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The Effect of Strain Rate on Macroscopic Behaviour in
Compression Forming of Semi-Solid Aluminum Alloy

C. G. Kang and K. H. Kim

Abstract
The behaviour of alloys in the semi-solid state strongly depends on the imposed stress state and on

the morphology of the phase which can vary from dendritic to globular. To optimal net shape forging of

semi-solid materials, it is important to investigate for material behaviour for variation of strain rate.

Therefore. to investigate the effect of compression speed on deformation of aluminum alloy with globu-

lar microstructure, the compression test for semi-solid aluminum alloy with controlled solid fraction is

perform by material test system which is attracted with furance. The behavior of semi-solid aluminum

alloy were discussed for the various solid fraction and die speed. The material constants in stress-

strain were are also proposed.

Key Words : Semi-solid materials(?H-&A &), Solid fraction(34&), Semi-solid forging(WH&-§&%).
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Fig. 1 Schematic representation of semi-solid state
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Table 1 Chemical composition of ALTHIX(A356)

Si Mg Fe CuPb+SnMn Ti Zn Sr Ni

Min{%) 6.5 030 - - - - - - 001 -~

Max(%) 7.5 0.40 0.15 0.03 0.03 0.03 0.20 0.05 0.05 0.03
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Fig. 2 Schematic diagram for compression test of
semi-solid materal
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Fig. 3 (a)~(f) Specimens after compression at f=50%
(a) V,,=0.1 mm/sec (b) V=1 mm/sec
(c) V . _10 mm/sec (d) V -100 min/sec
{(e) V -500 mmy/sec (f) V _1000 mm/sec

() (e) )

Fig. 4 (a)~(f) Specimens after compression at f =70%
(a) V,,=0.1 mm/sec (b) V,, =1 mm/sec
(c) V _10 mm/sec (d) V —100 mny/sec
(e) V -500 mm/sec () V -1000 mm/sec
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Fig. 5 True stress-true strain curve at solid fraction f=50%
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Fig. 6 True stress-true strain curve at solid fraction f, =70%
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Fig. 7 True stress-true strain curve at solid fraction f =90%
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Fig. 9 Microstructure after heating process to compression
test
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Fig. 11 Evolution of the microstructure of semi-solid alloy
after upsetting for variation of die speed
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SN EY 227t HHG FFoz 2ale 2r]exuT}
Sob 27} we] dolur] wiRelth Fig.13(a)~(b)&
tol&E7F 247 Vi = 10mm/sec. 100mm/sec o 4]
HE 2o & sl AxHon B2 Apzloln).
Fig 12914 B3 ukel o] tholo} &l Kgof
e mAdgguto]l Wge] Hlof Qlm Azje] Fojrb
e Addds 2ol AHgEHEe g §Es)
& ool 74 b Qe AA7) EWo g
ok =7} 9

Fig.13(a), (b)ellX HolF&= uie} Zho] tholdx 7}
M E Fig. 1101]7\1 HojZi= ule} o] wAre) a7}

-_91__

o
A

41 ol

(a) V,, =10 mm/sec

(b) V,,, =100 mm/sec

Fig. 13 (a)~(b) The macrescopic photo of cross-section for
compressed specimen at solid fraction f =50%

Uil BRI AN e} A4 2 5 o

£
L
2
E
0:10
E=)
H
tlo
L]
op
Ok
y 2
uQ
lo
ofh
ox.
1o o
-z
I
o
o
off
o,

24 9 100 mmsec <149 S5 19 o o
499450 135S MATE 42 ol Hol Tz
& AANE Ao Az,
HEEUES FEYY T dE W

et e Ty

=7
[5}

2Alel 9w 3 Eg el
e}

o 1

X ol

it
N
X
)
=
4]
R
<o
Ve

o tio
1o
oly
N
2
=3
Ac)

4z oox KN
4
rE

Nio o2l
o
1o
olN
SN

o A
2
ofj
=
>
N

30
i)
)
oxl
o
Ap
H‘l
3
Hy
w
2
k)
£ 2
rE
oflt
ttio
Jp

rlo

£ i
o
o o
O‘lN HU I
fo ol
o 3
n
:;l rr
Ay
£ i
—l OIN
oA
oo 1o
Toew
ﬂll:ﬂ! R o

2 ajo
et
E=3
k1

T
ot
o
1o
olN
N
2

3 B
e
2
olo
)
L

ol 3

)
&
K

)
o
Lo
ox
o
=4
o
ot
N
40
o}
s
zd
Hy
[z
o
ofy
b
H
tjo
rE
3

BIRANIIBEB K/ AN6H AdE, 1997 /343



0.6

05
“
a
204t
‘o
gO.S r
@ e =5x10"sec”
202y — £ =5x10"sec”

C1 r !

g Jump cr.Jump
O i 1
o] 0.1 0.2 0.3 0.4 0.5.

True Strain, €

Fig.14 True stress-true strain curve at jumping strain rate

(E=5x107sec” = é=5%10"sec™ — é=35sec”™)

—

—a— Vi {fmmtsec) V2! 10ma/sec)

—— 10 +40

True Stress, & (W

—— 402120

—x— 120 500

[ 2 4 3 8 16 12 14
Displacement, & (wn)
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