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Effects of microstructure on bendability of AlI-Mg—Si alloys

Akira HIBINO™*, Toshiki MURAMATSU***, Makoto SAGA™** and Ken TAKATA™**

To reduce the weight of vehicle body structures, AI-Mg—Si alloys which benefit from artificial aging during paint bake

cycle have been used in outer panels of automobiles. One of important requirements in these alloys is their ability to

resist fracture in hemming. In this paper, the effect of Si and Fe contents on the bendability of AI-Mg—Si alloys has

been investigated. The bendability is declined with increasing Si and Fe contents in these alloys. It is obvious that

bendability is related to size distribution of second phase particles. Small cracks on the surface of a specimen seem to

appear in the interface between second phase particles and matrix during bending test and many particles can be ob-

served near an initial crack line across several grains on the surface. Intragranular crack formation and propagation

play an important role in the mechanism of bend crack occurrence.
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Table 1 Chemical composition of alloys (mass%)

Si Fe Mg Mn Cr Cu Ti

S1 0.70 | 0.11 | 0.59 | 0.05 | 0.03 Tr 0.01

S2 1.00 | 0.12 | 0.60 | 0.05 | 0.05 | 0.02 | 0.01

S3 1.22 1 0.12 | 0.59 | 0.05 | 0.03 Tr 0.01

S4 1.58 | 0.09 | 0.60 | 0.05 | 0.03 Tr 0.01

Fl1 091 | 029 | 0.61 | 0.05 | 0.05 Tr 0.01

F2 0.98 | 049 | 0.56 | 0.06 | 0.05 Tr 0.01
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Fig. 1 Schematic flat hemming test.
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Fig. 2 Samples for evaluating hemming performance.
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Table 2 Evaluation of bendability from score 1 (com-
plete cracks) to 10 (no surface defects visible)

Alloys — S1 S2 S3 S4 Fl1 F2
Proof stress 4 | 0.7 Si | 1.0 Si | 1.3 Si | 1.6 Si | 0.3 Fe | 0.5 Fe
120 MPa 7 5 4 1 4 2
135 MPa 5 3 1 - 3 1
150 MPa 3 1 - - 1 -
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Fig. 3 Appearances of hemming cracks.

S1 0.6Mg-0.7Si -0.1Fe

S2 0.6Mg-1.0Si -0.1Fe

Fig. 4 Grain structures of bend specimens in transverse section.
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Fig. 5 TEM observation of precipitates in T4 temper. (a) S1 alloy, (b) S2 alloy, (c) S4 alloy, (d) F2 alloy.
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Fig. 6 Distribution of second phase particles.
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(b) F2 0.6Mg-1.08i-0.5Fe
(a)S2 0.6Mg-1.0Si 0.1Fe | ‘ i

(c)S4 0.6Mg-1.6Si-0.1Fe
50um ! !

Fig. 7 Elementary analysis mapping of second phase particles by EPMA. (a) S2 alloy, (b) F2 alloy, (¢) S4 alloy.

’ (a) S1 bend score:7 l (b) S4 bend score'l

‘daonag

Fig. 8 SEM images for fracture surface in tensile specimens. (a) S1 alloy, bend score: 7, (h) S4 alloy, bend score: 1.

(a) S1]0.7Si] bend score:7 (b) S4 [1.6Si] bend score:1

Fig. 9 SEM images for fracture surface in bend specimens. (a) S1 alloy, bend score: 7, (b) S4 alloy, bend score: 1.
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Fig. 10 SEM image for initial surface cracks on the bend specimen of S4 alloy. The bend test was operated until small
cracks were visible and bend angle became 160° with 0.5 mm bend radius and without prestrain. The arca (I) and (I1)

arc observed at high magnification in Fig. 11.

Fig. 11
and (d) schematic illustration of (a) and (b).

Initial surface cracks. (a) and (b) SEM images of the high magnification for the area (I) and (ID in Fig. 10, (c)
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400 4 m

Fig. 12 Shear bands of various bend specimens in transverse section. The bend test was operated until small cracks were
visible on the surface without prestrain. (a) S1 bend specimen with bend angle 180° and 0.25 mm bend radius, (b) S2
bend specimen with bend angle 180° and 0.5 mm bend radius, (¢) S4 bend specimen with bend angle 160° and 0.5 mm
bend radius, (d) F2 bend specimen with bend angle 160° and 0.5 mm bend radius.
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Table 3 Bend test conditions of various alloys for obser-
vation of shear bands

S1 S2 S4 2

Without prestrain

0751 | 1.0Si | 1.6S1 |0.5Fe

Initial proof stress (MPa)| 120 120 120 120

Conductivity (%IACS) 48.9 47.0 45.4 | 47.2

Bend angle (°) 180 180 155 160

Bend radius (mm) 0.25 0.50 0.50 0.50
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