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Abstract: The thermal simulation compression tests on semi-solid billet of 6061 aluminum alloy prepared by near-liquids
semi-continuous casting method were carried out. According to the experiment results of the stress-strain curves at
different temperatures and strain rates, the constitutive equation of semi-solid 6061 aluminum alloy was established
through multiple regressions. The relationship between apparent viscosity and the shear rate was investigated based on
the equations about semi-solid slurry viscosity and shear rate in the thermal simulation compression tests presented by
Stefan. The software ANYCASTING was applied to simulate and analyze the effects of the filling speed on the
semi-solid die-casting process of 6061 aluminum alloy. The results show that, the parameters determination of Bingham
model, such as apparent viscosity, is adjusted empirically during the simulation study, which provides a technological
reference for the study of semi-solid die-casting simulation of 6061 aluminum alloy parts.
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Fig. 1 True stress—true strain curves of 6061 aluminum alloy
by high temperature single pass compression experiment at
different temperatures: (a) 585 “C; (b) 595 °C; (c) 605 C
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Table 1 Multiple regression of constitutive equation of

6061aluminum alloy in hot compression deformation

Multiple
Ina, n m c correlation
coefficient

64.23985 -0.7437 0.20555 —0.07363 0.954 63
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Fig. 2 Relationship between viscosity and shear rate of 6061

aluminium alloy at various temperatures
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Fig. 3 Constants (k and b) at power law of viscosity as

function of shear rate of 6061 aluminium alloys according to
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Fig. 4 Variation with apparent viscosity of 6061 aluminium

alloys for different shear rate obtained from compression test at

various temperatures
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Table 2 Physical performances of 6061 Al alloys
Thermal conductivity/ Density/ Specific heat/ Latent heat/ ) . o .
I 4 I 4 Solidus/'C Liquidus/'C
(Wm -K™) (kgm ™) (J'kg "K7) (Jg)
146 2 650 963 389 582 652

F3 6001 ity B AR s R A AU 2

Table 3 Constitutive parameters simulation of semi-solid die-casting process of 6061 Al alloy

Mould temperature/ Interface heat transfer coefficient between
C casting and mould/(W-m 2K ™)

Interface heat transfer coefficient between

Acceleration of

mould and air/(W'mfz'Kfl) gravity/(m'sfz)

220 1675

42 9.8
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Fig. 5 Entity model used for simulation of semi-solid

die-casting process of 6061 Al alloy

22 BHEREDR
2.2.1 S R
Bl 6 S b vy T S S O 2 /s AT s S 3

3N 0.61 0.5. 0.4 m/s I 2= [ 25 4 8 Rk 78 84 It
FPEl, YR 60% I HEATH D), Cald 20%
B PRI RARN 45 TR o 2 ) 70 A 7 31 SR A AH R A (e 20
20%) I, Fe AU LR ER P (I ), e AR R
0.6.0.5 J2 0.4 m/s INF, JIr it ¥y 78 B4 IS [R) 331l 4 0.081 8
0.086 7 }2 0.0882s, il 6(a). (b)FI(c)iam. k4T
HEEHR 0.6. 0.5 m/s I, <) ophia e py e 1 )5
B, SIREENE N BB, —H S E RN
B ) b AR, S G SRR [l )
Wpe b7, ik 6()RIb) TR, FRLZ RN
Jr A, ARREARTE AR, W RORE R At
W, AEPBE T = 2R MR, X P FE A S 45 [m] i
(14 JE SRR A, AR T B N R HE, i
JRBEE NI BN, TR 2 R A
PR, SO, XPPISEEA S, WE 6
(O

R RS N 0.4 mys B, TR, 4
J& R I Y Be 1 5 B SR N BE DT HER, S Jm K
BHAZNAR, HF ) B s g, X RS
AR TR, s> TRZESUAREIN, 2R
HAN B R, WK 6(c)TR.

R DL BRI, TR B RS A e
PR, AN, A A< BRI A = A R R Ak,
DL 7 X AR s o AR B RS T 5 0 0.4
m/s I, P S Ar JE HOR) 7R AL R R Ol B A

Kl 7 sk o B S TR il 24 3 Fl 4
m/s, R BRSHEE N 0.4 m/s B2 2 4 3R]
AR R AR B E], A 7 60% I AT I8
D, LRl 90% e AR &5 B 1 Ac i (i 4%
S RN HE BN A& A A7 ], b
BITHE (5 7R IR A 78 B A7 A i RGERHIRR AL, P 1)
INFTRIR SR 0~0.02 5o 20 (AR 7R FRHR 5 2IIA (AT



1050 A G A R

201244 H

Bt 2% d b T 1 005 B 26 7S 78 280 45 oA 1) IF ) (>3
BEM 0.4 m/s PI# 2 4 my/s B, 72 58 BT 75 RIS )
0.176 05 s, 4l 7()fim). B 6 UFRETHE 20%[1)
B LG R, KEBO R RIA a7 iar, Bl 6
RN &N SEARC
N 0.4 m/s A 4 my/s AT 3 m/s i), Wi
T@F IR, HTRIEEERR, & KEERTHR
AR, AL KRR, HaETERMIS,
A 2R DL 7 SR A s, 9 AL
L, IF B AU R OB b oK, S BRI A
(A iy o B ASEALL PT DA 21, G s S0 2 (1 1
K, T AR BGRB8 5 1 R BT D)4 FH 1S 5
SRR REE L A, s Bk, okl
Time/s Time/s
0.17721

0.174 16
'0.15706 ) lo.15980
0.13996 . P
3 's_:\‘\ﬁ;g,‘gi}‘:. 0.14240
0.12286 [{ O NS

g \_{‘ 7 || Feer S \
0.105 76 s *-§ T 10759
0.088 66 % 0.090 18
0.071 56 0.07277
0.05445 0.05537
0.03735 0.03796
0.02025 0.020 56
0.003 15 0.003 15

b
yd:

El6 R B e

0.12499 310

ol § N o
T *g’r’ S
-

B O MBI G, JEE R, W 7(a)Fib) s,
LGS R e il 11 [ 10] P R S R R W 5
FHIRIRN FE 1T Y AR AR B £ L o

B 7(c) T I E A 0.4 m/s Y E] 2 m/s I, 2
] 75 4 J 2R 58 MGl e 1 5, 7E P Be TR
U HERAZR IR, G SR L2 77 Rtsl, &Ik
. W Ty LAE Y, BRI R
TR PRI B A IS R R, 1 S R B T A,
BRI NI AR R U HE . S8 REIA S &
AR, BT SRR AR P o X R T s
Pt A2 LA AR Y e P R o

XoF 2 [ 25 s S A o 1) — P SR U - IR
SSP T BB P P S 2 T L RS 4 e PR B I PR, i

Time/s

0.16051
— I 014480
/,‘} 0.12908 5

PSS Al |
2l

=S 0.097 66
X 0.08195
0.066 24
0.050 52
0.03481
0.01910

0.00339

Fig. 6 Filling process during low filling speed: (a) 0.6 m/s; (b) 0.5 m/s; (c) 0.4 m/s
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