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Effect of Micro-Voids on Crack Initiation and Propagation in Bending
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The crack initiation and the propagation during bending have been considered to be affected by second
phase particles with micro-voids and a shear-band. However, the effect of second phase particle distribution
on formation of micro-voids, and the effect of micro-voids on crack initiation and propagation during
bending have not been fully investigated. In this study, the effect of second phase particle distribution on
the formation of micro-voids, and the effect of the micro-voids on crack initiation and the propagation
during bending were investigated by using the largest synchrotron radiation facility “SPring-8” and
FE-SEM/EBSD. With increasing the bending ratio, micro-voids were increased around the coarse particles
nearby the outer surface. In particular, coarse micro-voids were formed around the coarse particles with
high aspect ratio on the shear-bands. At a large cracking part, the coarse micro-void was observed at the
outmost layer section as a crack initiation site, and coarse micro-voids and a sheared fracture surface were
observed at a crack propagation site. At a small cracking part with no propagation, cube orientation grains
were located under the small crack. It was considered that these cube orientation grains inhibited the
formation of the shear-bands, therefore propagation of cracks did not occur at the small cracking area.
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Fig. 1 Appearance and schematic diagrams of a bending
test sample.
(a) Appearance of the sample surface.
(b) and (c) Schematic diagram for sample
preparation.
(b) For tomography measurement.
(c) For SEM observation.
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Fig. 2 Schematic diagram of a sample setting for the
tomography measurement.
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Fig. 3 3D perspective views and 3D rendered
tomographic volumes of the bending test sample.
(a) Perspective views.

(b) Rendered tomographic volumes.
Black points are micro-voids.
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Fig. 4 SEM image of the bending test sample through

the gauge.
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Fig. 5 Relation with histogram of Al-Fe-Si particles and
histogram of micro-voids.
(a) X area in Fig. 4. (b) Y area in Fig. 4.
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Fig. 6 SEM image of the localized necking area.
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0° 20° :Misorientation from ideal orientation

Fig. 7 Crystal orientation map at the localized necking
area.Black lines are large angle grain boundaries
>15°. Black area is the area of CI value < 0.1.

(a)X area
9 -
28 | 26% o | 9%
e |
S .
E; 6 I o® J ®o
) ° J
E 5 08 o © < o
=
= 4 f ° g & °O|
o 8 %8 ¢ g_ xS 4
ﬁ 3 _——% — — = — — — — — —
: <o 0| °
S 2 r oo§<> X806 %o 0o °
2 8°Z§g§8<>oo&‘f o ©
<1 66% © ° 4%
0 1 1 | 1 1
0 1 2 3 4 5 6

Diameter of Al-Fe-Si particles, d/um

(b)Y area
9 .
28 F 28% f 0 I 1% ‘
£ 7t o° ° 1
& o
B 6 ° H— Broken
Lﬁb 5 ° by shear stress
=
s 4
=]
23 |- — 5 ey - — — — — —
—
g 2 °
2
< 1 4%
0 1 1
0 1 2 3 4 5 6

Diameter of Al-Fe-Si particles, d/um

Fig. 8 Scatter diagram of Al-Fe-Si particles.
(a) X area in Fig. 4. (b) Y area in Fig. 4.

58 UACJ Technical Reports, Vol.1 (2014)



Al-Mg-SiREEDOMFLHNMO BRI LS X MERIFICRITT I 7 0k, FOE

LEZOLND, ZOXH)ITHTFOENIIME-TI V0
FA PP ENLDTHNE, WTOHF A X725 T
BABRIZE 5T, 370k FORBKENG &8
BT HLEZ LN,

Fig. 81CAl-Fe-SiRR T DI A4 Z& 7 AR Mk
FE (AU EE) OBFREZ RS, Fig 4 X#HBoO
Al-Fe-Si#h 13 fin i TR o #mic ) #hisii &
AERI > TORV, TOERS T, MY &£
3 umBLFhD2 7 AT ML ORT-A366 % /7455
Bh5, MHYMEED3 um P kA>T AT MH3DLE
ORFH A% T B0 — 7, FMUEEE (Fig. 4hY
) T, AL EEDS um o7 ARS M IE
SUEORTFOHEGDANKIEIZHESI L TnE, 0
CEnn, HFIMINTHE ) R oK A 4 )3
KEWZITTIEEL, TAXRZ MEFREWIEIERID
RIneEZ NS,

32 HIFEhYHOBREES LV ZDEE

AT 7% < O (localized necking), WEHNEE T
{248 L 72%I (fracture), UhZdli (crack) 23584 L
72 ERALIC BT 5 SEMBIZR R 2 R ICEHh 0 FEEL X
CEFICBT LI 7 0F8 4 FOFFHIZOWTIRUT D
HICEZHND,

Fig. 61278 L7z < OO SEM BIgHEF12 B
WC, R CNEBORERES TR R I 7 a R
A FABK SN, SEIICHER L T2, #hizm
BETRIFEL h o7z,

Fig. 9ICHEPIER F THINDMEIE L 72 #I8o SEM 81

BRERERT, REBIZBVWT, B e L
FIEBBIOHAZ I 708, FABRENRTWIZE
WAl S 7ze Fig. 10ISHRIEER E TENAMEIE L
TeHBOBEBISRHRERT, 370K, FORYL
BN DR TIROEE L 20 T8 A B2 Big
ENize HFARNAT LITEER I NI 70k, FEEA
Wi i > THINAMEIR L2 & % 2 55, Fig. 100
—ETT 4 ¥ T VIROBE EVERETE) ASEI%E S B At
B AW QTR S AUT W 20 RS SR A B O . 545 1%
L DFIELESN TR INLEEZOND, UL
FEoZ ens, BUENEEE THNDMER L 2R T,
JEHT K O sss A L7t o &k THARR I 7
ORA RS, ThpypEmcEHl$42&T
FHNORARTII R 5720 512, ZolE2LLHEN
AW ISR SRz 28R, FiZio THRIE

Localized necking part

e

Coarse micro-void \

Fig. 10 Fracture surface morphology at the fracture area.

UACJ Technical Reports, Vol.1 (2014) 59



WEIEIR L7222 b,

Fig. 11ICfUN BN O SEMBISHRE R 2R T, M
ANEINGEITIE, REREEC OMRZ I 7 aRA B
HEHECHER L, BAEAPER ST, 20k
AT, RO EAERELTELT, £A
Wi OTERL B L AW LTI 7 R AL FOBK
DHFE TR Lah ol T, I70F4 FERA

Fig. 11 SEM image of the crack area.
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Fig. 12 Crystal orientation map at the crack area.

Black lines are large angle grain boundaries >15°.
Black area is the area of CI value < 0.1.
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Fig. 13 Schematic diagrams showing cause of the crack by
the bending process.
(a) Before cracking.
(b) After cracking.
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