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Simulation on crack growth of drill pipe with XFEM
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Abstract: Crack growth of drill pipe is a typical discontinuous problem. It is difficult to simulate with
conventional finite element method and extended finite element method (XFEM) is developed in recent
years for the problem. With the introduction of XFEM, the XFEM model of 5 inch drill pipe was proposed
with different depth initial cracks under combined action between torque and tension. Based on the
simulation, It is found that the smaller cracks is not easy to grow, whilst the crack of depth more than
2mm could grow under relatively lower external load and larger growth surface, eventually leads to pipe
fracture failure. Through this simulation on crack growth of drill pipe, it is showed that the XFEM is

appropriate in analysis of fracture failure.

Key words: XFEM; crack growth; drill pipe; failure; dynamic simulation

W #5 B #3:2010-01-09

EEWB:HEHRBERE R H (50774063) ; B K H] KL W% B30 H (20082X05022-005-004HZ)

YEE B A AR (1980, 5B, 1Y pg A il R 2 1 32 B SR RO A B O O O i A AR ) 2 DL R CAE/CEFD
F AR Iy 1 T » (E-mail) ewetltj@ swpu. edu. cn,

http://gks.cqu.edu.cn



124 TR K FFER

33 %

S e NN AES -1 K o A e TR S o L SN TN
AR T LB R AR R R I A PR
b Y e QO R T RV ) | Dl RS A B NG
Gt o3 K B VBN FE A0 R TET T I & A I IR . — )
5B FE T 105 9 FW) A R BT O S B AT A A
BB I > Ak S 7E e P R 32 B s A il B g AL
05 R R 9 5 b 2 Ao 1 P I 8 A5 B AT R T By
J o B 28 R AT W L R

Bl FE 2L B A W 58 X 55 175 48 Al FF Qi 2k Ak
ARAT 3 SIS 38 5 AATTR B R OT O 8 64T 0 LA
Lo HZH AT B TC ik F AT 280 e R4 A R
TG AR T IR R 0% S . b 50K 24 ST BN BT Y
1, BEECAR v E R PRLOT I 25 A5, 7 24 804k v B 3 1Y)
o L 3 DR D A I B A AR L B B K e R
DO A% 32847 TR ) 43 5 (o ASEHDLAE 9 AR A5 A2 2 L E DA U
SE- . A L Belytschko #2018 36 i 5L 4 42
WP A BR G 1 (XFEM) LR Je A 38 48 0] 5
FH MR A0 Ol ) R OR i R T T 58 36 1 R
POy . E N E AR AT T O A BE ST A
AU e IR I R A ] T
B AR B B R B T R O BRI B AL TR
J5 B R L A ] XFEM #8048 FF 34 20 b i it
FESCHR LA . Wk, BUH Y R A R ooy ik
HEST AT AERLALIR A 1 R M 80 e 46 70 3 % 3
IR HBY AN E LBy im0, LK
ARG Al A 4 P AR e 4R AL IR A

1 XFEM pyE A [H I8

XFEM 5§ M A BR o0 9 & A X 5] 78 T
XFEM Jir ff F (9 ) A% 55 45 #4993 11 JL o] sl 4 3 ¢
T JE 5 DT 5 AR T 6 1 4 2R 809 S 458 85 L 7 il
ARTE B v X R AT v 2 PR A% 51 T Al oA ) IR X ok
PR S0 e i o T 7 X RS AT R ) 4. e
W U FE R B AT R BUY i XFEM A % i 3
S AT AT PN A 1Y o SR K P SR 3 1 S0 S PR
178 I B B B0 A K B R B0 R X 0T Y
JEAR BRI L A3 7 e e R Y R A
BROC 4 I B2 [ T8 QA0 3 A BROC — . i X
XFEM {4 HE A J5U B8R A1 ] BRA 401
L1 KFEELE(LSM)

KB (LSMD S — i iR 2% 51 1 % ) 1) 4
(EEA  EORF 51 4 22 A0 3 78 B L B T v — 2 11 7K
At £k . 7 XFEM A al R B 5 28805 T 1Y 07 &
FIERER LA K o KP4 BRB0R IR T 514 5 B B R
AR A

oz, 1) =4+ min|lx—xr || » @)
2 €T

W« F O frE Xrgdar o LE DL IR 4
QO A T B A5 BUE 75 6,

25 Loy

%,t)=+min |x—x
o )ZFEFU)H rl

mgei I (t)

YTy

@ (x,t)=—min|x-x |
PR r

B 1 HGHEATEKTEETY

LU AT ] (a0 AL ) R A5 5
o+ Fl vkl =0, (2)
Hip Fle, o &5 E xe Do) S e Fmsh sk 28
Iia) F 3 2
T 250 A5 LA ST AT LA R ¢ (.l 0) =
0, 7 LM IE KR NAE — 58« b1 o FTHA RITIE
B B5C A (BT 2L R
o) = DN (g (3)

Horpr e N (o) 2 W MR BROCIE R B, o J2 /KP4 pR A
149 K (E
1.2 XFEM pf##&3

XFEM H I AL A BRIC I o8 80k 3 H R % s
B 2H AL e R R R T U 208 B T 2 B Y
J R DX A — 48 L O SO — AL AL A% A
TR AR 11 A 3L B T LA B AR

o = SN (Dgeoar). @
Forh s g, Dy 3R BUR i o BRI, X 4% 1) ] 1
g, TR

po(xsa=1~14) = ﬁ[sin%,cos %,

sinfsin % ,sinfcos %J , (5)

Horbror 10 Ry BB Jy TR AL AR 2R G2 BB A R

Xt F A RE0 T R REUR T A N EIR REL
RN T =T UA LK 2. F. 6 F 4 giar,
LA w] LUE LS

N 4
W (@) = 2ON o (w+ Ha, 4+ 2,00 )
ieK — a=1

ie){l—\ %/—/
i€ry

(6)
S, T GRS 1 R SR 4h, H ()
Heaviside pREL, M Z 8 S AR W E B H(x)

http://gks.cqu.edu.cn



EAE

Wk E,E . m A XFEM WA R 447 L S Rt 42 125

\ ~l_ A A
A\~ VV
\ 4
m—ay M
\ ) // \uy
M mZm m
[m.) l_y kJ [N
M M (mnl M
‘\ [mN) [muj [ [N
M m- M m
LK L_I/LJ u)
r /EJ tH
Y4\ D
T

pEA ]

ORTF K, Ws
O@F k. ¥

2 XFEM ¥ i i 819 s 3 BY

B MRS T et HOB —1, K Eh3e
I D VIR B0 N SR B K J& 24 804 i i
FEHITN TR ES .
1.3 XFEM B8 AEMEL
Xof T2 Mk 2% ) 8, XFEM g5 5OE =
jnhaas'* do = Jahb . o' da+LnT3 . ou'dr,
You € U, )
Ho.o kS, P Rt 1. €U ou" € UL 4y
52 XFEM 1) 38 5 2 #4¢ o 550R K 56 ok £, A
MUY BT R B RO M R AL S LA R T
—FER R N
Kd = f, (8)
Hodr,d R 5 A B8 B 1 i X R R AN {d )
={u; | s X FREBUR G ¢ REUIMSR T 5. {(d) =
{u»d}d; d}od) s X F 2400 b Heaviside bR EUN
SREH (D) = e b KRR NI AR . £ R
SRR S 18 1) L 43 ) BT I R A I K RN T
SEROY B S LR
ki ki kY
K|k RS RO, (9
ki kG R
fo=Areoo oot ao
IR NONCOE RS TP SIP S o %
FoRWE

by = J C(BD'DBdQ . (rys = usasb), (11)
Q

1 :JIIN,-bdQJrJ N.Pdr, (12)
o L.

£ :leHbdQ+J N,HPdr, (13)
a r,

f?a — J ],Ni¢ubdQ+J N,gbupdl_‘a (14)
Q T,

Horb D Oy AR R By (BY (BY F B TR B4

PR 722 0 L 4390 R
N, O (N:H) . 0
B'= |0 N |, B = 0 (N'H) , |,
N N, (N'H), (N,H).,
B! =[B! B* B’ B!'],
(Nip) . 0
B = 0 (Nig) oy [(a=1~ 1),
(Ni.) ., (Nip) ..

2 REFRYY RIE

PAKE 6 500 m VR B FHAN Sl S135 (195 infh
FEA IS, THE 1 000 m HIRHEEAL Y 5 in F5FF A
K AR ) i 2 s a i XFEM BB, LI 3, 7
XAMBERI O T SRR T R A B L B
FFRIEE SR B a 2 0.5.1.1.5,2 F12.5 mm 5 Fh
TG00 I AR Z B KHLJ) F 2 1800 kN Fldg KA A M
44 kN o mo i 2R R S AR . TR R
T S135 & FF AT RS EOR X XFEM KR 3517 9 4%
K53 R R BCE S AT DA B A ) R
MR IG P BB FF R Ay R 25 R .

AN R B B AT L M ORTRL ) F Ot

P ————
A
wth_| f
2y TS it
. i
| i
Y—x A

VA
PIAEM | B F

B3 & RUHTH XFEM &RE

http://gks.cqu.edu.cn



126 TR K FFER

33 %

FIFEFT RSP A OLILE 1 s AR 1
AL BT IR R R EURIE a /DT 1 mm i, RE0A
PR U BLIRIREE a2 1.5.2 A2, 5 mmAf 24
KAYTIEL 1.5 A 2 mm PRI REUT IR 1 A1 4K
iy LB AT - 2. 5 mm PR 9 REOT B0 4 88 i 7 1 Ak
AT AR S/ o U W B R ) i 2 SCTR BE 8 s B
FREEOTT UG R i A HHLHE FIL 3 (B B AT K A2 9™
JETF e W BRI LR TR
F1 FRVBRIRE «WHEARITRER

a/mm M/ (kN « m) F/kN
0.5 WA i3
1.0 WA i
1.5 41. 81 1710
2.0 41.69 1705
2.5 36.18 1480

M FRERE 0.5 M1 1 mm B RAT B I

Von-Mises
Monny (D TREBSGI

1 HHE 3 A 00 i 2 S0y g ik 2 2S00, Pt R
FE IR RBRIE a 2 mm KRG FT BT R
i DLIET 4.5, B 4 R SR S0 BE A S BT 1Y
AN VTS T T AN B R 1 e R ZREUTT R T R I 1)
FEON 1] TR BET7 18] 4 e - AEA 3 AL A LR AR T T
HAOY IR, K5 2& AA il E R
SEPEESo R RN L RN 349\ TP R
I AN 2 R 1) P BT A T S B R A 2 T 1
I JE 1 B T R

9T AN TR TR JE 2B Bl AT AE TR B RN 1Y
POAAE T ARG A5 3, S U 15T 6 Ffal 7 Jir
NREE SRS . B 6 m] 1 ) Ik BEEUIR
€ a 9 1.5 mm B EATAE R KRBT F AR RAHAE M
AIC R FE - Bl 0 32 0 1Y R BUBA R A B T
JE W PLEIRE a g 2 A2, 5 mmBf A A AT 1

(&) mESTE \
TN

B4 MBERGaH2 mmXREXEFHREGEY RiILE

280 m B ) R AR T TR O 5 00 G AT £
E— BRI, SEFRMBEREA L, SER 7
FEL 4G AT BlE B R0 06 2L SR BE o W3 78
NGRS R - R R (e IR A TTRCN NP R S
Al RE R A TR
3 &

DXFEM J& — Ff 3t F 507 4 fif LIS 19 A B ot
5 s G TIOBE T 28 042 R 3 A% L Sk Al A B0
JR R ADLAIT 5% $2 At 1 A A5 ik ok i

2)ET XFEM R g 57 1 % A R T FE W) i 2

SUREATAERLALAE R 9 RS0 A 1% B R RE %
BB AT RO i ad 7 O 3 57 R B O Al A A B
AGARME ISR .

3038 R AR AU o A e B B AT Y 0 4 2R
SURBE/NT 1 mm B, REUTE 52 8BRS 2845 1 H
JEAR Y RER B S 2 mm B RS0 TEA
X AR P2 AT T 9 ELA T B e 2 3 R
FEWT 280 . Bl A 71 8 AL g 9 L TR R
FFAN T 1 4 i 2RS0T 5 W) 4 2RS0T AT A — E
S o T BT W AN

http://gks.cqu.edu.cn



7]

MWk E .55 8 XFEM AR SBT T4AF L 3 it 22

127

\\\
\

() ymES1E (b) ¥

(e) y R3S

(d) yrEEas (e) v RIEsEsH

P P

s.\\
\

\\\
N

P P
/ 7
/ Vi
I/ 7/

1|
OF5: 3= 172 (8) ¥ RIFSHTH (h) y rJrsmss () y R spos () ¥ R85
BS5 & 2mmRENGESHT AA BB LHRSY B
] A 7| 1] J 111+
' f g 7|7 4 do|efb {44 AR
’ - 3 7 IAAAT T HAHT A b
11 ‘| ‘| / . 4 o slsjep o|e| o] 6| 4
1 “ 91 14 ol / . 4 s o|slsp ole| plele o 4
M RB 1 " °l / . o s ssle Hop plelol o 4
o oo o] of 1 il 7 A o|a|spsdasillldslelo] s 44
KE :‘ .“ v i SHAIPEI AR
5| ool pdoddlblole] o 4 Ny 7 & A s|rs| Y ir|o(s{ o 4
4 o s\ slo b adolldd} 1ol o
b B B Al LA ryadoptablds b lols|s] 4
AN YRR R AN VA LLUILLLT 7 / & Ao A rrpaspprapida s oo o & 4
67 AN PRI NN VAV IL LA A4 P LA H | paspparrida s oo ol o4 4
ANy PN A7 ol ala b bdis b |a] ol 4 L/ IR A Y L2 RN
AR L1272 A A b b (a]a| 4”4 7 & Ao ryhnsbbditlolas olo|sl o 4
LGEal o |of ol "4 & A s sloppaspirilaslels]l 4 4 / & A A A ERAsPRAAL A4 b 0| o] o 4
A Ao\ p b tlA4 b o] 4] 4 A A A rlepadopitblde b ls|s| 4 4 4 alti/na_nu-p4-aaﬂl4
A Aep blola| 4 4 A A baAsbt L4 b lo|s| o 4 ¥ A AN rase NI s e
(a)BHFFRIEIEAS (1.5 mm) (b) 5P RETEZ(2 mm) ()HFFRMIBA(2.5 mm)

Bl6 STRARERY a MHITIRARLT REN

2% Uk :

[ 1] BRfh. BiFr e 2R B 437 L], B #ig iz, 2008(6) - 121,
CHENG WEIL Failure analysis of drill pipe [ ] J.
Science and Education Forum, 2008(6) . 121.

L2 ] M7 By e Aol g e b Bz LML JE 5 13

REMBERER

Ex

Tolk B4t . 1986.
[ 3] Mg, KRB 4 LR AHLERF 5 (D], B ER . PR A

il K2, 2009.
(4] R0, E2HE ¥V RARTE XFEM EHM AT 1
223E %, 2005, 35(1) :5-20.

http://gks.cqu.edu.cn



128 TR K FFER

33 %

7 REak 1.5 2.5 mm WHEYLERTAER
THRIYRE

LI LU-XIAN, WANG TIE-JUN. The extended finite
element method and its applications: a review [ ]].
Advances in Mechanics, 2005, 35(1) :5-20.

[ 5] MOES N, DOLBOW J. A finite element method for
crack growth without remeshing [J]. International
Journal for Numerical Methods in Engineering, 1999,
46(1):131-150.

[ 6 ] DAUX C, MOES N, DOLBOW J, et al.

branched and intersecting cracks with the extended

Arbitrary

finite element method [ J]. International Journal for
Numerical Methods in Engineering. 2000, 48 (12):
1741-1760.

L7 1 armhoe, =i Wi, & 2. A R 0 3 1F 58 400 2 80 i 1 O

HEHT LT HR R 2224, 2003, 15(4) £ 15-20.
YU SHU-RONG, YAN ZHI-GANG, CAO RUL
Study about the method of crack growth modeled by
finite element method [J]. Journal of Gansu Sciences,
2003, 15(4):15-20.

(8] HiEH &k, EHIE. BT I RARITIE MK RAL

BEAILT . W5 AR R 2 i B AR B2 . 2007, 476 (3)
344-347.
FANG XIU-JUN, JIN FENG, WANG JIN-TING.
Cohesive crack model based on extended finite element
method [ J]. Journal of Tsinghua University Science
and Technology, 2007, 476(3) :344-347.

L9 HBEE. & 5T ABAQUS E A MY B A Rtk
()], T 1% .2007,24(7) :6-10.

FANG XIU-JUN, JIN FENG. Extended finite element

ABAQUS [] 1.

Mechanics, 2007, 24(7): 6-10.

method based on Engineering

L10] ¥k, o A BRocu: R 28R & i A 5E ], 10 vy 2
3, 2008,34(31) :3-4.
HUANG XIAN-HAL
problem with extended finite element method []].
Shangxi Architecture, 2008,34(31) :3-4.

(1] R 28 Ry & HTLT]. REEM E 2R 2009, 21
(6):1756-1759.

YU TIAN-TANG. Simulation of crack growth [J].
Journal of System Simulation, 2009,21(6):1756-1759.

[12] iR &0, 3. Ay A IR oo 7 B0 8 1
MG RO 2GS R (], TR )24, 2007, 24 (B 7] D).
46-52.

FANG XIU-JUN,

Research of calculating crack

JIN FENG, WANG JIN-TING.
Simulation of mixed-mode fracture of concrete using
method [ ] .
Mechanics, 2007, 24(Sup. 1): 46-52.
[13] 3 F AR H 3. 2T XFEM (1R %E + FF 24 505 45 1
ST RS R 24 A AR FLE iR, 2009,28(1) .
36-40.
DONG YU-WEN, REN QING-WEN.

extended finite element Engineering

Study on
numerical simulation of crack growth of concrete based
on XFEM [ J]. Journal
University, 2009, 28(1): 36-40.

[14] # ARG SRR § A RoT kAT Iy W 255
b ity B 5 LT . #E PG 3 0K 2 24 4, 2008, 30 (3)
36-39.

DONG YU-WEN, REN QING-WEN, YU TIAN-
TANG. Application of extended finite element method

of Chongqging Jiaotong

to fracturing analysis of gravity dam [J]. Journal of

Chongqing Jianzhu University, 2008,30(3): 36-39.
[15] SUKUMAR N, PREVOST J H. Modeling quasi-static

crack growth with the extended finite element method,
International

40 (26):

part 1. computer implementation [ ] J.

Journal of Solids and Structures, 2003,
7513-7537.

[16] MELENK ] M, BUBSKA 1. The partition of the unity
finite element method: basic theory and applications
[J]. Computer Methods in Applied Mechanics and
Engineering, 1996, 139(1/4):289-314.

[17] SETHIAN J A. Level set methods and fast marching

methods: evolving interfaces in computational geometry

[M]. UK. Cambridge University Press, 1999.

(i R #)

http://gks.cqu.edu.cn



