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XAC PINH VI TRI VET NUT TRONG DAM FGM BANG PHAN
TICH WAVELET DUNG CAC DANG DAO PONG RIENG

Ngb Trong Piic?, Tran Vin Lién**, Nguyén Thi Hudng®

“Khoa Xdy dung Ddn dung va Cong nghiép, Truong Dai hoc Xdy dung,
55 duong Gidi Phong, qudn Hai Ba Trung, Ha Noi, Viét Nam

Nhdn ngay 23/10/2018, Sita xong 26/11/2018, Chdp nhén ddng 29/11/2018

Tém tat

Bai bdo trinh bay cac két qua nghién citu méi vé viéc xac dinh vét niit trong cac két ciu hé dam bang vat liéu c6
cd tinh bién thién (FGM) dua trén phan tich wavelet ditng (SWT) cdc dang dao dong riéng c6 ké dén anh hudng
ctia nhiéu tring Gausian. Céc dang dao dong riéng dugc xac dinh tit md hinh phan ti thanh FGM chiu kéo, nén
va ubn c6 nhiéu vét niit theo mo hinh 16 xo bang phuong phap do ciing dong luc (DSM). Két qua nghién ciiu
cho thiy phuong phap dé xuét 1a mot phuong phap kha thi va hiéu qua.

Tir khod: vét nit; FGM; DSM; SWT: dang dao dong riéng.

DETERMINATION OF CRACK LOCATION IN BEAM USING USING STATIONARY WAVELET TRANS-
FORM OF MODE SHAPES

Abstract

This paper proposed new crack identification method on multiple cracked beams made of functionally graded
material (FGM) by using stationary wavelet transform (SWT) of measured mode shapes. This study also in-
vestigated the influence of Gaussian noise to SWT. Cracks were modelled as equivalent springs and mode
shapes are obtained from multiple cracked FGM beam element model. The investigated results show that crack
identification method by using SWT of mode shapes is efficient and realizable.

Keywords: crack; FGM; DSM; SWT; mode shapes.
https://doi.org/10.31814/stce.nuce2018-12(7)-03 © 2018 Truong Pai hoc Xay dung (NUCE)

1. Tong quan

Vit liéu c6 co tinh bién thién (FGM) dugc lam tir hon hgp ctia gbm va kim loai, c6 kha niing chiu
nhiét, chdng dn mon ctia gbm va do bén co hoc cling nhu 1am gidm dng suit nhiét ctia kim loai. Day
12 mot loai vt liéu composite thé hé mdi, c6 tiém ning ting dung rong rai trong nhiéu linh vuc ky
thudt trong mdi truong nhiét do cao nhu 1a hang khong vii try, 10 phan ting hat nhan, may phat dién
hay cong nghiép 6 t6. V6i cc uu diém do6, vat liéu FGM dugc st dung cho céc két ciu, chi tiét quan
trong thudng xuyén lam viéc trong moi trudng khic nghiét.

Vét niit hay hu hdng xuét hién trong két ciu FGM anh hudng nghiém trong dén kha niing 1am viéc
clia cAu kién. Do d6, vin dé xdc dinh vét niit trong két cAu FGM 1a thuc su can thiét va da thu hiit sy
chii y ctia nhiéu nha nghién cifu trong va ngoai nudc. Hau hét cic nghién ctiu hién nay vé x4c dinh vi
tri vét niit trong két cAu déu sit dung phuong phép thi nghiém khong phé hily dua trén cic dic trung
dong luc nhu 12 tan s6, dang dao dong riéng, ham phéan tng tan sd,... Cdc dic trung dong luc hoc clia

*Tac gia chinh. Pia chi e-mail: lientv@nuce.edu.vn (Lién, T. V.)
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dam FGM c6 vét miit dugc xac dinh bing cdc phuong phap giai tich [1-6], phudng phap ban giai tich
Galerkin [7], phuong phap phan ti hitu han (FEM) [8—10], va phuong phap do cting dong luc (DSM)
[11-14].

Trong s cac phuong phap khac nhau st dung dé xdc dinh vi tri va sd luong vét niit ctia két cau
[15], phuong phdp phan tich wavelet c6 hiéu qué 16n, dic biét 1a nhan dang cac hu hong, vét niit nhod
trong két cAu. Liew va Wang [16] chiing minh ring vi tri vét niit trén dim don gian c6 thé xac dinh
dugc tli phan tich wavelet cic ting xi dao dong riéng do doc theo dam tai thdi diém nhit dinh. Nghién
cifu nay tiép tuc dudc phat trién bdi Wang va Deng [17] cho trudng hdp phan dng xung ctia dam va
tAm v6i cdc diéu kién bién khac nhau. Chang va Chen [18] da dé xuit mot phuong phap dé xéc dinh
vi tri va do siu ctia dam c6 nhiéu vét niit dua trén phan tich khong gian wavelet cic dang dao dong
riéng. Viéc du doan do sau vét niit dudc don gian héa bing cach st dung vi tri vét nit du doan va cic
tan s6 dao dong riéng. Zhong va Oyadiji [19] chiing minh rang phén tich wavelet ditng (SWT) 1a cong
cu hiéu qua cho viéc chan doan vét nit chi dua trén dang riéng ctia két cAu dam. Hau hét cac nghién
clfu da cong bb déu st dung phan tich wavelet d€ chin dodn vét niit trong két ciu dang dam, nhiing
nghién citu v& hé két cdu hé thanh thuding chi dudc thuc hién thong qua FEM.

Ddi v6i vat lieu FGM, Banerjee va cong su [10] da dua ra hai phuong phéap khac nhau dé nhan
dang vét nit trong dim Timoshenko FGM. O phuong phap thi nhit, cdc tic gia vé 1én nhiing dudng
ddng mufc tan s6 dua vao vi tri va kich thuée vét niit, va giao diém ciia cic dudng dong miic clia ting
dang dao dong 12 co s8 d€ du dodn vi tri cling nhu chiéu siu vét nift. Phuong phép thi hai dua trén mo
hinh mit phan ting (RSM) hdi quy dudc tdi uu héa biang thuit toan gen di truyén (GA). Tai Viét Nam,
tac gia Khiém va Huyén [20] di dé xuit mot phuong phap chin dodn 1 vét nit trén dam Timoshenko
FGM dua trén biéu thiic gidi tich clia cdc tan s6 dao dong riéng. Cac phuong phéap nay déu c6 di€ém
chung 12 dua trén céc tin sd dao dong riéng dau tién, tuy nhién trong thuc té viéc x4c dinh chinh x4c
nhiéu tan s6 dao dong riéng 1a khé khin, hon nita vét nit tai mot s6 vi tri trén dim gan nhu khong
thay d6i mot tan sd dao dong riéng nhit dinh, din dén khé khin trong viéc st dung tin s6 dé chan
doan vét nit.

Noi dung chinh ctia bai bdo nay 1a st dung phan tich SWT d€ chin dodn vét nt trong céc két cAu
dam FGM nhu diam don gi4n, dam lién tuc nhiéu nhip,.... Pau tién, DSM dudc st dung dé xay dung
mo hinh ctia phan tif dAm c6 nhiéu vét nit, tir d6 tinh toan dugc chinh x4c céc tan sd va dang dao dong
riéng ctia két cAu dam FGM c6 nhiéu vét nit. Tiép theo, tif cic dang dao dong riéng tim dudc, tac gia
dé xuat mot phuong phap dé chan doan vi tri vét nit trén két ciu dim FGM bing cach sit dung SWT
trén tin hiéu do c4c dang dao dong riéng. Ngoai ra nghién ctiu ciing da xét dén anh hudng cia nhiéu
do dac dén hé sb chi tiét cia phan tich wavelet.

2. Xac dinh dang dao déng riéng ctia dim c6 nhiéu vét nit bang DSM

2.1. Cdc hé thiic co bdn

z E: G pr Truc trujg hoa
11 [ |
_ 3 i h
X
; Ey Gy po . ?

Hinh 1. Dam FGM cé nhiéu vét niit
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Xét dam c6 chiéu dai L, tiét dién chit nhat vé6i kich thudc A = b x h dudc ché tao tir vat liéu FGM
(Hinh 1) v6i ham déc trung vat liéu c6 dang liy thira [21]
z 1Y h h

R ={Rp}+{R—Rp}|-+=| ;:—=<z< = 1

{R(2)} = {Rp} + {R; b}(h 2) S S13 (1)
trong d6 R 1an lugt 13 mo-dun dan hdi E, mo-dun trudt G va mat do khdi luong p; chi s6 ¢ va b ky hiéu
vt liéu 16p trén va 16p dudi; z 12 toa do tinh tif mit gitta ctia dam. Gia thiét bién dang bé, cac chuyén
vi ctia dAm Timoshenko tai mot diém trén tiét dién c6 dang

u(x,z,t) = up(x,t) — (z — ho) 0(x, 1); w(x, z,t) = wo(x, 1) (2)

trong d6 ug(x, t), wo(x, ) 1a chuyén vi clia di€m trén truc trung hoa; A 1a khoang céch tif truc trung
hoa dén truc x; 6 1a géc xoay clia tiét dién quanh truc y. Céch xédc dinh kg cling nhu xét 4nh hudng ctia
vi tri thuc dudng truc trung hoa dén dao dong ctia dam FGM da dudc trinh bay trong [21]. Ky hiéu

(An,Alz,Azz)=fE(Z)(1,Z—ho,(Z—hO)z)dA; A3z =T]fG(Z)dA
A A

3)
(1,12, 122) = fP(Z) (LZ — ho, (z— ho)z) dA
A
va cac ma tran, véc-to
Al -Ap 0 0 0 0 Wy —w?l 0
[Al=| -A, An 0 |[;[M={0 0 Az |;[Dl=| -0l ’In-Ax 0
0 0 Asj 0 -Az3 O 0 0 w2111
(2= (0.0.W)" = [ o605 0wl e
N N 7z ;N (4)
Trong mién tan so, phuong trinh dao dong ctia dam ¢6 dang [21]

[A]{z"} + (1] {2} + [D]{z} = {0} ()

trong d6 {7’} 12 dao ham theo khong gian clia ham z. Nghiém tdng quat ctia phuong trinh (5) khi khong
c6 vé phai c6 thé viét dudi dang

{zo(x, W)} = [G(x, w){C} (6)
v6i {C} = (Cy,...,Ce)! 1a céc hing sb doc 1ap va
a1 @ @yt aeMt ape™® a3e_k3x
[G()C, (,l))] — ek])c ekzx ek3x e—k]x e—kzx e—k3x (7)

,Bleklx Bzekzx B3ek3x —,Ble_klx —ﬁ2€_k2x _ﬂ3e—k3x
Dbi v6i dam c6 vét niit tai tiét dién c6 toa do e, vét niit dugc md hinh héa bang hai 16 xo: 16 xo
doc ¢6 dd ciing T va 1o xo xoan c6 do ciing R (Hinh 2). Diéu kién lién tuc tai vi tri vét nit 1a [21]
U(e+0)=U(e—0)+ vy Us(e); O(e + 0) = O(e — 0) + y20’(e); W(e + 0) = W(e — 0)
Ule+0)=U.e—0);,0, (e +0) =0 (e —0); Wiie+0) = Wiie—0)+ 1,0 (e)
22
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R

S

A

I

T

g,

Hinh 2. DAm FGM véi vét niit mé va mo hinh hai 1 xo tuong duong

Céc tham sb 1, y» trong (8) 12 ham ctia cdc tham sb vat liéu nhu mo-dun dan hdi, chiéu cao dam,

hé s6 n ngang Poisson,... bao gdm c4 trudng hop dam dong nhét E; = E;, = Eg hay Rp = 1

y1=An/T =22 (1= )hoi fi(s): 72 = An/R = 6r (1 = V") hoa fals)

trong do

2Rg +n

; 02(Rg,n) =

(R ) 2(RE +n) 24 3Rg +n
o n=— "’
PEE T Re+ D +n) Rp+1

+ 139,1235° — 146,682s” + 92,35525%)

f(s) = 57(0,6272 — 1,04533 s + 4,59485% — 9,9736s> + 20,2948s* — 33,03515°+

+ 47,1063s° — 40,75565” + 19,6s%)

- a+
33+ n) 2+n
fi(s) = 57(0,6272 — 0,17248s + 5,921345% — 10,7054s> + 31,5685s* — 67,475+

a
1+n

)

E;

Ep

(10)

v6i @ = 1/2 + ho/h, s = a/h va a 1a chiéu sau vét nit. Ky hiéu {z.(x, w)} 1a nghiém riéng cia (5) thda

man céc diéu kién ban dau

{2:0)) = (y1U}(€),720/(€),0)";  {z(0)} = (0,0,720(e))"

va

T
(zy(e)} = (Ugle) Ohle) Wi(e))

Ta nhan dudgc [21]

(20} = [@W)][Z]{zj(0)} = [G(0)]{z)(e)}

trong d6 [G.(x)] la ma trin 3

(03] cosh klx (0%) cosh k21x (0%} cosh k3x 511
[G.(x)] = coshk;x coshkpix cosh kzx 021
Bisinhkjx  Brsinhkyx  B3sinhksx 031

A = kiBi(az — a3) + koBa(as — ay) + k3fs(ar — az)

Ta dua vao ma trin ham vét nit

— ] Gex)] x>0
[G(x)] - { [0] :x<0

23

012
022
032

011 = (k333 — ko32)/A; 612 = (azkoffr — a2k3f33)/A; 013 = (a2 — a3)/A
021 = (ki1 — k3B3)/A; 620 = (a1k3f3 — azk1B1)/A; 623 = (a3 — ay)/A
031 = (kofp2 — k1B1)/A; 632 = (a2k1B1 — a1k232)/A; 033 = (a1 — a2)/A

Y1

0 »
0 7

(1)

(12)

(13)

(14)

(15)
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Déi v6i dam c6 nhiéu vét nit, ta nhan dude nghiém tng quat clia phuong trinh (5) dudi dang

(z.(x, )} = (z0(x, )} + ) [G (x = ¢))] {u;} (16)
j=1
véi ;| 1a véc-to 3 x 1
j-1
b =1z ()} + D 1[G (e — e) [ lmme) 1= 1.2.3.....n (17)
k=1

Thay biéu thiic nghiém tdng quat (6) vao (16), ta nhan dudc

z(x, )} = [[Gx, )] + Y [G(x - ¢))| [1j][1C) = ¥, )1 (C) (18)
=1
trong do
n j-1
[Y(x,w)] = [G(x,w)] + Z [G (x - ej)] [/\7]] = [G' (ej)] + Z [G/ (ej - ek)] il:j=1,23,....n
-1 k=1
: (19)
Ky hiéu cic toa do nut, luc niit ctia phan ti thanh chiu ubn va kéo, nén dong thdi nhu Hinh 3
(O} = (U1, 01, W1, Un, 03, Wa}5 (P} = (N1, My, Q1, N, Ma, Qo) (20)
Ta nhan dugc [21] y
_[R ¢ Q &
(Po(w)} = [Ke(w)] - {0} @1) .- — N
trong do [Ke] ma tran do ciing dong luc cia phin { ©) ol

N , 5N % ., M
ttt dam FGM c6 nhiéu vét nut My, w,

]| el | TrO1 T o Mo D
[Br(¥)x=L] [W(L, w)]
v6i [Bf] 1A todn tit ma tran Hinh 3. Thanh chiu udn va kéo, nén dong thai
Apndx —Apdy 0
—A120; A0y 0
0 —Aszz  A330,

[Br] = (23)

Sau d6, viéc 1ap ghép ma tran do ciing dong luc va véc-to tai trong quy vé niit clia phan tif vao ma tran
do cling dong luc va véc-to tai trong quy Vvé niit clia ci két cdu dudc thuc hién khong khéc gi phuong
phdp phan ti hitu han. Bai to4n dao dong riéng 1a giai cic phuong trinh sau

[K(w)1{0} = {0} (24)
Véi tan s6 dao dong riéng {w} = {w; ws ... w,}cé dudc tif phuong trinh
det [K(w)] =0 (25)

Madi nghiém w; clia phuong trinh 12 tin sb dao dong riéng cta két chu dng v6i dang dao dong riéng
-1

[P0, w)] {ﬁj} 26)

. =Y :

{o0) = CJ[¥ (x.w))] [ [W(L, w)]

trong do C? 12 hiang sd bt ky, {ﬁ j} 1a nghiém chuén hoa ciia (24) ing véi w;.
24
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3. Phan tich wavelet va SWT

Phan tich wavelet bat diu bang viéc chon mot ham wavelet co bdn y(x) (g0i 1a wavelet me). Phan
tich wavelet lién tuc (CWT) dudc dinh nghia la [21]

Clab) = f f(x)t//( )dx— f FOWap()dx @7)

trong d6 a > 0 1a ty 1& va b tham s dich muc; ¢, ,(x) 1a ham s6

b
Ya(x) = \fw(’“ ) (28)

Két qua CWT 1a hé s6 wavelet C(a, b) thé hién su tuong quan gitta ham sb wavelet va tin hiéu phan
tich f(x). Vi thé, cac thay ddi dot ngot trong f(x) sé tao ra cac hé s6 wavelet c6 bién do 16n, day la dic
diém dé xay dung phuong phap nhin dang vét niit dua trén phan tich wavelet clia tin hiéu. Tin hiéu
ban dau f(x) c6 thé dudc tai tao tif cac hé s6 wavelet C(a, b)

| dbda
=5 f f C@ bWas(0

—00 —00

(29)

trong d6 hing sd Ky phy thudc vao loai wavelet. Gia thiét rang hé sb wavelet C(a, b) chi ¢6 gid tri dbi
véi ty 1& a < ag, danh riéng cho cac thanh phan tan s cao trong tin hiéu, véi a > ag, dudc xem nhu
nhiéu. Trong trudng hop nay, tin hiéu tai tao cin phan bl ctia tin hiéu tuong dng véi a > ag. DE thuc
hién viéc nay, ngudi ta dua vao mot ham ¢(x) khac goi 1a “ham ty 16", thu dudc cac hé sb wavelet

D (do,b) = —— f f(x)¢( )dx— f )b (Ddx (30)

Ham ty 1& rit can thiét cho tinh toan bang s6. Thay vi (29), tin hiéu ban dau f(x) c6 thé tai tao tit

dbd
F) = f f Cla, a0 g+ f D (do, b) dag p(0)lb 31)

a 0 b=—00

Mot nhudc diém ctia CWT 1a qua trinh phan tich sé cho s lugng rat 16n cic hé s6 wavelet C(a, b). D
giam khdi lugng tinh toan, phan tich wavelet roi rac (DWT) st dung ty 1é rdi rac va tham s dich miic
dudi dang cip s6: a = 2/; b = k2/ trong d6 j va k 1a cac sb nguyén, j 1a mifc dyadic. Phan tich wavelet
r6i rac DWT nhu sau

Cix =271 f Fw (277x = k) dx = f SO ja(x)dx (32)

trong do ¢; x(x) 1a ham wavelet r0i rac

Yia(x) = 279y (277x k) (33)
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Thay cho (29), tin hiéu trong DWT ¢6 thé tdi tao tt hé s6 wavelet Cj

o

fo=] i Ciu2 Py (277 x - k) (34)

j:—oo k=—00

Tin hiéu s& di qua rat nhiéu bo loc (gém c6 bd loc cao va bo loc thap) d€ tach ldy cic thanh phan tn
s6 cao va tan sb thip tuong ng. Thay cho (31), tin hiéu trong DWT c6 thé dudc biéu dién bing ham
xAp xi va chi tiét nhu sau

J 00 00
fa= > > eD j<k>w,-,k<x>J + ARG = ) Dj(x) + Aj(x) (35)
Jj=—00 \k=c0 k=—c0 Jj<J
v6i A j(x) 12 ham xp xi & muc J; D;(x) va chi tiét & mic j < J
Dj(x) = > eDillwx(x);  Aj(x) = Y cAs(K)pi(x) (36)
k=c0 k=co

cD; va cA; theo thit ty 1a hé sb chi tiét va hé sb xap xi
Ds) = [ fewautids e = [ Foscods 37

Dudi day, céc tic gid quan tAm nhiéu téi cdc tin hiéu chi tiét. Néu f(x) 12 tin hiéu tng xt két cAu nhu
duong do vong, thi tin hiéu D;(x) chifa thong tin can thiét d€ phat hién vét nit.

Tuy nhién DWT c6 dién c6 nhudc diém 13 né khong phai 12 bién d6i bat bién theo thdi gian. Diéu
nay c6 nghia 13, ngay ca véi tin hiéu tuan hoan, DWT ctia mot phién ban da dich ctia tin hiéu gbc f(x)
vé cd ban khong phai 1a ban dich ctia DWT ciia tin hiéu gbc f(x). D€ khac phuc van dé nay, ta c6 thé
stt dung dén phan du phan tich ctia tin hiéu [19]

Dk—zﬂfﬂ)w( ")dx A= 2”2ff()¢( ) (38)

Hé s6 x4p xi va chi tiét xdc dinh theo (37) dudc goi 1a phan tich wavelet ditng (SWT). Can phai chi y
rang SWT ctia dit liéu gbc khong bi tiéu hao nhiéu. C6 nghia 13, kich thudc cla diy sb liéu bién d6i
sau SWT khong bi cit di mot phan nao ca. Ngudgc lai, trong DWT, kich thudc diy dit lidu sau bién
ddi chi bang mot nifa so véi kich thudc tin hidu géc. Do d6, DWT la qué trinh phan gidi tin hiéu ma
két qua cho ra ngheo nan hon tin hiéu gbc. Trong khi d6, SWT 12 qu4 trinh tach tin hiéu két qua nhiéu
hon tin hiéu gbc. Do d6, hé sb chi tiét tir phan tich DWT c6 it thong tin hon so v6i phan tich SWT.
B&i vay, SWT c¢6 tiém niing rit 16n vé6i su thuin 10i trong tach va nhan dang cdc diém ndi bat trong tin
hiéu va xic dinh hu héng két cau.

3.1. Nhiéu do dac va khit nhiéu
Thuc té, dit liéu dang dao dong riéng clia két chu c6 vét nit gom 3 phan [19]

Y = Yintact t Ynoise t Yerack (39)
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trong d6 y 1a dang dao dong riéng do ludng ducc; yinwe: 12 dang dao dong riéng ctia két ciu khong c6
vét niit va khong c6 nhiéu; ynoise 12 thanh phan nhiéu c6 mit ca trong truong hop két ciu c6 niit va
khong c6 nit ma ta khong biét dugc gia tri ding hay khong do 1ludng dudc; Yeraek 12 thanh phan tin
hiéu xuét hién thém vao khi c6 vét niit va chi ton tai khi két cAu c6 vét nit.

V& miit ly thuyét, dit liéu dang dao dong c6 thé phan tich bdi SWT thanh hai thanh phan: Thanh
phan thid nhit 13 hé s6 x4p xi c¢6 chia yipwer, ddy 12 mot dudng cong tron; Thanh phan thi hai 1a hé
s6 chi tiét gdm yyoise VA Yerack Va luu y rﬁng thanh phan nhiéu bao gém ctia c4 hai thanh phan két ciu
khong niit va két ciu c6 miit déu dugc phan tach vao hé sb chi tiét. Hé s6 chi tiét c6 thé cung cip cac
thong tin nhén biét su ton tai ctia vét niit. D& thuén 10i cho nhin dang dugc vét nit thi viéc lua chon
phuong phdp giam thi€u nhiéu hay khir nhiéu cho tin hiéu ctia két ciu khdng c6 nit hoic c6 nit 1a rat
can thiét. Thong thudng, quy trinh khit nhiéu trong phan tich wavelet dugc thuc hién thong qua dit
ngudng (thresholding) dinh sin. C6 hai ngudng hay st dung 1a hard-thresholding (ngudng ciing) va
soft-thresholding (ngudng mém). Ham hard-thresholding dudc dinh nghia la

| x |xl>th . N ~
Nn = { 0 l<ih trong d6 th 12 ngudng (40)

Ham ngudng mém soft-thresholding ducc dinh nghia 1a
M = sgn(x) max(|x| — th, 0) (41)

Ham soft-thresholding dudc st dung nhiéu hon trong viéc khit nhiéu. Ddi véi cac ham ngudng thi
muc ngudng th dudc tinh toan theo cong thic

th =0 +/2log N (42)

trong d6 N 1a chiéu dai tin hiéu, o 12 d6 1éch chudn ctia nhiéu. Trong ca hai trudng hop két ciu c6 vét
ntit va két ciu khong c6 vét nit, nhiéu c6 trong ca tan s6 s6 cao va tan s6 thip. D6i véi két cAu co vét
ntt, nhiéu sé tdc dong thém vao tin hiéu trong hé sd chi tiét phat sinh khi c6 vét nit. Nhu véy trong
nhan dang vét niit clia két cu, nhiing tac dong clia miic nhifu vao tan s thap sé dudc bd qua coi nhu
n6 da cé trong hé s6 xap xi 12 két qua ctia phan tich wavelet, va khong anh hudng dén viéc nhan dang
vét nut theo hé sb chi tiét.

D& mo phoéng céc sb lieu do thuc nghiém, ta sit dung nhiéu tring Gaussian dugc cong thém vao
dang dao dong ctia két ciu [21]

_mw?

e 27 43)

fx) =

o V2

Thong thudng dudng cong Gaussian phu thudc vao gid tri ky vong u va phuong sai o2, hoic dudc
d4nh gid theo tri s6 SNR (Signal to Noise Ratio)

norm(Signal)
SNR =201 _— dB 44
810 ( norm(Noise) ) (dB) “44)
trong d6 norm 1a chuan do clia tin hiéu f(x) c6 do dai Ny
N, 172
norm(f) = (Z f (x,->|2] (45)
i=1
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v6i Ny 1a s6 diém 10i rac cia mau tin hiéu f(x). Chi s6 SNR cao tuong ting véi su hién dién ctia nhiéu
nho va ngudc lai. Nhu vdy, véc-td tin hiéu nhiéu c6 dang:

o Ynr norm (Yintact) (46)
Ynoise = orm (yy) 10(0-05%SNR)

Vi yur = Rand (size (Vingact sta)) 12 véc-to céc gia tri gia 1ap ngu nhién phan bd déu trén doan (0, 1),
c6 chiéu dai tuong ting v6i chiéu dai tin hiéu gbc.

4. Két qua so, nhan xét va danh gia

4.1. Ddm don gidn

Xét dim FGM Timoshenko hai dau gbi twa ¢ dinh véi cdc tham s6: E; = 70 GPa; p; = 2780
kg/m?; y, = 0,33; E,/Ep = 2; pp, = 7850 kg/m>; up = 0,33; n = 0,5 va kich thuée: L = 1,0 m; b =
0,1m;~=0,1 m.
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Hinh 4. Hé s chi tiét SWT dbi v6i ba dang dao dong riéng dau tién ctia ddm FGM c6 1 vét niit & vi tri 0,2 m;
dd sau vét nit 10%; 20%; 30% véi sd diém do 1a 50(a-c); 100(d-e) va 200 diém(g-i)
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Hinh 4 12 biéu dd hé s6 chi tiét cia SWT loai db4 cho 3 dang dao dong dau tién ctia dAm c6 1 vét
nit tai x; = 0,2m tinh tU nit bén trai véi do sau vét nit 1a 10%, 20% va 30% ung véi s diém do 12 50
diém (Hinh 4(a)—(c)), 100 diém (Hinh 4(d)—(f)), 200 di€ém (Hinh 4(g)—(i)). Trong cic tinh to4n duéi
day, ta déu chon s6 diém do 1a 100 diém. Tin hiéu dau vao 1a 3 dang dao dong riéng dau tién ctia dAm
FGM c6 vét niit duge cong thém nhiéu vé6i cac miic nhiéu SNR khac nhau. Hinh 5 thé hién hé s6 chi
tiét dbi v6i phan tich SWT cho dang dao dong riéng thif nhat (Hinh 5(a)—(c)), thit hai (Hinh 5(d)—(f))
va thd ba (Hinh 5(g)—(i)) ctia dim don gian FGM véi mic nhiéu 1a 75, 80 va 90 dB. Ta nhan thiy
dang dao ddng riéng cang cao thi anh hudng ctia nhiéu cang giam dan. D€ c6 thé nhan dang dudc vi
tri vét niit, mic nhiéu ctia dang dao dong riéng dau tién phai 16n hon 80 dB, trong khi d6 vé6i dang
dao dong thi hai, gia tri nay chi 1a 75 dB. Dudi day, d€ don gian ta gia thiét khong c6 nhiéu trong céc
dang dao dong riéng. Hinh 6 12 biéu dd hé s6 chi tiét cia SWT loai db4 cho 3 dang dao dong diu tién
ctia dam c6 1 vét niit x; = 0,2 m tinh tif nit bén trai v6i do sau 1a 30% khi sé mii n thay ddi l1an luot
lan=0,1; 1; 10.
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Hinh 5. Hé sb chi tiét SWT dbi v6i dang dao dong riéng thit nhét (a-c), thif hai (d-f) va thif ba (g-i) ctia dAm
FGM c6 1 vét niit & vi tri 0, 2 m tlf ndt trai véi d6 sdu 30% va mic nhiéu 75, 80 va 90 dB

Hinh 7 12 biéu dd hé s6 chi tiét cia SWT loai db4 cho 3 dang dao dong dau tién ctia dAm c6 1 vét
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nit x; = 0,2 m tinh tf nit bén trai v6i do sau 1a 30% khi ty sé E;/E, thay d6i 1an lugt 12 0,5; 1; 5.
Hinh 8 14 biéu do hé s chi tiét cia SWT loai db4 cho 3 dang dao dong dau tién ctia dAm c6 4 vét nit
cach déu nhau mot khoang 0,2 m v6i do sau vét nigt déu thay ddi 1a 10%, 20% va 30%. S6 diém do
trong cac Hinh 5-7 déu 1a 100 diém.
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Hinh 6. Hé sb chi tiét SWT ddi v6i ba dang dao dong riéng diu tién ctia dAm don gian FGM c6 1 vét niit & vi
tri 0,2 m, do sau vét niit 30% va s6 mii thay ddi 1an lugt 1an = 0,1; 1; 10
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Hinh 7. Hé sb chi tiét SWT ddi v6i ba dang dao dong riéng diu tién ctia dAm don gian FGM c6 1 vét niit & vi
tri 0,2 m, do sau vét nit 30% va ty s6 E,/E, thay d6i lan luct 12 0,5; 1; 5

40 SWT detail coefficients: Mode 1 g x10% SWT detail coefficients: Mode 2 152107 SWT detail coefficients: Mode 3
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Hinh 8. Heé s6 chi tiét SWT dbi véi ba dang dao dong riéng dau tién cia dAm don gian FGM c6 4 vét niit phan
b6 déu trén dAm va dd sau vét niit déu thay déi 1a 10%, 20%, 30%
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Ta nhan thay:

- Biéu dd hé sb chi tiét clia cac dang dao dong khac nhau déu c6 di€ém gian doan tai vi tri vét niit.

- Gia tri dinh clia c4c biéu do ting 1én khi chiéu sau vét niit ting 1én, nghia 13 vét niit 16n thi biéu
dd hé s6 chi tiét cang rd nét.

- B6i v6i cic vét nit c6 dd sau nhut nhau nhung tai céc vi tri khac nhau thi bién do dinh ciing khac
nhau, bién d6 dinh 16n ng véi vi tri vét nit 1am thay d6i 16n dang dao dong. Nhu viy, bién d6 dinh
phu thudc khdng nhiing vao vi tri vét niit ma con phu thudc do sau vét niit.

- Khi ting s6 luong diém ldy mau thi 4nh hudng ctia chiéu sau vét nit dén dang gidn doan ctia
bi€u dd hé s6 chi tiét vin 6n dinh, dong thai gia tri tuyét d6i ctia bién do ting 1én dang k& va viing xay
ra su gian doan cling thu hep lai.

- Khi s6 mii n cang nhd hoic ty sb E;/E;, cang 16n thi dAm nhay cdm hon véi vét nit, bi€u do hé
s6 chi tiét c6 budc nhay 16n.

4.2. Ddam lién tuc nhiéu nhip

Xét dim lién tuc FGM véi cdc tham sb vt liéu nhu sau: E, = 70 GPa; p, = 2780 kg/m?; u, = 0,33;
E:/E}, = 2; p, = 7850 kg/m?; w5, = 0,33 va s6 mi dic trung vat lidu n = 0,5. Kich thudc tiét dién: b =
0,1m, & = 0,1m (Hinh 9).

/A
1 yay Y yNEL
. Li=07m ., L=12m . L;=0,6m ., b

Hinh 9. Dam lién tuc cé vét nit

Hinh 10 12 biéu dd hé sb chi tiét wavelet ba dang dao dong diu tién ctia dim c6 1 vét nit, vi tri
vét niit 12 x; = 0,2 m, tinh tf nit du tién bén trai (trén nhip dAm dau tién), chiéu sau vét nit thay d6i
lan ludt 1a 10%, 20%, 30%. Hinh 11 13 biéu dd hé sb chi tiét wavelet ba dang dao dong dau tién clia
dam c6 1 vét niit, vi tri vét nidt 13 x; = 0,2 m, tinh tif niit thi hai bén trai (trén nhip dam thi 2), chiéu
sau vét nit thay ddi 1an luct 1a 10%, 20%, 30%. Hinh 12 12 biéu d6 hé sb chi tiét wavelet ba dang dao
dong dau tién ctia dam c6 1 vét nit, vi tri vét niit 1a x; = 0,2 m, tinh tif nit thi ba (trén nhip dAm thi
3), chiéu sau vét nit thay ddi lan ludt 1a 10%, 20%, 30%.

~10° SWT detail coefficients: Mode 1 g x10° SWT detail coefficients: Mode 2 410 SWT detail coefficients: Mode 3
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Hinh 10. Hé s chi tiét SWT ddi v6i ba dang dao dong riéng dau tién ctia dam lién tuc FGM c6 1 vét niit & vi
tri 0,2 m trén nhip dam dau tién, do sau vét nit thay déi a/h =10%, 20%, 30%

Ta nhan thiy:
- Tuong tu véi trudng hop dam don gian, cac biéu dd hé s6 chi tiét déu c6 diém gian doan tai vi
tri vét nit.
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, 2108 SWT detail coefficients: Mode 1 J x10% SWT detail coefficients: Mode 2 L1074 SWT detail coefficients: Mode 3
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Hinh 11. Hé s chi tiét SWT ddi v6i ba dang dao dong riéng dau tién ctia dam lién tuc FGM c6 1 vét niit & vi
tri 0,2 m trén nhip dam thi hai, d6 sau vét niit thay d6i a/h = 10%, 20%, 30%
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Hinh 12. Hé s chi tiét SWT ddi v6i ba dang dao dong riéng dau tién ctia dam lién tuc FGM c6 1 vét niit & vi
tri 0,2 m trén nhip dam thif ba, do sau vét nit thay d6i a/h = 10%, 20%, 30%

- Gia tri dinh clia c4c biéu do ting 1én khi chiéu sau vét niit ting 1én, nghia 13 vét niit 16n thi biéu
dd hé s6 chi tiét cang ro nét.

- Ddi v6i cac vét niit c6 do sau nhu nhau nhung tai cic vi tri khdc nhau, trén c4c nhip dam khac
nhau thi bién do dinh ciing khac nhau, bién do dinh 16n ting véi vi tri vét niit 1am thay déi 16n dang
dao dong. Nhu vy, bién do dinh phu thudc khong nhitng vao vi tri vét nit ma con phu thudc do sau
vet nut.

5. Két luan

Trong bai bdo nay, cdc tic gid da trinh bay cac két qua nghién ctiu méi vé viéc xac dinh vét nit
trong ddm FGM (diAm don gian, dam lién tuc nhiéu nhip) c6 nhiéu vét niit dua trén phan tich SWT
dbi véi cac dang dao dong riéng c6 k€ dén anh hudng ctia nhiu trang Gausian. Tan sd va cdc dang
dao dong riéng dudc xac dinh tit md hinh phan ti thanh dan hoi chiu kéo, nén va ubn c6 nhiéu vét nit
theo mo hinh 16 xo bang phuong phap do ciing dong luc. Két qua nghién ctiu cho thiy phuong phap
nay c6 tinh kha thi, hiéu qua va c6 thé d4p dung vao thuc té.

Loi cam on
Tac gi4 chan thanh cam on su hd trg tai chinh ctia Quy phat trién khoa hoc va cong nghé qudc gia

(NAFOSTED) cho dé tai ma s6 107.02-2017.301.
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