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ABSTRACT SEM-ECC technique was employved to observe and characterize the dislocation mi-
crostructures during the saturation stage of cyclic deformations in a copper single crystal. Some band -
like or spot-like dark zones were found in the dislocation microstructures, which located either at the
edge region of the deformed specimen or at the interface between the dislocation matrix and the PSB.
To interpret the experiment results, the near surface dislocation microstructure were simulated and the
internal stress distributions induced by those dislocations were calculated by using discrete dislocation
dynamics method. The simulation results show that near the frec surface region, the maximum internal
stresses or stress concentration appear at the dark zones which correspond to the interfaces between
the PSB and the dislocation matrix or the PSB-matrix—surface interfaces, meaning that fatigue cracks
initiate preferentially at these dark zones. The simulated results can well explain the observated ones.
KEY WORDS copper single crystal, cyclic deformation, crack nucleation, discrete dislocation
dynamics, internal stress distribution

FAEOIR LR R A R AR AR AT TR RE S B {4 A i B U A5 B e s A
FE T PR IS SRR D i dl, PR, 9 RO R AR
FARFEFZ AU AT YE AT AL AT PO ST A ELR, B AL
ARy L 2004-00- 07, 430200k B : 2004-04-19 ERE R A ORI RAEIR T &, S RarAAL
{F#E i WHEST, &, 1966 i, N Tl B R b L ik P e, xbp




10 & g

FOAR 41%

0772 8 TR g T, BRI RS (PSB) AT UL D5
FAECH b R R T TR (VR AR I o R AR R 5 Ak
BT, EATIEA IR A A (BRI B ik f5) T2 s
BRSPS 20— R Reray 5 %) Hunsche
A Neumann®! L % Ma #1 Laird[¥) B 285 T 2lerfe 7
AT A Y TR SRR, n A AR R A, B
o B P 55 R SR TT T ARG AL PSB
H 4 A TLIERT RN ALY, JF HPrE 3R iR TR A,
AR RaUE AL N RAR @A PSB/ Bk R
. HE4LL E9igs)iss, Antonopoulos 2 191 Essmann
% 1 Tanaba f1 Mural'? #1755 a0t PSB 45
RN A FIE BT S0, Repetto f1 Ortizl?)
B PSB S R W g 55 e —H g, T
1T PSB 3 A5 55 3400 o s R e, IR B O
RIFTLT B R 57 AT AR IR R SR, AN FaE
F B0 PSB 5B R w7 A 69U HI LA B 55 e A
SH IR 3R KA B ) 73 AR IR T SR AR TRV A, A i
— B RS AP R LIE.

IFR, FMIESY Cu BT AP OIS H R
WAE (LA & PSB fIE st 217 T SEM-ECC W
SRR, BRI T2 A S R P e
B AR HERE B, A8t SEM-ECC £ AWM T4
55 Cu B, A IR AR AR F BL i 32 (8] X IEhY (0§65 e 4
), F S BTEL RSB0 )5 R T R R T K (7 g |
B PR AT RS TETY, HHE T o R0

(Y fiz T RE YL
1 SEBS4E

S R AL A 99.999% BIES Al IR R Ol B
¥, K Bridgman J R B FE R, B Laue 3
B HU oy [123), 123 vt £2°, 17 Bt oh
InEFFRY b 7 1. R SR YE L8] R R R T
A7 mm, [N 60 mm Ay LR HAP TERKE N 16
mm, ERTEE N Smm.  FIHURCF B EISE 4 2 45 iR
FERNGETTOR R, DI TIRENEE. SR A=RT
AT, RN Shimadzu g R ARIE 57 iga L3 AR
SEFTAR IR B ASIE PR B — HE A SRIBFRnak, A Bt
K, PEm R B AR v = 2 x 1077, BiIR N
0.2 Hz. fEsngeid f2ch, LI FIRMIn R, fE
20000 cyc REeRETIE S5 L4, IXFEIIES /17 Cambridge
S 360 TR BB R T SEM-ECC £ R g
BSIZERRAINTA: E AR

B 180 T oI g SRR R IR e Rl 4. LR
i, BEE DE IR AR sy I SR, FLE A2y 1500
cyc ZeATLEIRA, RS ) KEY A 27 MPa. f§3f
AT LB FIEN B, fE 20000 cyc BHR PRI M T
WMZER Y ECC IEREE R aTE 2 Frs. T AW &

#, (IHFHLV RIS PSB 25Ky, Ho PSB 7t
BB RLERI, PSB SRR AR R
45°, BB iR BB 7. PSB iy 4G
MR RR A H,  (ERIRATF BRI 0.22 pm, T4y
[FEY 1.8 pm (18] 2a). RN, fetemhdigk KRy PSB
F,  PSB HEKFmthall PSB Sk E i iuny
Friigh B T —2EHR (8] 2 a) oRBERCIR (T3] 2 b) AV
(i, XML [ R (37 5545 F) B8 5 2R kA PSB
i RLAEEEH AR AN HIE], EIRATRER PSB iy —st i
PR IX, RNFERIFBIE R prE: PSB hay 298 2
AXIEIRY. UL, 5 REUR ATRE iR G A R

FAOERY 7 HRAR AR, (NS, FUR B RIS 50 sy 7 i AT
1 $1 AL T AR B B aE 2 o DX 0 O 58 5 LIS A R 7 a1
AT by, A TR R R LD E S R4 LR
H B

2 HBESRATE

{Big SHaR
ARSI EE, ERARKEf PSB kEh Eg )8
(7 43 27 ELF ) B A B H S AR 2SS, D Rty
BRI T EFERR PSB Ay o 2 s AR 5 4
#7 LT fOBE (R AY B H I AR S, LA R b by J) A
e DO T RS AR Y, e A b R

(1) FrdEfAlken s PSB g B g B RS 44T, iff
TEFRE( AT PSB 3EE A R (7 5 43 A

(2) JVEI PSR A A fE B (111) BiF ffcH
T (IR S 1T B ) A

(3) WD {07t 2 2 R (37 5 57 4 RSB (0 B D ST A0
Y P17 BT o7 S B

(4) F AL FEAY R B i F BTy (R, B e)
HOEH R S, ELL AT TR AR S 1A 1 .
Pl 3 it SIAURSIUR I 37 A 4 b R s 25 18], 348

2.1

30
o 25
[
=
o 20T
122}
9
oo15
: |
@
= I
9 10 ‘

5 I r

1 i ——d -y i r
0 500 1000 1500 2000 2500 3000
Cyclic number
B 1 5 BEDEERTTIA 1k

Fig.1 Variation of the resolved shear stress with cyvcling
unmber and the inset showing the development of

the hysteresis loops
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Fig.5 Simulated dislocation structures during the satu-
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Fig.6 The gray scale and profile graphs of the shear com-

ponent of internal stresses (Pa) along = direction
(a) the horizontal line is placed in a PSB, and the
vertical line crosses over three PSBs from disloca-
tion matrices (veins) to PSB channels

(b) the horizontal line is placed in a dislocation
matrix (vein), and the vertical line crosses over
three PSBs from dislocation matrices to disloca-
tion walls of PSB

(c¢) the horizontal line is placed in the interface
between a PSB and a dislocation matrix, and the

vertical line locates near the surface
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Fig.7 The gray scale and profile graphs of the normal
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component of internal stresses (Pa) along y direc-
tion

(a) the horizontal line is placed in a PSB, and the
vertical line crosses over three PSBs from disloca-
tion matrices (veins) to PSB channels

(b) the horizontal line is placed in a dislocation
matrix (vein), and the vertical line crosses over
three PSBs from dislocation matrices to disloca-
tion walls of PSB

(c) the horizontal line is placed in the interface
between a PSB and a dislocation matrix, and the

vertical line locates near the surface
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