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Numerical simulation of drill string damage based on
micromechanics and XFEM methods

LIAN Zhanghua', ZHANG Ying', LIN Tiejun', WEI Chenxin®*, GUO Yanru*
(1. State Key Lab of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu 610500, P.R.China; 2. Research Institute of Bohai Drilling Engineering Technology,
CNPC, Tianjin 300000, P.R.China)

Abstract: During the drilling process, the drill string subjects to various alternating loads. Therefore,
mechanics community has always been deeply studying its damage mechanism. In this paper. we first used
the Python scripting language to establish a grain-size distribution model at the meso-scale on Abaqus
software platform based on the basic principle of mesomechanics analysis. Then, the fracture mechanics
algorithm—extended finite element method (XFEM) was applied to calculate the meso-scale grain model
which contains micro-cracks and analyze the crack dynamic simulation propagation and distributions
characteristics of stress and strain in this process. At last, by using the mesomechanics homogenization
method, we handled the stress and the strain at different time, and obtained the effect of micro-crack

propagation on macro-properties of drill string material. For drill pipe in elastic deformation stage at macro-

W fm HH#A:2016-03-29

E&TH:HEARPF ISR HE (51574198) 5 B K H #0184 ¥ 335 H (20135121110005) ,
Supported by National Natural Science Foundation of China (51574198) and National Research Foundation for
the Doctoral Program of Higher Education of China(20135121110005).

EB BN AT AEAI64) VM A M RFHI LA S, FZEMNE CAD/CAE/CFD, £ & M W HLEL 4 ) % R AHL
I FHE SR AR,
SRR RO S PR AR A T LA FEE AL R il O DR 2 VB A T,
(E-maiD hello_913@126.com,



122 TR XF FR % 39 %

scale, plastic zone may also exist at meso-scale and elasticity modulus is constant when there is no micro-
cracks propagation. The idea of this paper can provide a new method for deeply exploring damage
mechanism of drill string.

Keywords: drill string damage; mesomechanics; homogenization; micro-crack; extended finite element

method(XFEM)
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Fig.1 Drill pipe fracture failure
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Fig.3 Extended finite element model containing 200 grains and mesh model
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Fig.6 Stress contour at 0.201 6 s Fig.7 Stress contour at 0.251 6 s
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Fig.8 Stress contour at 0.301 6 s
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Fig.14 Macro stress-strain with crack propagation
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Fig.15 The change of elasticity modulus with crack propagation
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