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PHAT HIEN VET NUT VA TINH TOANTRUONG UNG SUAT TAM
CO VET NUT BANG FEM — WAVELET

ABSTRACT

Nguyén Hoai Son
Lam Phat Thuan
Truong BDH Sw Pham Ky Thudt Tp HCM

Crack identification and computing singular stress field surrounding the top of the crack
is an important problem in evaluating the techniques. Various techniques have been studied
and used to solve the problem above. In linear elastic fracture mechanics assumptions, the
Finite Element Method (FEM) using Barsoum singular element at the top of the crack and the
Wavelet transform have proved to be very effective. In this article, the crack is evaluated through
Stress Intensity Factor (SIF) determined by Displacement Correlation Technique (DCT) and the
singular stress field is computed by extrapolation methods from the FEM analysis results. Wavelet
transform is also used with continuous and discrete transformation and has good result.

1.Giéi thi¢u:

Trong nhiéu thap ky qua, vin dé vé ran
nut luon duogc sy quan tam rat 1on cua cac nha
nghién ctru. Bac bi¢t, viéc do tim cling nhu
danh gia mirc d6 anh huong cta vét nit 1én
hé thdng k¥ thuat co khi co ¥ nghia hét strc
quan trong, gitup ching ta chuan doan, danh
gi4 kha niang lam viéc cta hé thong, dam bao
hé théng hoat dong 6n dinh va an toan.

Viéc tmg dung cac phuong phap s t6 ra
rat hiéu qua trong viéc giai quyét bai toan nt.
Va FEM la mdt cong cu manh mé da dugc st
dung tir rat sém. Cung véi viée Barsoum dua
ra phan tir suy bién diém 1/4 va Irwin véi khai
niém hé sé cuong do Gmg suét, viéc danh gia
d6 bén ciing nhu tinh toan trudng mg suat
cua chi tiét c6 vét niit co thé duge xac dinh
tir két qua FEM thong qua ky thuat twong
quan chuyén vi va phép ngoai suy. Phan tir
Barsoum khong nhiing thé hién rét t6t trudng
g suét ky di gan dinh vét nat ma con giam
dang ké kha nang that thoat ning luong gan
dinh vét nt.

Vi phép bién doi Wavelet, su tuong quan
gitra tin hiéu phan tich - trong bai bao nay la
truong chuyén vi ctia tim ¢ vét nit - va ham
Wavelet du’oc biéu thi thong qua do 16n cua
cac hé s6 C(a,b) va ham chi tiét D (k). Tai vi
tri vét nat, ham chuyén vi bi mat hen tuc, thé
hién tinh tuong quan cao v&1 ham Wavelet,

dd thi hé s6 C(a,b) va ham chi tiét D, (k ) s€ co
gla tri rat 16n. Pay 1a co sé cho su phat hién
vét nit bang Wavelet.

2. H¢ s6 cwong dd vng suit:

Hé s6 cudng d6 tng suat dugc xem nhu
thudc do cua trudng tng suat va bién dang, 1a
dai luong dénh gia d6 bén cua tim co vét nut.
C6 nhiéu phuong phéap tinh SIF tir két qua
FEM, k¥ thuat twong quan chuyén vi la mot
trong nhitng k¥ thuat don gian nhét va duoc
stt dung sém nhéat dé xac dinh SIF. DCT su
dung 4 nat gan ké dinh vét nat dé tinh SIF,
nhu Hinh 1.

(1)
K, Z%\/sz[“'(Vz —vy)—(v; —vs]

V6i, =371 : dbi v6i bai toan tmg

suit phing L+n
v, : Chuyén vi nit thr i cta phan tir tam
giac
diém 1/4 lan can dinh vét nut
(i=2,3,4.,5)
G : M6 dun dan hoi trugt
L : Kich thuéc canh 1, 1

1 1,5 cua phan tu

K, : H¢ s6 cuong do tmg suat 6 mode 1.

Véi bai toan tdm nat thudn tiy theo
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mode LK, c6 thé duoc tinh theo cong thic
ly thuyét nhu sau:

=s vpa.F'(a/b)

Trong d6, F(a/b) : hé sb hiéu chinh so
v6i truong hop tam rong vo han

(2) a: Chiéu dai vét nut
b : Chiéu rong mo hinh

3. Tinh toan trwdong vng suit dwa trén
phép ngoai suy:

Do chinh x4c cua (mg suat va bién dang
trén phén tu phu thudc vao vi tri diém tinh
toan. P6i v6i phan tir tir giac 8 nit, img suat
va bién dang c6 gié tri chinh xac nhat tai
bdn diém tich phan Gauss 2x2, hinh 2, toa
dd tu nhién twong ung:

&.h)=6C1//3,+1//3)

4 An 3
® )

4 (3)
| of],
(1) )
® ()

1 hd 2

Hinh 1: Phan tir tam gidc diém
1/4 tai dinh vet nirt

Hinh 2: Diém tich phan 2x2 va cdc nit géc
trén phan tir

Nhu vay, gia tri tng suit va bién dang
tai mot nut duoc tinh toan trén cac phan tir
khac nhau chira nat d6 13 khac nhau, diéu
nay dan dén truong tng suit va bién dang

bi mat lién tuc. D¢ tao ra trudng ung suat va
bién dang lién tuc gom hai budc:

Bude 1: T cac gia tri dugce tinh toan tai
cac diém tich phan, sir dung phuong phap
ngoai suy dé tim gia tri tai cac nit & bdn
dinh phan tir.

D6i v6i phan tir dang tham sb bac hai 8
nut, cong thirc ngoai suy dugc cho It%”é _SSUZ

U=, k..

Trong do:

{r} 1a gia tri trén nit ¢ bbn goc
phan tir can tim;

f., 14 gid tri tai diém tich phan
2x2

(3.34) |r,]1a ma tran ngoai suy

1+43/2 =172 1=-B/2 -1/2
L 172 144372 <172 1-4312
WL Z3/2 —12 0 144372 —12

12 1-43/2 <172 144312

Gi4 tri cac nat gitra bang trung binh
cdng cua hai nut trén canh tuong Gng.

Buédc 2: Trung binh cOng cac gid tri
dugc tinh trén cac phan tir lién quan. Sau
cung trudng tng suat va bién dang s& duoc
ndi suy theo ham dang.

4. Phép Bién d6i Wavelet:

a. Bién déi Wavelet lién tuc

Phan tich Wavelet bét dau tir viéc chon
trong nhitng ho wavelet ¢6 sin, mot ham co
ban theo khong gian x hodc theo thoi gian t.
Trong bai b4do nay, ham co ban dugc chon
theo bién doc 1ap x. Ham nay duoc goi la

“Wavelet me”y (x).
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Bién ddi wavelet lién tuc (Continuous
Wavelet Transform- CWT) 14 tong trén toan
khodang thoi gian cua tin hi¢u nhan theo #y /¢
(scale) va dich vi (position) ciia ham wavelet

mey (x). (3.1)

C(a,b) =\/1a—jf(X)y (x;b ]d =[Gy (o

Trong d6: a 1a ty I¢ (scale) va b 1a
dich vi (position) 1a nhitng s thuc va a # 0
Két qua cia CWT la tao ra cac hé $6
wavelet C(a,b) thé hién su twong quan cia

ham wavelet voi tin hi€u phan tich f(x).

Nghich ddo CWT cho phép thu lai tin
hiéu f(x) tir cac hé sé C(a,b), duoc dinh
nghia

(3.2)

1 ¢ g d
f(x)= X j j C(a,b)y ,,(x)d & —

Trong d6, hang sb K, phu thudc vao
loai wavelet.
b. Bién doi Wavelet roi rac

Khuyét diém cua CWT 1a tao ra rat
nhi€u hé s6 C(a,b). Vi vay, dé rut ngan thoi
gian va don gian hdéa qua trinh tinh toan
nhung van dam bao do chinh xac can thiét.
Nguoi ta thay vi¢e st dung cac h¢ so ty 1€ a
va dich vi b lién tuc bang cac hé so roi rac,
liy thiracosé21a a=2",b=k2’ (k,j € Z)
, con goi la muc dyadic. Phép bién doi
nhu vay goi la phép bién déi wavelet roi
rac (Discrete Wavelet Transform - DWT).

C,=2"[ flxly @x-kd =[ f(x)y , (o

(3.3)
Trong do:
S6 nguyén j dugc xem nhu 1a mic (level)
Tin hiéu f(x) cling c6 thé tai tao tir

hé sb C, vathuat toan nay goi la phép bién
doi wavelet ro1 rac ngugc (IDWT)

fm=33¥c, 27"y

Jj= k=eo

ik 2 7x—k)

Gia thiét rang, hé s6 wavelet C(a,b) chi
c6 gia tri dbi véi ty 1¢ a <a, véi a>a, duge
xem nhu nhiéu. Tron ong hop nay, viéc
tai tao tin hiéu f(x) Iégﬁ én thuy tu C(a,b)
can thém phan bu cua tin hiéu tuong tng
(a>a,). Dé thuc hién viée nay, nguoi ta dua
vao ham f (x) khac, dugc xem nhu ham ty
Ié (scale function). Thay y (x) bang f(x)
vao phuong trinh (3.1) ta thu dugc hé sb
D(a,b)

D(ay,b)=[" f(x)f,, ()

Khi d6, cong thirc thu hoi tin hiéu
£(x) c6 thé chia thanh 2 thanh phan
(3.5)

f(x):Klw L(J " Claby 0 dxdb)i

T phuong trinh (3.3) 4p dung cho truong
hop hé so ti I¢ a va dich vi b & mutc dyadic J,
ta thu dugc mdt day cac hé so

Dia, ) 4 b(x)db

GO d ()= f(x)y, ()d : hé s6
chi tiet muc J
Ap dung phuong trinh (3.3) véi f (x)ta
thu dugc mot day cac h¢ s6 khac

: hé so

G a k)= j FOf, (x)d

xap xi muee J

Tubohé s6 d (k)va d ,(k)taco thé
thu hoi lai tin hiéu f(x) nhu sau:

+00

Trong do: D,(x) = z cD,(k)y ;. (%)

k=—0

ham chi tiet o mirc J
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A,(x)=>d (k) (x) : hamxap
xi o mirc J =

Nhu Vay, tin hiéu f(x) c6 thé biéu dién
nhu la tong xap xi ctia n6 & mic J cong voi
tong tat ca cac chi tiét ciia nd nhé hon hoic

bang mirc J.
(3.10) f(x)=4,(x)+ ;D/ (x)

Nhu vay, qua trinh phan tich wavelet
lién tuc, két qua phan tich s€ tao ta h¢ $6
wavelet C(a,b). Gia tri ciia hé s6 C(a,b) cang
16n thi tinh twrong quan gitra tin hiu f(x) va

ham wavelet y , (x) cang cao. Dbi véi phan
tich roi rac, két qua s& tao ra ham xap xi

A4,(x) 6 mic J twong g véi tin hiéu co tan

s thap va ham ch1 tiét D (x) tuong ing voi
tin hiéu & tan s6 cao. Qua trinh nay cling

tao ra hé sb Xap xi d (k) vahé s6 chi tiét

O (x). Gia tri cua cdc hé s6 nay ciing thé
hién tinh twong quan gitra tin hi€u f{x) voi

ham wavelety , (x) vahamty 1¢ f, (x).

g(Micm)
IEEEEEEEE:

NVAWANWANFANY/N

5. I'J’ng dung :

a. Mo hinh phan tich
M hinh tinh toan la tAm nut canh,

mot dau ngam, mot dau chiu kéo, Hinh
3.

Vi céac thong so dac trung nhu sau:
Chigu cao tam: H=210 (cm)

Chiéu rong tam: W=80 (cm)

Chiéu day tam t=1 (cm)

Module dan hoi: E=2e7 (N/cm2)

Heé so p01ssc)n v=023

Chiéu dai vét nit: a=25 (cm)

Toa d6 dinh vét nut: ynut=105 (cm)
Tai trong phan bd diéu: =100 (N/cm)
Do bén vét liéu: K, =140000 (N/cm*?)

b. Luoi PTHH:
Hinh 3: Mo hinh bai toan
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Hinh 6: Bing mau trieong irng sudt ciia tam

c. Két qua:

Tir két qua trudong chuyén vi tinh duoc
béng FEM, ta tinh duoc hé sd cuong do tng
suat cho cac trudng hop véi sb phan tir thay
doi, Bang 1.

Bang 1: Két qua tinh toan K, trong céc
truong hop chia ludi cho bai toan nirt canh

Lusi | Sophantir | Bactwdo | L /a Koo K, Diff (%)
1 164 1090 0.0833 750.6082 756.5252 0.7821
2 332 2154 0.0625 751.6175 756.5252 0.6487
3 440 2826 0.0625 750.3358 756.5252 0.8181
4 560 3578 0.0500 751.9148 756.5252 0.6094
5 620 3954 0.0500 751.8286 756.5252 0.6208
6 700 4442 0.0500 751.4653 756.5252 0.6688
7 740 4690 0.0417 751.8028 756.5252 0.6242
8 818 5170 0.0417 751.5941 756.5252 0.6518
9 856 5406 0.0417 751.5841 756.5252 0.6518
10 900 5674 0.0417 750.9568 756.5252 0.7361
Trong do: K,,,, 1a két qud tinh todn hé s6  tinh bang li thuyét la bé. Chung to, trudng

cudng do Gmg suat bang FEM
K, la két qua tinh toan hé s6 cuong
d6 ung suat li thuyet
Diff (%0)=(K,,,,—K )/K, *100% la
phan tram sai so gitra hai 161 giai
L /ala ti 1€ gilra kich thude phan tir
tam giac suy bién diém % va chicu dai vét
nut a
Nhdn xét:
Tir két qua thu duoc ¢ Bang 1 cho
thay, sai so gitra SIF tinh bang FEM va SIF

chuyén vi tinh toan tir FEM dat d6 chinh xéc
cao, gidi thuat FEM Ia hop Ii.

Tir két qua truong chuyén vi, ta c¢6 thé xac
dinh duoc truong tng suat, Hinh 6.Va ciing
v6i truong chuyén vi thu dugc, thuc hién
phép bién do6i Wavelet v6i tin hiéu phan
tich 1a gia tri chuyén vi ¢ toa 46 x = 0. Ta
c6 thé nhan thiy su ton tai vét nut, thong
qua su nhiéu loan trén d6 thi hé s6 C(a,b)
trong phan tich lién tuc (sir dung ho Wavelet
Daubechies bac 5) va do thi ham chi tiét
D,(k) trong phan tich roi rac (st dung ho
Wavelet Biorthogonal bac 6.8), Hinh 7.
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Hinh 5: Bang mau truong chuyén vi ciia tam

¥ 10 Fhin tich Wavelet lién tye

5 -

4 L

3 L

2 L

1 L

0

ql I

gL

3l

AL

_5 1 1 1 1 1 1 1 1 1 1
0O 20 40 BD  BO 100 120 140 160 1BO 200

Toaddy

" 10'4 Phan tich Wavelet raii rge

5 -

4 L

% L

1 L

D |

Ak

_2 L

At

_4 L

_5 1 1 1 1 1 1 1 1 1

1
0 20 40 B0 8D 100 120 140 16D 180 200
Toaddy

Ioadan v
Hinh 7: Sy nhiéu loan trén do thi hé s6 C(a,b)
va Ham chi tiét D/ﬂ() tai vi tri vet nut

6. Két luan:

Két qua truong chuyén vi va truong ng
suat tinh toan dwoc bang FEM dudi nhiing
diéu kién cua co hoc ran nut dan hoi tuyén
tinh d4 thé hién duoc tinh chét suy bién tai
day vét nit. Didu d6 cho thiy, phuong phép
phan tir hitu han két hop vé6i viée s dung
phan tir Barsoum mang lai nhiéu hiéu qua cao
trong giai quyét bai toan nt.

H¢ s6 cuong do ung suat tinh toan tur két

qua FEM thong qua k§ thuadt tuong quan
chuyén vi ¢6 sai sb rat nho so voi gia tri SIF
tinh theo li thuyét, ching t6 giai thuat FEM la
hop li va c6 kha nang img dung cao trong bai
toan ran nut.

Phép bién doi Wavelet dat hiéu qua cao trong
viéc phat hién sy tdn tai vét nit. Dya trén su
nhiéu loan ctia d6 thi hé sé C(a,b) va ham chi
tiét Dj(k), chung ta c6 thé nhan thay dugc sy
mat lién tuc trong trudng chuyén vi cta tim
tai vi tri c6 vét nit.
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