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Fig.1-1 Trend of amount of aluminum products used for automobile.
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Table 1-1 Chemical composition of aluminum alloys for auto body panels.

Alloy Si Fe Cu Mn Mg
AA6016 1.0-1.5 <0.50 <0.20 <0.20 0.25-0.60
AA6022 0.8-1.5 0.05-0.20 | 0.01-0.11 | 0.02-0.10 | 0.45-0.70
AA6111 0.7-1.1 <0.40 0.50-0.90 | 0.15-0.45 | 0.50-1.0
AA5022 <0.25 <0.40 0.20-0.50 <0.10 3.5-4.9
AA5023 <0.25 <0.40 0.20-0.50 <0.10 5.0-6.2
AA5182 <0.20 <0.35 0.20-0.50 | 0.20-0.50 4.0-5.0

Table 1-2 Examples of mechanical properties of automotive aluminum sheets.

After baking | Application

Alloy | TS(MPa) | YS(MPa)| EL(%) YS(MPa) Parts
AA6022 240 125 29 200 Outer
AA6111 275 130 32 165 Inner
AA5022 275 135 30 155 Outer/Inner
AA5023 285 135 33 155 Outer/Inner
AA5182 270 125 29 140 Inner

Steel
(SPCC) 310 150 45 190 -
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Fig.1-2 Appearance of hood panel (left) and cross-section of its edge (right).
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Second phase particle
with cavity Shear bands

Fig. 10 Schematic diagram for cause of the crack by bend-

ing process.

Fig.1-3 Schematic figure for the occurrence of a crack by bending process.
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Fig. 9 Microstructure of specimen after bending test. The
sample was quenched in water after solution heat treat-
ment at 550°C for 75 5.

Fig.1-4 Microstructure of specimen after bending test.

52(2002) 448-452

Fig. 11 Initial surface cracks, () and (b) SEM images of the high magnification for the area (1) and {11} in Fig. 10, (c)
anel (d) schematic llustraion of (a) and ().

Fig.1-5 SEM images of surface cracks after bending test.
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/s 216 /s Al-Mg-Si Al-0.6

2.1Si-0.6Mg
TD Fig.1-6
Friedman A6111 Al-0.6Si-0.7Mg-0.8Cu

DC

/s 216 /s

Fig. 7 Appearance of specimens after bending in TD
direction. (a) slab- and (b) sheet-cast Al-0.6 mass%
Mg-(0.6-1.6) mass%Si alloys.

Fig. 8 Appearance of specimens after bending in RD
direction. (a) slab- and (b) sheet-cast Al-0.6 mass%
Mg-(0.6-1.6) mass% Si alloys.

Fig.1-6 Appearances of specimens after bending test. left 9 /s right 216 /s
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DC(Direct Chill)
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Fig.1-7
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Schematic , Q
figure Tjd
Castsize 1 350 600t > ~2000w 15~40t < ~2000w | 3~10t > ~2000w
(thickness x width)
Cooling rate 0.5~13 /s ~100 /s 200~700 /s
Casting speed 50mm/min ~10m/min ~2m/min

Fig.1-7 Comparison of aluminum casting system.
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Fig.1-8 Appearance of High-Speed Twin-Roll Caster.

Melt
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~ y Solidification

length

Strip

Fig.1-9 Schematic figure of High-Speed Twin-Roll Caster.
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Casting speed ~150m/min ~2m/min

Solidification length

Long(50mm-~)
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Metal head High(Omm-~) Low(~50mm)
Lubricant Without With
Roll material Pure copper Steel
Fig.1-10 Comparison of twin roll caster.
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Table 2-1 Chemical composition (mass%) of A6022 alloy.

Element | Si Fe Mn | Mg Ti Al

A6022 10 | 016 | 01 | 05 | 0.02 | Bal

Table 2-2 Casting conditions.

Casting speed (m/min) 60
Casting temperature () 660
Solidification length (mm) 100
Casting load (kN) 20, (7 112)
Metal head (mm) 100, (0)
A6022
Fig.2-1 A6022 A6063

3.1mm 2.6mm
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A6063
A6022

200 500pam
500 1000pm 200pam

A6063

Fig.2-1 Anodized microstructure of the transverse cross section of the strip cast

using the caster equipped with the cooling slope under the casting load of 20kN.
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Fig.2-2 A6022
DAS 3pm 30pIm
5 10pm

Fig.2-2 Microscopic grain structure of the A6022 alloy strip.

(a)surface region, (b)mid-thickness region
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Fig.2-3 A6022 SEM 20pam
S5pm

| /B

Fig. 2-3 Scanning electron micrograph of crack surface in the A6022 alloy.

Fig.2-4 Omm

Ti-B
DC
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(a) (b) (©)
with a addition without a low metal
of grain refiner cooling slope head (Omm)

Fig. 2-4 Anodized microstructure of the transverse cross section of the A6022 alloy

strip.
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(d) (e)
low casting high casting
load (7kN) load (112kN)

Fig. 2-4 Anodized microstructure of the transverse cross section of the A6022 alloy

strip.
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2.4mm

4mm
Fig.2-5
Omm
100mm
(a)Base condition (b)Modified condition
(Metal head: 100mm) (Metal head: Omm)

Metal head:
100mm

Metal head:
Om

Fig.2-5 Schematic figure of a layout of nozzle.
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Fig.2-6 Microscopic grain structure in the mid-thickness region of the A6022 alloy
strip.

(a)with cooling slope, (b)without cooling slope.

Fig.2-7 EPMA
Si

Si Mg Fe
Si
Si
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Fig.2-7 Si macrosegregation across strip thickness analyzed by EPMA.

(a)with cooling slope, (b)without cooling slope
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Fig.2-8 Estimated cooling rate of strips of surface region.
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(a)low casting load (b)high casting load

liquid-+

Fig.2-9 Schematic figure of solidification behavior.

The position of the end of solidification is affected by casting load.

Fig.2-10
Fig.2-6
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(o 30pm

Fig.2-11

Fig. 2-10 Microscopic grain structure in the mid-thickness region of the A6022 alloy

strip cast using the caster equipped with the cooling slope under the load of 7kN.
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Fig. 11 Microscopic grain structure in the mid-thickness region of the A6022 alloy
strip cast using the caster equipped with the cooling slope under the casting load of
7kN.

(a) quenched after casting , (b) let be cooled after casting.



A6022

(@ {
1) 105
(2003) p331.
2)
109 (2005) p179.
3)

57(2007) 119-124.
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(1991) p236.
No.20 (1988) p40.

35



Al-Mg-Si
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1)
Fig.3-1

K @0.5mm

14ms KEYENCE GR-3000
10ms

Table 3-1 A6022

40m/min
660 100mm
50mm
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Thermo couple
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Measuring point / /

o Dummy line
Weight

a) before casting b) during casting

Fig.3-1 Schematic figure of measurement procedure of thermal history of cast sheet.
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Fig.3-2

450

Table 3-1 Casting conditions.

Without High
base cooling casting
slope load
Casting _ 40
speed(m/min)
Casting temp. 660
Cooling slope with without with
Casting load (kN) 14.1 14.1 112
Internal crack > o o
10mm
50mm
470 520
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30ms 60ms

650

solidus temp.

600
without cooling|slope

955 530 [ high|casting load \\/\
g \
(¢b]
o
. / base
~ T
| | — base
450 171 — without cooling slope
— high casting load
400 ‘ ‘ I

30 -20 -10 0 10 20 30 40 50
Position (distance from minimum roll-gap), mm

Fig.3-2 Cooling curve during casting measured at mid-thickness region.

650

640 — base g
— — without cooling slope

630 \\ high casting load

620
: \
Z 610 \ solidus temp.
< TP “RX--r--mr-emre-e
AN

without cooling slope
500 : - /1\ \\ g 9°0p
high casting load \ \ \/

580 \ _base

570

560

20 -15  -10 -5 0 5 10 15 20
Position (distance from minimum roll-gap), mm

Fig.3-3 Cooling curve during casting around minimum roll-gap.
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Fig.3-3

1800 /s

40m/min

/s

Measured cooling rate,

3000
2500
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1500
1000

500

604
Fig.3-4
1300 /s 2700 /s
60m/min DAS
6060 1330 6060 /s
base without cooling high casting load
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Fig.3-4 Cooling rate during casting.
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(@)without cooling slope (b)base (c)high casting load

[ solidified shell from roll surface Q) solidified particle above roll gap
(coarse one is generated at cooling slope)

- Liquid ®@ Void Fine particle solidified at roll gap

Fig.3-5 Schematic figure of solidification behavior below the nearest point of roll

gap.
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112
(2007) 265-266.
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10 100
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1
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1.0mass Table4-1

HSTRC High-speed twin-roll cast
(t50 mold cast)

/s
660
20kN
Omm

3mm

HSTRC 5 50
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Fig.4-1
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Table4-1 Chemical composition (mass%) of alloys used in this study.

Element Fe Si Mn Mg Ti Al

0.2%Fe 0.2 1.0 0.1 0.6 0.02 Bal.
0.4%Fe 0.4 1.0 0.1 0.6 0.02 Bal.
0.6%Fe 0.6 1.0 0.1 0.6 0.02 Bal.
0.8%Fe 0.8 1.0 0.1 0.6 0.02 Bal.
1.0%Fe 1.0 1.0 0.1 0.6 0.02 Bal.

A6022 base alloys (Al-1.0wt%Si-0.6wt%Mg)
Iron content (0.2-1.0wt%)

t5 mold cast t50 mold cast

HSTRC 5t x100w x 200L 50t x140w x 200L
(High-speed
twin-roll cast) 1
3t X100w x L machined

50t 5t
] |
Strip/Ingot (3-5mm thickness)

Homogenization (823K x7.2ks)
I
Cold rolled (1mm thickness)
|
Solution treatment
(823Kx30s - water quench - 343Kx7.2ks)
|

2% pre-strain and heat-
treated at 443Kx1.2ks
l
T4 AB
1 1
Tens_,lle test Tensile test
Bending tes

Fig.4-1 Experimental procedure.
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(a) Before bending

Sheet
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0.5R
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5mm

200mm
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180

1.0t

t5 t50 550
Imm
70
T4 T4
T4
170 =20
AB
T4
T4
25V 90
30mm 10
0.5mm
Fig.4-2

N4

46

(b) Punch bending
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Fig.4-2 bending procedure.

(c) Press bending
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T4

Fig.4-3 0.2 Fe

mm

1.0 Fe

HSTRC t5

t50
a-Al Al-Fe-Si
HSTRC
t50
t5 HSTRC
) t50
DC
0.1
DAS HSTRC
\% DAS pm t5 t50
DAS 66.7V7%°3
HSTRC 1200 /s
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3 SEM
SEM
T4
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t50
93 /s 3.0 /s
Fig.4-4
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t5 10
6000 /s

Mg-Si
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0.2%Fe

1.0%Fe

HSTRC t5 mold cast

t50 mold cast

DAS, dfjam

1000

100

10

Fig.4-3 Optical micrographs of cast plate.

t50 mold
A6022 '

112pm t5 mold

cast
‘I 18.3jum HSTRC
S ~
4.8pam 2N
3KI/s 93K /s | 1200K/s |
0.1 1 10 100 1000 10000

Cooling rate, VIKs!

Fig.4-4 Estimation of a cooling rate of HSTRC.
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Fig.4-5 Micro-structure of T4 sheets.
Fig.4-6 T4 AB 0.2 Fig.4-7
T4 T4 0.2
AB 0.2

130 140MPa
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Fig.4-6 Yield strength of T4 and AB sheets.
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Fig.4-7 Elongation of T4 sheets.
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Fig.4-8 T4 AB 0.2

T4 t50 HSTRC t5
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200 - A A . .
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§ ] 1) B s
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0 ] ] ] ]
0.0 0.2 0.4 0.6 0.8 1.0

Iron content, %

Fig.4-8 Yield strength of T4 and AB sheets.

(without homogenization process)

Fig.4-9
50t
0.8
HSTRC t5 HSTRC t5

T4
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HSTRC t5 mold cast t50 mold cast
0.2%Fe =i
0.4%Fe g
0.6%Fe =
0.8%Fe &
1.0%Fe g

.2%Fe
]

Fig.4-9 Appearances of specimen surface (upper) and cross section (lower) after

bending test.

T4 AB 1.0 Fe 0.2
Fe 0.2
AB 0.2
Al-Mg-Si Al-Fe-Si
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(@) with homogenization
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< 46 2
3 ¥ r
s & °
S M
2 ® HSTRC
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A t5 mold
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Iron content,

49
18 (b) without homogenization
§ 47 | | = -
O
< 46
Z: A A é °
S B0 s e o
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g ® HSTRC
S 43
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Fig.4-10 Effect of iron content and cooling rate during solidification on
conductivity for T4 sheets.

(a) with homogenization, (b) without homogenization
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Fig.4-10
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AB 0.2
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1.0 Fe
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SEM
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Fig.4-11 HSTRC t5

pam
1000 /s HSTRC
M
t5
t50 10
HSTRC
1000 /s
6000 /s
= 100000 ‘ I
£ —&— HSTRC (0.2Fe)
o5 —&— t5 mold cast (0.2Fe)
< 10000
2 —&— t50 mold cast (0.2Fe)
S ---0--- HSTRC (1.0Fe)
% 1000 ---A-- t5 mold cast (1.0Fe)
<
; ---&--- t50 mold cast (1.0Fe)
[3+]
100 .

-g . A\H--E] -
5 10 o T LS
k3 \ © s}
= A--A m
> 1
Z

Diameter of secondary phase particles, jam

Fig.4-11 Size distributions of secondary phase particles for T4 sheets.
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HSTC | t5 mold cast t50 mold cqst

-

Fig.4-12 SEM micrographs of extracted second phase particles from as-cast

plate/ingot of 1.0%Fe by the thermal phenol method.

4),5),7)
7).8)
X ODF
Table 4-2 Cube Goss
1.6 2.1 0.9 1.8
Table 4-2 Texture for T4 sheet analyzed by ODF.
(Relative densities of orientations are shown.)
HSTRC t5 mold cast t50 mold cast
0.2%Fe | 1.0%Fe | 0.2%Fe | 1.0%Fe | 0.2%Fe | 1.0%Fe
Cube ,(001)[100] 1.7 1.7 2.1 1.6 1.6 1.6
CR ,(001)[310] 3.1 19 3.4 2.2 4.3 2.3
RW ,(001)[110] 2.5 1.7 2.3 1.7 2.7 1.4
Goss ,(011)[100] 1.2 1.4 1.8 1.8 0.9 1.9
Brass,(011)[122] 0.5 0.9 0.5 0.6 0.1 0.6
S ,(123)[634] 0.5 1.0 0.4 0.8 0.9 0.7
Cu ,(112)[111] 0.4 1.0 0.6 0.8 0.2 0.8
PP ,(011)[211] 0.9 0.8 1.2 0.9 3.0 1.3
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T4 AB 0.2

AB 0.2
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Tableb-1

5mm 50mm

mold cast t50

@300mm

5mm
550
Imm

70

170 =20
AB
T4
AB

30mm

A6022

HSTRC High-speed twin-roll cast t5

(t50 mold cast) HSTRC
@1500mm
Omm
100mm
Fig.5-1
HSTRC 5 50
10 120
550 <30
> 40
T4 T4
EPMA
10 JIS 72248

60

T4
200mm

15

T4



0.5mm 180
Fig.4-2

Table 5-1 Chemical composition (mass%) of A6022 alloy.

Element | Si Fe Mn | Mg Ti Al
A6022 10 | 016 | 01 | 05 | 0.02 | Bal.

(a) ¢@300mm roll (b) ¢1500mm roll
(Metal head: Omm) (Metal head: 100mm)
Metal hea
Metal head: 100mm

Om

dification
ength: 100mm

Fig.5-1 Schematic figure of twin roll caster.

(a)300mm roll, (b)gp1500mm roll
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120

2 T4

Fig.5

t50

HSTRC 1500

HSTRC 300

t

550 ><120min.

550 ><10min.

550 > min.

without homo

1Sed pjow 051

1Sed pjow 51

wwooed OY1SH

wwoosTd JYLISH

Fig.5-2 Micro-structure of T4 sheets.
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Fig.5-3 T4 0.2 Fig.5-4 AB 0.2

120 30
T4 AB HSTRC t5
t50 HSTRC t5
T4 130 140MPa AB 180 200MPa
10 630
t50
T4 110MPa AB 160MPa
120 7230 T4
140MPa AB 190MPa HSTRC HSTRC
1500 HSTRC @300
150
140
[}
o
= 130
e
=y
o 120
A7)
—@— t50 mold cast
110 .//°/
S ---A-- t5 mold cast
100 —— HSTRC(¢300
---&-- HSTRC(¢p1500
90 ‘
10 100 1000 10000

Total time for heat treatment, sec.
(homogenization + solution)

Fig.5-3 Yield strength of T4 sheets.
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Fig.5-5

90
630

1500
HSTRC 300
T4

Yield strength MPa

220

10000

200
180
160
140 —@— t50 mold cast
---/-- t5 mold cast
120 —8— HSTRC(¢p300
---&-- HSTRC(¢p1500
100 ‘
10 100 1000
Total time for heat treatment, sec.
(homogenization + solution)
Fig.5-4 Yield strength of AB sheets.
Fig.5-6
t50
HSTRC @300 10
t5
t50
120
120
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good —~ Rank of bendability - bad

t50 mold cast t5 mold cast

Fig.5-5 Appearances of specimens after bending test of T4 sheets.

(Homogenization times are also shown in the left side of photo.)

—e— t50 mold cast
---A-- t5 mold cast
—8— HSTRC(¢p300
---¢&-- HSTRC(¢p1500

10 100 1000 10000

Rank of bendbility

Total time for heat treatment, sec.
(homogenization + solution)

Fig.5-6 Bendability of T4 sheets.
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Fig.5-7
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15
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(a) cast plates

50
—@— t50 mold cast
& 48 ---A-- t5 mold cast i
o —&— HSTRC(¢p300
<
;_ 46 1SN ---o-- HSTRC(¢p1500 |}
=
O
-
=)
[
(@]
O

As 100 1000 10000

Time for homogenization, sec.

(b) T4 sheets

50 —@— t50 mold cast
---A-- t5 mold cast

> 48 | —&— HSTRC(¢p300
3 .-~ HSTRC(p1500
<_[ .\.\
= 46 B
E R e —
S 44
=)
c
o
O 42

40

10 100 1000 10000

Total time for heat treatment, sec.
(homogenization + solution)

Fig.5-7 Effect of homogenization time on conductivity for cast plates and T4

sheets. (a) cast plates, (b) T4 sheets
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Mg EPMA Fig.5-8
Mg
t50
DAS
DAS
HSTRC 10 t5 10
t50 120
t5
Mg Si Table 5-2
Dt *(1/2) > D 550
Si Mg Mg
pam 10 14pm 120 A7 pam
DAS HSTRC 4.8pam t5 18pam t50 112pam
20 270 10000
EPMA
HSTRC t5
DAS HSTRC
Mg
DAS
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without homogenization

550 ><1min.

550 ><10min.

550 ><120min.

t50 mold cast

t5 mold cast

Fig.5-8 Micro-segregation of Mg element for cast plates analyzed by EPMA.

Table 5-2 Estimation of diffusion distance of Mg and Si element heat treated at

550
Heat-treatment time
Element 30s 60s 90s 600s 7200s
Mg 3.1 43 5.3 14 47
Si 3.7 5.3 6.5 17 58
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300mm t50 t5
t5
HSTRC @300mm 15
@1500mm
t5
@300mm 1200 /s
t5 93 /s 10 60
HSTRC @300mm HSTRC
Fig.5-8
220  /mm?
0.91pm
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g —A— HSTRC(¢p1500)
[«B]
2
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3
[
3
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]
z
5
pd
0 2 4 6 8 10

Diameter of secondary phase particles, jam

Fig.5-8 Size distributions of secondary phase particles for T4 sheets.

6000 /s
Fig.5-9
Fig.5-10 jm
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t5

HSTRC 0.5pm >=<10% /s
HSTRC 100
t5 HSTRC 100 /mm?
5%10%° /s HSTRC 100
HSTRC
Imm

=
o

t50 mold cast
3.0Ks?, 1.53pam t5 mold cast

{} 93Ks™, 1.09am HSTRC(cp1500)

6000Ks™1, 0.81pm
— =~ SO
17 ~— o

e

HSTRC(¢p300)
1200Ks, 0.91jum ||

d = 1.65%\v %
|
1 10 100 1000 10000

©
[N

Mean particle size of secondary phase, d /jam

Cooling rate, V' / Ks™

Fig.5-9 Relation between cooling rate and mean particle size of secondary

phase.
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Fig.5-10 Relation between cooling rate and number of coarse secondary phase

particles.
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6000
A6022 (d[pam])
(V[ 7/s]) d=1.65%v008

55(2005) 222 226.
46(1996) 202-215.
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Al-Mg-Si

t50 DAS 100pam
80
HSTRC 5
3)
A6022
Table 6-1 A6022 50mm
5 20 45mm Smm  20mm
50mm 1/74 DAS
110pm /
550 X 5mm
1.0mm 20 45mm
1.0mm 80 95 98
80 550 <30
70 T4
T4 80 110
130 160MPa
SEM SEM
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T4
30V 90

T4
SEM
90
JIS13B

20mm 10

(T)
0.5mm
Fig.4-2

SEM

Table 5-1 Chemical composition (mass%) of A6022 alloy.

Fe Si Mn | Mg Ti Al
0.2 1.0 0.1 0.5 | 0.02 | Bal.
T4
Fig.6-1 T4 L-ST
Fig.6-2 SEM
80 95 98
40pam 35pam
SEM
Al-Fe-Si 98
80
80
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180
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Surface region

(high magnification) low magnification

Reduction 80%

Reduction 95%

Reduction 98%

Fig.6-1 Optical micrographs of the longitudinal cross section of T4 sheets
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Surface region

Mid-thickness region

Reduction 80%

Reduction 95%

Reduction 98%

Fig.6-2 SEM micrographs of the longitudinal cross section of T4 sheets
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Fig.6-3 T4 0.2 L
T 130MPa

(2)0.2% proof strength

150
© mL ®mT
S 140
=
g 130
1]
5 120
o
S
110
N
o
100
80 95 98
(b)Elongation
35
30 DL mT

Elongation,%

80 95 98

Fig.6-3 Tensile properties of T4 sheets. (a) 0.2% proof strength, (b) Elongation



Fig.6-4

95
80

100

150MPa

50

98

50
150MPa

80

80

80

Fig.6-5

20

130 140MPa
140MPa

80

T4



L-direction

Reduction: 80%

"L

Jl'i'

Reduction: 95%

144MPa

Reduction: 98%

T-direction

Reduction: 80%

1!-

Reduction: 95%

Reduction: 98%

Fig.6-4 Optical micrographs of cross-section of specimens after bending test.

(0.2% proof strength of T4 sheet is also shown in the micrographs.)
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Fig.6-5 Relationship between 0.2% proof strength of T4 sheets and depth of

crack after bending.

SEM Fig.6-6
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1400 /mm?
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Fig.6-6 Size distributions of secondary phase particles for T4 sheets.

T4
ODF
Table 6-2
Cube 50

5).6) Goss

Cube 3.2

Fig.6-1
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Table 6-2 Texture for T4 sheets analyzed by ODF.

(Relative densities of orientation are shown.)

F F F

80 95 08
Cube 3.2 1.1 1.6
Goss 1.8 2.0 0.9
CR 4.0 2.8 4.3
RwW 2.7 2.6 2.7
PP 1.0 2.6 3.0
80 L
Fig.6-7
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Fig.6-7 Cross section of specimen after bending test.

(80% reduction, L-direction bending)

SEM Fig.6-8

80
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L-direction

T-direction

Reduction 80%

Reduction 95%

Reduction 98%

Fig.6-8

Cross sections of specimens after bending test.
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L-direction

T-direction

Reduction 80%

1l m I—"eaa =¥
e

Reduction 95%

98%

Reduction

X¥Xr.oeee pRl=

(=R=Rol=R=Nx]

tlh.BAB 1@aMm

20“m

Fig.6-9

Fracture surfaces of specimens after bending test.
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Frequency, %

1 2 3 4 5 6 7 8 9 10

Secondary particle size, pm

Fig.6-10 Secondary phase particle size distribution located at the bottom of
dimples.

(Measured by SEM photos for the specimens of reduction of 95% and 98%.)

Fig.6-11
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T-direction

Reduction 80%

L-direction

Reduction 98%

Fig.6-11 Surface vicinity to the crack of specimens after bending test.

Fig.6-12
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Fig.4-9
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Linear colony of
secondary phase particles

——

Crack propagates along
the colony of secondary L-¢
phase particles

Initial cracking is
easy to generate

Crack is easy to
propagate by large
dimple

L-direction

Fig.6-12 Schematic figure of influence of linear colony of secondary phase

particles for bend-ability

A6022
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Al-Mg-Si

Fig.1-5
A6022 Fe 0.1 1.0
(99.95 AlI)
Table 7-1 A6022
Fe 0.1 0.4 1.0
99.95%Al 50mm
/s 30mm
0.3 3mm
550 X
3mm (
) 10
( ) 1.0mm
550 =30 70
T4
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(L) 90 (T)

0.5mm

20mm 10
(JIS Z2248)

180 Fig.4-2

Table 7-1 Chemical composition (mass%) of core materials and surface layer.

element] Si Fe Mn Mg Al

_ 0.1 Fe 1.0 0.1 0.1 0.6 bal.

Core material ol
(6022 alloy) 0.4 Fe 1.0 0.4 0.1 0.6 al.
1.0 Fe 1.0 1.0 0.1 0.6 bal.
Surface layer (pure-Al) 0.00 0.01 0.00 0.00 99.95

Fig.7-1

Fe

Fe 20| am

SEM
Fe

SEM

10
SEM
0.1 Fe 40pam 1.0
50pam
Al-Fe-Si
Al-Fe-Si Mg-Si
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Optical micrographs SEM micrographs
Eﬁ — —%
S
(¢B]
L
<
(@)
(¢B]
Lo
o L
— v .

Fig.7-1 Optical micrographs and SEM micrographs of T4 sheets.
Surface region of longitudinal cross section for cladding material are shown.

(cladding ratio; 10%).
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Fig.7-2 Al-Mg-Si

Fig.7-3
Al-Mg-Si 130 140MPa 20MPa
23 29 37
7
0.4 ﬁe/_,——————
— . =
6 % 0.1 Fe
5 // 1.0 Fe —01 Fe H
< 4 —04 Fe |-
B f —10 Fe
o 3 |
- 99.95%Al
2
99.95%Al
1
0
0 5 10 15 20

Displacement, mm

Fig.7-2 Load-displacement curves of original material.

40
35
30 |
25 |
20 |
15 |—
10 |

Elongation

O | |
0.1 Fe | 04 Fe | 10 Fe

99.95%Al Al-Mg-Si alloy

Fig.7-3 Elongation of original materials.
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Fig.7-4 T4 AB 0.2 T4

1.0 Fe 0.1 Fe 0.4 Fe
10 20MPa
(a) T4 sheets
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- |
= | e \L\A\a\
e
2
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8 120 1 @01 Fe
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?ﬁ 110 AQ04 Fe
S m10 Fe
100 ‘ ‘
0 2 4 6 8 10 12
Ratio of surface layer,
(b) AB sheets
240
s 230 A
o
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£ (]
S 210
& T R
5 200 —
S 19 || @01 Fe
o
L 180 |'{ A04 Fe
S 170 |{ ®10 Fe
160 ‘ ‘

0 2 4 6 8 10 12
Ratio of surface layer,

Fig.7-4 0.2% proof strength of T4 and AB sheets.
(a) T4 sheets, (b) AB sheets
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Fig.7-5
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Fig.7-6

Fe
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1.0 Fe 10

Fig7-7

0.4
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0.1%Fe

0.4%Fe

1.0%Fe
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o S e S

Fig.7-5 Appearances of specimen surface after bending test.
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Fig.7-6 SEM micrographs of cross-section of specimens after bending test.
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Fig7-7 Depth of crack after bending.
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Fig.7-8 Size distributions of secondary phase particles of T4 sheets.
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Fig.7-9 Number of secondary phase particles of T4 sheets.
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Fig.7-10 SEM micrographs of cross-section of specimens

(0.4%Fe, 1.0%Fe)
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Fig.7-11 SEM micrographs of surface for specimens after bending
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0%
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Fig.7-12 Optical micrographs of specimens after bending test. (0.1%Fe)

(The specimens were heat-treated at 170  for 8 hours.)
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