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Numerical simulation of mechanical properties in
nano-/micro-crystalline Cu
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Abstract: A micro-mechanical model of a nano-/micro-crystalline pure Cu was developed on the basis of the idea of
composites. The mechanical properties were analyzed by finite element simulation. The effects of nano-/micro-crystalline
distribution, volume fraction and shape on the tensile strength and ductility were investigated. The results indicate that,
under uniaxial tensile loading, the tensile strength and ductility in cube or sphere geometry distribution are higher
compared to the sandwich geometry distribution. With the increase of microcrystalline volume fraction of toughening
phase, the ductility of the nano-/micro-crystalline pure Cu increases and the yield strength decreases. The strength and
ductility of the nano-/micro-crystalline pure Cu have an obvious isotropy with the increase of the shape factor of
microcrystalline toughening phase.

Key words: Cu; micro-mechanical model; toughening; finite element analysis; numerical simulation

mRE A BER s N ARSI, I R, ARZEAOREEMEL, WK Cus Au. Niy
HA e BRI, T & Pt e m AR E:  Pd,  BURGTR IR BEALIR e LA R & T 3~5 i,

BRI, SRR RS EA IR, RO 19%~2%" 7,

FHF T )2 0 | 20 AL 60 FELIK, AT UK, EE AR PRI N T AL fE
K PHCBEE T B S BN RO A RN AR R UKD, AN REEOR, AR
U T 20K SR AR AR BBk R N AR BT IR S, AT S A b ek
20(0.1~1 pum) FLE AR (1~100 nm). AR1, L5 4 Yo T AUORFPRHC SORLARF 4l /N, A4S & AE i S

BEME: FHXARRHEETIIE (59974018)
WS B 2010-12-14; fEiTEHA: 2011-03-29
BIEER: B, YHIl; HI%: 029-88460536; E-mail: guanghai_feng@yahoo.com.cn



202 A G EE R

20124FE 1 H

— X AR O — 1A e, L AR AR D, R,
Y I AR A N AR LI ), (A
2, Bl WANG 26U O0E i U 5 x4l Cu i 174
FLIFAE 123 CIRK, il HRCK R (25%, AR 40,
B A T Ak IR 9K/ ek Cu, Lo 4l
YK Cu I LU AT FRAG, (EBPEAS 31 T AR s
NI R T KA R RSB I I . AR SCAE R R 4K/
oKk Cu 172 M RE AT AL, AR ST A AR
WSS T A AR, B K/ AR 1) 43
A ARFREERTERAFGKAIOK Cu 5 RN BB (1) 5
Shy il AT v s B R I 1) 4 JE A KA R A
WA -

1 ABIRTHEEAYE L

WANG 21 RA Ky FEGK AR Cu FR gk i X B
e R AR, T AWK it DX R A i P A s B
FEAK/BCK Cu HAEGIK Cu AH LG5 SRS T 2P
W 258y, AT SR T 4igiK Cu (RIEPER S s
BT 442K Cu FITHCK Cu BB AHIR], (HHPEREANH],
R, TS SAPRR AL, 9K i DRI BOK
X3 AR FEARAH RIS AH, R0 K KA R R
PURICK EERPRL, WO (SRR AW ) 5 () 7
TEEENT AN S U o FEAAAH 55 GBI AH () R4S
WO LR IR SRS TR 11T, AR B
N 1R AR S ZR UL SCHR[16],  FEAAAH RN BR300
PHARSRIAEAS KL, AN von Mises Ji HiRAEN .

R ARk Cu i)y 2R

Table 1 Mechanical properties of nano-/micro-crystalline
pure Cul'”!
Poisson Yield strength,
Pure Cu E/GPa ratio, v 5/MPa
Nano-crystalline 875 0.35 450
Micro-crystalline 125 0.33 60
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Fig. 1 Microstructures of nano-/micro-crystalline pure Cu (a)

and model of cube/sphere unit cell (b)
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Fig. 2 Finite element model and initial mesh of cube/sphere
unit cell (1/8)
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Fig. 3 Effective plastic stress—strain curves of pure Cu
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Fig. 4 Effective strain distributions of unit cells: (a) Sandwich structure; (b) Cube/sphere unit cell
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Fig. 5 Effective plastic stress—strain curves of sandwich and

cube/sphere unit cells
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Fig. 6 Effective stress distributions in unit cells of toughening phases containing different shapes: (a) Cube/sphere unit cell;
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(b) Cube/cube unit cell; (c) Cube/cuboid unit cell loading along long axis; (d) Cube/cuboid unit cell loading along short axis
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Fig. 7 Effective plastic stress—strain curves of four kinds of

unit cells containing 35% (volume fraction) toughening phase
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Fig. 8 Effective stress—strain curves of cubic/sphere unit

cells containing different volume fractions of toughening phase
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