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Effects of Microstructures on the Bendability of Al-Mg-Si Alloys
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Chemical composition of alloys (mass%).
Si Fe | Mg | Mn | Cr Cu Ti Al
S1 1070 | 011 | 059 | 005 | 003 | Tr | 001 | bal
S2 | 1.00 | 012 | 060 | 0.05 | 0.05 | 0.02 | 0.01 | bal
S3 1122|012 | 059 | 005 | 003 | Tr | 001 | bal
S4 |1 158 | 009 | 060 | 005 | 003 | Tr | 001 | bal
F1 091 | 029 | 061 | 005|005 | Tr | 001 | bal
F2 | 098 | 049 | 056 | 006 | 0.05 | Tr | 001 | bal
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Hemming

E1 A3 v r7aEofX
Schematic illustration of flat hemming test.

EEDOWEILTIS 555 RHBN # AW TR L7z, #ER
SRR, ERMEF M (SEM) & ZBEEF I
#i (TEM) THT o 720 5 2HALF D534 % e BT & 8k L
72LUZEXT FSM{GALELARNT S TolAE L 720 HIZSE 2 MR T
DG % EPMA THHT L 720

3. KEBBERBLUEE
3.1 Hh (T

T LUZEX (Bp) =L 3 0@EETY,

K2 A2 EORHb A

Samples for evaluating hemming performance.
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xK2 KESOMFERHEG (1%~ 10R)
Evaluation results of bendability using score 1
(complete cracks) to 10 (no surface defects visible).

Alloys| Sl S2 S3 S4 F1 F2
Proof stress 0.751 | 1.0Si | 1.3Si | 1.6Si | 0.3Fe | 0.5Fe

120 MPa 7 5 4 1 4 2

135 MPa 5 3 1 - 3 1

150 MPa 3 1 - - 1 -
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~ <— S4 Score:1
= < F2 Score:2
{——= 82 Score:5
<~ S1 Score:7

The proof stress of all the
specimens has been
adjusted to around 120 MPa
before the hemming test.

K3  ~afiFg >y 7TV osiel
Appearance of hemming cracks.

S1 0.6Mg-0.7Si-0.1Fe S2 0.6Mg-1.0Si-0.1Fe

S4 0.6Mg-1.6Si-0.1Fe F2 0.6Mg-1.0Si-0.5Fe

------

Grain structures of bent specimens in the transverse
section.
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E5 T47 > /3—# O TEMBI%E (a) Sl alloy, (b) S2 alloy,
(c) $4 alloy, (d) F2 alloy
TEM observations of precipitates in T4 temper. (a) S1
alloy, (b) S2 alloy, (c) S4 alloy, (d) F2 alloy.

BTHEOSIL B LIS TH Do 2D &) I2H 24
T OFAREIE AN 2 BT YE & OB D S 72,
100000

—0O—s1

10000

1000

100

10

Number of particles (1/mm?2)

0.5 1.5 25 3.5 4.5 55
Diameter of particles (um)

X6 F24HRTF OG5
Size distribution of second-phase particles.
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[(b) F2 0.6Mg-1.05i-05Fe |
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[(a) S2 0.6Mg-1.0S-0.1Fe |
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Elementary analysis mapping of second-phase particles
by EPMA.

(a) S1 bend score: 7 (b) S4 bend score: 1
T 7 ] I

[(c) 4 0.6Mg-1.65i-0.1Fe |
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SEM images of fracture surface in tensile specimens.
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SEM images of fracture surface in bent specimens.
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S4 alloy:0.6Mg-1.6Si
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SEM image of initial surface cracks on the bent
specimen of S4 alloy. The bend test was conducted,
with a bending radius of 0.5 mm and without prestrain,
until small cracks were visible and the bending angle
became 160°. The area ( I ) and (II ) are observed at
high magnification in Fig.11.

X111 WPOFKE 7 T v 7 O SEM 1§ & £ DK
Initial surface cracks. (a) and (b) are the magnified
SEM images of the areas ( I ) and (II ) in Figure 10,
respectively: (c) and (d) schematic illustration of (a) and
(b).
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The crack along the shear band

. 23 400 pn
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(a) S1&4, (b) 264, (o) 464, (D) F2ie4

Shear bands for various bent specimens in the trans-
verse section. The bending test was conducted,
without prestrain, until small cracks were visible on
the surface. (a) S1 specimen (bending angle:

180°, bending radius: 0.25mm), (b) S2 specimen (bending
angle: 180°, bending radius: 0.5mm ), (c) S4 specimen
(bending angle 160°, bending radius: 0.5mm), (d) F2
specimen (bending angle: 160°, bending radius: 0.5mm).
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Properties and bending conditions of the alloys used
for observation of shear bands.

Alloys Sl S2 S4 F2
(Without prestrain) 0.7Si | 1.0Si | 16Si | 05Fe
Initial proof stress (MPa) 120 120 120 120

Conductivity (%IACS) 489 470 454 472
Bending angle (°) 180 180 160 160
Bending radius (mm) 025 | 050 | 050 | 050
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