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U'NG DUNG PHUONG PHAP PHAN TU HUU HAN MO RONG TRONG VIEC TINH
HE CUONG PQ UNG SUAT
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(Bai nhin ngay 28 thang 06 nam 2010, hoan chinh sica chita ngay 18 thang 10 ndm 2010)

TOM TAT: Phiong phdp phan tir hitu han la mét phirong phdp s6 dwoc img dung rdt hiru hiéu
trong co hoc khi dw dodn va mé hinh héa ing xir co hoc cia vt liéu va cua két cdu. Tuy nhién trong
mét s trwong hop phicong phdp phan tir hitu han tré nén phire tap nhu viéc mé phong su di chuyén ciia
nhitng mién khéong lién tuc, dén dén viéc chia lai lwdi phan ti. Phwong phdp phan tir hitu han mo réng
(PP-PTHHMR) cho ta mgt cdch thirc mgi trong viéc mé hinh héa vét nitt trén nén tang phuong phap
ph&n tr hitu han. Phieong phdp nay cho phép vét mit duge thé hién mot cach déc ldp véi ludi phan ti,
do d6 khéng can phai chia lai ludi phdn tie khi mé hinh vét nirt lan truyén. Bai bdo nay dé cdp toi viéc
hién thuc hoa phuwong phap phdn tir hitu-han'mé réng trong tinh todn hé $6 mdt dg g sudt, mgt tham
s6 quan trong trong viéc dir dodn dwoc huong cua vét mirt ngay khi vét mirt khéng con phat trién.

Tir khéa: Phuong phap ph_cfn nr hitu han, Phuong phap phcfn tie hitu han mo rong, hé 56 cuong
dg vmg sudt, Abaqus.

1. GIOI THIEU 2. PHUONG TRINH CO BAN
Khao sat mot mién Q ¢co bién la I' bao gom

T, T Levail=T U ToU T

Trong nhing nim gan day PP-PTHHMR
xuét hién nhr mét k¥ thudt hiéu qua trong vié_c
phan tich nhimg vin dé cua vét nit. N6 ngdy . r

cang dugc st dung rong rai nhu mot phuong " Sy

phép kha thi trong md hinh vét nut phat trién

dudi gia thuyét cia co hoc ran nit dan hoi

i

tuyén tinh [1, 2, 3, 4]. Nguyén tc cia PP- b
PTHHMR & chd két hop nhiing ham m& réng : ,
g g L i Hinh 1. Trang théi cin biang cua vit cd vét nit
vao nhimng phan tir suy bién dé tinh chuyén vi & . RN cua_ R
& i B Véi: T, la bién cua chuyén vi, [, 1a bién
gin dinh vét nut. . !
) y 5 cua ngoai luc, I 1a bé mat kéo tr do (vét nut),

So sanh véi PP-PTHH co dién, PP- s

. _ . t 1a thoi gian.

PTHHMR cung cap nhirng thudn lgi trong viéc ) : "
: ; Khi dé phuong trinh can biang duoc viét :
mé phong sy lan truyén cua vét nit. Phuong : ‘
phap nay dya trén sy mo rong cua bic tu do Vo+/f =0 tongmiénQ (1}

clia nhimg nut bi chia cét boi vét nit. Dicu kién bién nhu sau:

o.n=f" trénbiénT,
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u=u la trudmg clmyén vi trén bién
E.
o.n=0 trén bién

o \ , A by i
voi o 1 tensor tng suat, 13 lyc khéi ,

f" 12 ngoai lyc, n 1a phép vector don vi.

3. XAP Xi TRONG PHUONG PHAP PHAN
TU HUU HAN MO RONG (PP-PTHHMR)
Y tuémg co ban cia PP-PTHHMR la mé
rong khong gian hitu han phan tr bing cach
cong thém nhitng ham mo rong.
Khao sit mét diém x thudc mién phz‘“m fir,
xép XI chuyén vi tai diém x dwoc tinh nhu sau

[1]:

u' (x)=u™ +u™ = Z N, (x)u, + Z N_J(x).u/(x).aJ (2)

fEN' JeN™

Trong (2): u’" = Z N:(®ymyy o™= Z N_J(x).i,lf(x).c{r
IeN,

Véi: u'(x) 1a xAp xi chuyén vi tai diém
x; u, 1 chuyén vi nit lién tuc; @, 1a chuyén vi
nit khong lién tuc; N,(x) va N,(x) la cic

cdc ham dang twong tmg; w(x) 1a ham mé

u"(x)=ZN,(x).u, - Z N_J(.r).Hj.a_, + Z

KeN™™  a=]

1eN Jen

O ddy: N la tap cic nut khong mo rong;
N® tip cic nit bi chia cit boi vét nat
N*™ 1a tp cac nit chira dinh vét nut; b,

l2 bac tr do m& réng dudi dnh hudng cua

v

rong tai cac nit khong lién tuc; N, 1a tap cic

mit cia phan tr; N, 1a tip cac nit bj mo
rong.
Trong trudng hop mé hinh vét nit phang

ta c6 dwoc xdp xi [2]:

ham F ;. tai nit K dugc dinh nghia nhu sau:
Fak zFa(x)_Fa(xK) (4)

Khi d6 truomg chuyén vi

s [:x ] _ I:N" fom N ].[u, fom u,('nr:IT )

Diéu nay dugc thé hién rd hon théng qua
phén tir tir gidc véi ham dang tuyén tinh. Déy 1a
mot phan tir théng dung trong PP-PTHHMR vi

viéc tinh todn dya trén phan tir nay khéng qua -

phtre tap va chinh xac hon so véi phin tir tam
gidc ndi chung.

Xét mét phin tir tir gidc
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x,‘\ll‘wll
-

1

Hinh 2. Phin wr ti gidc trong hé toa do tong thé va hé toa do dia phuong.
Ta ¢6 cac ham dang trong toa d§ phin tir tuwong tng:
. 1 . . ! :
Ni(;-n)zgtl—;)(l—n) JN:(;JH:I(H;)(I—'})
3 ! £ £ ! £ 6
A_‘(.._.,rg)=z(l +&E)(1+1n) ; Nd(s,r]):z(l -5+ (0)

Luc nay truong chuyén vi:
I e enr
u' =u" +u™ (7

(] 1 1

W= [:} =[N N a ]T )

[N N, NN N, O 0 0 0
.le“': = (9)
0 0 0 0 N N, N, N,

w [N N, N, N, 0 0 0 0
N = 5 ey e BEL ool (10)
(0 0 0 0 N N, N, N,

Voi: Fh =N, () =w(x)—w(x,) (11)

5
Khi do: u{”"=|:u” Uy Uy Uy, Uy U, Hy, “.-4] (12)

nr T
u:‘ = I:a.\'l a.\Z a.\'.‘i a.N a.\ 1 a_l'Z a_\‘.‘ a_r-% ( 13)
4. ROI RAC HOA PHUONG PHAP PHAN Ku'=f (16)
TU HUU HAN MO RONG ‘ .k
; ] Voi Kla ma tran clng tong thé; u' la
Theo thuyét can bang nang lugng [1]: ’ ' ; )
vector bic tu do nut bao géom béc tu do mo
Wm s W«.'.\'.' (|4) )
rong va f 1a vector ngoai luc.
Tuong duong:
i T PP-PTHHMR thi ' i
Iﬂadgd9= L) f"’é‘ua’Q+_[r £ Sudr (15) g B WK, Jdugs dinb
' nghia nhu sau:
Viéc hién thuc hoéa phuong trinh trén suw
fe-fe fe-en
dung PP-PTHHMR thu dugc phuong trinh sau: = [K K } (17)
K on- ¢ K en-en
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Vi

K“*=[B" cB*da K" [B" CB"dQ
Q

Q
7 _ (18)
K'""=(B " CB"dQ=[B" CB*dQ=K"*
Q 4]
F=[f £ L BT
- i ~ h
£ _L’ N.f'dT+| N, f'dQ
u “l 1 ~h
f ‘Ir.. N H f'dT + LIN, H f'dO (19)
[l = L_ N, F, f'dT+| N,F, ['dQ
(a=1,2,3,4)
V6i B 1a ma trin dao ham cua ham dang:
Nf..r 0 (Nl ]{)u 0 ("ViEf ).\ 0 —!
B'=|0 N, | B'=|0 (NH), | B"=|0 (N.F), -
N, N, (NH), (NH), (N,F,), (NF,), i
(a=1+4)

Xét trong truong hop ph?m tur tr giac. Ta Vai D 1a toan to dao ham, khi do:
¢6 tensor bién dang :

e=DN,u'=Bu (22
Y

w Két hop hai truong hop co ban va mo rong
= . h
L =Du(x) (21 ta ¢o duoc :
28, ’ -
) B — [B;'lell B:Hl (23)
N. N, N, N, 0 0.0 0] Nig Moo Now Now 0 0 00
5 2 % 4x — % ek 5
B -lo o 0o o N N N, NLB=0 0o 0o 0 N N N N |
N, Nz.‘. NJ‘,-- N4._n N, N, N N4,.} -{II.. V K"f-.‘ K’l.. fT\:'I.. V* —’\_’1 R’m

Cong viéc con lai cia viée tinh todn 1a dinh nghia nhimg ham mo rong ¥ 5).

4.1. Ham Heaviside w(x) = H (&)
Ham cua xap xi u” (x) duge viét lai o dang:

L{"=ZN,.L£, + Z (N_J.H(é’)—N_J.H(;‘,))ch (25)

leN JeN™
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H,=1tai vét nitt, H, =0 tai nhimg noi

khac. Suy ra cong thic (20) dugc viét lai nhu
sau:

N .H 0
B* =0 N, H| (6)
]\‘!,.J,H N, H
#
b,
¢(x).f =[Nl.: N?..l N3.l N-U] (I =X, }’)
)
¢,

4.3. Him mé rong gin dinh vét nit

U(x)=F,(r,0)

4.2. Ham déc y (x) =|¢(x)|

Pao ham cia  w(x)dugc tinh

(w(x)), = sign(¢(x))¢,(x)

Pao him cia @(x)theo hai bién

X, ¥ dugc tinh nhur sau:

(27)

Ham ma rong tai dinh vét nit duogc dinh
nghia & dang hé truc toa d (#,0) gin véi dinh
vét nit.

X1

Hinh 3. Hé toa do t(:mg thé va hé toa d dia phuong.

F (r,0)= {\/;sin%,x/;cosg,\/;sinﬁsing,\/;singcosg} (28)

DPao ham cua F, (r,0) trong hé truc(r,6)

G NI
S—r F,=—cos— F, =
” 2\/_sm T >

2,r

F,= —smﬂsm i

2r

7
F,, =—=cos—sinf. F,, =
4, 2\/; 2 4,6

Trong hé truc toa dé (X, X,)

_COSE g

F,,= \/;(%cosgsine -I—sinﬂcosé?)

0 N

sm-—

(29)

1 17 )
Jr (= =sin—cosf + cos—cosf
g e g
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o 1 6
- cos

F, =———sinb‘sin3—9 F l
Jr 2

3.x
2r : ’

1 ] 3¢
F, =—=(cos—+cos—cos#
Tl ey )

Cubi cling trong hé truc tong thé ta thu duoc

£os=F,

F =F

(419 ¢ (298 ¢

cosa—F, sina

Trong (31): @ la géc hop boi vét nirt va truc x

5. TINH HE SO MAT PO UNG SUAT DUA
TREN PHUONG PHAP TICH PHAN
TUONG TAC

Hé s6 mat dé ing suit 1a mét tham sb
quan trong viéc phan tich vét nirt phat trién. Hé
s6 mat do g suat duoc do bing sy thay déi
{mg sudt tai ving lan cin dinh vét nit. Vi viy
hé sb mat dd ung sudt ¢é vai tro quan trong

trong viéc biét duge hudng cua vét nit ngay

F, =—=cos= F,
1.11 2\/; 2 2,,1‘

g . 30
=——(sin— +sin—-cosf) F,
2\/_.( ) 2 ) 4,x

—Lcos— F —LsinE
2\/’_ 2 2,x, 2\/; 2
=—-1—cos£sin9 (30)
2r 2
sina+F,  cosa (31)

khi vét nit khong con lan truyén. Phuong phap
tich phan tuong téc 1a mét ky thuat rat hiru hiéu
trong viéc lap trinh dé tinh hé sé mét do Gmg
SUAt,

Xét mot vét nit trong toa do dé-cac, véi

I" 1 chu tuyén bao quanh dinh vét nit.

Hinh 4. Tich phan J xung quanh dinh vét nut.

Tich phan J theo chu tuyén I' duoc dinh nghia nhu sau [3]:

Ou,
J=L[de2 —ﬂger =L{W5,,. -0,

1
Voi T =o,.n;la luc kéo tén chu
ruyén ['; n,phdp vector ngoai cia I'; Wla

mat do nang luong bién dang.

1 anx aux . aux
if =J‘r[§(a‘f +a;" N&; +€,"°), - (o, +a,")

.
ou
Al
ox ’

(32)

Trong phuong phép tich phan tuong téc,
mot trudmg bo tro duoc dat thém vao ddi tuong
chira vét nirt ciing véi truomg hién c6. Liic nay
tich phan J 14 tong cia hai truong nay.

O(u; +u,"™)

ox,

:, ndl (33)
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Trong (33): o, la cic thanh phan (ng

sudt; 0" la céc thanh phan g suat bo tro;

¢, ld cac thanh phan bicn dang; &, 4 cic

thanh phan bién dang bd trg.

i
J)

- uy

ox, ox,

ar OU; A
M:I[q i o —-W"g, |ndl
r J ) J 1}

s M _ iy anx
vai W' =0,6"" =0,"¢,

(J“" 1a tich phan J thuc; J™ la tich phan
J bo tro; M duge goi la tich phén tuong tic va
7Y duoe goi la ning lugng tuong tic)

Tir méi quan hé cua tich phin J va hé so
mit d6 tng sudt, ta o

J =—1£1;.-(K,2 +K,%);

5 | , (37)
M= E(K,.K,"”" +K,.K,")

O day: K,va K,"" 1ah¢ s6 cuong d¢ ing
suit va hé sé cuong do (g suit trang thai b
trg theo dang nit mode I; K, va K,™" la h¢
sé cuomg d6 (mg sudt va hé s cuong dg ing
sufit trang thdi b tro theo dang nirt mode II.

Déi voi timg dang vét nit ta chon
K, =1; K,” =0cho dang nit tha nhat
(mode 1), va nguge lai cho dang nut thir hai

(mode I1). Khi do:

Dang rut gon cua cong thue (33) la:

J=J+J+M (34)

(35)

(36)

K==
2

Trong cong thic (38), E'=E khi co

(38)

H : ’ E . ’
trang thai img suat phang va £’ = 1ow khi co
-V

trang théi bién dang phang. Vi E la md-dun
dan héi doc (Young’s modulus) va v la hé sé
poisson.
6. KET QUA VA SO SANH

Trong phdn nay gidi thigu viéc su dung
phuong phap phan tir hiru han m& rong dé mé
phong mét vi du dién hinh cua co hoc nut. Mot
thm ¢6 kich thude (0.08 x 0.04) m nhu hinh 5,
chiu kéo vdi tmg suit ¢ = 1000 MPa canh dudi
¢6 dinh theo phuong y, cic tham sb vat ligu la

E=117.10°MPa, v =0.34.

FEEEEEKK,

w

e

i

Hinh 5. Tam hinh chir nhat chiju kéo

Trang 57



Science & Technology Development, Vol 13, No.K5- 2010

Theo ly thuyét hé sé mat dé ang suit K

dugc tinh nhu sau [1]:

K,=CoJra (39)

Trong d6 a la chiéu dai vét nit, W 14 chiéu

rong tam, va C 1a hé sd thuc nghiém [1]

2 3 4
C[i’-]=1.12—0.231[i]+10.55 i’-] —21.72[-"—] +30.39(i] (40)
W W W W %

khi @=0.015m thi hé sé mat d6 tmg suat
theo 1y thuyét bing428.3 Mpavm . Dé tién
cho viéc so sanh mét tim hinh chi nhat chiu
kéo dugc chia vai nhiéu lugi phan tir khac nhau
boi phan ti tir gide, dé tiép cin véi két qua
chinh xdc.

Trén hinh 6 chuyén vi theo phwong Y cua

tim duge giai bing Abaqus va XFEM, mot

a)
Hinh 6. Chuyén vi theo phuong Y cua tAm giai bing a) Abaqus va b) XFEM

phfm mém kha manh trong linh vuc co hoc phi
tuyén trén nén ting phuong phép phéan tir hiru
han. '

Bang 1 va hinh 7 so sanh chuyén vj Ién
nhit theo phuong v (Uyma) cia tim véi nhiéu
lu6i phan tr khic nhau khi giai bing Abaqus
va XFEM.

Bang 1.Chuyén vi [6n nhat theo phuong y

S6 phan tir Uy max Uy max Sai S6
(Abaqus) (PTHHMR) (%)
171 1,801.10° 1,5360.10° 14,714
361 1,801.10° 1,5643.10° 13,143
741 1,801.10° 1,5921.10° 11,599
1521 1,801.10° 1,5924.10° 11,582
3081 1,801.10° 1,6082.10° 10,705
4661 1,801.10° 1,6140.10° 10,381
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Bing 2. Ung suat 16n nhat theo phuong y

So phz"in tu Gyy max Gyy max
(Abaq;s) (PTHHMR)
171 9,888.10° 2,8355.10°
361 9,888.10° 4,7754.10°
741 9,888.10° 6,7139.10°
1521 9,888.10° 7,4157.10°
3081 9,888.10° 8,0143.10°
4661 9,888.10° 10,033.10°

0.00162 1T

0.00161

0.0216 +

0.00159

0.00158

Uy max

0.00157

0.00156

0.00155

0.00154

0.00153 +——

—— UY max

T

2000 - 3000 4000 5000

SoPhan Tu

Hinh 7. Quan hé giita tong sé phin tir va chuyén vi 16n nhét Uy e

Bang 2 va hinh 9 so sanh ung sudt l6n nhat

theo phuong Y (oyy max) cua tam vdi nhiéu

- +2.244e+03
== +1.395e+03
+5.459e+02

-3.035e+02

a)

lui phan t khic nhau khi giai bing Abaqus

va XFEM.

(®)
Hinh 8. Ung sut trong tam theo phuong Y giai béng a) Abaqus va b) XFEM
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12000000

10000000 %

80000009 5
60000000 l_

" 40000000 J/

|

20000000

Oyy Mmax

——GC1Y max

e

o] 1000 2000 3000 4000 5000

Tong s6 phin tir

Hinh 9. D6 thi quan hé giira tong sd phan tir va g suat 16n nht theo truc Y (oyy max).

Bang 3 va hinh 10 so sanh hé sé mit do tmg suat véi cdc ludi phan tir khéc nhau va hé sé mat do
{ing sudt theo ly thuyét

" Bang 3.Hé s6 mat do tmg suit K,

tong so nut

S6 nat K, K, Sai sb
(Iy thuyér) | (xAp xi) (%)
50 4.283.10° 3.942.10* 7.966
200 4.283.10° | 4.089.10% 4.532
800 4283.10° | 4.217.10% 1.547
1600 4.283.10° | 4.218.10% 1.511
3200 4.283.10° | 4.253.10° 0.695
4800 4283.10° | 4.265.10° 0.4144
e P
SN e TR
== iw ES
' E
3& > %ﬁ ----- E_ ——saisé
=] | !
w 4 — |
s
1+ g s : T
2 ; - ; — }
1T. “{__%_"__ S it s
g 1
o 1000 2000 3000 4000 5000 6000

Téng s6 nit N

Hinh 10. Db thi dénh gia sai sd Y% cia hé sé mat do ung suit K;so voi ly thuyét dua trén téng sd nat N.
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T
I

R i 5 I
sl i 4 ol
HEEE 3
----- oy

B I |

| | 53 § |
Ludi (20 x 40)

Ludi (20 x 20)
Hinh 11. Chu tuyén tich phan J

Bang 4: Quan hé gira ban kinh chu tuyén va téng sé mit

Téng s6 nit Bin kinh chu tuyén %}LWM(%)
400 10.4.10° 2.8229
800 7.3.10° 1.6036
1600 5.1.10° 3.1759
1800 48.10° 3.1397
2400 4.1.10° 2.5076
3200 3.6.10° 1.7101

A A -
Tong so nut

Tich phan J

Gidi tich XFEM | Saisé (%)
400 1.380 1.303 5.580
800 1.380 1.336 3.188
1600 1.380 1.293 6.304
1800 1.380 1.294 6.232
2400 1.380 1311 5.000
3200 1.380 1.333 3.406
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Ban kinh
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0.005
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0.003

0 500 1000

T

1500

T T T

2000 2500 3000 3500

Téng s6 Node

Hinh 12. Quan hé giita tong 56 nit N va ban kinh chu tuyén R.

7. KET LUAN

Viéc 4p dung phuong phép s6 dé giai
quyét cac vin dé cua co hoc ran nit 1a cén thiét
trong thuc té. Thong qua sy hd tro cia may tinh
va PP — PTHHMR, nhimg mé hinh vét nit
duge giai quyét mét cach thudn lgi, nhanh
chong. Vi du nhu hé s6 mat do irng suit K¢

trude diy duge tinh thong qua thyuce nghiém,

nhung diéu nay da dugc khic phuc thong qua
phuong phap phan t hiru han mé réng bing
chuong trinh mé phong trén may tinh. Bai bao
nay dirng lai & chd chi mé phong mét vi du co
ban cta co hoe nirt. Trong cdc nghién ciru ké
tiép theo sy tinh todn va mé phong su lan
truyén cic dang mé hinh vét nut sé dugc tiép

tuc phat trién.

APPLYING OF EXTENDED FINITE ELEMENT METHOD FOR CALCULATING
STRESS INTENSITY FACTOR

Vu Cong Hoa, Nguyen Cong Dat
University of Technology, VNU — HCM

ABSTRACT: Finite element method is a very powerful numerical method to predict and model

mechanical behavior of material and structure. However, in some cases finite element method is more

complicated like the modeling of moving discontinuities, lead to the need of updating the mesh to match

the geometry of discontinuity. Extended finite element method (XFEM) is a new technigue, which can
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help us to model crack independently of the mesh; hence it is no need to remesh during propagation of

the crack. In this paper, an extended finite element method is used to calculate stress intensity factor.

It's important parameter when we predict the direction of crack in the event of crack stops propagation.

Keywords: finite element method, extended finite element method, stress intensity factor, Abaqus.
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