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Manufacture of 7000 Al Alloy with Superior Extrudability and
Its Extrusion Limit Diagram

H. W. Ham, B. M. Kim, H. Cho and H. H. Cho

Abstract
7000 series Al alloy with good mechanical properties has been focused with tendency to reduce the
components weight of aircraft and automobile. However, it is difficult to manufacture a sound extruded
product because of segregation, grain growth, casting defect, surface defect, decreasing extrudability and
so on. The objective of this study is to manufacture a new 7000 Al alloy more than the extrudability of
A7NO1 and A7003 through controlling the weight(%) Mg, Zn, Si. Hot extrusion experiments on the axi-
symmetric rod are performed in 500 and also performed analysis of the same process using numerical

analysis method, a coupled rigid-thermoviscoplastic finite element method. Extrusion limit diagram was
obtained for the developed alloy by FE-simulation in order to define the relationship of extrusion speed

and initial billet temperature.
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Table 1 The chemical composition of the materials tested

Alloy Si |Fe|Cu|Mn|Mg|{Cr|Zn|Ti|Zr| V| Al
0.20| 1.0 4.0

ATNO1| 0.30 10.35{0.20] ~ | ~ |0.30] ~ |0.20{0.25/0.10| Bal
0.70] 2.0 45

Alloy A|<0.30[ » | » | » | 08| » |65] - | » | - |Bal

Alloy B|<0.30[ » | »  » | 10| » |65 - | » | - |Bal

Aloy C|<030| » | » | » | 12| » |65 - | » | - |Bal

The 1st design of Al alloy

(referred to A7003, ATNO1) (referred to the 1st afloy)

I Solution and casting

The 2nd design of Al alloy J

l Solution and casting,

’7 Homogenization
Extrusmn experiment Extruslon experiment
and F. E. analysis and F. E. analysis

v v

Extrudability estimaﬁoﬂ

Homogenization J

Extrudability estimation J

Fig. 1 Modification process for good extrudability of alu-
minum alloy
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Fig. 2 A typical extrusion limit diagram for an aluminum
alloy
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Fig. 3 The schematic diagram and photo of hot compres-
sion testor Container Die Extruded product
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Table 2 Process parameters and conditions of billet and die

Process pargn.leters and Value
conditions
Dimension of billet(mm) 270 X h100
Inner diameter of container(mm]} 74
Extrusion ratio 13
Initial temperature of billet(C) 500
Initial temperature of sleeve(C) 420
Initial temperature of die(T) 300
Initial temperature of dummy block(TC]
Temperature of surrounding 100
medium{C]} 20
Ram speed(mm/sec) 8.12
Friction factor (m) 0.5
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Fig. 5 Relationship between flow stress and strain rate for various temperature conditions
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Table3 Summary of C(MPa) and m values describing
the flow stress-strain rate relation, 7 = Cg™,
for various contents at various temperatures
(0.1<£<5)

ATNO1 Alloy A

Temp. C m C m

300 123.32 0.060 109.25 0.075

400 85.05 0.117 73.14 0.091

480 58.61 0.109 49.60 0.155

550 42.46 0.121 36.22 0.170

Alloy B Alloy C

Temp. C m C m

300 115.61 0.043 117.31 0.027

400 77.96 0.091 84.21 0.117

480 48.11 0.157 50.77 0.164

550 32.51 0.174 32.75 0.177

Mo o M
e
[
— 4
T
<
o
ol
>
&2
fd

Ho

>

<

oX o
Lo o% o -

o e W oo ko

ol 7k Bl Y F-E 4 A+
AlM F&oHA sste] Al shEol yehtort 43
Ho e P& ehdA] ekt ol AA 4E714
FZE 27]d 2do] 44 S mestet Al Akt
WEoz nefdt A o5 A7 FEEHA s2E
WEE B A 2E237 8.2 mm7t He FEd
A degten], 44 g M E3 2F 230ton FEE
AR ghe eI Al St o) Fel A9 f+E
Bi7F PR AAA Bkl FEEH EolAle e &
em, ~EzI7} v 2gHl et delat seuzt
nhEE A Y] iR skFo] MM dadhe s

Atk A F o)A 2go] TSI et ol

0
]
)
5
<

(o]

i

P S

Uﬂ.)..

3@ 10 A o F

N
24
o

A A

g n7= 70004 €50E FEd Ax 9 Al

250 b

[ -m—  Experiment

b — Simulation

200 + I , Tt T T
L

150

Extrusion loac

50 |

o

o 20 40 60 80 100
Stroke[mm]

Fig. 6 Comparison of experiments with simulation result
of extrusion load

(c) During extrusion

Fig. 7 Temperature distribution during extrusion

(]

t=AMIIESSIRI /A8 A5E, 1999d /487

l'



700

600

ATNOL
_/:/‘

Extrusion pressure[Mpa]

—e— Experimental resuits

} —m— Simulation results '

300

0.5 0.8 1 1.2 14

Mg wt(%)

Fig. 8 Comparison of experiment and simulation results
of extrusion pressure for the modified alloys

690

550

500

—A— Alloy &

450 —£— Alloy B

Maximum temperature of
extruded produ€l(

—©— Alloy C

—=— ATNO1

400
0 10 20 30 40 50

Stroke[mm]

Fig. 9 The effect of components in the maximum tempera-
ture of extruded product of the modified alloy and
AT7NO01 alloys

Aol B HESIUTE Bojdl mE T Y
A oAtz AzEn
Fig. 7 Hl 4 %9 %_‘T—_
2719 ol 7
4ED 1 shet £85E 53 %
A Mg Aot} o
AR
2 ¢ 2skr}, Flg 7(
F A9 A" gl gelY ol 6P—t—
1@ Asfelrh. @A) Atske ARE(L/D : L
Jo], D 2l X §)7} 2 488 LS 4Fol= 4
o] & Asor I Aol LA ARt A
AR M AgEE A7 3~4 @E/l ‘,\«l
FHLE 259 EAES 47) AsiMe 2] Lo
Tl 7k AV 2 e Aot Fig. T(d)e &%= 227}

1
Ho4o

oM N o 8 ¥

488 / SBAMIIBES K| /AI8E A55, 1999¢

Table4 Comparison of extrusion pressure and tensile

strength of used alloy
Extrusion Tensile
Alloy strength(MPa)
pressure[MPa) As cast | Extrusion
ATNO1 573 241.05 | 382.88
Alloy A 490 203.84 | 321.44
Alloy B 536 202.50 | 350.16
Alloy C 560 201.39 | 358.03
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Table S Comparison of extrudability index
Extrusion index(Z)
Alloy Data acquired in Data acquired in
this study reference
A6063 100 100
ATNO1 60 60
Alloy A 83 -
Alloy B 77 -
Alloy C 73 -

350 ton 260 ton

150ton

25 Limited by
extrusion
20 l-pressure

Limited by
surface crack

Extrusion velocity [m/m
w
[=]

200 300 400 500 600
Initial billet temperaturel T ]

Fig. 10 Extrusion limit diagram for the modified Al
alloy(C)
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