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‘MO PHONG SU LAN TRUYEN VET NUT TRONG KHONG GIAN HAI CHIEU

Truong Tich Thi¢n, Trin Kim Bing
Truong Pai hoc Bach khoa, PHQG-HCM

(Bai nhdn ngay 28 thang 06 nam 2010, hoan chinh stra chiva ngéay 12 thang 11 ndm 2010)

TOM TAT: Trong linh vuc co hoc niit, viéc dy dodn hwedng @i cia vét nirt khi xay ra hién tiwong

vél nut lan truyén dong vai tro quan trong vi viéc nay sé danh gia dwoc vét mit khi lan truyén liéu cé

xdm pham vao nhitng viing quan trong, nguy hiém cua cau triic hay khéng. Bai bdo cdo nay sé d@é cap

t6i ba Iy thuyét du dodn hudng lan truyén cia vét mirt la thuyét img sudt phdp theo phurong tiép tuyén

cue dai, thuyét suat giai phong ning heong cuc dai va thuyét mat dé ndng lugng bién dang cuc tiéu.

Déng thoi, chwong trinh FRANC2D sé duoc sir dung dé mé phong si lan truyén cia vét mit dya trén co

s6 cdc Iy thuyét trén.

Tir khéa: Co hoc mit, vét nitt, lan truyén, chwong trinh FRANC2D.,

1. GIOI THIEU

Hé s6 cuomg d tmg sudt 1a théng sé vo
cling quan trong trong co hoc nut, néi 1én mirc
d6 tip trung tmg sudt tai dinh vét nut. Trong
khong gian 3 chiéu, cdc hé s6 cuong do ing
sudt K;, Ky, Ky, dic trung cho 3 su chuyén vi
doc ldp cua vét nit gém dang md ring
(opening — mode I), dang trugt (sliding — mode
IT) va dang xé (tearing — mode III). Khi du
doan hudng lan truyén cua vét nat hai chitu, 3
phuong phép Gusmaxs Sminy Gumax déu st dung 2

théng sé quan trong chinh 13 K; va K; dé tinh
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Trong d6, K,, Ky, la hai hé sé cuong dé

{ng sudt dic trung cho hai dang chuyén vi doc

cosg[l(, sin@ + K, (3cos@-1)]

todn géc udn cua vét nit. Bai béo nay sé trinh
biy co s 1y thuyét cia cac phuong phip nay
vi mot s6 md hinh vét nut lan truyén don gién
dugc tham khao tir cédc tai liéu khéc.
2. PHUONG PHAP DU POAN HUONG
LAN TRUYEN CUA VET NUT

2.1. Thuyét tmg suit phap theo phwong
tiép tuyén cwre dai Gypmax

Cac biéu thic dang hdn hop cua truong
ang suat dan hdi quanh dinh vét ntet khi duoc

biéu dién theo toa dd cuc nhu sau

Cosg[Kf (1 +sin? E]+%K” sinf-2K, tang] M

)

(3

lip cla vét nit 13 dang mé rong (mode I) va

dang truot (mode II).
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Thuyét {mg sudt phép theo phuong tiép
tuyén cuc dai Oggmax béc nhét ddi véi vét lidu
ding huéng khing dinh vét nit s& phat trién

-

y

theo hudng vudng goc voi ung suit phap theo
phuong tiép tuyén cuc dai. Thuyét nay dugc

Sih va Erdogan dua ra vao nam 1963.

Oy
Tl'a
88 max
Ag,
=X
Crack tip

Hinh 1. Ung suiit phip theo phuong tiép tuyén cuc dai trong hé toa d cue.

Pao ham biéu thirc (2) theo bién 6 va gan

bing 0.

Sau khi sip xép lai va dat 0 = Af,, biéu

thire (2) s€ c6 dang sau

K, _ —sinAg, )
K, 3cosAf -1

Giai phuong trinh (5) theo bién AB, ta s&
tinh duge gc udn cta vét nit.

Theo su tham khao tir tai licu [3], dua trén
thuyét img suat phap theo phuong tiép tuyén
cuc dai, goc uén cua vét nit con co thé duge
tinh tir cong thirc sau

3K: +.K; +8K} K}

K} +9K;,

A6 =arccos (6)

Theo cong thirc (6), ABc < 0 khi K > 0.

Ngoai ra, géc udn cia vét nit con c6 thé
duge tinh todn theo cong thire duge tham khao

tir tai liéu [4] nhu sau

DEIK,

A6, =2arctan
Tl 8K )

(M

Theo cong thirc (7), néu K;; = 0 thi Abc = 0
( dang mo rong thudn tiy). Néu Ky > 0 thi géc
uén cua vét nit Abc < 0. Néu Ky < 0 thi géc
uén cua vét nirt A > 0.

2.2. Thuyét mat do ning lwgng bién
dang cure tiéu Sy,

Thuyét nay dugc Sih dua ra vdo nim
1974. Sih da phat trién cong thirc tinh mat do
ning lugng bién dang S theo hé sb cudng do
ung suit K; va Ky nhu sau

S=a,K?+2a,K K, +a,K; (8)

Véi
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a, =T61—#[(1+cost9)(x—c056)] . (9)

a, =1—6];sin6?[2c059—(x—])] (10)

1
a, —@[(fﬁl)(l—oosg) +(1+c0s0)(300s6-1)]

(11)

E l1a module dan héi va v 1a h¢ s6 Possion.

e E
2(1+v)
k=3—-4v trong truong hop bién dang
phing.
K=" trong truong hop Ung sudt
l+v
phing.

Vét nit sé phat trién theo huong 6 = Ad,,

noi ma mat d¢ nang luong bién dang ¢ do la

cue tiéu.
2
%:0 va _29§>0 (12)

Vét nit bit ddu lan truyén khi mat d6 nang

lugng bién dang tién t6i gié tri cuc dai S = S,

Theo su tham khao tir tai liéu [5], gid tri cuc
dai S, dugc tinh theo céng thirc sau

S, =(1-2v)(1+v)K;./2E (13)

Vi Ky 1a giéi han pha huy.

2.3. Thuyét suat giai phong ning lugng
cuc dai Gax

Thuyét nay dwa trén sw tinh toan cia
Hussain vao nim 1974. D6 la cic hé s6 cudng
do (g sudt Ky(0) va K;(0) cua mot vét nut
chinh ban dau véi mgt phin bj udn véi goc 0
rit nho & dinh dugc tinh toan dya theo céc hé
s6 cuong d6 ung suat K; va K; cua vét nut

thuong.
K, (0)= g(@)(K, 0059+%K” sinﬁj (14)

/ 2 N
Ky (9)=g(9)LKﬂ cosB—%K, sinQJ (15)

a

4 1-8/m\2=
g)= 16
2(6) (3+c0529)[1+9/z) e

K, K@
a) original crack b) kinked crack

Hinh 2. Vét nirt chinh ban dau v6i mt phéan bi udn véi goc 6.

Theo biéu thirc tong quat cua Irwin, suit
gidi phong ning lugng G cho vét nit ban dau

vd1 mot phén bi udn vaéi gdc 6 sé nhu sau

1

6(9)=E

(K} (0)+K;(8)) 17)
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véi E'= cho bién dang phing.

biéu thirc (17) tro thanh

E
(1-v?)
E'=E cho tmg sudt phang.

0(9):ég2(9)[(1+3c0529)1<} ~8sinfcos 0K, K, +(9-5cos* 6)K3] (18)

Két hop vdi cac biéu thirc (14), (15), (16),

Géc lan truyén cia vét nit duge tim bing 32(;(9)
: o el (20)
cach cuc tiéu hoa G(6). o6*
aG(8) " - Dang tong quét ciia biéu thirc (18) c6 thé
20 dugc viét gon lai nhu sau:

Va phai thoa man diéu kién 6n dinh sau

1 . :
G(8) =7 [4K7 (6) + 4K, (6) +24.K, (6)K, ()] @1
A, 4-3sin’ ¢
4, |=g%(8)| —2sin20 (22)
A, 4+5sin” 0

PHAP DU POAN HUONG LAN TRUYEN thuan tign cho viéc so sanh, dat

CUA VETNUT
U M =2-tan" (ﬁj (23)

T 1

Sau ddy 1a do thi so sanh két qua giita
thuyét img sudt phap theo phuong tiép tuyén
cuc dai voi thuyét suat giai phong nang lugng
cuc dai va thuyét mét dé nang luong bién dang

-90

/ Se0) (plane stress, v = 0.3)

. G(o)
-70 o

max

CQ0max

-10}F

0.0 0.2 0.4 0.6 08 1.0
(Mode 1) M (Mode 11)

Hinh 3. Db thi so sanh két qua giira ba ly thuyét du doan hudng lan truyén clia vét nut.

cuc tiéu duoc tham khao tir tai liéu [7]. Dé
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Ngodi ra, bai bdo cdo nay xin dugc dua ra du dodn huéng lan truyén cia vét nit. Két qua
mét két qua so sanh khéc gilta 3 phuong phdp nay dugc tham khao tir tai lidu [2].
o -

/—Smin theory, » = 0.3, plane strain (Sih, 1974)
/ —%e0,max theory (Erdogan and Sih, 1963)
7
,"l P ,l_Gmu theory, (Hussain, et al., 1974)
Fi /
$ 7
I

i
=0m = -2 KK

8
1

Predicted crack propagation angle, deg
[

| 1 J

30 80 20
Mixed-mode load factor, tan-1 [KyK|], deg

8

Hinh 4. D thi so sanh két qua gitra ba ly thuyét du dodn hudng lan truyén cia vét nit,

4. MO HINH TINH TOAN dang xét 1a bién dang phing.Véi E = 30 [(don
4.1 Mo hinh 1 vi luc)*/(don vi dai)], hé s6 Poisson v = 0,25.
M6 hinh dugc tham khao trong tai lidu [6] Ung suit trugt © = 1 (don vi ap sudt). Dé ting
vdi céc kich thuge W = 7 (don vi dai), H = 8 trudng vét nit Aa = 0,5 (don vi dai).

(don vi dai), a=3,5 (don vi dai). Truomg hop

4

— 1 I 3
¥

—
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Hinh 5. Tim phing vdi mét vét nut bién va chiu (ng sudt tiép.

Két qua hinh anh bién dang ctia md hinh sau khi dugc tinh toan bing FRANC2D nhur sau

Trang 44



TAP CHi PHAT TRIEN KH&CN, TAP 13, S0 K5 - 2010

Hinh 6. Két qua bién dang ban dAu va sau khi vét nirt phat trién sau 7 step.

So sanh két qua bién dang ciia md hinh khi vét mirt phat trién sau 7 step véi két qua tham khao ti tai
liéu [6].

FRANC2D ' Ta1 liéu [6]

Hinh 7. So sanh két qua bién dang.

So sanh két qua tinh toan hudng lan tmyén cua vét nirt gifra 3 thuyét Ooemaxs O

maxs Smin-
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OBBmax

/
.\%}«

Gruax

Srein

Hinh 8. So sanh két qua vét nitt lan truyén gitra ba lhuyét Oaiass O Skt

4.2. Mé hinh 2 liéu dan hoi ding hudéng la hop kim nhém
Mb hinh duge tham khao tir tai liéu [3]. 7075-T6 v6i E = 71,7 GPa, v = 0,33. Chiéu dai
Trudng hop dang xét la bién dang phing. Céc vét nit ban déu ag = 10 mm. Luc P = 20KN.
kich thude trong hinh vé ¢6 don vi la mm. Vit D6 tang truong cua vét nit Aa =3 mm.
65

5=}

28.5

# 51

17

4

Hinh 9. Tam phing véi mét vét it bién va ba 16 tron.

Két qua hinh anh bién dang cuia mé hinh sau khi dugc tinh toan bing FRANC2D nhu sau
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Hinh 10. Két qua bién dang ban ddu va sau khi vét nut phét trién sau 11 step.
So sanh két qua tinh toan hudng lan truyén Gunas. Smin VA cdc két qua tham khao tir tai liéu
cta vét nit sau 11 step giita 3 thuyét coomax.

13].

O O O

Két qqua tinh todn Két qua thi nghiém
tir tad ligu [3] tir tai ligu [3)

Hinh 11. So sanh két qua vét nirt lan truyén.
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Hinh 12. So sénh két qua vét nirt lan truyén giira ba thuyét Daaciis Tt Oz

Pt M® = (2/n)tan” (Ky/Ky)

Bang 1. So sénh céc gia tri M* sau 11 step khi tinh toan bing ba phuong phap Ggemaxs Gmaxs Smin-

Step Oyomax Gimax Smin
0 -0,98669 -0,98669 -0,98669
1 0,99632 0,99486 0,99632
2 0.99547 0.99614 0,99547
3 0,99238 0,99275 0,99238
4 0,98495 0,98574 0,98498
5 0,98254 0,98389 0,98254
6 0,97162 0,97303 0,97159
q 0,96291 0,96512 0,96283
8 0,95365 0,95568 0,95365
9 0,93246 0,93511 0,93235
10 0,90906 0,90128 0,90880
11 0,85618 0,85156 0,85633
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s0 sanh gla tri Me giua 3 thuyet
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Hinh 13. D6 thi so sanh cac gia tri M® sau 11 step khi tinh todn bz"mg ba phuong phap Gpomaxs Gmaxs Smin-
5. KET LUAN nhau. Piéu nay ph hop véi d6 thi so sanh két
Céc gid tri M® dugc tinh todn & mdi step A S U ST oA I OR oy S

2 P ciia vét nit duge tham khao tir tai liu [7
theo 3 thuyét ogomaxs Gmaxs Smin d€U €O gid trl : 1]

xdp xi bang 1 (ndm trong khoang 0,8 - 1). Do (Hinh 3), Vi vy, dutng di cla vet mit duge

3 oot i it : £ mod phong theo 3 thuyé s + Bz €6
do, goc udn cua vét nirt duoc tinh theo 3 thuyét paniig Yet Ouomaxs Gimaxs Stin

- B i et e dang gin giéng nhau.
Ggmax> Omaxs Smin O MOI step co gid tri gan bang Ang gan giong

SIMULATION OF CRACK PROPAGATION IN TWO DIMENSIONAL PROBLEMS

Truong Tich Thien, Tran Kim Bang
University of Technology, VNU-HCM

;

ABSTRACT: Predicting crack trajectory when crack propagation occurs plays an imporfant
role in fracture mechanics problems because this will evaluate whether important areas of structure are
heavily influenced by crack propagation. In this paper we introduce three theories to predict crack
path, including maximum tangential stress theory, maximum energy release rate theory and minimum

strain energy density theory. Besides, the FRANC2D program is used to simulate the crack propagation

based on three above theories. |

Keywords: crack trajectory, crack propagation, FRANC2D program.
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