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Fig. 1 Application of aluminum alloys for automotive, upper side: body and chassis, lower side: drivetrain,
powertrain and EV/HEV ?.
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Table 1 Required properties for automotive body panels®.

Parts Required properties
High yield strength after baking
Good press formability
(Bulging property)
Good flat hemming property
Good surface condition after press forming
(SS mark and roping free)
Good corrosion resistance
(Anti-filiform corrosion)
Good press formability
(Deep drawing property)
Inner Good joining property
(Welding and adhesion property)

Outer

Moderate yield strength
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Table 2 Mechanical properties of automotive aluminum alloy sheets manufactured by UAC].

. . Tensile Yield Elongation Yield strel?gth
Alloy designation AA* strength strength %) after baking
(N/mm?) (N/mm?) (N/mm?)**
SG112-T4 (6016) 230 120 27 195
SG712-T4 (6016) 240 130 28 205
SG712-T4
High formability (6016) 245 135 30 170
6000 SG312-T4 (6111) 245 120 30 200
series SG07-T4 (6005) 210 110 27 200
SG410-T4 (6111) 240 115 29 210
SG213-T4 (6111) 255 120 29 215
SG213-T4
High formability (6111) 285 145 29 175
GC45-0 5022 280 140 32 -
5000 GC55-0 5023 285 130 34 -
series GM145-0 5182 270 120 28 -
52S -0 5052 205 105 28 -

* AA:The Aluminum Association (U.S.A); bracketed numbers show the equivalent alloys.

** Baking conditions: 2% pre-strain + 170Cx20 min
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Table 3 Required properties for automotive structure
parts 9.

Parts Required properties

High yield strength

Good press formability

Good joining property
(Welding and adhesion property)

Structure

Stress corrosion cracking resistance
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Table 4 Mechanical properties of high strength aluminum alloy sheets manufactured by UAC].

. . Fatigue
Alloy AA* Tensile Yield Elongation Shear strenggth Stress corrosion cracking
designation strengt? strength (%) strength 5x107 times performance™**
(N/mm?) (N/mm?) (N/mm?) )
(N/mm?)
114S-T6 2014 480 410 13 290 120 -
200 [Tirsa 2017 425 275 22 260 130 .
24S-T3 2024 480 340 18 275 135 -
D54S-0 5454 225 100 27 - - ++
5000 A254S-0 5154 240 115 27 - - +
series 525-0 5052 205 105 28 120 105 ++
183S-0 5083 290 145 24 170 - -
6000 561S-T6 6061 315 275 17 205 100 ++
series SG09-T6 6111 360 315 16 - - ++
7000 755-T6 7075 570 510 11 330 155 -
series ZK141-T7 7003 360 280 16 190 125 -

* AA:The Aluminum Association (U.S.A); bracketed numbers show the equivalent alloys.

** Stress corrosion cracking performance differs depending on usage environment. ++:Will not crack (even in very severe conditions),
+:May crack (in severe conditions), —-May crack, --Will crack
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Fig. 8 Stretcher strain markings of Al-3.11mass%Mg
alloy annealed at 400°C for 2 h after 0.5% tensile
strained %.

Table 5 Relationship between stress ratio ( orp.: o rp),
strain, stress state and type-B Luders bands
(parallel bands) formation **.

Stress Major Minor Stress Luders
ratio strain* | strain® state bands™*
8:0 0.093 -0.046 Uniaxial Observed, 57°
8:2 0.065 -0.014 Observed, 66°
8:4 | 0053 | 0001 Plane Observed, 90°

strain
8:5 0.053 0.003 Observed, 90°
8:6 0.048 0.009 Observed, 90°
8:7 0.039 0.018 Not Observed
8:8 | 0033 | 0033 | Paanced g opcerved
biaxial

* Tensile tests were stopped when the tensile load became 15.5 kN
in major strain direction.
** The angles show the direction of Luders bands to the major strain.
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Fig. 9 TEM structures of Al-5.5mass%Mg-0.3mass%Cu
alloy sheet after the biaxial tensile test. Stress
ratios (orp.:oTp) were (a) 8:0 and (b) 8:8 3032,
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Fig. 10 Stress-strain curves of the uniaxial tensile tests
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alloys (Initial strain rate: 2.9 x 10°s"). The arrows
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Fig. 14 TEM structures of 8% tensile strained Al-Mg-Si alloy T4 sheets (true strain: 0.08) °-°V.
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Fig. 15 Stress-Strain curves of Al-1.0mass%Si-0.5mass%Mg-
0.1lmass%Mn alloy T4 sheets with the difference
Cube orientation density (HC: High-Cube, LC:
Low-Cube, tensile directions were 0° and 45°) .
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Fig. 16 Effect of Cube orientation density on the change in
n value with strain of Al-1.0mass%Si-0.5mass%Mg-
0.1mass%Mn alloy T4 sheets (HC: High-Cube, LC:
Low-Cube, tensile directions were 0° and 45°) %,
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Fig. 17 TEM structures of 15% tensile strained Al-1.0mass%Si-0.omass%Mg-0.1mass%Mn alloy T4 sheets with
High-Cube orientation density. Tensile directions were (a) 0° and (b) 45° *.
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Fig. 18 Ridging marking (roping) topography for 6111-T4
under uniaxial tension in the transverse direction
at 15% elongation *.
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Fig. 20 EBSD map of the surface part on 6016-T4 sheet.

(a) Cube orientation, and (b) Goss orientation 2.
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Fig. 21 Effect of solution heat treatment time and
quenching rate on the depth of a crack. The
samples were solution heat treated at 550°C of

Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
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Fig. 22 Effects of quenching rate and solution heat
treatment time on the number of second phase
particles of Al-1.0mass%Si-0.5mass%Mg
-0.1mass%Mn alloy T4 sheets %%,
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(c) Solution heat treatment time : 3600 s

Fig. 23 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in
water after solution heat treatment at 550°C %69,
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Fig. 24 Schmatic diagram of the crack formation by
bending process ® %,

Fig. 25 SEM image of Al-1.0mass%Si-0.5mass%Mg-
0.2mass%Fe-0.1mass%Mn alloy T4 sheet after
bending test. The black points were micro-voids and

the white points were Al-Fe-Si series particles .
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Fig. 26 Optical microstructure near fracture surface of
the bent sample at 0.5mass% of iron content of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheet 7~ 70,
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Fig. 27 Appearances of hemming cracks with different
silicon content on Al-Mg-Si Alloy T4 sheets. The
0.2% proof stress of the samples before bending
test were almost 120 MPa ™.
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Fig. 28 Shear bands of various bent samples of Al-Mg-Si
alloy T4 sheets in transverse section. The bending
test was operated until small cracks were visible
on the surface with out pre-strain. (a) 0.7mass%Si,
bending angle 180° and 0.25 mm bending radius,
(b) 1.6mass%Si, bending angle 160° and 0.5 mm
bending radius ™.
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Fig. 29 Effect of iron content on the bendability of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheet 9~ 70,

Table 6 Effect of iron content on the number of second
phase particles, shear bands and bendability of
Al-1.0mass%-0.omass%Mg-0.1mass%Mn alloy T4
sheet 9~70,

Iron content
(mass%) 0.1 0.5 0.8 1.0

Number of segond phase 4400 7300 9400 12900
particles (mm®)
Number of shear

bands (mm™) 157 167 122 83

er}lmum bending 0 04 02 03
radius (mm)
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Fig. 30 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in water
after solution heat treatment at 550°C for
75 s. The copper content of samples were
(@) < 0.01mass%, (b) 0.4mass% and (c) 0.8mass% ™™,
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Fig. 31 Optical microstructures of Al-Mg-Si alloy T4
sheets after bending test. The samples were
quenched in water after solution heat treatment
at 550°C for 75 s. The magnesium content of
samples were (a) 0.4mass% and (b) 0.8mass% 7.
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Fig. 32 Effects of aging temperature and 0.2% proof
stress on the depth of cracks after bending test of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheets ™.
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Fig. 33 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in water
after solution heat treatment at 550°C for 75 s.

The aging condition of samples were
(a) immediately after quenching, (b) 20°C-7500 min
and (c) 150°C-32 min ™.
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Fig. 34 Improvement of bendability by retrogression heat
treatment (RHT) .
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Fig. 35 Optical microstructures of 6016-T4 sheets after bending test. The crystal orientations and the bending
directions were (a) Cube, 0°, (b) Cube, 45°, (c) Goss, 0°, (d) Goss, 45° and (e) Goss, 90° &7 89,
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Fig. 36 Deformed meshes and contours of maximum
principal logarithmic strain. The crystal
orientations and the bending directions were
(a) Cube, 0°, (b) Cube, 45°, (c) Goss, 0°, (d) Goss, 45°
and (e) Goss, 90° 878,
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Fig. 37 Effect of Taylor factor on the bendability (bending
score) of Al-1.0mass%Si-0.6mass%Mg alloy sheets.
The bent surfaces were ranked from 1 to 10, and
the bending score 1 is the worst .
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Table 8 Mechanical properties of 7000 series aluminum alloy sheets.

All Tensile Yield El G

Supplier Alloy series desi 03;. strength strength O?fja) on
esignation (N/mm?) (N/mm?) o
- JIS7NO1 Al-Zn-Mg - 360 295 15
- AA7075 Al-Zn-Mg-Cu - 570 505 11

. Advanz

Novelis B B 7000-series B 500 B
Constellium AAT075 AlZn-Mg-Cu Ultralex 580 530 15
UAC] - Al-Zn-Mg ZK80 485 450 15
UAC] AA7050 Al-Zn-Mg-Cu 7G62 535 505 12
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