa [m] waz [k] A8 (n x n ) WAINVDINIALRL
WasNUaIRUII uaz {x} uaz {F} Aa(n x 1)

displacement waz Applied Force Vectors

943

4, 44 A o
aumivl,amuw j NinglwaInusuN1T (1)

wldauannmIeua

[k{v,}—4,[mKv,}={0}, ()

A A A e o fo o

L:ua/ij e {v;} ﬂamvl,amu‘m LRSRUNWDINWAL
Laﬂmaﬂamu Glﬁllﬂoﬁﬂyu

luluaalwludiiafinndraslasizss

WA [k] Tl waINUUaINaIIN expanded

element stiffness matrix 91N divided element

NIRNA

[K1= 3141, ®

\ia [K], W uaUN U expanded stiffness matrix

madLaamu@T‘ﬁ i waz N Aadiuiuuad divided
element

luriueafedInt wasn [m] AoNaTINVD
expanded element mass matrices 370 divided

element NIANG

1= m, @)

A o .
L [m) Wwaaunwad expanded mass matrix

YDILDRLNWAN i WA N A3 1wIuwad divided
element

tﬂl =1 =1 a &/ £ =)

wWadanutFuniaAadnlulatigse aGw
IWELUATNTa9lATIRTNILENANY [k ] SRNTOUEA

. . =

ﬁdwai’sumad element stiffness matrices INR1T
@8 stiffness factors TIRNWUTNWALLGRE N LR
wuwe a, (i=12...N) lagdunaswsanana
=1
WREWE

IINBU FANLUFLNATNVDILATIFININ

a v
LREWAN EJ"DZVL@N’H]’]ﬂ

[k, 1= i a,[k],, (5)

mmaamﬁﬁma%ﬁ]zagﬂuma 0 D91 @

stiffness factor &, = 1 Fl¥iAnisiofundn ld'ld
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FUANMNRLWIY wae &,

0 wWIadeund 1 Us
vaniaiundinldsuanuiemeuisdiunie
Yanua aud1ey lunnsriinsmasesuesanud
ﬁﬁum@uazgﬁﬂLLuUﬂﬁsguT%aﬁgnLLﬂuﬁaa unit
amplitude  vectors  aslasaineflasuaany
WonorunTaUszamladreanaadnuUaNAIT

loinu (2) veslnuaf j asun aunsaNTaden

laas

e

[k v ad = A lml{y;, } = {0}, ()

Wa 4, uaz {v} Aadrlainufldainnis

M Inaaadlagdszanmas unit eigenvector 18

lnuaf j  wananit sunInassuydziuladn
mass matrix 3¢ hilApuudasldiwazainy
EHVRH

N By, B .., B, Aodaulsms

aasulanidn predicted stiffness factors ABNIT

Lmuﬁ predicted stiffness factors Tu (1) uae (2) 92

o

Y lwuaaaladne residual force vector aslnia

'
=

nj

[

luwarigusas £, smunsndwion laasd

(R }=—A,[mHv, }+ Z Bl @)

71 Residual vector {R} 221w {0} dalle
LINNNABIved B, NuReIN B, = o, §nIU
nn i lagnuaaslilddayaluaannuifaniean
NIINA[DI /1jd wae {v} §11I particular mode j

A9 ( n x n ) Residual force matrix [R]

laulay

[R]=[{RHR,}...{R,}], 8)

dvn B, NInNanNdad LoAUANIANG
a @ A s A
2090630 [R] 3z0a9td% 0 TIANINHANWIUN
HIuan [56] Wi duinguszasd (Objective
function) Qﬂﬁﬂuﬁmmmmﬁm diagonal terms
Tuunanud Wekaw

U84 residual matrix

Qs

& & a A
'J@Iﬁ]“]_]izﬁﬂﬂ f VI TNVDILNALGDIAIMNULELAILN
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e o , . i
15-17 ARIAY 2557 3%V WLAK

m@msmﬂﬁgnﬂsuﬁummn residual matrix lag

fgmmu@i’m

S (Bi Boss By) =

e N fasiminvasofunduss n Aas1uIuual
degree of freedom
FITNNENINNTIIG U FIUNTE U RN
a”@qﬂizaaﬂ“luﬁﬁvlﬁmmm [5,6] Fs9u3suitlale
Lﬂumsﬁ,’lLauamsﬁﬁmmm@h’?@qﬂizaaﬁ L6l
Wunmssiniaua CCGA fuIuMImIANuLRIRIY
uHulanzdansia
4. managauilann
ANTATIAFAUANMNLFIR I8 LA RaNAT
gua:LﬁaumaaLLNuIamﬁgﬂﬁ@]ﬁ@ﬁmauw% 4
szutisdyninnaseudu 4 nyd Tavutiany
PWInERUUG L6UA 16 LORLUKA, 25 LORLUUG ,
64 LORLULA WAz 100 LORLUNA a1NE 6L 99z
fauarwIavadukulansinanlidania a1y
1719 1 10AT ANYUETD 1 LUAT WAZ ANNAW 2
VIUALNAT Iﬂﬂaugalﬁﬁwﬁmuﬁﬁtﬁ@mm
oo uuHulanes I uIn 4 LaALUUA luudas
N3tk Wz fn Stiffness factor («,) Twudaznydi

L]

Anaasia b

1 a 6
4.1 ﬂiiﬁﬂﬂﬂaﬂllﬂ%faﬂ& 16 L2ALANKG

& o

= \ a A
ﬂﬁﬂ,LV]@]ﬁE]ULLNuIﬂﬁz 16 LORLUWA AITUN

U
%

3 fwuallofwudisuanudomodasi
WLALNKE 3 IANULRERY 20%
LOALNKE 8 UANULRENY 50%
WALKE 9 JANULRENY 30%

LR 15 JANULFLRIY 90%
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CST-194 15-17 Qa1AX 2557 FIRIAUALUAL

by

v
[

o @ a ed A
OC, = 1 RIRTULDALUUANLARDNINNG (11)

o
15

4.3 NIONAADUUHNIARE 64 LORLNWG

NIHNARDULNULANE 64 LOALNKG AITUN

U

%

5 AR LRI BANTUANNLRIRI L TAI5

LORLNUG 10 FANVLFLRY 80%

LORLNG 36 FANVLRLNY 20%

Lo Y, LOALUE 50 AANNLFWY 60%

gﬂﬁ 3 NINAFOULHULANY 16 LORLIUG

AMNRntnwy

' g LaRNUA 55 JANNLEUNAIY 40%
AaThi Stiffness factor(r, ) \uasdialUh

0, =08, 0l = 0.5, 7
v

ag = 07, (X15 = 01,

0, = 1 SsULERLUBATLARANIRA (10) 50 55

4.2 NIMNAFDULAWIANE 25 LOALNWG 36

]
=

ﬂifﬁﬂ@]ﬁa‘]_lLLN'uIﬂ%Z 25 Laﬁmuﬁ @VGE‘]_]Y]

o

4 $AUA IR0 B LIUANIUAN VLR IR AT

LRI 2 FANNLRLAY 70% .

afluug 15 Januions 30% , %
T 7

Eﬂﬁ 5 NIINAFALUKWLATS 64 LARLUUE

LORLIWEG 16 HANNLRLTAY 20%

LRI 24 JaNNFLRIY 50%

” A9t Stiffness factor( e, ) iluassalUh
7 _ _
O, =02, 0 =0.8,
24 10 36
Olsy = 0.4, Olss = 0.6,
16 0, = 1 SATVLORLUUATLARANIRUG (12)
15

4.4 nSNAFaULHWIAKE 100 LORLNWE

NINARDULNUIARE 100 LARLUUE @”agﬂ
::s' o v a (d'ez a a o ‘é’
71 6 TAWA A LR WANIUA NN RURIITAIT

7 LR 22 TaNULFLNRIY 20%

i

4 - . n e LR 64 TANNLFLNIY 50%
3UN 4 NYMNARAULNKIARE 25 LaRLNUA

LAHA 79 TANuLFLRY 40%
7314 Stiffness factor(«, ) usadelui AL 85 dauLiFunIY 90%

0, = 0.3, Olys = 0.7,

Ol = 0.8, 0Ly, = 0.5,
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ey
7
85
79
64
22
7
S ”

Ej_lﬁl 6 ﬂiiﬁﬂﬂaaULLNuIaM: 100 LﬂaLﬂJu@T
314 Stiffness factor( ¢, ) ueaelui
Oy, = 0.8, Olg, = 0.5,
Olrg = 0.6, Olgs = 0.1,

@
[

0, = 1 MMTULRATLARONINUA (13)
5. HAaN131a a9
N3a9AININALaat189 CCGA funTulmm
A o & = o A
ATNINAFOUNT 4 NTHh LFAIAIATNTIIN 1 Lag
FwanvaiandsaasulalulasiuloudIvaals

WU ﬁ@hwhﬁuﬁwmummLaﬁqu@TﬁgnLL‘u'a

15-17 @ANAN 2557 INTAVDUUAL

(77, = 15) [31] dpaNNUIRL
vu 1.0

Variable-wise polynomial
a ad o ¢ . o
FUYLIDNAUNWUD mutation (7], = 20) [32] a3

ANz 0.5

317131 (Generation)
25

ﬁm%’umsmﬁ@mﬁmau

mﬂ\i‘ﬁl 2-5 LRAINRVYBY Stiffness Factor
nmmdaoulay CCGA  &wmsuns 4 nyd
mmz‘ﬁlgﬂ‘ﬁ' 3 ULEAI NIWLEAIAN Stiffness Factor
Avmwelay CCGA inudasiuiudiaaufiaing
i (Generated  Solutions) vasurulanzfansd
wioidu 16 LoAlund  D9anuavaden Siffness
Facotor @anan2azladn @1 Stiffness Factor 9
vinwalay CCGA dwmsunsdiudnlanzfans 4
N3t unuasyiLen Stiffiness  Factor  ura3s
anindaldin cceA Wnamsvinmsanudeme

' =< & AV v ' v
TBGLLN%IR%&EI@ 4 mmvl,@amagﬂ@lad

@797 2 61 Stiffness Factor Avwslas CCGA

o a A ' =< ) ' a &
mmummumﬂammmmu,mLflu 16 LORLUUG

A < PN & o
N3N 1 MIAIATNITNALeaIVad CCGA . faay . .
_ - LORLUUG o faauf leann CCGA
CRIIE M3A9AN uriass
. .. Taslulawiarsruanasenia N 3 0.8 0.800000
MIBTRRAIAL e .. .
dudsaadula (N winu 16, 8 05 0.501025
(Chromosome coding)
25, 64 1L8x100) 9 0.7 0.699998
Fwuaudsaasulaluud 15 0.1 0.099982
- 1 3
axaldd (Species) g 1.0 0.999381-1.000000

@13197 3 @1 Stiffness Factor N¥inwelay CCGA

o a A ' =< ) ' a &
mmummumﬂammmmu,mLflu 25 Laaldua

wuadia N
Fwudaeulungy 2
1321717 (Population)

91134 Elite Individual 2
Yaspaing (Scaling Factor) 20

(8]

a oamq oA Stochastic universal
sufpuitlwdendaay . .
sampling selection

) ad et o 6 . .
WIUYUIDRAURIWWUD | Simulated-binary crossover

LORLUUG R faauflaan CCGA
U239
2 0.3 0.300096
15 0.7 0.700017
16 0.8 0.800165
24 0.5 0.499988
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5%5] 1.0 0.999918-1.000000

@797 4 61 Stiffness Factor Mvwslas CCGA

o ot = ' = a 1 a (3
ﬁ’]ﬁiUﬂEMLLN%Iﬂ‘ﬁZU@ﬂiEILLL‘]JGL‘f]u 64 LafLuUG

LORLIUA . faauflaan CCGA
IVIERE]
10 0.2 0.199993
36 0.8 0.799979
50 04 0.400179
55 0.6 0.599998
5% 9 1.0 0.999730-1.000000

@197 2 61 Stiffness Factor Aviwslas CCGA

o a ~ ' = a ' a (2
mmummtmu‘[amﬂ@ﬂsmu,mLﬂu 100 LaRLUUG

LORLIUA . faauflaan CCGA
IVIRRE]
22 0.8 0.800008
64 0.5 0.499966
79 0.6 0.599996
85 0.1 0.100584
5% 9 1.0 0.999594-1.000000

1.0

Other Elements

0918
. < g R Element 3
S 081~ 00090 T Tmemmmememme——m e
=] N
< - N
"—: AN Element 3
$ 0.61 1

Element 8

£ .
b 0.5
(2]

5 0.4
[

2 0.3
<

a 0.2

| e

O.OA T T T T
0 2000 4000 6000
Number of generated solutions

gﬂﬁ 3 n3NLEAIFT Stiffness Factor NYiwalag

Element 15

8000

e . . X
CCGA gudadnwmindnaauNainidn (Generated
Solutions) vadnsthuHulanzdansdiutadu 16 Lo

Aa 6
BI¥NZIY

6. a‘gfdwam's*nﬂaaa
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o . ==
15-17 Ci}ﬂ"lﬂ&l 2557 JINIVAULLNG
m”umaui‘ﬁ%aw”ugﬂﬁwLLuuiwﬁfwmmi
LRZYN9UIINAY (CCGA) gmauammﬂwlmﬂzym
A o o oA A A A
Mmanzdmindymmamenimanznganinany
™ Qs a A g
anlslunTaaanla Siluunaiui CCGA
LI WAITAL A WNNITINAATIFROUVDILALALNA L1
' =] A A & AV o
uulanziatsia 3lun13aIchuan laann
LUUINEDY CCGA azmmma;ﬂvlﬁdﬂ Jnsviune
' o <& a = ad
ADNdaIng 4 nyd TagsauninImnueinlany
Umsia gnuiiseas 100 LORLNWG AIBWIINA L
71 CCGA MNNTRNNILLTUAIRANADUFIRITUNNT

o a ] =<
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