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Constitutive parameters identification of
6061 aluminum alloy during hot deformation with inverse methods
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Abstract: The flow stress behaviors of 6061 aluminum alloy were studied by compression test at the deformation
temperature of 300-450 ‘C and strain rate of 0.01-10 s ' on Gleeble—1500 system. With the experimental data, the
material parameters for the hot deformation constitutive equation were obtained by inverse methods and finite element
(FE) simulation based on the inverse methods and compared with the results obtained by regression statistics methods.
The results show that the inverse method is efficient and accurate. The average error of flow stress of 6061 aluminum
alloy is 5.17 MPa with the inverse methods. The constitutive parameters identified with FE based inverse methods can
accurately describe the hot compression deformation of 6061 aluminum alloy. The deviation of constructive parameters
obtained by inverse methods, FE based inverse methods and regression statistics methods is less than 6.28%. The
constitutive parameters obtained by multi-island genetic algorithm and simulated annealing (SA) algorithm are reliable
and robust. Under the large deformation condition, the reverse methods can substitute the traditional regression statistic
methods to identify the constitutive parameters accurately and efficiently.
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Table 1 Chemical composition of 6061 aluminum alloy

(mass fraction, %)

Si Mg Fe Cu Mn Cr Zn Ti Al

0.47 0.85 0.20 0.21 <0.05 0.13 0.25 0.15 Bal

P, FEMTRRS N d 10 mmX 15 mm. PR A I
0.2 mm [ g 5T A B i o

1.2 KWHZE

{fH Gleeble—1500 #BLIUMNLIEAT 25 2145 K45
SCHG, IRZEIREE N 3004 350, 400, 450, 500 C, [V
AR IEE N 0.001. 0.01. 0.1, 1. 10s™', E4i%EN
60%, S FIFHEHCE A 10 'C/s, ATERTHIE 3 min,
S 445 T L AT R 79 i 1) TR Y T 7 75% A 85+20% 411
TH+HSY i FR (A 23 0 = H 2R IR VE NI 7], hiob
PR N IR ARSI . Gleeble—1500 HARIHL [
BIRAEN S AR T AR R R TR SR

1.3 KWHER

17K 6061 B 4 18 e S5 FR 4 AR T 11
N JJ—ZCN AR 2k . 3 2 FTHI R 6061 56 S AEAN A Y.
A | TP A AT IR S (LN g o TR B T A,
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Fig.1 True stress—true strain curves of 6061 aluminum alloy

by hot compression: (a) £=0.001s";(b) £=10s"
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Table 2 Peak stress of 6061 aluminum alloy under different deformation conditions
Temperature/ Peak stress/MPa

C 0.001s™" 0.01s™' 0.1s™ s 10s™

300 100.232 6 1193116 141.678 7 184.0102 196.133 0

350 80.659 5 92.012 4 1119196 133.499 4 149.283 4

400 50.1130 58.354 4 80.258 7 81.0112 128.749 6

450 28.793 8 35.3007 46.188 7 57.3610 93.247 5

500 20.626 5 27.6879 37.6302 44.946 7 73.8723
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Table 3 Constitutive parameters of 6061 aluminum alloy

obtained by regression statistics method

n a/mm*N") O/(kFmol") In4 Als™!

64306  0.0169 251780  40.218 6 2.93x10"
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Table 4 Constitutive parameters of 6061 aluminum alloy

obtained by inverse method

n o/(mm*N") O/(kJmol") In4 Als™!

6.5446  0.0152 250.680 39.216 5 1.0753%10"




521 5 12 T o, %5 6061 G a il AR N ) RS U K 3015

40 @ -
-
%‘f 30 _
S 20 A %
=7 77
K3 7
< 10} %
Y
7] Vi
7
A |val Bam aa’a.
0 5 10 15 25
Experiment number
20 ®)
-
IS 15+
= 9 /.
8
E 10 pl
=
o 7
S 7]
< L Z%
I N
7 Z1%
bl
¢ 7] |71|71 )] % A0 m
0 5 10 15 20 25

Experiment number
4 ANFIRPREASKE KA 710 ROV ARLIY. g PR A 0] 8 72
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Table S Temperature rise of 6061 aluminum alloy under

different deformation conditions with true strain of 0.94

Deformation Temperature rise/ ‘C
temperature/‘C = 10!
300 49.5 50.4
350 34.7 34.8
400 22.1 27.0
450 16.3 20.4
500 12.7 17.2
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Table 6 Constitutive parameters of 6061 aluminum alloy

obtained by FE based inverse method

n a/(mm*N"Y) Q/(kImol ™) In(4/s™) Als™!

6.8261 0.0156 248335  40.6354 4.443 610"
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Table 7 Deviation of constitutive parameters of 6061 aluminum alloy

Method No. n o/(mm*N ) O/(kJ-mol ") In4
1 6.430 6 0.0169 251.780 40.218 6
2 6.544 6 0.0152 250.680 39.216 5
3 6.826 1 0.0156 248335 40.635 4
Average 6.600 433 0.0159 250.265 40.023 5
Maximum deviation 3.41% 6.28% 0.77% 2.01%
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