NGHIEN CU’U - TRAO DBOI

NGHIEN CL’U NG DUNG SONG LAMB TRONG PHAT HIEN
VA DANH GIA VET NUT TREN TAM THEP SUS304

RESEARCH ON THE APPLICATION OF LAMB WAVES IN CRACK DETECTION
AND EVALUATION FOR SUS304 STEEL PLATES

Ngb Sy Pong, Lwong Thé Thing"
Khoa Co khi— O t6 va Xay dung, Truong Pai hoc Pién luc
*Email: [t91thang@gmail.com

TOM TAT

Bai bdo trinh bay nghién ciru g dung séng Lamb trong phat hién va ddnh gid vét nirt trén
tam thép SUS304 bang phwong phdp kiém tra khong phd ity (NDT). Nghién ciru tdp trung cdi thién
kha ndng phat hién khuyét tdt théng qua viéc sir dung tin hiéu quét tan sé tuyén tinh (L-Chirp) thay
cho phirong phdp kich thich tone-burst truyén thong nham néng cao dé phan gidi tin hiéu. Pong
thoi, cdc ky thudt xir 1y tin hiéu s6 dwoc trién khai trén nén tang MATLAB dé phdn tich va dénh gid
ddc trung phan xa ciia séng Lamb khi twong tdc voi vét mit. Két qua nghién citu cho thdy phwong
phap dé xudt c6 kha nang phat hién va dinh leong vét nirt véi dg chinh xdc cao, gép phan nang cao

hiéu quad gidm sat va danh gid tinh trang két cau thép trong thiee té.
Tir khéa: Séng Lamb, Thép SUS304; L-Chirp; Kiém tra khéng phd hiy (NDT).
ABSTRACT

This paper presents a study on the application of Lamb waves for crack detection and
evaluation in SUS304 steel plates using non-destructive testing (NDT) methods. The research focuses
on improving defect detection capability by employing linear frequency sweep (L-Chirp) signals
instead of the conventional tone-burst excitation method in order to enhance signal resolution. In
addition, digital signal processing techniques implemented on the MATLAB platform are utilized
to analyze and evaluate the reflection characteristics of Lamb waves when interacting with cracks.
The experimental results demonstrate that the proposed method can effectively detect and quantify
cracks with high accuracy, thereby improving the reliability and efficiency of structural health

monitoring and evaluation for steel structures in practical applications.
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1. TONG QUAN

Trong cac linh vyc cong nghi¢p nhu
hang khong, dong tau, nang luong va co khi
ché tao, viéc dam bao an toan va do tin cay cua
két cau luon 13 yéu cau quan trong. Cac khuyét
tat nhu vét nit, an mon hay hu hong bén trong
vat liéu c6 thé phat trién am tham trong qua
trinh 1am viéc va gdy ra nhiing su ¢ nghiém
trong néu khong dugc phat hién kip thoi. Vi
vay, cac phuong phéap kiém tra khong pha hay
(Non-Destructive Testing — NDT) da va dang
duogc nghién ctru, phat trién manh mé& nham
phat hién sém cac hu héng ma khong lam anh
hudng dén trang thai hoat dong cua két cau [1].

Trong cac k¥ thuat NDT, song si€u am
dan huéng, dic biét 1a song Lamb, duoc danh
gia cao nho kha ning lan truyén trén céc cau tric
dang tdm véi khoang cach 16n va do nhay cao
dbi voi cac khuyét tat nhu vét nut, 16 réng hay an
mon [2]. S(’)ng Lamb ton tai & nhiéu mode khéc
nhau (S ...), trong d6 mdi mode c6 dic tinh
lan truyen Va tuong tac khac nhau véi khuyét tat,
gitip cung cap thong tin quan trong cho viéc xac
dinh vi tri va kich thudc hu hong [3].

Tuy nhién, cac phuong phép kich thich
truyén thong nhu tone-burst thudng gip han
ché vé do phan giai theo thoi gian va kha ning
phan tach tin hi€u phan xa, dac biét trong moi
truong c6 nhiéu hodc khi khuyét tat co kich
thude nho. Piéu ndy lam giam do chinh xac
trong qué trinh phat hién va dinh luong vét nut
[4]. B¢ khic phyc han ché nay, cac nghién ciru
gén day da dé xuit sir dung tin hiéu quet tan sb
tuyén tinh (Linear Chirp — L- ChlI’p) két hop voi
cac ky thuat xir Iy tin hiéu sb nham cai thién
do phan giai va tang cuong kha nang phat hién
khuyét tat. Khi két hop véi cac cong cu xur Iy tin
hiéu nhu bién ddi Fourier, loc tin hiéu va phan
tich thoi gian tan s trén nén tang MATLAB,
phuong phap nay cho phép khai thac t6t hon

thong tin tir tin hiéu phan xa cta song Lamb
[5], dong thoi ning cao kha ning dinh vi va
tai tao khuyét tat trong cac hé giam sat két cau
thong minh [6].

2. CO SO LY THUYET VA PHUONG
PHAP XU LY TiN HIEU

Song Lamb 1a dang séng dan hoi dic
trung lan truyén trong cic ciu tric dang tim
c6 bé mat tu do, voi didu kién budc song co
kich thudc tuong dwong voi chiéu day tAm.
Su lan truyén nay dugc chi phdi boi phuong
trinh Rayleigh-Lamb, xac dinh mdi lién hé phi
tuyén giira tan s (f), chiéu day tdm (d) va van
toc pha (¢ ). D6i voi mot tim c6 chiéu day 2h,
cac mode song duoc phan tach thanh hai dang
chinh: dbi xtmg (Symmetric - S) va bat ddi
xung (Antisymmetric - A). Cac phuong trinh
dic trung cho hai ché do nay 1an luot duoc biéu
dién dudi dang:

Mode ddi xtng:
tan(gh) _ 4k?‘*pq )
tan(ph) (x*—g?)?
Mode bit d6i xtng:
. - Z
tanlgqh) U-EE— f-.'|'1:| 2)
tan (ph) 4kZng

Trong do, cac tham s6 p va q duogc xac
dinh qua s6 séng k va tan s6 goc o theo cong
thure:

p? = {5} — kivig®= {i} — K
(i
(c,, ¢, tuong ung la van tdc song doc va song
ngang).

Pic tinh quan trong nhit cia séng
Lamb Ia tinh tan sac (dispersion), khién van toc
lan truyén thay doi1 theo tan s6. Do do, viéc xac
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dinh diém l1am viéc trén dudng cong tan sic 1a
yeu td quyét dinh dé to1 uvu hoa kha nang phat
hién khuyét tat trén thép SUS304.

Nham khic phuc nhuoc diém vé sy
danh dobi giita bang thong va ning luong cua
tin hiéu tone-burst truyén théng, ky thuat quét
tan sd tuyén tinh (L-Chirp) dugc ap dung. Tin
hiéu L-Chirp theo thoi gian t c6 dang:

x(t) = A-w(t)-cos (E?r (fc,t -I-%k tz}) (3)

Vi, f la tan so bat dau, k = (f, = £)/T
1a toc do quet tan sb trong khoang thoi gian
T, va w(t) 1a ham ctra s6 (nhu Hanning hoac
Hamming) nham giam thiéu bip séng phy. Khi
song Lamb lan truyén gap vét nut bé mat, cac
hién tugng phan xa, truyen qua va chuyen doi
mode s& xay ra. Hé s6 phan xa R va truyén qua
T phu thudce truc tlep vao ty I¢ gilta do sau vét
ntt a va chidu day tim d. Thyc nghiém cho théy
mode A thu:ong nhay hon véi cac khuyét tat bé
mat & dal tan thap, trong khi mode S, lai uu thé
trong viéc phat hlen khuyét tat xuyen sudt nhd
vén tdc 16n va tinh 6n dinh cao.

Pé trich xuét thong tin vét nut tir tin
hiéu phan xa, k¥ thudt nén xung thong qua
ham tuong quan chéo (Cross-correlation) duoc
thuc hién trén moi truong MATLAB. Tin hi¢u
thu nhéan y(t) dugc ddi chiéu véi tin hiéu tham
chiéu x(t) theo cong thirc:

Reyio = | y(Ox(t —D)dt 4)

xy(T)

Qua trinh nay cho phép xéac dinh chinh
xac thoi gian bay (Time-of-Flight — ToF), tur
d6 dinh vi vi tri vét nit. Két hop véi bién doi
Fourier nhanh (FFT) va cac bo loc k¥ thuéat 30,
ti s6 tin hiéu trén nhidu (SNR) duoc cai thién
dang ké, glup tach bach cac tin hi¢u phan xa
yeu tur cac cau tric hinh hoc phtrc tap hodc céc
vét nit nam sat nhau.

Hinh 1 so sanh tin hi¢u song Lamb trude
va sau khi xur ly: trong khi tin hi¢u tho (Hinh
la) bi bién dang boi cac thanh phan nhiu tan
sb cao gay kho khan cho viéc nhan di¢n dinh
song, thi tin hiéu sau khi 4p dung bd loc thong
thap (Hinh 1b) da dugc khir nhidu hidu qua. Két
qua la duong dic trung trd nén tron tru, 1am ndi
bat cac goi song chinh, giup tdng d0 chinh xac
trong viéc xac dinh thoi gian bay (ToF) va phan
tich cac dac tinh tan xa.

Tin higu truér khi lpe (G6 nhifu)

a a1 oz 03 o4 0.5 0.8 or 0.8 (=K} 1

a 0.1 oz

Hinh 1. D6 thi thoi gian cua tin hiéu séng Lamb:
(a) Tin hiéu thé chira nhiéu tan sé cao;
(b) Tin hiéu da khir nhiéu sau khi dp dung bé loc
théng thap.

3. KET QUA VA THAO LUAN

Nghién ctru tién hanh thiét lap thuc
nghiém trén tAm thép SUS304 kich thude 500
x 500 x 2 mm v&i cac vét niit gia lap co do sau
tir 10% dén 50% chiéu day tdm duoc tao bang
phu’ong phap cit day EDM. Hé thong do luong
bao gdm cap cam bién PZT dan bé mat, may
phat ham két hop bo khuéch dai cong suat dé
phat tin hiéu L-Chirp trong dai tan 50 — 250
kHz, va dao dong ky sb két n6i MATLAB dé
xu 1y dir liéu. Viéc lya chon dai tan nay dua
trén phan tich dic tinh van toc pha va van toc
nhom trong Hinh 2. Két qua dd thi cho thay
trong dai tn dudi 250 kHz, chi c6 hai mode co

5 \ \ A . e e ’ ad
ban la A  va S ton tai, giap tranh sy phurc tap
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do chong l4n cac mode bac cao va tdi wu hoa
viéc phan tich thoi gian bay (ToF). Dac biét, su
tach biét rd rét vé van tbc nhom tai tan sé trung
tam (voi S dat khoang 5200 m/s va A khoang
2200 m/s) cho phép dinh vi khuyet tat chinh
xéc. Viéc lya chon dai tan nay nham gidi han sy
xuat hién ctia cac mode bac cao, chi duy tri hai
mode co ban A va S| dé t6i wu hoa viéc phan
tich thoi gian bay (ToF).

Két qua cho thdy, nhd ky thuit nén
xung thong qua ham tuong quan chéo, cac tin
hiéu bi kéo dai do tinh tén sic da duoc tap trung
thanh cac xung nhon véi do phan giai thoi gian
tang gap 3,5 lan so voi phuong phép Tone-burst
truyén théng. Piéu nay cho phép tach rd tin
hi¢u phan xa tu vét nat va dinh vi khuyét tat
v6i sai s6 chi trong khoang +1,5 mm dua trén
van téc nhom c, cua mode S.

{3 Phase Velosity Curms

(5] Group Velosity Curves
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Hinh 2. Ddc tinh van toc pha va van toc nhom cia
cac mode song S, va A, theo tan so.

bac biét, bién do tin hi¢u phan xa (A )
the hién sy tang tru:orng tuyén tinh theo do siu
vét nit tr 0,2 mm dén 1,0 mm; trong d6, mode
A, t6 ra nhay bén hon v6i cac hu hai bé mit
nong, con mode SQ ching mi‘nh kha nang bao
toan nang lugng tot khi truyén tai ¢ cu ly xa,
tao tién dé tin cdy cho viéc danh gia dinh luong
khuyét tat trong cdu tric tim. Tuy nhién, két
qua mo6 phong trong Hinh 3 cho thdy mot sy
khuéch dai bién do rat 1on ngay tai mép vét nit
(x =0). Hé s6 khuéch dai dat khoang 4,5 d6i voi
van toc in-plane va gap d6i dbi véi van tde out-
of-plane, vugt xa du doan ciia 1y thuyét chong

chap don thuan. Sy gia tang dot bién nay tap
trung cuc dai ngay tai mép vét nirt va glam dan
theo ham mii khi ra xa, khang dinh tim quan
trong cua cac tuong tac tai ranh gidi gian doan
hinh hoc. Co ché d::ing sau hién tuong nay dugc
giai thich boi sy chuyén d6i ché do song (mode
conversion) tr mode toi S, sang cac mode béc
cao hodc song than (bulk waves) két hop voi
hién tugng giao thoa tang cudng (constructive
interference) tai cac goc canh cua vét nirt. Viée
nhan dién co ché khuéch dai manh mé nay
khong chi lam sang to ban chat vat 1y cua twong
tac song-khuyét tit ma con tao co s dé t6i vu
hoa vi tri ddt cam bién PZT, gitp nang cao dang
ké do nhay va tinh chinh xac trong vi¢c danh
gi4 dinh lugng d6 sau vét nit tir 0,2 mm dén 1,0
mm trén ciu trac tim thép SUS304. Két qua
nay phu hop véi cac nghién ctru vé mang cam
bién song dan huéng dung cho kiém tra dién
rong trén két ciu dang tim [8].
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Hinh 3. M6 phong khuéch dai bién do tai meép vét
nirt do chuyén déi mode

Hinh 4 thé hién sy so sanh truc quan vé
hiéu qua cua hai phuong phap kich thich song
Lamb trén tAm thép SUS304 trong moi truong
¢6 nhidu 16n. O d6 thi (a), phuong phap Tone-
burst truyén thdng cho thiy ti s6 tin hiéu trén
nhiéu (SNR) rit thap, khién tin hiéu phan xa bi
14n 4t hoan toan boi nhidu nén; déng thoi, hién
tuong gian xung (pulse stretching) do tinh tan
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sdc khién viéc xac dinh thoi gian bay (ToF) gip
sai sO dang ké. Nguoc lai, tai d0 thi (b), phuong
phéap L-Chirp dé xuat két hop voi ki thuat nén
xung thong qua ham tuong quan chéo da tap
trung nang luwgng vao mot xung nhon duy nhat
tai vi tri tré 200ps, giup ting do phan giai thoi
gian 1én gap 3.5 1an. Két qua nay khong chi cai
thién déng ké ti s6 SNR ma con cho phép tach
bach rd rang tin hi¢u phan xa khéi nhiéu, giap
dinh vi chinh x4c vi tri khuyét tit vi sai s6 chi
khoang 1,5 mm.

{a) Traditional Tone — burst Method (Low SNR. Pulse Stretching)
T T T T T T T T

L L . L L L L
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(b) Proposed L — Chirp Method after Pulse Compression (High Resolution)
T T T T T T
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Hinh 4. So sanh tin hiéu song Lamb: (a) Phuong
phdp Tone-burst truyén thong véi ti sé SNR thap;
(b) Phirong phép L-Chirp dé xudt sau khi nén xung

cho do phan gidi cao.

4. KET LUAN

Viéc str dung tin hiéu L-Chirp thay thé
cho phuong phap Tone-burst truyén thong da
chung minh dugc uu thé vuot troi trong viéc
cai thién ti sd tin hiéu trén nhidu (SNR). K§
thuat nén xung thong qua ham tuong quan chéo
trén MATLAB giup tang d¢ phan giai thoi gian
1én gép 3,5 lan, cho phép tach bach 13 rang cac
g6i song phan xa yéu tir vét nirt khoi nhidu nén.

Nghién ctru da xac dinh chinh xac thoi
gian bay (ToF) cua cac mode song co ban, dac
biét 1a mode SO voi van toc nhom 6On dinh. Sai

s6 dinh vi vét nit dugce khong ché trong khoang
1,5 mm, dap tng tét yéu cau kiém tra thuc té
trong cong nghiép. Phuong phap dé xuit khong
chi ning cao dg tin cdy trong viéc phat hién
khuyét tat ma con mo ra kha ning danh gia
dinh lugng hu hai trén cac cAu trac tAm kim
loai.«
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