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Characteristics and Formability of Aluminum Alloy Sheets*
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Table 1 Physical properties of aluminum and iron".

Aluminum Iron
Atomic weight 26.98 55.85
Atomic number 13 26
Crystal structure face-centered cubic |body-centered cubic
(fce) (bce)
Density (g/cm?3) 27 7.87
Coefficient of
thermal expansion 235%10° 121x10°
(/C)
Melting point (C) 660 1536
Specific heat
capacity (J/kg + C) a7 456
Thermal
conductivity 238 782
(W/m - C)
Modulus of
elasticity (GPa) 706 2114

HY, % F78W/m - C) OR3GETH L7720, BLY
, BOHe T Ty AOBBEBREIZH
235x105/CTdHh, # (F121x10%T) 28T
BB, WEELICHT L THEOBsIKRELS RS
EIRAH %o

22 FIIZLEEROEELEER

TN I =T AEeE, BRI S D R
WA EHEYHEETTONRG, BHHAGEIICD
WTIE, JISHKTHEA D7V I =y 265412585 (IS
HO001) #2017 TH Y, ZOEEOMERHNIR, H
B (BRSO 23557005 X)Xk oTwb, T
I LAEEOS ¥ EFig. 112, MEREFOEKE
Fig. 2127, A& HOEINORTIIAERER
Fo M7 VI =T ATIH1IZ M, 100057 & HIE 5,
B2 ~ 8O T O, WML 2E5ER%
AL, 2000 (Al-Cu, Al-Cu-Mg) 5%, 3000 (Al-Mn) 5,

Y OARWOTEEREEEH 642 (2023), 814 (i

Main parts of this review has been published in SOKEIZAI 64-2 (2023), 8-14.

(#k) UAC] MCHSEARTR RRIRIET BB

Product Design & Technology Department, Fukui Works, Flat Rolled Products Division, UAC] Corporation.

98 UACJ Technical Reports, Vol.11 (1) (2024)



TV = NSO BRI LAk

99

|—| Aluminum and its alloys |—|

| Wrought alloys | | Cast alloys |
———

on heat-treatable]| Heat-treatable | [Non heat-treatable]| Heat-treatable
alloys alloys alloys
Commercially Al-Cu alloy Commercially Al-Cu allog
pur&)%luminum [2000 series] pure aluminum [AC1X, AC5A]
1 series] |r - -
Al-Mg-Si allo Al-Si alloy  ||Al-Si-Cu-Mg alloy
[?(I)Ol\gn al!oy] [600% seriesf’ | | [AC3A, ADC1] | [AC2X, AC4X]
series, :
, Al-Zn-Mg alloy Al-Mg alloy A Mg alloy
Al-Si alloy [7000 series] | | [AC7A, ADC5,6] | L_L , 10, 12]
[4000 series]
AI-Mg alloy
Al-Mg alloy [AC7B]
[5000 series]

Fig. 1 Classification of aluminum and its alloy.

A 5052P- H34

Temper designation number.

Figure of goods,
P:Plate, B:Bar, T:Tube, W:Wire, S:Shape

Alloy number;
first digit shows alloy series.

— Letter “A” for aluminum and its alloys.

Fig. 2 Wrought aluminum designation system.
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Fig. 3 Relations between production procedures and temper designations with properties diagram

for wrought aluminum alloys.
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Table 2 Mechanical properties of aluminum alloy sheets®.

Tensile Yield strength Totali Unifor}‘n Local.
Alloy-Temper strength (MPa) elongation elongation elongation n-value | r-value
(MPa) (%) (%) (%)
1100-O0 94 32 433 333 10.0 0.29 0.85
1100-H24 143 140 10.0 - - - -
3004-O 175 62 26.5 22.0 45 0.28 0.71
3004-H24 220 181 9.0 7.8 1.3 0.12 0.70
5052-0 210 106 275 25.3 2.3 0.32 0.74
5052-H24 263 212 175 14.0 35 0.13 1.05
5182-0 261 121 29.8 27.0 2.8 0.32 0.61
5182-H24 337 255 138 125 1.3 0.13 0.75
6061-O 124 44 31.0 25.8 5.3 0.28 0.66
6061-T4 276 190 24.0 20.8 33 0.20 0.74
SPCE* 306 185 44.8 22.3 225 0.21 2.00

* Steel plate cold deep drawn extra
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Fig. 4 Four elements of press forming and characteristics
of material deformation®.
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<Punch> Diameter: 50mm _
Shoulder: RSmm
<Die> Diameter: 52.8mm
Shoulder: RBmm
<Lubricant> DN coat NR3
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Fig. 5 Limiting drawing ratio (LDR) of various
aluminum alloy sheets?.
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Fig. 6 Relationship between limiting drawing ratio (LDR)
and r value?.

Table 3 Mechanical properties of asymmetric warm-
rolled and conventional cold-rolled sheets”.
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Fig. 7 Limit dome height of various aluminum
alloy sheets?.
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Fig. 8 Relationship between limit dome height and
total elongation?.
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Fig. 9 Comparison of computed forming limit diagrams
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<Punch> Shape: flat, Diameter: 40 mm

<Die> Diameter: 44 mm, Shoulder: R0.5 mm

Shoulder: R4 mm

Aperture diameter: 16 mm

<Blank holder force> 10 kN
<Lubricant> DN coat NR3

Fig. 10 Relationship between hole expanding limit and
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Table 4 Bending limit of aluminum alloy sheets
(180° bending)”.

Bending radius

Alloy-Temper (O: No cracks, X: Cracks)

OmmR |[05mmR| ImmR | 1.5mmR | 2mmR

1100-O /0O

1100-H24 /O

3004-O O/0O

3004-H24 O/ x —/ % —/O

5052-0 O/0O

5052-H24 X/ % X /X x/O | O/—

5182-0 O/0

5182-H24 X /% X /% x /O x/— | O/—

6061-O O/0

6061-T4 X/ % X/ % X /% /O

SPCE O/0O

Sheet thickness: 1.0mm
(L direction)/(LT direction): Bending moment direction

Second phase particle

with cavity Shear bands

Crack propagation route

Fig. 12 Schematic diagram for cause of the crack
by bending process”.
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Fig. 13 Effect of Mg content and tensile test temperature
on the stress-strain curve of annealed Al-Mg

alloys'™.
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Fig. 15 Superplastic forming limit diagram'?.
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Fig. 16 Schematic drawing of typical hot blow forming'?.
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Fig. 17 Hot blow formed product™.
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Fig. 18 Hot stamping (HFQ") process®.
(HFQ®: Hot Form and Quench)

Fig. 19 Products (high strength 6000 series alloy)
formed by hot stamping (HFQ®)®.
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