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Dislocation Structures and Intergranular Crack Initiation
in Fatigued Copper

Hideo KXANESHIRO, Kazumune KATAGIRI,
Chobin MAKABE and Shousuke ITOMURA

Although a number of madels for the initiation of intergranular cracks under fatigue have been
praposed, most of them are nat considered to be sufficient qualitatively, [n this study, the mechanism
of intergranular crack initiation in fatigued capper is investigated on Lhe basis of the observation of
dislocation structures and surface topugraphy by means of transmission and scanning electron
microscopy. At the intersections of ladder-like structures with the grain boundary, extrusion-type
intergranular deformations are frequently observed. [t is also found that the ladder-like structures
are sometimes formed along the grain and twin boundaries. On the basis of these observations, a
mechanism of crack initiation at the grain boundary is proposed.

Key Words: Fatigue, Dislocation, Nonferrous Metal, Ladder-like Structure, Intergranular Defor-
mation, Intergranular Crack [nitiation

1. # L]

gior s X, EY A 2 VAR TIRIZ L A ERTRRIR
TRET B, WA 7 LFIRT ORI LV BRE
HROHAKMRCR - TRETILEDLDATY
0%, F DN, BRTOEBORECDOVTRES
OTRBITbN, ki, LA TOLHURERBIZOW
THWLHOHBEANRT B0 5 2L ORI
NERNCRYTHIOPELLCE>THRVED
TH5, o TOWRR, T LT, HRERGCE
IR FHRER % A Vv TR R LR 2 Bl 2
Lo TiFbTH Y, HiIHKFBRTERS L
BIEHEIE L B & T - BRI TH v &
5TH3.

T 5 1, BIEOD 2 BVT, 70/30 HFADIELAEM
L BEOBRZE, S, OTafthE L HROREMIZR
HLUROBATBHEL S Z L ERVHL, ThiZiL
LR BOFBERBERRLAS, Z0L5 K
BREsoSReR L T OBRATEL—BEELOb

v 19058 H23E HEHLRABSK S TN, HRRH

19954£ 4 A 12 8.
* ER, BIRAS ISR (B908-01 MR PHIRIEEEFT

E1).
* ER, #EALLPE (B 020 BHit_LE 4-3-5).

OTH3OPEAKN G D, BT, 70/30 REATH,
VA ERIR IR CRNOEIEEEL £{Tb R
REED 5 KBEAZW, Thios L THIETIRIE
L ZHhiEe w3 HAY 15 RO T AMDENERE
30T, 0T A8 L DR L OHIEER 2
245 IR RHHTH L LBbIS,

ZOL D RBlANS, BETE, /0L G
R OREET RO DRBRHFIDVTHY I 71 E
B4 2 L OFEH R E TV, PR S WM e
RESMHANTs oLtk o T, M 34
= BORBERE LR LI,

2. {ERHES LUSERAE

HH L AAKHIIEEE 15mm @ OFHC T, ’1 i
TR « ~FEOBRA BRI L 24, 600°CT 1
BIORAgER £ LT, 35BS TR %
30 um BRIERRE L TRBRICHE L 2o, 21 L2 CHER
Holb$Rs L BREER Ry, EHBRRIBASH
E¥— R AR % A v T3 BESMORIR Y 7
FeifFof., REERELGECABOBRRCIL, KR
5 =90 MPa T N=6x10*(H& N,=2x10°) @:E
LERBRA L 6=170MPa T N=10*(%Ff N,=5X%
10°) EEEE L 2B K 2 v Tz, BRThOBRA I

— 66 —



R 52V e M OB 2 RRY: & IRATHER 655

FEHRBECHRESEMIC L 2 FEHB W
EBRBATHRGHTEM) i & 5SRO BRI gt
L.

G/ OBRBRE DV T, FRITHPFT 2 B
B4 LT T4 20 pm OALE DO HEG B R RS L 2243,
BIEHO b0 20Tk, BEAO b O L FRZ R
1T MEAREAK (Foil P) & SEWTHT i W4T L REEREAE
(Foil L) @ 2 MBIOREHC DV TRE:{Tofz, IR
BB OEBIIT DV TR0 TRBLLOTIC
TIREMT A, &3, WREEHR OIRAAHMRIX 200 kV
OIEEEE T THR L.

3. ERERLIUER

i RER E SN ERHHPRE LI ER
3 & % OLBEEORIBRMER SRS L Bbh
Tvb, MAOWE, WY A 7 VEHT T, band(®
2 i vein) MR S A, 7 band HARK X
BT <D HREY 2 BORY: - RE L BEREEYE
Bz WbV I L JIREBSTER SIS
LtEbhTwuaten, 2T, U ISREMRI, B
Wiz 2 2RO « RE L 2T &0 TH
FahTal, S/AHMETR, L TR R
DRRLTEL, 2OB ZIRRASHOELHE
ZHIENFHENS.

B2 S EF A4 7 MES TR S N AiSAO band M
RS RORRNLEBRERT. ZORLSHy
B L3, —RENT, ME OSBRI EERN R R

Table 1 Chemical compositions [wt. PPM])

Cu Pb O Se S
Bal. | <I0PPN | <10PPN [ <10PPM | <18PFM

Table 2 Mechanical properties

Proof Tensile |Elongation| Reduction
strength | strength (x) of area
(MPa) (MPa) )
44,1 204.8 53.3 91.5
45
a
i

Fig.1 Shape and dimension of test specimen {mm]
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Fig.2 Band structure and straight grain boundary
(6=90 MPa, foil P)

Fig.3 Ladder-like structure intersecting grain
boundary (=90 MPa, foil P)
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Fig.5 Ladder-like structure intersecting grain bound.
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Fig.6 Ladder-like structure intersecting grain bound-
ary (0=90MPa, foil P)
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Fig.7 Ladder-like structures continuing across grain
boundary (6=90 MPa, foil P)

Fig.8 Ladder-like structure along grain boundary
{a=9 MPa, foil P)
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Fig.9 Ladder-like structure along grain boundary
{6=90 MPa, foil P
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Fig. 10 Ladder-like structure along twin boundary
(0=90 MPa, foil P
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Fig. 11 Ladder-like structure along twin boundary
(6=90 MP4, foil P)

Fig. 12 Intergranular crack and cell structure
(=170 MPa, foil L)
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Fig. 14 Cell structure and extrusion-type intergranular deformation {(6=170 MPa, foil I)
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Fig. 15 Extrusion-type intergranular deformation and
intergranular crack (g=90 MPa)

Fig. 16 Extrusion -type intergranular deformation and
intergranular crack initiation (g=90 MPa)
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Fig. 17 Slip bands and intergranular crack
(0=90 MPa)
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