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UNG DUNG SONG SIEU AM PE XAC PINH UNG SUAT BEN TRONG VAT LIEU
DETERMINATION STRESS BY USING ULTRASOUND TECHNIQUE

Nguyén L& Vin
Trwong Cao dang Cong nghé - Pai hoc Pa Néang; van.nguyenle87@gmail.com

Toém tat - Van tbc truyén song siéu am bén trong méi vat liéu 1a khac
nhau tuy thudc vao tinh chét cla vat liéu. Ngoai ra, khi c6 (rng suat
tdn tai bén trong, tinh chat cla vat liéu, déc biét 1a cac thong sb vé
co tinh (mé-dun dan hdi E, hé s6 Poisson v) sé thay dbi. Trong
nghién ctru nay, ky thuat tao soéng siéu am bang ngudn kich thich
laser (LUT) dwoc st dung dé tao séng siéu am lan truyén bén trong
vat liéu va st dung dau do dé thu séng siéu &m sau mét khoang cach
lan truyén nhét dinh (ng véi tirng gia tri (’ng suét cho trwédc. Théng
qua viéc xac dinh sy thay di co tinh clia vat liéu, ta cé thé xay dung
dd thi quan hé gitra co tinh (E, v) va trng suét tng vai tirng loai vat
liéu khac nhau. Tir d6, ta co thé biét dwoc (ng suét bén trong vat
liéu béng cach xac dinh cac thong sb co tinh ctia né.

Tir khéa - song siéu am; laser; thuat toan bay dan; (rng suét; tinh
chat vat liéu.

1. Gioi thiéu chung

Ung suat du 1a mg suat ton tai bén trong vat liéu khi
khong c6 ngoai lyc tac dung. Néu nhu Gng suit du nén lam
tang kha niang chiu bén moi cua chi tiét thi tmg suat du kéo
lai 1am giam kha nang chiu bén moi, d& phat sinh khuyét tat,
gdy ra nhitng hu hong dot ngot. Do dé, xac dinh tng suat du
bén trong vat lidu 1a mot nhiém vu rat can thiét, dac biét doi
v6i nhitng chi tiét quan trong. Hién nay, ¢6 nhiéu phuong
phap xéc dinh g suat du bén trong vat liéu nhu: phuong
phap khoan 15 (hold drilling) [1], phwong phap mat cit
(sectioning method) [2], phuong phap 16 sau (deep hole) [3],
phuong phép 13i tron (ring-core) [4], phuong phap chup X-
ray [5], phuong phap phan xa neutron [6]. Néu nhu nhitng
phufo’ng phap kiém tra pha huy (khoan 16, mat cit, I8i tron)
don gian, do chinh xé4c thap, thi phuong phap X-ray cho do
chinh xac cao. Tuy nhién, phwong phép niy anh huéng dén
strc khoé ngudi st dung va chi phi dau tu cao. St dung séng
siéu am dé xac dinh co tinh vat lidu [7] 14 phuong phap kha
an todn va phd bién hién nay, v6i d6 chinh x4c cao va chi phi
dAu tu ban dau khong qua 16n. Hién nay, song siéu 4m duogc
mg dung rong réi trong nganh vét liéu hoc. Nhung st dung
song siéu am dé xac dinh g suat du thi con it[8- 13] va doi
twong nghién ciru chu yéu 1a cac tim film mong. O nudc ta,
tmg dung song siéu &m con han ché, chu yéu duoc ding
trong linh vuc y té va kiém tra khuyét tat bén trong vat lidu,
mdi han. Co tinh vat liéu phu thudc vao ung suat du bén
trong vat liéu d6 [14, 15]. Dya vao dic diém nay, tac gia dé
xut huéng nghién ctru 1 str dung séng siéu 4m dé xac dinh
{mg suit du bén trong kim loai tAm.

Vin toc tmyén song trong vat li€u phu thudc vao co tinh
cua ting loai vat li¢u. Ngoai ra, co tinh cta vat liéu ma chi
yéu 1a m6-dun dan hdi E va hé sb Poisson v s& thay dbi tuy
thudc vao tng suit. Trong nghién clru ndy, séng siéu am
duogc su dung dé xac dinh co tinh cuda vat li¢u trng véi ting
gia tri ing sudt cho trudc, tir d6 xdy dung mdi quan hé thé
hién sy thay d6i ciia co tinh phy thudc vao tng suat (E-c) va
(v-6). Ung suit s& dugc cung cip bang may thir kéo - nén.

Abstract - The ultrasound velocity depends on material properties.
The material properties, especially Young modulus and Poisson
ratio (E, v) change due to stress state. In this research, the Laser
ultrasound technique (LUT) was used to generate ultrasound wave
propagating inside medium and using the transducer to receiver
signal after finite distance under applied stress. The Labview code
was used to analyzing and solve wave signal. We can build the
graph to show the relation between stress and material properties
(E, v) by determine the material properties under applied stress.
After that, we can find out the trend of material properties by stress.
So, this research promoted the new method to determine stress by
determination material properties.
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Ky thuat song siéu am — laser (LUT) [12] véi ngudn kich
thich 13 song laser c6 thé tao ra hau hét cac loai song siéu
am, bao gdom: s6ng Lamb, song bé mat (surface wave), song
Acoustic, song Rayleigh, song love, s& duoc dung dé phan
tich sy thay déi co tinh vat liéu béng cach xac dinh sy thay
d6i ctia van toc truyén song. M01 quan h¢ nay duoc thé hién
trén d thi quan hé giita van tdc va tan sd clia song siéu am.

2. Thuit toan bay dan

Thuét toan bay dan iy y twong tir tap tinh cua cac loai
dong vat sinh song theo bay, dan nhu kién, ca, ga... khi di
tim nguon thirc an. Thuat toan nay ra doi vao nam 1995 baéi
2 nha khoa hoc 1a Eberhat and Kennedy. Thuat toan bay dan
dua trén tap tinh cua cac loai vat song theo bay nhung khong
¢6 con dau dan. Mot dan ma khong cd con dau dan sé di tim
thire an mét cach ngau nhién va s€ theo con nao & gan vi tri
nguon thie an nhat. Cac thanh vién trong dan lién lac truc
tiép vGi nhitng con xung quanh nd, va hinh thanh nén mang
ludi lién két cho ca dan. Khi mdt thanh vién trong dan & gan
nguon thuc an, no sé€ lién lac voi nhitng con & gan nod nhat,
101 cac con do6 s€ tiep tuc qua trinh lién lac cho nhiing con &
xa hon. Qua trinh nay dugc thyc hién lién tuc va cac thanh
Vién trong bay di chuyén dan vé phia ngudn thirc dn, cho dén
khi ca dan tap trung tai mét di€m, do 1a nguon thirc an hay
nudc ubng ma ching dang tim [16].

Vi tri cua cac thanh vién trong dan phu thudc vao van
toc cta thanh vién d6. Gia st xi(t) 1a vi tri ctia thanh vién
thir i tai thoi diém t. Vi tri ciia thanh vién thir i s€ thay doi
khi thém van toc di chuyén.

X (t+1)=x (t)+v; (t+1)
Vi
v, (t+1)=v, (t)+c,r, (localbest(t) - x, (t))
r, (globalbest(t) - x, (t))

Trong do: 1, r2 14 s6 ngau nhién, c6 gid tri nim trong

khoang [0,1]; c1, €2 |a gia toc, co gia tri bang 2.
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localbest(t): vi tri t5t nhit cua thanh vién.
globalbest(t): vi tri tbt nhat cua bay.
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Hinh 2. Van téc ciia thanh vién

3. Miu thi nghié¢m

Trong nghién ctru nay, ching toi s dung 02 loai mau
dé tién hanh thi nghiém, bao gdm mau dong va mau thép
khong gi - 304.

Bing 1. Kich thuéc méu

Vit ligu Thép khong gi - 304|  Ddng
Bé day (mm) 0,5 0,5
Kich thudc (rong x dai) 25x200 20x200

Kich thuéc cac mau dugc cho trong Bang 1. Kich thudc
mau (rong X dai) dugc do truc tiép béng thudc cap véi do
chinh xac 0,01 mm va chiéu day dugc do bang panme véi
do6 chinh xac 0,001 mm.

Hinh 3. Mdu thi nghiém
a) Mdu thép khéng gi-304 b) Méu dong
Bing 2. Co tinh ciia mdu

Cotinh  |Khilwng| Md-dun |Gidi han| HE sb
riengp | danhoi | chay | Poisson
Vit liéu @cmd | E (GPa) | (MPa) v
Thép khong gi - 304| 8,03 193 215 0,29
Ddng 9,02 110 70 0,35

Céc thong s vé co tinh ciia mau trong bang trén duoc
tham khao tir website matweb.com.

4. Thi nghiém

Ky thuét song si€u &m — laser (LUT) dugc dung dé tao
song Lamb lan truyén bén trong vat liéu. Hé thong LUT
bao gdm: ngudn phat laser Nd: YAG véi bude song 532
nm, ning lugng 400 mJ va duong kinh chum tia 0,7 mm.
Ngudn phat laser co tin s6 dén 10 kHz, dwoc sir dung dé
kich thich va tao ra song siéu am lan truyén bén trong mau
thi nghi€m trén mot doan dai 10 mm, bd phat va thu tin
hiéu, hé théng may tinh véi b chuyén ddi tin hiéu tuin
tu/tin hiéu sb (analog/digital) ding dé diéu khién va xt Iy
tin hiéu. Pau do séng doc vé6i tang sb 5 MHz duoc ding dé
nhan tin hiéu, dong co budc duoc didu khién bai may tinh
vo1 bude di chuyén duoc cai dat trude.

5

Motor controller

Pulse-Receiver

Transducer

Force Sample

Hinh 5. Thiét bi thi nghiém

Trong nghién cru nay, phuong phap A-scan (kich thich
tai mot diém) va B-scan (kich thich trén mot doan) duoc
ding dé kich thich va tao séng siéu 4m. Tin hidu song thu
dugc 1 tin hiéu song A-scan, thé hién mdi quan h¢ gitra bién
d6 va thoi gian. Ta tién hanh kich thich trén doan 10 mm véi
budc cua dong co 14 0,05 mm. Do do, ta thu duoc tdng cong
200 dd thi song A-scan, st dung phuong phap B-scan,
chuyén toan bd 200 do thi nay sang dang dd thi vi tri — thoi
gian, cu thé 1a st dung cuong d6 mau dé biéu thi bién do
song g voi ting vi tri. Tin hiéu nay duoc chuyén sang do
thi mdi quan hé gitra vén toc va tan so bing phuong phap
bién d6i Furier nhanh (FFT). Ung suat bén trong mau duoc
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cung cap bang may thir kéo - nén, dya vao gidi han chay kh1
kéo cua vat liéu ma ta xac dinh tmg suat cung cip cho mau
Ddi v6i mau dong, gioi han chay 1a 70 MPa nén ta cung cép
{mg suat kéo tdi da 1a 70 MPa, riéng d6i véi mau thép khong
gi, ing suat cung cap téi da 1a 100 MPa {mg véi budc 1a
10 MPa sau mdi lan tang luc. Ung v6i mdi gia tri ciia ing
suat, ta tién hanh xac dinh co tinh cua vat lidu, bang phan
mém Labview két hop voi thuat toan bay dan.

5. Két qua va thio luin

Hinh 6 va Hinh 8 1a dang séng clia mau thép khong gi
- 304 va dong, Hinh 7 va Hinh 9 1a dang ph6 B-scan.

Hinh 10 va Hinh 11 thé hién qua trinh xac dinh co tinh
vat liéu (E, v). Gia tri co tinh ban d4u s& duge dy doan trude
trong mot khoang nhat dinh dya vao gia tri co tinh tham
khéo. Muc dich 13 giéi han ving tim kiém cho cac thanh
vién trong bﬁy, $6 lvong thanh vién dugc chon 1a 30.
Chwong trinh Labview s& tién hanh xac dinh co tinh thong
qua thuat toan bay dan, 1iy thir mot gid tri trong khoang da
cho va vé 6 thi quan h¢ gitra tan sb va van toc truyén song,
sau do k1em tra sai s0 s0 vOi d6 thi c6 dugc tir thyc nghiém.
Néu sai sO vuot qué sai s cho phép (3%) thi chuong trinh
s& tiép tuc chay cho dén khi sai s6 nho hon gia tri cho phép
va thu dugc cac thong sb co tinh ctia vt liéu (E, v).

Ham sai s6 duoc dung dé xac dinh sai s6 giita gia tri
thuc nghiém va gié tri 1y thuyét.
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Hinh 7. Phé mau B-scan ciia thép khéng gi 304
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Hinh 11. Xéc dinh sai s6

Hinh 12 va Hinh 13 1 két qué ctia qua trinh nghich dao,
ta c6 thé thiy dudng mau den 13 d6 thi theo 1y thuyét, dudng
chdm mau d6 1a do thi tir thuc nghiém. Sau khi st dung
chwong trinh Labview v&i thuat toan by dan, ta thiy hai
db thi chdng chap v6i nhau. Do chinh x4c cta két qua phu
thudc vao muc do chéng chap cua 2 dd thi. Trong thi
nghiém nay, d4u do ¢6 tan s6 5 MHz duoc st dung dé nhan
tin hiéu. Do d6, can dam bao cac mode Ao, So, A1, S1 Va
cac mode & khu vuc tan sb 5 MHz ¢6 sur chéng chap tbt
nhit dé thu duoc gia tri co tinh vat liéu, ma cu thé 1a mo-
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dun dan hoi E ¢6 @6 chinh xac cao.
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Hinh 12. D6 thi két qua nghich ddio ciia thép khéng gi
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Hinh 13. D6 thi két qua nghich ddio ciia dong

Ung suét duge cung cép cho miu thdng qua ma kep ctia
may thur kéo - nén. Do do, phai han ché hién tuong trugt gitra
mé kep va vat mau dé dam bao tng suat khong thay d6i hodc
thay ddi rat bé trong qua trinh thyc hién thi nghiém.

Bang 3 thé hién két qua, 1a mbi quan hé giira ing suit
véi mb-dun dan hoi va hé s Poisson cta hai miu thép
khong gi - 304 va ddng. M6-dun dan hoi E s& giam khi ting
(g suat kéo [8], [14, 15].

M0o-dun dan hdi E ctia mau thép khong gi - 304 va dong
s& giam khi g suat kéo bén trong miu ting 1én. Gia tri E
bang 201,5 GPa twong tmg véi truong hop khong co g suit
kéo va giam dén 193,2 GPa & 100 MPa ddi v6i mau thép
khong gi - 304. Tuong tw dbi véi mau dong E = 125,2 GPa ¢
trang thai binh thuong va giam xudng con 122,2 GPa tai gia

tri Ung suat 70 MPa. ‘Tuy nhién, murc d§ giam cua E khong
tuyén tinh va duge thé hién trén do thi Hinh 14 va Hinh 15.
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Hinh 14. D6 thi E-o ciia thép khong gi
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Hinh 15. D6 thi E-o ciia dong

D) thi Hinh 14 va Hinh 15 thé hién mdi quan hé giita
mo6-dun dan hdi va Gmg suit cua miu thép khong gi - 304
va dong. Mo-dun dan hdi gan nhu khong thay ddi ¢ mg
suét thap (tir 0 = 20 MPa), nhung giam nhanh & (ng suat
16n hon 30 MPa. Bdi v6i mau thép khong gi, mo-dun dan
hoi giam 4,2% tmg v6i 100 MPa, va 2,4% (g véi 70 MPa
dbi v6i mau dong.

Hé s6 Poisson ctia miu thép khong gi - 304 va dong
thay d6i khong dang ké khi ng suat kéo ting, gia tri v dao
dong quanh 0,26 d6i voi mau thép khong gi - 304 va 0,34
d6i v6i mau dong. Do d6, hé sb Poisson khong dugc ding
dé xac dinh g suat trong nghién ctru nay.

Bing 3. Gid tri co tinh theo ieng sudt ciia méu thi nghiém

Méiu Ung suit cung cip (MPa) 0 10 20 30 40 50 60 70 80 90 100
Thép E (GPa) 201,5 | 201,5 | 201,4 | 199,0 | 198,1 | 197,6 | 197,0 | 196,0 | 1955 | 194,3 | 1932
gkikf%noi v 0,263 | 0,259 | 0,263 | 0,261 | 0,262 | 0,262 | 0,263 | 0,263 | 0,261 | 0,261 | 0,262
Dhng E (GPa) 1252|1252 | 125,1 | 124,1 | 123,8 | 123,2 | 123,1 | 122,2

v 0,344 | 0,344 | 0,343 | 0,345 | 0,343 | 0,343 | 0,343 | 0,342

6. Két luan va kién nghj

Bing thudt toan bay dan va phin mém Labview, két
hop voi phuong phap siéu am — laser ta xac dinh dugc co
tinh cua kim loai tai cac gia tri (ing suit nhét dinh, qua do
xac dinh dugc quan hé giira tmg suit kéo va md-dun dan
hoi clia cac miu kim loai (thép khong gi - 304 va dong).

M6-dun dan hoi ciia cic mau thép khong gi - 304 va
dong s& giam khi ta ting ing suit kéo trong mau, sy thay
d6i ctia md-dun dan hoi chi xay ra ¢ tmg suat kéo 16n hon
20 MPa. Nghién clru nay s€ mo ra mgt phuong phap moi
trong viéc xac dinh tng suat du bén trong vét lidu bang
phuong phap kiém tra khong pha huy, thong qua viéc xay
dung do thi mbi quan hé giita E — o.
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