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Constitutive model for thixo-forming of semi-solid 7050 alloy
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South China University of Technology, Guangzhou 510640, China)

Abstract: In order to investigate the thixo-forming deformational behavior of 7050 aluminum alloy systematically, the
semi-solid material prepared by SIMA method was studied on the Gleeble—3500 material thermo-simulation machine via
uniaxial compression tests. The viscoplastic model of flow stress at semi-solid temperature was established by using
SPSS software. At last, the rolling process was simulated by MSC.MARC finite element software. The results show that,
the compression flow stress of 7050 aluminum alloy has a close relationship with temperature, strain rate and strain. In
the strain range from 0.1 s 't0 10 s, the flow stress decreases significantly with the temperature increasing and rises
considerably with the strain and strain rate increasing. The two-stage viscoplastic model of flow stress is established by
using the obtained true strain—true strain rate curves, which considers the mechanical properties of semi-solid state
material and liquid fractions. The simulation results show the stable rolling force is around 25 MPa, which agrees with
experimental results. So, the established constitutive equations are reasonable.
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Fig. 3 Compression true stress—true strain curves of semi-solid 7050 aluminum alloy with different temperatures and strain rates:
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Table 1 Original data of stress o , strain ¢, , strain rate ¢, and temperature ¢

: = e, <01 o /MPa e, >01 o /MPa
528 C 540°C  555°7C 565 °C 528 C 540 C 555°C 565 °C
0.01 16.88 13.86 12.70 11.12 0.1 8.85 8.31 7.38 6.23
0.1 0.1 8.85 8.31 7.38 6.23 0.4 6.14 5.20 4.61 4.04
0.7 4.77 3.39 4.03 2.77
0.01 21.66 18.64 14.70 12.82 0.1 11.39 9.88 8.65 7.86
0.5 0.1 11.39 9.88 8.65 7.86 0.4 6.34 6.04 5.27 4.55
0.7 6.03 5.35 5.06 3.23
0.01 23.06 20.86 17.78 14.70 0.1 15.99 11.77 10.20 9.75
1 0.1 15.99 11.77 10.20 9.75 0.4 6.83 6.26 5.60 5.28
0.7 6.56 5.92 5.84 3.83
0.01 26.56 23.28 20.39 17.69 0.1 21.77 18.11 14.20 11.56
10 0.1 21.77 18.11 14.20 11.56 0.4 10.87 7.38 5.14 5.24
0.7 7.15 2.89 4.54 4.95
2 ARKIERIIRL
Table 2 Nonlinear regression coefficients
Label Non-stand.ardized Stat.ldé?.l‘d Sig. P R Label Non-stand.ardized Stat.ldé?.l‘d Sig. P R
coefficient deviation coefficient deviation
Ay —10.768 5.158 0 By —7.990 1.176 0
A 10 098.6 3 815.375 0 B, 7 714.687 963.793 0
A, 0.144 0.018 0 0.97 B, 0.113 0.025 0 0.954
A; -0.214 0.013 0 B; —0.426 0.12 0
Ay —2.066 3.145 0




524 %5 2

FEH, S PR 7050 A SRR AR ) AR 377

ZE, RV EA R B 6 Jn S iR i
AR I S VAR LERE,  mT W SAR N A I TS
SERAEAE A5CHZRITT, B HITHEAE S SR AT
Bt

30
a—¢,<0.1

25F °—¢.>0.1 .
o] e}
S 7
& 20r ‘Q A:
3 °
7 15f o a
= Q
Q
= A
Em- 2
< 2
Q 5L Q &

0 5 10 15 20 25 30

Experimental stress/MPa
Bl 6 VAN A SRS T RAE R
Fig. 6 Correlation between experimental and calculated stress

values

=3 ATHOCEHIRTH A S

2.4 BRTTENIR KIGIEIE

£ MARC #PErf 7 T SLAR AN BB JL AR A
HRAUT200 S i T T (R B A D R B N B AR
b, BRSBTS, R ENEL
HUX 2 7050 F5 G kAT T AR %L 1) S 40 A 5T
P SIS L 3 iR,

K 7(a) BT 7k LR 56 i L AR IR 37 ] 7(a)
ATLAE H, FLEIE R LA Sl BRSO AR T A
LRI — 2 A, RS BT 10 CAL.
B 7(0) 7 23 ) A L e A e AL P91 &5 o s R
RN =E . HE 70T LAE R, LRI
REEN I HIAEFLHIAR TR, e KA ik 2 T
18 MPa; #LHIRIZE A, BT R HEHm A FLAR T,
V& IVVIE N AN 2N AN b T e P
BIEEON JIAE 8 MPa JiAT o X6 W 2 [ A i AT AR
TEPUIR,  SERON 7 o3 A B 5T R

Bl 8 JITa A AR Ty 1 m il B AR D R EL 31
A SEE . B ZE. tHEE 8 WTLAEH, 7E 0.6 s

Table 3 Input parameters for calculation in finite element simulation process

Roller Semi-solid billet
Parameter Value Parameter Value
Roller diameter/mm 150 Billet size/mm 50X10X6
Roller revolution/(rads*') 0.4 Initial temperature/ C 560
Initial temperature/C 450 Contact type Deformation
Roll gap height/mm 3 Friction coefficient 0.7
Contact type Rigid heat conductor Thermal conductivity/(W-m >K ) 50
Friction coefficient 0.7
Thermal conductivity/(W-m >K ) 50
gc (@ (b)
459 o/MPa Inc: 150
Time: 1.500 X 10°
457 18.0
15.0
456 12.0
454 9.0
452 6.0 A
451 3.0 Inc:300 Node 1219
0 Time: 3.000 X 10°
449
Lacsel:
Inc: 300 Equivqlent von Mises stress

Time: 3.000 X 10°

Lacsel: Temperature

B7  FLARIRR A BROTE G R

Fig. 7 Finite element simulation results of temperature field of roller (a) and stress field of semi-solid billets (b)
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