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TOM TAT

Phat hién sw ton tai vét nit va tinh toan truong (g suét ky di xung quanh dinh vét nit la mét
van dé rét quan trong trong viéc chén doan va danh gié kha ndng lam viéc cua chi tiét may. Cé nhiéu
ky thuat da duwoc nghién ctru va st dung dé gidi quyét van dé trén. Trong khuén khé co hoc ran nirt
dan hoi tuyén tinh, phuong phap phan ti hitu han (FEM) voi viée stv dung phan i suy bién Barsoum
& dinh vét nit va phép bién déi Wavelet da cho thdy nhiing hiéu qua rét thiét thuc. O bai bao nay, vét
nutt duoc danh gia théng qua hé sé cuong dé (ing suét (Stress Intensity Factor - SIF) duoc xéc dinh
bang ky thuét twong quan chuyén vi (Displacement Correlation Technique — DCT) va truong (ing suét
duoc tinh toén théng qua phép ngoai suy tir két qué phan tich FEM. Phép bién déi Wavelet thuc hién
cho c& trurong hop bién dbi lién tuc va bién déi roi rac déu dat duoc két qua tét.
Keywords: FEM, Wavelet, Co hoc ran nit, Phan tlr Barsoum, Hé sé cwdng dd ¢rng suét

ABSTRACT

Identifying cracks and computing singularity stress field surrounding the top of the cracks is a
very important task in diagnosis and evaluation of workability of the machine details. Many techniques
have been investigated and employed to solve the above-mentioned problem. Upon the assumptions
of the linear elastic fracture mechanics, the Finite Element Method (FEM) together with Barsoum
singularity element at tips of the crack and Wavelet transform reveal effectiveness in terms of
methodology. In this paper, the cracks were evaluated through Stress Intensity Factor (SIF)
determined by Displacement Correlation Technique (DCT) and stress field computed through
extrapolation methods from FEM analysis. Wavelet transform carried out in the two cases - continuous
and discrete transforms offer good results.

Keywords FEM, Wavelet, Fracture mechanics, Barsoum element, Stress Intensity Factor

hé s6 C(a,b) va ham chi tiét Dj(k). Tai vi tri vét

|. GIOI THIEU nut, ham chuyén vi bi mét lién tuc, thé hién tinh

Viéc g dung cac phuong phap s6 t6 ra tuong quan cao voi ham Wavelet, do thi h¢ 5O
rat hiéu qua trong viéc giai quyét bai toan nit. C(a,b) va ham chi tiét D; j(k ) s€ co gia tri rat 16n.
Va FEM la mét cong cu manh mé da dugc s Pay 1d co so cho sy phat hién vét niit bang
dung tir rat sém. Cung voi viéc Barsoum dua ra Wavelet.

phin tir suy bién diém 1/4 va Irwin voi khai

Y S P I1. HE SO CUONG PQ UNG SUAT (SIF)
niém hé s0 cuong dd ung suat, viéc daph gia do

bén ciing nhu tinh toan trudng Gmg suat ctia chi Hé sb cuong do ung suét dugc xem nhu
tiét c6 vét nut co thé duge xac dinh tir két qua thuét do cua trudng Ung suat va bién dang, la
FEM thong qua k¥ thuét twong quan chuyén vi dai luong danh gia do bén cua tim co vét nit.
va phép ngoai suy. Phan tir Barsoum khong C6 nhiéu phuong phap tinh SIF tir két qua FEM
nhimg | thé hién rét t6t truong ing suat ky di gan trong d6 k¥ thuat twong quan chuyén vi 1a mot
dinh vét nirt ma con giam dang ké kha ning that trong nhiing k§ thuat don gidn nhat va duogc sir
thoat nang luong gan dinh vét nut. dung sém nhat dé xac dinh SIF [1]. DCT sir

dung 4 nat gan ké dinh vét nat dé tinh SIF,

Véi phép bién d6i Wavelet, su tuo‘ng
quan gifra tin hiéu phan tich - trong bai bao nay
la truong chuyen vi ctia tAm c6 vét niit - va ham
Wavelet duoc biéu thi thong qua do 16n cua cac

Hinh 1.
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Hinh 1. Phan tir tam gidc diém 1/4 tai dinh vét
nut

G 27
K, :m\/T[4(V2_V4)_(V3_V5)] (1)
Vi, = 3=Y : dbi véi bai toan (g suét phing
1+v

V,: chuyén vi nit tht i clia phan tir tam

gidc diém 1/4 1an can dinh vét niit (i=2,3,4,5)
G : M6 dun dan héi truot
L : kich thudc canh 1123, l145 cua phén tr
K, : hé s6 cudng d6 tmg suit & mode 1.
Vi bai toan tAm nut thuan tay theo mode

1K, c6 thé dugc tinh theo cong thirc 1y thuyét
nhu sau:

K, =o+m.F(a/b) )

Trong d6, F(a/b) : h¢ s6 hiéu chinh so
véi truong hop tam rong vo han

a: Chiéu dai vét nut
b : Chiéu rong mo hinh

I1l. TINH TOAN TRUONG UNG SUAT
DUA TREN PHEP NGOAI SUY

Do chinh xac clia ing suat va bién dang
trén phén tr phy thude vao vi tri diém tinh toan.
Dbi v6i phan tir tir giac 8 nat, mg sudt va bién
dang c6 gia tri chinh xac nhit tai diém bén
diém tich phan Gauss 2x2, hinh 2, toa do tu
nhién tuong ing:

(m)=(£1/3,£1/43)

Nhu vy, gia tri (mg suét va bién dang tai
mot nat dugce tinh toan trén cac ph?m tir khac
nhau chira nut d6 1a khac nhau, diéu nay dan
dén truong Gng suét va bién dang bi mét lién
tuc. Dé tao ra truong tng suat va bién dang lién
tuc gom hai budc:
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Hinh 2. Diém tich phdn 2x2 va cdc mit goc trén
phan tir

Buoc 1: Tu céac gia tri dugc tinh toan tai cac
diém tich phan, str dung phuong phap ngoai suy
dé tim gid tri tai cac niit & bdn dinh phan ti.

D6i voi, phan tir dang tham sé bac hai 8
nut, cong thirc ngoai suy dugc cho nhu sau

th=[L, i} &)
Trong do, {f} la gia tri trén nut & bdn goc
phan tr can tim;
f.,, 14 gid tr tai diém tich phan 2x2; L, |
la ma tran ngoai suy,
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-1/2
1-+/3/2
-1/2
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(4)
Gi4 tri cac nut giira bang trung binh cong
cua hai nit trén canh tuong ung.

L=

Buoc 2: Trung binh c¢ong cac gia tri dugc tinh
trén cac phan tir lién quan. Sau ciing truong tmg
sudt va bién dang s& dugc nodi suy theo ham
dang.

IV. PHEP BIEN POl WAVELET
4.1 Bién d6i Wavelet lién tuc

Bién ddi wavelet lién tuc (Continuous
Wavelet Transform- CWT) la tong trén toan
khoang thoi gian cua tin hi¢u nhan theo # /¢
(scale) va dich vi (position) ciia ham wavelet
me y(x) [2].

C(a,b) =

jf(x) ( ]dx

= L F ()47, (X)X

(5)
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Trong do: a la ty Ié (scale) va b 1a dich vi
(position) 1a nhitng so thyc va a # 0

Két qua cQa CWT 1a tao ra cac hé sd
wavelet C(a,b) thé hién su twong quan cua ham
wavelet v6i tin hiéu phan tich f (X).

Nghich ddo CWT cho phép thu lai tin
hiéu f (X) tir cac hé s6 C(a,b), duoc dinh nghia

f(x)= Ki [ [ c@ b)t//a,b(X)G'XO'b2‘1—{21 6)

Trong d6, hang s6 K, phu thudc vao loai
wavelet.
4.2 Bién d6i Wavelet roi rac

Khuyét diém ciia CWT la tao ra rat nhiéu
hé sé C(a,b). Vi viy, dé rat ngin thoi gian va
don gian hoa qua trinh tinh todn nhung van dam
bao d6 chinh xac can thiét. Nguoi ta thay viéc
str dung cac hé sb ty 18 a va dich vi b lién tuc
béng cac hé sb roi rac, liy thua co s6 2 1a
a=2"b=k2',(k,jeZ), con goi la muc
dyadic [3]. Phép bién doi nhu vay goi 1a phép
bién ddi wavelet roi rac (Discrete Wavelet
Transform - DWT).

C, =2" j: f () (277 x—k)dx

- j: f(X)4, (X)X

Tin hiéu f(X) ciing co thé tai tao tir hé

(7)

s6 C,, va thudt toan ndy goi la phép bién doi
wavelet ro1 rac ngugc (IDWT). Khi d6, cong
thire thu hoi tin hiéu f(X) co thé chia thanh 2
thanh phan:

100 = Iy ([ otabw, o) 2

1
Ky

i J.bi_w D(ay,b)e, ,(x)db

(8)

Tu phuong trinh (8) ap dung cho truong
hop hé s0 ti 1€ a va dich Vl b & muc dyadic J, ta
thu dugc mét day cac hé so

cD, (k) = [ f (X, ()dX: hé s6 chi tiét
©)

murc J
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Ap dung phuong trinh (9) véi ¢(X)ta thu
dugc mdt day cac hé s6 khac

cA (K) = [ F(X).¢,, ()X : ¢ s xdp
(10)

Tir bo h¢ s6 D, (k) va cA (k) ta co thé
thu hoi lai tin hiéu f(x) nhu sau:

00 = X[ D, (0w, (9 )+ LA (041,00
(1

xi mue J

Trong do,

D;(x)= > Dy (K, (X): ham chi tiét &
k=—o0

muec J
A (X) = Z:CAJ (K)@,, (X) : ham xdp xi ¢ mirc J

Nhu vay, tin hiéu f (X) co6 thé biéu dién
nhu 13 tong xap xi cila n6 & muc J cong voi
tong tat ca cac chi ti€t cia ndé nho hon hodc
bang mirc J.

f(x)=A(X)+>.D,(x)

<3

(12)

Nhu vay, qua trinh phan tich wavelet lién
tuc, két qua phén tich sé tao ta hé s wavelet
C(a,b). Gia tri ctia hé so C(a,b) cang 16n thi tinh
tuong quan gitta tin hi¢u f(x) v& ham wavelet
., (X) cang cao. Pbi véi phan tich roi rac, két
qua s& tao ra ham xap xi A (X) & mirc J tuong
g voi tin hiéu co6 tan s6 thap va ham chi tiét
D.(X) twong tmg véi tin hiéu ¢ tin s6 cao. Qué
trinh nay ciing tao ra hé s6 xap xi CA, (k) va hé
s6 chi tiét cD,(x). Gia trj cta cac h¢ s6 nay
ciing thé hién tinh twong quan giira tin hiéu f(x)
voi ham wavelet v/, (X) vahamty 1é ¢, (X).

V. UNG DUNG
5.1 M6 hinh phan tich [4,5]

Mo hinh tinh toan 1a tdm nat canh, mot
dau ngam, mot dau chiu kéo, Hinh 3.
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g (2vzm) i cac thong sb dic t hu sau:
T Vi cac thong so dac trung nhu sau

Chiéu cao tim: H=210cm

Chiéu rong tam: W=80cm

Chiéu day tim:  t=1cm

Module dan hdi: E=2e7 N/cm2

Heé sb poisson:  v=0.3

Chiéu dai vét nut: a=20(cm)

Toa d6 dinh vét nit: ynut=105

AN AN Tai trong phan bd didu: q=50(N/cm)

Do bén vat ligu: K;;=140000 N/cm*?

Hinh 3. M6 hinh bai toan
5.2 Lwoi PTHH
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Hinh 4. M6 hinh chia lwéi phan tir hitu han sir dung phan tir Barsoum diém 1/4 ¢ dinh vét nirt

5.3 Két qua
Chuyén ¥j theo phudagx , g°  Chnyéa vi theo phuongy , 15°
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Hinh 5. Bang mau trieong chuyén vi ciia tam
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Bdng 1. Két qua tinh todn K, trong cdc triecong hop chia lwdi cho bai todn mikt canh

.. | S6 phan R Sai 86;.
Luéi tr Bic tu do L./a Krem Ky tuong doi
(%)
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
Nhén xét

Tu két qua thu dugc & Bang 1 cho thiy, sai sd gitta SIF tinh bang FEM va SIF tinh bang li
thuyet 1a bé. Chung to, truong chuyeén vi tinh toan tir FEM dat d6 chinh xac cao, giai thuat FEM la hop
Ii.

Tur két qua truong chuyén vi, ta ¢6 thé xac dinh duoc truong Ung suét, Hinh 6.

Bang man o, Bang mau o,
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Hinh 6. Bang mau truong g sudt ciia tam

v6i truong chuyén vi thu duge, thuc hién phép bién doi Wavelet v6i tin hi¢u phan tich 1 gié tri chuyén
vi ¢ toa d6 x = 0. Ta c6 thé nhan théy su ton tai vét nut, thong qua su nhiéu loan trén dd thi hé sb
C(a,b) trong phan tich lién tuc (st dung ho Wavelet Daubechies bac 5) va d6 thi ham chi tiét D;(k)
trong phan tich roi rac (sir dung ho Wavelet Biorthogonal bac 6.8), Hinh 7.
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w10t FPhian tich Wavelet lién tyc
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Hinh 7. Su nhiéu loan trén do thi hé s6 C(a,b) va Ham chi tiét Di(K)

VI. KET LUAN

Két quéa truong chuyén vi va trudng tng
suét tinh toan duoc bang FEM dudi nhiing diéu
kién cua co hoc ran nut dan hoi tuyén tinh da
thé hién dugc tinh chét suy bién tai day vét nit.
Piéu d6 cho thiy, phuong phap phan tir hiru
han két hop v6i viée sir dung phan tir Barsoum
mang lai nhiéu hiéu qua cao trong giai quyét bai
todn nut.

Heé sb cuong d6 (mg suat tinh toan tir két
qua FEM thong qua ky thudt tuong quan

chuyén vi c6 sai s6 rat nho so véi gia tri SIF
tinh theo li thuyét, chimg té giai thuat FEM la
hop li va c6 kha nang Gng dung cao trong bai
toan ran nut.

Phép bién d6i Wavelet dat hiéu qua cao
trong viéc phat hién sy tdn tai vét nut. Dya trén
su nhiéu loan cta dd thi hé sb C(a,b) va ham chi
tiét Dj(k), ching ta c6 thé nhan thiy duoc su
mat lién tuc trong trudng chuyén vi ciia tdm tai
vi trf ¢6 vét nut.
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