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TOM TAT:

Trong @ hoc pha fiiy, viéc tim ra ét nat trong &im 1a mot van dé quan tong nhing
la mot dieu khong d dang,dé tim ra \ét nat nguoi ta dung may do tim siéu ando
nhieu xa...Tuy nhién, khi kt cau c6 chira et nut thi cacdic tinh @ia né nlr tan & dao
dong tr nhién, hinh @ng daodong...< bi thaydoi. Trong roi dung @a bai bao nay tac
gia s& trinh bay ndt phuong phap xadinh et nat trong tm FGM dra trén & phan tich
hinh cang daodéng aia im bang phép phan tich Wavelet.

Trong thrc t c&c an s va hinh dng cac daaiong aia im bi nat thuong duoc xac
dinh king céac thit bi do lwong, dr liéu cia hinh dng daodéng sau khido dac & duoc
xu |i saudd < dung lam tin Kiu phan tich Wavelei¢ tim ra \ét nat. Trong bai nghién
cau nay, tac gi dé xuat dung pheép leh doi Wavelet hai chéu d€ phan tich hinhghg
daodong aia tam, ket qua phan tich cho tty phuong phapde xuat khong chi chinh xac
ma con #t truc quan.

Céc tr khoa: Phan tich Wavelet, athdién vét nat, phat hén Vét nat, vat liéu tim
phan &p theo cléc ning (FGM), daaiong riéng, XFEM.

ABSTACT

In fracture mechanics, crack identification is arportant issue but it's not easy to carry
out, crack identification can detect by ultrasoniifraction method and so on. When a
structure has a crack, the dynamic characterisifcshe structure, such as natural
frequencies and mode shapes, will be changed.isnptper, a method based on the
wavelet analysis of modal vibration data is introell to detect the cracks in the
Functionally Graded Material (FGM) plate based oalging free vibration of a FGM
plate by wavelet analysis. In practice, the modadation data which include the natural
frequencies and mode shapes of cracked plate aralljusdefined by measured
equipments, measurement data of free vibration belpbrocessed by Wavelet to detect
the crack of plate.... In this research, the two-disn@nal wavelet transform to analysis
vibration signal. The numerical results show tHa proposed method is not only
accurate but also relatively visual.

Key words: Wavelet analysis, Crack identificatiddetection of crack, Functionally
graded material (FGM) plate, Vibration mode, XFEM
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Vit lieu phan lai theo chirc ning (FGMs) throng duoc két hop hai hay ntéu loai
vat ligu (nhr gdm, kim lcai, oxit kim loai....) véi ti I¢ thé tich thaydoi lién tiép theo
husng dinh tnrgc aia két ciu, vi vay né thra hrong duoc nhing tinh clt tét cua tirng
loai vat liéu tao nén no vi d: Vat liéu FGM dugc tao thanh i gém va kim lai thi s5 c6
kha nang chiu dugc nhiét do cuc ky cao, nit khac \in dam bao tinh @o do tinh cht
cia kim laai. Do vay, FGMs t6 thanh ndt vat liéu quan tong trong cac nganh hang
khéng, ht nhan va rat s5 linh wic khac nlr xay drng, 6td, cong nghp dién tir... dic
biét Ia nganh céng nghvi tru.

Khi két cAu co Vét nit thi cacdic tinhdong hoc cia két ciu s thay ddi, déu nayanh
huong dén kha nang lam véc cia két ciu, do \iy viéc tinh toan va phan tiakap tng
dong e ala ket ciu |a viéc rat quan tong, c6 nhdu cach xaalinh \i tri cia Wt nat
trong Kt ciu mot trong ntiing cong @ manh d6 la phép phan tich Wavelet,otnsd
nghién &u tng ding phép phan tich Wavelet trongwixacdinh ét nit va sr pha hiy
trong Kt cau da duoc cong B [1[2[3[8[9] d& ching minh kh ning va héu qua cia
phép phan tich Wavelet tronglrh wic nay. Tuy nhién, gc nghlen @u tng dung phép
phan tich Wavelet hai ¢hi ¢ phan tichiit tinh dong hoc caa im van con fan ché.

Trong bai bao nay, & pheong phap ¢a trén o s caa phép kin d6i Wavelet hai
chiéu khong lién dc tir dir liéu daodong tr do aia im dé tim ra \i tri vét nat chaa
trong né. Bén déi Wavelet hai ctiu 1a phrong phéap kin d6i phic tap nhrng Kt qua
dat duoc rat chinh xac va rd rang.

Phrong phéap é dugc ding trong nghiénue nay la plrong phap pan tir hitu han
mo rong (XFEM), duoc dua ra tr nam 1999 i T.Belytscko va Moes [10][14]wtrén y
tuong aia sr phan chiafon nhit. Saudo, nhéu nghién é¢u trong tnh wic oo hoc pha
hiy d& g ding, hoan tiin XFEM va chirng minh nliing uu diém wvuot troi caa né
trong Vic giai cac bai toan trong i khong liéndc. Nghién ¢u cia John Dolbow va
cong sr [6] da ch ra cach mo tinh hoédrh co chira Wt nat theo Ii thugt Mindlin-
Reissner ing XFEM, dung p#n tr MITC4 d giai quyét vin dé shear-locking. én
day, daodong trong #m FGMs co chia Wt nit da dugc nghién éu va cong b boi S.
Natarajan vaang sr [13] ¢4 gop pln vao véc nghién ¢u cacdic tinh @a vat lieu FG
va ladong hrc thoi thac chang téi ke hién dé tai nay.

Bai bao & duoc ciu tric nhr sau: phn tiép theo 8 trinh bay ¥ vat ligu FG. N
dung pln 3, chang t6i&gidi thiéu ngin gon vé phurong phap phn tr htru han mo rong
s dung pHin tr MITC4. Trong plin 4, € trinh bay tdmit vé phép bén déi Wavelet
va thuit toan do tim 6t nat dua trén d liéu cia phan tich hinhamg daodong hing
phép bén d6i Wavelet hai chiu. Két qua sb s5 duoc trinh bay trong pin 5 Wi hai
truong hyp im FGMs hinh vudng va hinh &mhit va phin cwi s& 1a mjt vai két luan
va nhin xét dra trén cac & qua ¢a duoc néu trong bai bao.

2. M6 hinh tAm Mindlin dung vt liéu phan loai theo chirc ning

2.1.Vat liéu phan loai theo chirc nang FGM

Vat liegu phan lai theo chirc nang (Functionally graded material -FGNiyoc tao thanh
bang céach Kt hop hai hdic nhiu loai vat liéu véi nhau, trong bai béo ching toiiotét
tam FGM duoc ciu thanh i hai laai vat ligu Gom va Kim lai. Gém co6 ti chdng lai

nhiét do cao va dn nhigt thip trong khi kim lai c6 thé duy tri tinh do dai ¢ia két cau

duai tai trong nhet.
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Ti 1& thé tich aia gdm va kim lai trong \at liéu c6 quan & véi nhau theo & thac:
V, +V,_ =1 vaduoc cho i [6] V(9= @ tz] e (1)

Trongdé z 1a chéu day @a ﬁm,zu(;{i}; n 1a $ mi thé tich aia phan &, cing duoc
2 2

xem la 1¢ sb gradient.

Su thay doi the tich phan & ciia gdm va kim lai trong im FGM theo kong b day

nhu hinh 1. Kh'n,=0, tam chra hoan toanat liéu gom va khin - « , tim hoan toan la

kim loai dong ntt.

Khdi lugng riéng Ga tim duoc cho i quan & sau: p=pV.+pV. (2)

Trong dd chi 6 ‘c’ 1a biéu thi cho \a liéu gbm, ch s6 ‘m’ 1a biéu thi cho \at liéu kim

loai.

Dic trung aia Vat liéu FG bao m hai thanh pin gbm va kim lai theo [14],dugc tinh

toan nhr sau: P(=(R-R)V( ¥+ B 3)

Trongdo: P, va R, la cacdic tnrng aia Vit liéu bao gm (moodundan Ki Young, 1

SO poisson,....)

Ngoai ra & phu thuoc Vé nhiét d6 cha \at lieu FG khong theo qui &t trén va ndduoc

tinh toan theo dthuc: P=R(P,T'+1+ PT+ BT+ P7) (4)

Trongdo: P,P,, R, B, B la cac i s5 cia nhét do T va duy nlt cho i phan tu.
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Hinh 1: Sr bién thién @a thé tich phand di nghich wi chiéu day vo lréng.
2.2.Mb hinh tinh toan tim FGM

Chuyén vi tai mot diém (x,y,z) trong 4m FGM s dung Ii thuyét bién dang Mindlin-
Ressinedugc md & bing cac chu§n vi cia mit trung binh g, vy, W, va cac B sb goc
quaydoc lap 6,,6, theo [13] ta co :

u(x, ¥,z 9= (x yd+ @x(xy) (5)
V(%Y z0=w(xyd+ 8y(xy)

wix ¥, z9=w(xy)
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Trongdé t la thvi gian khio sat. Cac &1sH bién dang aia mit trung binhduoc viét nher

sau:
-3
0 £g
Véi g, &, g la bén dang aia mit trung hoatong tng Wi bién dang wn, bién dang
truot vaduoc cho i: o,x Oxx By +vio (7)
U,y * Vo, x Oxy+oy '

Véi ki higu “,x” 1a dao ham éa hamdo theo bén x, trong tr cho “y”
Két qua ciatng suit mang N varng suit udn M duoc cho i :

(8)

N =

NXX MXX

Nyyp=rAept By s M=) Myyr = B g+ Dy

Nyy

Voi ma tdn A=A ,B=B, D.= R, (i j=12,6) la cac ma &n do cang gay ra do &
A B=B. G =h. 0]

M xy

cing, ma tin do cang ke dén ar két hop cua im chiu udn va chu sirc cing dong thoi,
ma tién dé cirng tim chiu won, cdc ma tin nayduoc tinh toan nh sau:

(459} =g {2 7o ©
Luc cit Q={Qxz.Qyj duocdinh ngha rong tr nhrsau: Q=g (10)
Trongdo:E; =["2,Quydz (i j=4,5) : Ma tan h¢ ching cit theo plrong ngang, v; va v,
la he s truot khdngddng nhit theo plrong ngang, thayidi theodo day dia im
Cac It 85 Q, duoc tinh toan nh sau:

= _EzT). = _VHzD — _—

611=Q22= 1-v2 Qqp= 1—v? Qus= @6=0 (11)
— — — E ,
Qus = Qs5= Qg6 = 2((;_?)

Trongd6 : E(z,T) 1a moodudian toi va v 1a 1§ sb Poisson tuan theo quidiuham ni.
Nzng krong bén dang U dugc tinh nhr sau:

_1 T T T T T
U(B)_EIQ{SpA‘gp+8pB€b+8b& p+3b&b+8s&}d9 (13)

Gia s 8(u,v,w,6,,6,) la vector clia cac chu§n vi cia cac nat theo cadbtr do, ring
luong bén dang duoc viét lai: U@ =LsTKs (14)
2

Véi K 1a ma tén do ciing tuyén tinh, Béu thirc dong ring aia im:
1 .2 . . A2 A2

T(J):EJQ{|0(UO + 2+ 0f) + I1(9X+9y)}dQ (15)
Trongdo: 1, = ["2 p(2)dz, 1, = ["2, Zp(2d : VA p(z) 1a khbi luong riéng @a im bién thién
theo chéu day @a im theo quy lat ham ni. o
Thay ham (14), (15) va pbng trinh chugn dong aia Lagrange, sado bien doi thu
gon taduoc:

MJ+Kd=0 (16)

Trongdo : M 1a ma tén khdi luong , K 1a ma tin d6 ciing dia e
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Tir pheong trinh (16) ta c6 thtim ra ham frriéng nhr sau:(K -a’M)4=0 (17)
Véi w la tin & daodong riéng Ga tim.
3. Tém tit phwong phap phin tir hitu han mé réng dung phan tie MICT4

Phan tr hitu han m5 rong duoc dua ra n dau tién vao am 1999 ki T.Belytschko,

Black va Moes[lO][14] Trong ptong phap nayudi phan tr dugc doc lap khbéng én

tuan theo ét nat, vu diém nay gidp wot qua kho khn cua viec phai chia ki luoi néu

giai cac bai toan khéng liérud¢ bing phrong phap phn tr hitu han truyén thing

(FEM), dic biét 1a cac bai toan md phg sr phat trén caa Vt nat. Trong XFEM, ham
lam giauduoc ar dung dé thé hién cacanh hrong aia Vet nit va trong chuyén vi duoc

Xap xi boi:

uh(x) = z N(¥ g+ pPhan lam giau (18)

Trongdd: Ni(x) la ham dng hru han tiéu chdn, gi chugn vi cia nat thir i va i la ch
sb cuia pHin tir, dbi voi phan tir chir nhat i=1,2,3,4.

Trong hinh 2, nting natduoc danh diu v6i nhitng ckim tron va vudng la ritng nat §
duoc lam giau bi ham khong liénuc va ham &n dinh Wt niat tuong g, ving @m
gitra men lam giau va ndin oo ban dugc goi 1a mién bién dang, trén ving nay drcod
mot SO nut dia pran tr dugc lam giau.
Doi véi truong hop cia Bm FGM, ndi nut aia pHin tir ¢6 5 lc tr do (u,v,we, 4,),
thanh pln chuyn vi va xoay theo [13]:

(U W) (9= 3 NG, v, W+ 30 NCXHOX 2 8 %)

iONFE JONH

+ YN, xz . (8 B, by, b (19)

KON®

(6':,«93)(x)= Z N(%)(5, ey“.) Z N(JH (I E" 4

2N xzﬁ,kw Y b2 ) (20)

KON®

Trongdo a;, b, lan hrot la nitduoc lam giau va vectoras tr do duoc lién Kt vai ham
Heavised va hamao dinh Vét nat.

Phan tir
cobin

. v
Phan tir bi ¢at

jv
L

i

=i

B o

SN

Wimg chiu uén

Hinh 2: M hinh $t nut véi nat 1am giau trong XFEM

Gk, Fk trong phlrong trinh (19), (20) Ia hamétin cin dinh Wt nit dugc dién dat boi:

{G(r.0)} { SIn(H)I’S/Z cosg ), ¥? sm% y, ¥ cogg} (21)
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{F(r.0)} E{r sin(g)r cosg Y, sir‘% )SiAr, cogz( )siﬁ(} (22)

Néu chang ta® dung ham Bi suy tréndé tinh toan bin dang cit va bén cang ubn mot
cach trre tiép, phin tir 8 bi khoa va chbiéu thi daodong aia tng sut cit va mang,
hién teong nay @i la shear-locking, Bn trong nay gayanh hrong nhéu d&én két qua
vado chinh xac @a cac di giai.
Dé loai bo hién trong shear- -locking dung phng phap MITC4dé chuyén cac %p xi
ciia pHin bién dang xoay ¥ cac $ hang aia bén dang cit [6]:

(6r, eh)(x)— P Ri((65.65)+ 2 MELICIE -4

FEM

+2Nk1<25,k(en % ) (23)

KONB
Vai Nj 1a ham dngdéa duoc hiéu chinh, chi tét xem thém [5]
4. Bién d6i Wavelet
4.1.Bién d6i Wavelet lién tuc
Bién ddi Wavelet lit dau véi viéc lva clon mot ham Wavelete sy ciia mbt ho naodo.
Ham @ so nay dugc goi la ‘ham Wavelet rd ¢, bien doi Wavelet lién tic- CWT
dugc thuc hién nhr sau [1]:

1 7 x—b
C(a b):ﬁ-i f(x)w[T]dx: [ 1O, (3> (24)
Véi a>0,b0R la he sb ti lé va ke sb dich. Két qua caa phép kin doi CWT la b hé sb
C(a b) thé hién mbi tuong quan gia ham Wavelet va tindi phan tichf (x) .
4.2.Bién dbéi Wavelet roi rac
Mot nhueoc diém cia CWT la 8o ra qua nktiu hé s C(a, b) trong qué trinh phan tich,
dé giam khdi luong tinh todn maan dam bao dwoc céc thong tin an thiét, nguoi ta
dung phép len doi Wavelet i rac (DWT), trong phép bn doi nay ch o ti I€ a va cf
so dich b € dugc chon theo cac niac roi rac, theo [3[8] & O ti 1€ va k¢ s dich dugc
dinh ngha nhr saua=2', b= k.2 véi (j,k)OZ, chi sd j dugc xem |& nic roi rac. cac
hé sb cia phép Hin doi Wavelet bi rac duoc tinh nhr sau:
Cp =22 [T 1 (¥ (@ x- Kdx= [ 10, (> (25)
Tin higu & duoc di qua céac b loc, b loc tin s cao va b loc tn s thap, sau khi tin
hi¢u qua cac dloc twongung € phan ra thanh 2 tindu nho, mot chira tin & cao, nét
chia tin & thap.
Tinh toan cac hisb Wavelet Bu gia ti ciaa< a,, gdm cac &n s cao @a tin héu, réu
nhr a> g duoc xem nlr mot tin hiéu can thép haic nhéu, khi tai to tin héu cin thém
théng tin Ga pHin tin héu co gia tr a> a,, dé lam viéc nay chdng taan thém nét ham
ti 18 ¢(x).
Mot tin hiéu trong DWT c6 th duoc biéu dién bing cac B sb xdp xi va t¢ s chi tiét:
f(9=A(X)+Y.D,(X) (26)
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+o0

s pY A A A 5 ” +oo by A A
Trong do: A= X oy (R () la e so xap xi mac J, Dj(0= X oy (yjy(¥ la he so
chi tiét tai mac j<J, cD,, cA lan luot 14 cac & s chi tiét va Fé sd xap xi tai muc J
4.3.Phép bién d6i Wavelet 2 chéu

Cot
Hang Lo_D 12 |
& s6 chi tiét xdp xi

Lo_D I—-|2¢1 |—- cot

[ Hio {20,

hé s6 chi tiét ngang

Cot W)
Hér?g _-I LoD |_-| 142 he fd?r:ﬂtiét ding
Hi_D |—-| 211 |— cot C)

[H iz},

hé s6 chi tiét chéo

Hinh 3: Liru db phan tich Wavelet

Cot
cA j+1 —-I .
hé s8 clhi tiét xap xi Lo_R 112 Hang
Cot Lo_R l—-| 241

cAj

i+
hé s6 chi tiét ding
Cot

(d)
cD

j+1
hé s chi tiét chéo

Hinh 4: Liru d6 tai tao tin hiu

Trongdo: 1 :ha miu theo 6t, giit lai cac &t ¢6 ch[sd dhén; 11 2 : ha mau
theo hang, di lai cac hang chin; 211 :ting mu theo hang, “0”: vao
c;télc ©t 1é; 11 2 :taing mAu theo 6t, thén qu vao cacdt c6 ch s 1¢; :nhan &i bo

theo hang;
:nhan ¥i bo loc theo 6t

Ham 1 I¢ va ham Wavelet hai chi dugc xay drng kiing viéc két hop hai ham phan
tich mjt chieu theo hai cliu khac nhau, qui it két hop nhr sau [12]:
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YY) =@ (Y)

YY) =g (XA Y

WD =P W) 27)
Voiham  @g(x, y) = @ad(Xe( y)

Hé sH ti 1& va R sb dich duoc chon theo theo cac &tsd roi rac dé giam chi phi va
khoi luwong tinh toan, ba ham Wavetlbtoc viet lai nhu sau [12]:

k _ 1 Kk X_Zln y_2J m
wj,n,m(X1 Y)—E‘/’ ( 2] - 2 , 1< k< 3 (29)

Hé sb xap xi va ke s chi tiét duoc tinh toan nh phép bén d6i Wavelet nét chiéu, Cac
he sb ¢*,w? la nhiing ke sH chi tiét ngang, B sb chi tiét ding lan luot theo plrong x va
phuong y, ¢/21a he s chi tiét chéo 1a B sb két hop theo hai ptiong x va y.

5. Kétqua sb
Trong phan nay ching t6é $inh toan 4n  daodong va hinh dng daodong aia
tam FGM c6 cla Wt nat, saud6 s phan tich Wavelet cho 2 mode trory riing
mode thuduoc dé tim ra \i tri cia Vt nat trong &m, cong véc nayduoc thuc hién cho
2 bai toandm vudng vaim hinh clir nhat.
Xem nhr tim khao sat ladm dan i hinh chir nhat c6 chiu dai 1a a, cliu rong b,
va chéu day (chéu cao) 1a t (hinh 4)

LTI

Hinh 4: Tam phing Wi géi tyadon 4 anh

Khao sat ém lam king vat liéu Al/Al 05 va cé thide tinh \at liéu cho trong bng 1.
Tan $ daodong va hinh dang daidng duoc tinh toan cho hadin hinh clit nhit va
hinh vudng vaiuoc so sanh & tan $ tham ktio theo [13] vaduoc trinh bay chi it
trong king 2 va kng 3.

Tan $ daodong tr dodugc tinh theo [13] nh sau:

)

Trong d6: E.,v, la médun Young vaésd poission da vat lieu gbm, p.la khoi
luong riéng @a Vat ligu gdm.

Bang 1: Thuc tinh \at liéu theo trng thanh phn cia Vit liéu FG
Thuoc tinh \at liéu
E(GPa)| . | ,(Kg/m®)
Aluminum (Al) 70.0 0.3 2702
Alumina (ALOs) | 380.0 | 0.3] 3800

Vat ligu
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Bang 2: So sanhih & tham ko va in s tinh todn ga im A/AI203 vudng Wi vét
nit canh, diéu kién goi tvadon ¢ 4 canh (a/b = 1, a’/h = 10, yc/a = 0.5, d/a = 0.5).

Mode | | Mode Il Mode Il
Tham kho [13] 4.122 | 8.856 10.250
Két qua tinh toan 4.191| 7.704 10.050

Bang 3: So s&nhih g tham ko va in $ tinh todn da im A/AI203 vudng i dicu
kién goi tvadon ¢ 4 canh (a/b = 2, a/h = 100, yc/a = 0.5, d/a = 0.5).

Mode | Mode Mode Mode Mode
I [l 11 v \%
Tham khio [13] 3.055| 5.508 5.665 9.382 12.861
Két qua tinh toan 2.931] 5.153 5.476 8.776 11.964

Trong @ hai bai toan trén tacgthi chia réi phan tir 26x26, nhing ket qua co tre
chap nhin dugc so i tan $ tham kho [13] va hinh dang dadng duoc trinh bay
trong hinh 5&6.

- Mode llla

Mode la

Hinh 6: Hinh dng dacdong aia im _ a #m vuéng, b4m hinh clf nhat
Khi quan sat hinheahg daodong trén hinh 5 va hinh 6, ching ta khon@nbo phat
hién duoc vi tri cia Wt nat trong fim, dé fim ra \&t vt trann m chiing ta 4n thém

mot cong @ hd tro, do 12 16i We Khongphat
hién vét

Khong phat
hien duoc vét

hién ré

=
Khoéng phat
hien vét nut
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Hinh 8: Phan tich Wavelet chint hinh cli¢ nhat- model | va model 111

Nhan xét: Qua hintinh aia daodong tr do @ia mode | va lll, ching ta khéngéth
nao phat kin duoc Vi tri cia Wt nat, sau khi phan tich Waveletaiobo di cac thanh
phan khong mang thong tin, taid lai chi tiét, trén hinhanh duoc tai to lai ching ta
thiy c6 sr dot bién trén chi tt tai tao, d6 chinh 1a vtri caa Wt nat.

6. Kétluan

Trong bai bao nay, tacégda thanh cdng trong & nghién &u tng dung cong @ phan

tich Wavelet hai clu trong véc phat hén vét nuat trong m FGM, nghién ¢u nayda

cung @p thém nét céng @ truc quandé phat hén vét nat, phan tich Wavelatic biét
nhay trong véc phat hén nhiing diém bit lién wc cho du 4t nho. Vi thé, phan tich

Wavelet co th ting ding dé do tim \ét nat khong ch dbi véi tim ma con cé thdung

trong do tim ¥t nit trong cac ¢ cu, chi tét co khi....
Tai liéu tham khao
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