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A Study on Process Improvement of Combined Extrusion
with Aluminum Alloy 7075

ABSTRACT

A combined extrusion process studied here consists of forward and backward extrusion,
and it is formed in single operation. The metal flow involved in the operation has appeared to
be difficult to analyze accurately because of mixed directions of the flow. In this study,
conventional two operations of a forward and a backward extrusions is transformed into one
operation of mixed extrusion. A process designed by an industry expert is simulated by the
rigid-plastic finite element method to investigate the metal flow and defects. In addition to the
FEM simulation, experimental analysis has been carried out to confirm the design in industry,
which includes material characterization, preliminary expriment, and whole experimental
forming operation. The experimental results show that warm forming of extrusion is more
desirable than cold working and hot forming in view of grain growth. Also two conditions of

lubrication between workpiece and die has been investigated.

KEY WORDS: Combined extrusion, Grain growth, Lubricant, FEM simulation, Experiment
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Table 2. Criteria of expert design
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Fig. 4 Dimensions and configuration
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Fig. 8 Macroscopic structure of product according to heating
condition (a) hot-1, and (b) hot-2 (¢) warm (d) cold

Table 2. Grain size according to heating condition

- grain growth : 100 y/m Min., coarse : 50 - 100 /m

fine : 50 m Max.
Grain size
Heating Tempera "
condition - ture(C) Forward | Bulk-head | Backward
hot - 1 450 grain coarse grain
growth ' growth
hot - 2 450 grain " coarse grain
growth growth
warm 300 fine fine “fine
cold room lemp. fine fine “Thine
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Table 4. Results

of compatibility test

tleating | Lubrica | Prcheating Result
it -t ! of die Remarks
Dimension | Aporeance

00T G p: 200 P P

x 1ir d: 2700

00T n p: 0T G G

x hr d: 0T

20T G p: 10T G r

x Hr d:160TC

20T B p: 2T E E

x Nir d : 50T

Note *1 : G ~ graphite+oil, B - bonderlube

*2 ! p - punch,
*3: P - poor,

d - die
G - good, E - excellent




Table 3. Comparison of hardness(Hv 10kgf) after heat

treatment(T4) according to heating condition

P Mol | Hot-2 | Wam | Cold | Remarks

1 1103 1103 1103 -

2 | w7 | 103 wr | -

T 103 }]03 _|h747 - -
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s [ e | | ST
9 || | wmes | -7 T
10 1103 - 103 103 1077
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lé_ _l 131 -“03 i()7.7 -

13 1103 1077 1077 1051

14 1077 1103 1103 105.1 T

15 | 103 107 1103 wa |
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Fig. 10 Effective stress distribution - stroke

5 mm(80step)
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Fig. 9 Effect of lubricants on forming of product
() graphite + oil, and (b) bonder-lube
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Fig. 11 Effective stress distribution - stroke 54.5 mm(548step)

Table 5. Effect of improvement for process

Terms Defore Afier Effect | Remarks |
improvement {improvement
Productivity | 100 300 A200

(each/day)

Person i8 T B £ B
“Number 15 N R A
of machine
TMass | 40 | Tis00 | Twasse )T
of billet(g)

" Number BT KZi T
of process
TTowal 1150 |7 el | Twso T T
loss(%)
T TAppre poor good -
—ance
Quali Frdier poor " good N
Y |-ance
Mech.|  poor “good
prope
-rty

Fig. 12 Effective strain distribution - stroke 54.5 mm(548step)
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