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Study on rheological model and steady hot working process of 7050 aluminum alloy

Jin Ming, Zhang Jinyuan
(School of Vehicle Engineering, Chongqing Industry Polytechnic College, Chongqing 401120, China)

Abstract: In order to investigate the high-temperature rheological behavior and thermal working process window of 7050 aluminum alloy,
the isothermal compression experiments were conducted under the conditions of the deformation temperature of 573—723 K and the strain
rate of 0.01-10 s™", and sixteen sets of rheological data were obtained. Then, based on these rheological data, a new constitutive model
was proposed and compared with classical models in terms of prediction accuracy, material parameters and solution algorithms. The results
indicate that the new model has the highest prediction accuracy, while HS model has the lowest prediction accuracy. Material parameter ac-
quisition obtaining of the new model and HS model only requires multiple linear regression, and AH model requires multiple nonlinear re-
gression. The new model has therty parameters, AH model has twenty-four parameters, and HS model has nine parameters. It can be seen
that the new model reduces the difficulty of parameter acquisition and significantly improves the prediction accuracy without significantly in-
creasing the number of material parameters. In addition, based on the new model, the analytical equation of hot processing map for 7050 alu-
minum alloy was deduced, and its hot processing map was drawn. The microstructure analysis results verify the effectiveness of the hot pro-
cessing map. The results show the risk of instability is small at the deformation temperature of 623-723 K and the strain rate of 0. 01—
10 s™'. The energy dissipation rate is approximately in the range of 20%—-40%, and the material can fully undergo the dynamic recrystallization.
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Table 1 Chemical compositions of 7050 aluminum alloy

( %, mass fraction)

Si Cr Ti Zr Mn Fe Zn Mg Cu Al

0.11 0.12 0.06 0.09 0.12 0.15 58 2.3 2.5 R
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Fig. 1 Flow curves of 7075 aluminum alloy during isothermal hot compression
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Table 2 Confidence interval and regression values of material constants for Hensel-Spittel constitutive equation

MEZE Ink, ky ky ks ky ks kg ks kg

i 33.4115 0. 0035 -0.0376 -0.2138 -0.0088 -0. 0006 0.1326 0. 0005 -4.8163
TR 20. 7991 -0. 0001 -0.2627 -0.2451 -0. 0381 -0.0013 -0. 2403 0. 0005 -7.1232
ER 46. 0239 0. 0071 0. 1876 -0. 1825 0. 0205 0. 0002 0. 5056 0. 0006 -2.5094
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Table 3 Multiple nonlinear regression results of Arrhenius model material parameters under different strains

g AR InA n a/MPa™! Q/(x10°J - mol™") || A% InA n a/MPa™  Q/(x10° J - mol™")
0. 1000 19.6447  0.0284 4.0615 1. 4547 0.4947  17.3514  0.0280 3.5581 1. 2690
0. 1395 19.8774  0.0247 4.3152 1. 4206 0.5342  17.2782  0.0282 3.5352 1. 2640
0.1789 19.6771  0.0239 4.3468 1.3947 0.5737  17.1538  0.0284 3.4937 1.2564
0.2184 19.2013  0.0244 4.2108 1. 3689 0.6132  17.0243  0.0293 3.3955 1.2529
0.2579 18.7130 0. 0244 4.1310 1. 3360 0.6526  16.9015  0.0300 3.3142 1.2486
0.2974 18.2973  0.0247 4. 0240 1.3099 0.6921  16.8148  0.0311 3.2286 1.2497
0. 3368 17.9004  0.0255 3. 8886 1. 2906 0.7316  16.6493  0.0317 3.1779 1.2426
0. 3763 17.6849  0.0262 3.7691 1.2813 0.7711  16.5796  0.0320 3. 1585 1.2388
0. 4158 17.6588  0.0267 3.7111 1.2810 0.8105  16.4567  0.0326 3.1033 1.2337
0. 4553 17.5273  0.0272 3.6516 1.2744 0.8500  16.2875  0.0340 2.9910 1.2293

%z 4 Arrhenius ZHE R SEE S XEMABERE

Table 4 Five degree polynomial fitting coefficients of material parameters for Arrhenius model

EX
B
&’ &t & £ & fig el
InA 337. 3931 -853. 1312 796. 1979 -328. 9367 51.1877 17. 1896
n -1.0129 2. 6966 -2.7278 1. 3040 -0.2786 0. 0453
«a 119. 4824 -313. 1415 309. 2773 -140. 9271 26. 8492 2. 5404
Q 818413. 0341 -1936962. 9384 1579439. 0823 -452418. 9526 —27504. 0460 151379. 2722
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Table 5 Multiple linear regression results of material parameters for new model under different strains

AR a, a, a, as a, o A% a, a, a, as a,

0. 1000 7.1477 -4. 08E-03 -0.2161 4.66E-04 -0.0104 0.4947  7.1980 -4.20E-03 -0.2459 5.53E-04 -0.0091

0. 1395 7.2328 -4.19E-03 -0.1987 4.49E-04 -0.0102 0.5342  7.1956 -4.20E-03 -0.2480 5.58E-04 -0.0089

0. 1789 7.2454 -4.21E-03 -0. 1888 4.40E-04 -0.0097 0.5737  7.1966 —4.21E-03 -0.2503  5.63E-04 -0.0089

0.2184 7.2367 -4.21E-03 -0.1938 4.54E-04 -0.0092 0.6132  7.2048 -4.22E-03 -0.2563 5.72E-04 -0.0093

0.2579 7.2163 -4.18E-03 -0.1996 4.68E-04 -0.0089 0.6526 7.2080 -4.23E-03 -0.2610 5.80E-04 -0.0096

0.2974 7.2055 -4.17E-03 -0.2086 4.87E-04 -0.0088 0.6921 7.2091 -4.24E-03 -0.2643  5.85E-04 -0.0096

0. 3368 7.1970 -4.17E-03 -0.2155 5.01E-04 -0.0088 0.7316  7.1978 -4.23E-03 -0.2664 5.89E-04 -0.0095

0.3763 7.1987 -4.18E-03 -0.2270 5.21E-04 -0.0088 0.7711  7.1991 -4.24E-03 -0.2627 5.83E-04 -0.0097

0.4158 7.2052 -4.20E-03 -0.2350 5.35E-04 -0.0088 0.8105 7.2011 -4.25E-03 -0.2623 5.83E-04 -0.0097

0. 4553 7.2049 -4.20E-03 -0.2385 5.41E-04 -0.0090 0.8500 7.2013 -4.25E-03 -0.2676 5.91E-04 -0.0100

F6 FEREHMRSENSXETMAUERE
Table 6 Five degree polynomial fitting coefficients of

material parameters for new model

B R

M o &t & & & B HO
@, 31.3781 —80.7779 78.0250 -34.6539 6.8463  6.7515
a, -0.0427 0.1092 -0.1044 0.0458 -0.0091 -0.0036
a, 6.9853 —19.2810 20.3958 -10.0502 2.0932  -0.3429
a -0.0111 0.0303 -0.0314 0.0150 -0.0029 0.0006
ay, -0.1184 0.2593 -0.1847 0.0324  0.0105 -0.0117
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Fig. 3 Comparison of rheological curves for 7075 aluminum alloy during isothermal hot compression under different models
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Fig. 5 Strain rate sensitivity coefficient m, energy dissipation rate 17 and instability criterion ¢ diagrams of 7050 aluminum alloy at different strains
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