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Fig.1 Snapshots of the simulated ne Cu 5.38 sample

before deformation, which contains 8 grains and about
55300 atoms, giving the mean grain diameter
of 5.38 nm. Solid circles, triangles, and open
circles denote fee atoms, “hep” atoms, and
“other” atoms, respectively
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ﬂ}?ﬁ [21]_

4 o TSR3 ik IR E 5 R R
HIRFE. B, SRR 5.38 nm
WANE] 1.79nm B, B ICEIELM 1145GPa F
BEF] 87.7 GPa, # [CELECFRE T 20% A4 B
2R, BLILA S BB T AR B R L S
ICHLRLH (K224 128 GPa). o IUHE R Y A
AT HER T R B A A A RS T3
RIS B R T AR LR, B
VBT ) 5 ) AR R R, AR R
SHEHE. WAL RES, dTREY
AP B BITR AN, S 18T AH B A AR E B R A
BRI, (HEEG KR, Rl Sk
e T 6nm B, ST A B ) 2 £2 i 30%,
iXE, SRR HEAER K, X RRpE AR

Bm BRI, FEASCH, Mk R LT9nm B, SRR AT LU Bk 87.5%, SRS

B AR PERLELR U T R
23 MH-NEXE

BB N Ty - BEARSR AR RO T i T 52 N 7 Bl D AR I AR SRR EFE R B PRI

AR MEAER. AR, ROk, &
BN Ty - AR B SRAFAE A T AAFR. B 5 B
A T RE 5 AN A5 R Gk A B ) P A L &
B, He, #iIRERAZOALEHIN 5
— MG 2 B b, BLITLA R N 7 HAT S
fINE AT, ] RS S BT A A SR 3K
fEr FE7ER R B, =B (pore) | S ER
FE G (lattice or surface defects) . JRH 44
i (impurities) <. 3 S O BHR )22
PR RAREERE . 11240 B HEaT % 8
W AR el i R R S A R B
bR Bt B e Y T3k TR R, Bk
e, B R m N K, AR e
bR, FAEMFH # Finnis-Sinclair £
3, TEVF R0 Fah it g s b,

3.5 e —
L 307 ~ T
e
Se L aewibiaa
— e I
% 2.0 1 /y/j:..f’
% Lo /Z,( « Cu5.38
g 0 = Cu3.5o
£ 1.0 . gu_z.eg
- v Cu2.15
0.5 1 + Cu_l.79
0.0

o 1 2 3 4 5 6 7 8 9 10
true strain /%

V8 5 BN G AC PR 0 BTy - el 2
P vl 2 2 2 T L R (R )
Fig.h The true stress versus the true strain for five
samples. The curves are polynomial fitting
of simulated results of each samples

CEUEN T A BRI AT S PE. s P 5 mT o0, B4R S ) ot BEREA 8 L B /N T B, X 5 ]



%11 SCEARAH G AR ) R TR 19 91 sl ) A 33

FUHL AR IESF AR B S0 SR FRATTE Sl N g 2 7 g - 338 il 2 AR A S T, U SR PT L, 44
A A B8 Sl I gt B A R R RGN TIT R, S BRHY 5 fR B0 B R A s AL DL A PR

2.4 Hall-Petch &%

R 2 R ) o BE B R S BT . R S eT BLE R B ) oy, 5P ARk
RAf d Z A6 Hall-Petch 28 2 3lc ik

o, = 0 + kd =/ (1)

Hoif oy, BB EE 0.002 8N AR B9 ARRE J1, oo RSl 6 B PR B S ks EE BN
J1, kARER, d THEBBIRA. TR R DU S A R AR 15 Bk R A Z W KR
iR, BRIED RO EBEAR S d e 2. T ESEnERETS, SAMA
FHEEADN T &k AR ke e i, mTCARb At izsh e, S5 HERT, A TEMS SN
WY AR, AL R R N R Al R AT AR R A, RS
B M AR R AR A, W5 B SN SE A B2 Iy A RE P AR A e JE R, AT E AR AL, BT, SR
AR A SO A DN T E BB . BE B, BORSREE N ET AR S S A R,
ATLAFE (R BE R B R, b ok, MR AR AN RS DO, B AL RO AR T B R T S s
FERG TR, AERBLA BT, M BB RANE T, MRS R B, Bk C s
RER. Hit, siEEmE, SREE-DERRF de 76 d > d. i, s g B R SRR
SR NI, RSN, EFBA k>0, BIIE Hall-Petch 3%, R, 4d<d. i, #
Fo f 55 B B 5 R T RN T PG, ROUERIL N, FBA k< 0, BIEL Hall-Petch 38, A5
AR, d. EAETARE. £ B ATH B UEE A, 30w a0 S H0 Y £ W 62 5]

FATAERE 6 &5 H 7 LI 2K A o

L IR A 5 B R R . Ehik R T ﬂ :f " linear £t line

R, B2 RIS 7t B T S ]

A, FEBH IR R Hall-Petch % 8. & §1L

X BRRE Ty 0y 5 d=Y/* KR b= s

Fedtl &, WJAT CAFGE] £ ,_,{
ko = —(1.645 + 0.087 8) GPa x nm'/* 12—

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75

o = (2.498 £0.0535) GPa a2 12

AT,k fEREASTURL TR (R FE 6 BUETE I 0 290 e 0 R AR Iy 5 B R 1 3R

) Fig.6 The yield stress as a function of grain size. The yield
350 73 28 1E Hall-Petch SCRETHIN i stress defined as the stress where the strain departs 0.2%
[lﬂiﬁﬂ“fjﬁ 12~85nm Mgk R k= from linearity, decreases with decreasing of grain size,
470 j\’lP.‘,—l-IlJrlUQ:] 2.5 & 23], S e B AR resulting in reverse Hall-Petch effoct
AL EEE] T 44 KA HT1 A9 5 Hall-Petch 3%
#, JERAT R B S AN £ H, TR PR E. kA MBLOAE, WA A AR

BLEE AN T LUR RS BUEY 25 i AR BHTEORARRE, B A E W7ER B 7R /EA.

2.5 TERAHLH
51 Hall-Petch 35238, 87 LLAH G2 65288 (dislocation-pileup) 8% 47 65 M (dislocation-network)
POl R, {2 HATH L e g R G0OR B AN TG 1. H e sl fi 6y B fl -, LA



34 | & & e 5 i 2002 & M E

ETTREBE WK PR, BRFEFGZBIE, WAREE, BREE. BE
izg), R, XEPLBE LR RPN R ARSI, AT s fr 6 th mT LU & fk
fer=/E, W Frank-Read {878, F/ERIBGTE, XHapRpiR e384 — e rEH.

AT WRIUE RS TEHLE], FRATIXPRLLE 44 K B4R AT f5 RO BLIE U6 T T arbr. B T AR
TR AP Cub.38 BRI KRR . ER AR M ENZE N 0 5 0.01 AR BT
R REIAE FAR . WZE S, RAOTATLR B, EHRGEERERS, RAET &RE
B, BARE LR ERRNER. SX R TEHLBIE K SR B B A B SERR e . % sty
KA M BHUBT SR U AR A BRI R RE AL, T HAOR B R S A KR M. R, &
SRTEMERTY, AR BRI A S iash, B TR 2 k.

AT AP E BT, AT 9K 8§28 T8 G5 B 60T U0 T T 254 4 4.
P 1 RASTEHT B A o AT . Pk AT L, AR ERAL AR foe giH, AELRY hop LA
EREHIET Y MER R L. TE 8 RATE AN 0.1 MEETE A5, e
ffir RS B 1 — 3Ry, R O AR AT DU M A 2 R AR B T AR S B A hep S5 IRT
hep & I5B AR HBLE URE HEM S AF BOAF7E, ERH TR E MR N EE g E R, X
WIZEARTE e o, A i iz shi SR — e R 1E .

T

RS e e
At ® Za
= A R e
s

]

.s;'f

7 g9l Culb.a8 ¥k LT fr e b, M8 494 Cub.38 #f MR, 10 % i RT
R RN AR O A 1% BRELT Y i, Erhss o R foo BT, SOZMIENH
i Tt Y hep BT, $0EER{EHE other BT
Fig.7 The displacement vector plot of simulated Fig.& Snapshots of simulated Cu_5.38 sample
ne Cu_5.38 from undeformed to 1% strain, with 10% strain. Open circles, triangles and
which revealing the presence of grain solid circles represent “foc”; atoms, “hep” atoms,
rotation, grain boundary sliding, and grain and “other” atoms, respectively. We may clearly see
boundary motion during the deformation some stacking faults in the grains
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MOLECULAR DYNAMICS SIMULATION OF THE UNIAXIAL
TENSILE DEFORMATION OF NANOCRYSTALLINE COPPER

Wen Yuhua Liu Yuewu  Zhou Cheng’en
(State Key LNM, Institute of Mechanics, Chinese Academy of Sciences, Begjing 100080, China)

Abstract  Nanocrystalline (nc) materials are characterized by a typical grain size from 1 to
100 nm. The uniaxial tensile deformation of computer produced ne coppers is simulated by using
molecular dynamics with Finnis-Sinclair potential. The mean grain size of simulated nc coppers is
raried within the 5.38 to 1.79nm range. With grain size decreasing, the mean atomic energy of ne
systems and interior grain has increased, but that of grain boundaries has descended slowly. The
Young's modulus depends strongly on the grain size, and decreases with decreasing grain size. The
simulated ne coppers show a reverse Hall-Petch effect. Most of the plastic deformation is due to
grain boundary sliding, grain boundary motion, and grain rotation, and a minor part is caused by
dislocation activities in the grains, which are consistent with experimental results. The dislocation
activities begin to play a role in the large strain (over 5%); This role is progressively distinct with
grain size increasing.
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