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ABSTRACT

The technique of.Semi-Solid Metal Forming can decrease residual stress
during forging and avoid. producing products with air pockets and slag in
casting. Semi-Solid Metal Forming further-reduces the costin forming time and
ensures better mechanical properties. This process is divided into two stages.
The first stagevis to prepare the billets for forming. In the'second stage, the
billets are heated to the semi-solid state and then proceed to forming process.

The experimental method, Equal Channel Angular Extrusion, is adopted to
produce the billets. By conducting this method, billets produce ultrafine-grain
and spherical grains in the semi-solid state.

In this study, the deformation behavior and the variations of microstructures
of 6061 Aluminum Alloy in the semi-solid-state were discussed. Changes of
microstructures were observed by heating and isothermal holding by the High
Frequency Induction Heating System. Also, we compared the differences in
formability between Al-6061 Alloy and ECAE Al-6061 Alloy by compression
tests.

The result indicated that grain size and shape factor have significant effect
on the compression results. The solid-liquid state was found in a uniform
distribution found from smaller grain size and better shape factor. This has
benefit on maintaining the integrity of billets and decreasing the load during the
compression. Therefore, grain size and shape factor are beneficial to semi-solid
forming.

Keywords : Aluminum 6061 Alloy, Equal Channel Angular Extrusion,
Microstructure, Semi-Solid forming, Shape Factor
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# 3-160614F & £ - § = &

L&EA» (Wt%)
Al S Fe |Cu Mn Mg |[Cr |Zn [Ti Other
Al 6061 | F 2 0.20 |0.35 |0.10 |0.10 |0.45 |0.10 |0.10 |0.10 [0.05
Bal.
L 0.60 0.9 0.15
# 3-26061 4 & & HitaFiE
%R 2700(kg/m?) | a0k 23.6X1076/°C
woF 2.71 (g/cm?) #0 0.37(cal/cm -s-C)
r;;HB ﬁ/}?_)?, 582°C LU ?, gr_p_ 0.043Q(mm2/m)
i AR AR B 652°C S 7.0 (kg/mm?X10°)
o 0.22(cal/g - C) B 2.7(kg/mm32X103)
[0)
0.20% | s 3 puawn £ % 50%
6061 £ % 5K R
v N/mm? t1.6mm d12.7mm
N/mm?
0] 55 125 25 30
T6,T651 280 315 12 17
PRABE | BFTERA A R
N/mm? N/mm? N/mm?
0] 300 85 65
T6,T651 950 210 100
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% 4-1605°C7# 45 R PV S8 % 4 27 ECAE 3 7 % {5 B2 #icdg

RE 5s 15s 30s 45s 60s 180s 300s 600s
Diameter | 99.30 101.97 | 106.57 | 110.66 | 116.34 | 125.10 | 132.59 | 141.42
(nm)

Shape 0.625 | 0.622 |0.627 |0.632 |0.633 |0.642 |0.634 |0.637
factor

Standard | 40.842 | 41.625 | 45.800 | 47.843 | 50.452 | 51.936 | 53.838 | 57.604
Deviation

ECAE 5s 15s 30s 45s 60s 180s 300s 600s
R

Diameter | 31.761 | 34.628 | 36.928 | 39.515 | 43.959 | 53.208 | 60.608 | 69.137
(pm)

Shape 0.660 | 0.661 | 0.674 |0.672 |0.682 |0.695 |0.701 0.718
factor

Standard | 10.764 | 13.642 | 13.468 | 13.624 | 14.689 | 21.696 | 21.912 | 29.097
Deviation

ECAE 5s 15s 30s 45s 60s 180s 300s 600s
fs £

Diameter | 30.741 | 30.069 | 36.829 | 38.515 | 43.091 | 47.998 | 58.011 | 65.891
(pm)

Shape 0.667 |0.664 |0.678 |0.680 |0.698 |0.693 |0.699 |0.704
factor

Standard | 11.379 | 11.571 | 13.159 | 14.626 | 14.921 | 19.338 | 22.180 | 28.248
Deviation

Shape factor(F) » F=4nA/C? > C: HfT % & > A {kT 6 f

FAfig>t 1 &7 H4p B8 53

F=1 % 77 F4p %407 fs A= >3 F
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% 4-2 p A F %>" 55~ 30s ~ 60s ¥ 8 P ¥ % +1 &7 ECAE 32 7 %0 {8 Fx 2 #cdiz

B %+ 5s 30s 60s

Diameter | 98.85 106.17 | 115.17

Shape 0.628 | 0.636 |0.639

factor

Standard | 42.728 | 44.513 | 51.543

Deviation
ECAE 5s 30s 60s ECAE 5s 30s 60s
LT {8 f

Diameter | 29.506 | 35.420 | 37.303 || Diameter | 27.847 | 33.042 | 41.835

Shape 0.669. | 0.681 | 0.694 Shape 0.672 | 0.680 | 0.702

factor factor
Standard 12.599 | 12.989 | 14.994 Standard 10.729 | 12.629 | 15.673
Deviation Deviation
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