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MOLECULAR DYNAMICS SIMULATION OF NANOMETRIC CUTTING CHARACTERISTICS
OF SINGLE CRYSTAL Cu

LIANG Yingchun, PEN Hongmin, BAI Qingshun
School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001

Abstract:

The increasing demand for designing and manufacturing micro parts with high quality comes from the
high speed development of micro electromechanical systems (MEMS) and nano electromechanical
systems (NEMS) in recent years. Nanometric cutting as an important machining way of micro parts has
become a hot spot in machining field. Some main issues in nanometric cutting such as chip formation,
machined surface quantity and diamond tool wear etc., have been investigated by molecular dynamics.
Previous researchers have pointed out that the generation and evolution of defects are mainly
responsible for causing plastic deformation of machined workpiece in nanometric cutting of plastic
materials and a high compressive stress remaining in shear zone is considered beneficial to ductile—
mode machining of brittle materials. Up to now, however, the influence of cutting thickness on defect
behaviors and stress distribution in a workpiece and the relationship between them for single crystal
materials are still unclear. In the present study, molecular dynamics simulations of nanometric cutting of
single crystal Cu were performed. The simulation results show that stacking fault and partial dislocation
are two main types of the defects in workpieces. A high surface stress at the atomc scale was observed
in workpieces and there exist the compressive stress in shear zones and tensile stresses in the
machined surfaces. It is found that the stress—distance curves of workpieces present a clear periodicity
corresponding to the generation and evolution of dislocations in them. At he beginning of cutting (a small
cutting thickness), no apparent stacking faults inside workpieces have been found, but with the increase
of cutting thickness, the defects on surfaces and subsurfaces increase significantly and the thicker the
cutting thickness, the smaller the corresponding stress components.

Keywords: single crystal Cu

e F H # 2009-03-10 4 7] H # 2009-06-29 M %% iR & A1 H ¥ 2009-09-15

molecular dynamics dislocation stress distribution cutting thickness

DOIl:
FEATH :

% BRBHEIE 4T H 507050231 B2 p T4 A i 4E AR £ FE 4200 H JC200614 % B
T ARE R

Y i RE, 5, 196454, #%, M+
Y # Email: hmpen23@126.com

TR
AIAE R
F Supporting info
k PDF(6160KB)
F [HTML4: 3]
b 22 CHR[PDF]
(=T
M55 [ 15t
b AR SCHER A I
F AT
BN HE AR
b5 A
F Email Alert
b ST R 5
b D0 0 R
F HCu
b AT EN A
(VA
(NI il
b OISR
[ SUIESS
b AR
b
F Article by Liang,Y.C
F Article by Pen,H.M
F Article by Bo,Q.S




EEPEN

[1] Ikawa N, Shimada S, Tanaka H, Ohmori G. CIRP Ann, 1991; 4: 551

[2] Komanduri R, Chandrasekaran N, Raff L M. Wear, 2000; 242: 60

[3] Lin B, Han X S, Yu S Y, Lin B, Chen X R. J Tianjin Univ (Sci Technol), 2000; 33: 652

O NN, BREERS, TRUZ, AR, BRBALE. REEKE%544R, 2000; 33: 652)

[4] Guo X G, Guo D M, Kang R K, Jin Z J. Chin J Mech Eng, 2006; 42(6): 46

R, B0, HERL, 4k . MU I Ri2AIR, 2006; 42(6): 46)

[5] Liang Y C, Chen J X, Bai Q S, Tang Y L, Chen M J. Acta Metall Sin, 2008; 44: 937

CRUA, BRFET, EREW, 2, BRUE. 4824k, 2008; 44: 937)

[6] Jun S, Lee Y, Kim S Y, Im S. Nanotechnology, 2004; 15: 1169

[7] Tanaka H, Shimada S, Anthony L. CIRP Ann, 2007; 56: 53

[8] Pei Q X, Lu C, Lee H P. Comput Mater Sci, 2007; 41: 177

[9] Cai M B, Li X P, Rahman M, Tay A A O. Int J Mach Tools Manuf, 2007; 47: 526

[10] Daw M S, Baskes M I. Phys Rev, 1984; 29B: 6443

[11] Tersoff J. Phys Rev, 1989; 39B: 5566

[12] Girifalco L A, Weizer V G. Phys Rev, 1959; 114: 687

[13] Diao J K, Gall K, Dunn M L, Zimmerman J A. Acta Mater, 2006; 54: 643

[14] Kelchner C L, Plimpton S J, Hamilton J C. Phys Rev, 1998; 58B: 11085

[15] Liang H Y, Ni X G, Wang X X. Acta Metall Sin, 2001; 37: 833

CREER, 5T, T75 5. @Bk, 2001; 37: 833)

[16] Roundy D, Krenn C R, Cohen M L, Jr Morris J W. Phys Rev Lett, 1999; 82: 2713

[17] Tang Q H. Mater Sci Semicond Process, 2007; 10: 270

A5 o i 2 DL 3

1. B A FAH SRR AUK RS R s Cud IR VAR TR I HEIE S UL [I]. 428 ~#4k, 2008,44
(12): 1455-1460

2. BRI M BRE R AR CufE AR T 213 ) A ). <) A4, 2009,45(6): 692-696

3. XNET /NI B SL SRR E EAORNGEE ISR BRSO AR T BAEAT N B 1B 0 U ). e m AR,
2009,45(2): 137-142

4. THUE SPRIG T 2v. SiFh 3005 43 HE A 2SS AH AR 140 13 124 BN [9]. 4R 243R, 2009,45(4):
400-404

5. FfT BEER PNTH HAK AN Ti--2A1--2.5Zr & & SR IR % 95 4T o KO 45 FI ], &)@ AR,
2009,45(4): 434-441

6. XK Bk5EH A. Godfrey X4 LN AS B A HLAALOS04 G 4 o itk U i) 5 T A8 o7 % S 1HI (K AR 9] 428 2
%, 2009,45(6): 641-646

7. FRKEE BEWEE BRUIE AL SR Cu BRI L R LN 143 7 8 ) ). s AR, 2009,45
(10): 1199-1204

$e T

SE X

Mﬁmm|

_
b=

Ex| -

wiEw [ 8442

=5
Al

&

Copyright by 4 J& %4k



