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Fig. 1 The construction of a dislocation in a 2-D lattice and the enlarged view of the dislocation
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Fig. 2 Dislocation displacement versus time in different systems under given stresses
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Table 1 Dislocation velocities in different systems

Dislocation velocity/(m/s)

System p = 1.168 GPa »=2.336 GPa
Original 796 b9
Double e 774 bz
Double m 424 861
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Table 2 L-J parameters of FCC metals

Metal m a,/(nm) e/(eV) o/ (nm)
Al 26.98 0.4050 1.081 0. 2864
Ag 107. 87 0.4090 1. 329 0.2892
Cu 63. 54 0.3610 1.372 0.2553
Ni 58.71 0.3520 1.682 0.2489
Pb 207.19 0.4950 0.939 0.3504

Note:m is atom mass number,a, is lattice parameter.
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Fig. 3 Dislocation displacement versus time under different stresses

(The stress of each curve increases by an equal difference from the right to the left)

3.3 WUERSH

Pl 3 v R 408 i £k 19 B2 g 22 1 2 AR ) 1 {FLAH 28
4R R AL R A AME . & 3 ol LLE F,
Wi 5 107 3 3840 A7 i A7 % I Tl £ S g 4 T HG R
FRARAL DN L BV 2R R SRR IR R T
4 AR SR 0T RO T {7 4 3 JBE L UV BT 3 e il 2 R W B
O 7 S8 T A i T R G e 0/ o B R 5 R
WARIEER . X — kAR 4 F RS F L
B R 5 L AT Y pRROOR ZR D o e BRIV —
3G R AE AR R I BB O AL i 3k R L T
IO 77 Bip S BB/ B I A X — e AT AR S B
A 10 45 SRR 3 BT S R AR AT

3.0r
F —o— Ni <
[ —+— Cu

N
=
T

Dislocation velocity/(km/s)
—
0

4
Fig. 4

= s
o
e e e

o
>
T

(=]
T

—— Al

"
=
»

Stress/(GPa)
FCC & J& (0 v 5 3 8 5 1 ) 19 56 &R

Stress dependence on dislocation velocity

of FCC metals



%3 MRS . ETZRESWN FCC 4@ 1 28 AU 5% 201

TEVE 4 Fa] LR B X6 TR RS2 7 D /0N A9 R P 67 8 2 e R i i R Y P
JBEdge /N e 3 b 4 i v B R R 5 e R T A HE R A S . 4 T o AT TR A ok B A [ 9 P A
R R L R IV K T AR R4 B (W Burgers R 2E R o B R0 K B0 0E X — a5 B
eI H U 3 v A 0 5 45 4 T Xt AR AR 52 B A L 3 AT A SR F S 98 3L

ARG T 4 v 2% it 2 A ARk 30, T LA 30 o7 o B2 094 Bk 5 7 ) R B 2 DAY DG 2R o R T 7 4 R 3 oL T
B v X IO A8 A R L R T B R Xk /N B R L KA Orowan 5 &R I BRALHE 23 A A ] L DU 37
PR L R A A L A R DATRL 4 ey 2 R AT G SR N A A A R e A ] L
X O A A L g TR RS G A 0 1 g 3 BRIV 4 R AR BUR M R TR L AR L A L
BRI T B B AR o SR e e 6 A B U5 — S L A 1 7 B L XA H AT AR ME S
W HR X —HER S T R A B Y33 = 4 S 1y AR AR U R AR B

MY &L 4 e il AR A TR] 57 8 2 A 135 i T DAHE T I 5 b <6 Ja 119 B 728 AR BRI R WY B R B /MK
UM BT VEE B R AR . R G A i RR R AL B X —HE B A IR SR Y 5 .

TEVE 4 AT LA Bl TR A5 A S5 T AR T S B T R B R S N i e 22 AR/ . X AT
07 A R B A AU A i RO b AR T e T R S

4 45 @

AWFFEAE EWFIE T 4 a1 0] e 17 A8 AU RS2 e . 1 SR AL B 32 B 9 Orowan 5 2 F
S T R F T ) B OG22 i i ATF 5 4 TR D P o G A SR SR 5 W ) 0 A T 0 s SRS T R
933 7 S ASEAURATE 5T 00 B T X6 L 7 8 HOR O 2R  HIR F A AU 45 R 0 A i P B i 3 LT ) R
45 Ja L7 R AR B4 R

BT X — A W 5 i AEWR ST oA T P AR (2 10° AR 1Y 4> F 3l ) 2 YRR T T R A
UG T FCC 42 Ja vh 7 58 3 BE X I 7 9RO 2 o MR 23 7 3 2 B 3R L o0 B 1 4 J Dt 34 il Dt
S X JHG A T R S ) MO O 2R 4R W L B <y T AR AR B R 3 TR T FCC R JE v A
JRE Xt JOE 7 MR 5% 2R B HE R AR AR U T O T 4 R IR R N R R 2 U, FCC &R
o7 788 AR AR T B AORUH Ji  IBE

XF 5 Ff FCC 42 Jm Cv VB VH BRI BR D v 7 8 3 3 08 B ) ORI OC R b AT 1 20 33l Jy s 4B, A
PUZE R A 0 B ik — 20 R W] FCC < J I B R, JHE D A0 A B P oy . T X — 459875 Hh Bk 5
F FCC 42 Ja i I AL AU ME HE P 55 DA B 56 45 R A AT .

References:

[1] Hirth J P,Lothe J. Theory of Dislocations [ M]. New York: Wiley,1982:9-13.

[2] Hull D,Bacon D ]J. Introduction to Dislocations [ M ]. Oxford: Butterworth-Heinemann, 2001 :14-15.

[3] Lepinoux J,Kubin L P. The Dynamic Organization of Dislocation Structures: A Simulation []J]. Scripta Met, 1987,
21.:833-838.

[4] Rhee M,Zbib H M, Hirth J P,et al. Models for Long-/Short-Range Interactions and Cross Slip in 3D Simulation of
bee Single Crystals [J]. Model Simul Mater Sci Eng,1998,6:467-492.

[5] Johnston W G, Gilman ] J. Dislocation Velocities, Dislocation Densities and Plastic Flow in Litheium Fluoride
Crystals [J]. ] App Phys.1959,30:129-144.

[6] Meyers M A. Dynamic Behavior of Materials [M]. New York:John Wiley &. Sons,1994:330-337.

[7] Hiratani M,Nadgorny E M. Combined Model of Dislocation Motion with Thermally Activated and Drag-Dependent
Stages [J]. Acta Mater,2001,49:4338-4346.

[8] Chang J,Bulatov V V.Yip S. Molecular Dynamics Study of Edge Dislocation Motion in a bee Metal [J]. ] Comput-
Aided Mater Design,1999,6:165-173.



202 = JiS L i 2% i %23 %

[9] Gumbsch P,Gao H. Driving Force and Nucleation of Supersonic Dislocations [J]. ] Comput-Aided Mater Design,

1999,6:137-144.

[10] Bailey N P,Sethna J P,Myers C R. Dislocation Mobility in Two-Dimensional Lennard-Jones Material [J]. Mater Sci
Eng,2001,A309-310:152-155.

[11] Robles M,Perondi L. F,Ksaki K. Dynamics of a Dislocation Set in Motion by an External Stress [J]. Int ] Modern
Phys C.2002.13:97-105.

[12] Merimaa J,Perondi L F,Kaski K. An Interactive Simulation Program for Visualizing Complex Phenomena in Solids
[J]. Comput Phys Commun,2000,124:60-75.

[13] Lennard-Jones J E. Cohesion [J]. Proc Phys Soc,1931,43:461-482.

[14] Girifalco L. A, Weizer V G. Application of the Morse Potential Function to Cubic Metals [ J]. Phys Rev B, 1959,
114:687-690.

Study on Strain Rate Sensitivities of FCC Metals
Based on Multi-Scale Analysis

QIN Kun'?*,YANG Li-Ming”, HU Shi-Sheng'

(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials ,
University of Science and Technology of China , Hefei 230027 ,China;
2. Mechanics and Materials Science Research Centre sFaculty of

Engineering Ningbo University s Ningbo 315211,China)

Abstract ; Dislocation theory and molecular dynamics simulation were used to investigate the effect of
atom properties on the strain-rate sensitivity of FCC metals. A method to analyze such effect is
proposed. The stress dependence on dislocation velocity is identified as the key of such study and is
obtained via 2-D MD simulations on the motion of an individual dislocation in FCC metals. Combining
the simulation results with Orowan’s relationship,it is concluded that strain rate sensitivities of FCC
metals are mainly dependent on their atomic mass rather than the interatomic potential. The order of
strain rate sensitivities of five FCC metals obtained by multi-scale analysis is consistent with the
experimental results available.

Key words: strain-rate sensitivity;dislocation theory;dislocation velocity; molecular dynamics simulation



