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High-temperature rheological behavior and constitutive model for
5456 aluminum alloy

Li Lin, Feng Keru, He Chengkui
(Intelligent Manufacturing College, Dazhou Vocational and Technology College, Dazhou 635001, China)

Abstract: To investigate the high-temperature rheological behavior and constitutive relationship of 5456 aluminum alloy, isothermal
compression experiments were conducted under the temperature 573-773 K and the strain rate 0. 01-10 s, and the rheological curves
of material were obtained. Then, based on the experimental datas, Arrhenius ( AH) with strain compensation, Hensel-Spittel ( HS)
and Back-Propagation ( BP) artificial neural network models were established. Finally, for the shortcomings of existing models, a new
constitutive model was proposed based on the linear combinations of logarithmic stress, temperature, logarithmic temperature, logarith-
mic strain rate and quadratic logarithmic strain rate. The results indicate that with the increasing of strain, the stress of 5456 alumi-
num alloy shows a trend of first rapidly increasing, then slowly decreasing and finally stabilizing. In terms of prediction accuracy,
BP neural network model performs the best, followed by the new model, then AH model, and finally HS model. However, the new
model has a concise parameter form and good interpretability, making it suitable for the numerical simulation with high-precision
reguirement.
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Table 1 Chemical compositions of 5456 aluminum alloy

( %, mass fraction)

Mg Mn Si Ti Zn Cu Al

5.48 0.75 0.12 0.10 0.25 0.10 R

e

1.2 MEHERE

G A R 2 B 51 (Kb B Y 5456 FR G
SREEE, NI T IR, R I TR T
@10 mmx15 mm AY[EH:, F#H 1000 H #0408 H
Ui IR T SO, FFUR A W 790 LA sk 2 B 4 %o a3 1
T, PRSI AE Gleeble-3500 #uHy FE A IR 5
BL AT, IR0 573, 623, 673, 723 F
773 K, BAREZEN0.01, 0.1, 1 F10s™", JE4A
WHR 65% ., £ AT R 4050 Z 1, Uk DA
10 K« 57" (4 hn #0246 R, JF AR R
5 min DAV R GRRE P30 A0 O BE A0 BE L 9/ iR 1 TR
IR O T W el S W = S 115 i ) N R S
A, DASRBUSRE s A I 42

mE 1 R, EAEMRE AT, BE N AR
Hahn, 5456 A4 RN ) RI L Se g n, R
JERE T, Al TREN G, XEmTHE
AERREE RGN, ShAS 1 A B A P4 R A AR
ARARONE 3 8 B 4 2, P T T Ak Y
ke, FEURG & W46 W ) 2 80,
HABTRERE, ERMEMBERET, £%
H IS A2 51 s A& Bk, T Bl R R e,
ISR KA, WAL, BAR M RN o R
AR T &R ASIE I ], A 7 20 2 0] 52 F0 2l 285 P 45
iR
1.3 MAOfEE

R TAETFWFFEN Sy, WLAR R AR B R
ZIBY SR, B AR 5551 Ry 10 S5y, IR T
2 H i i ) A I AR X N A N T iR AT S PR AEL,
RN Sy, N AR HAE R W AR, ik 2
Fiiw . Hor, R? Sy AR U 50 00 R B 1 R
FERE, HAEMEET 1, WA R A 484 SR
LS

2 AAMARA

2.1 Arrhenius %!

Arrhenius (AH) 727 F 2R H T 8% B
PFEH A DEFORM wh, HAiliik 1 7E [d] — 1 73 7K %
T, DBEEARNJRRE Z MR, HBCAR
REF

é=A[sinh(aa)]”exp(—%) (1)

X AL o, n BOMMRIREG Q AIVEIEHEEHE,



226 S § SR S 5 49
250 300
200 F 240 |
] I =
E 150 b 573K E
Zl 100 H 623 K z
= K
oo 673K|
30 723 K
s 773 K
L 1 1 L L ' 1 1 1 1 L
0 02 04 06 08 1.0 1.2 0 02 04 06 08 1.0 1.2
IR PENES
(@) (b)
300 350
2501 573K
[+ - <
S 200} s 573 K]
g 623 K| =
R r R
B O150F I 623 K|
ﬁ 3 ﬁ 673 K|
50 773 K 773 K|
0 02 04 06 08 10 12 0 02 04 06 08 1.0 12
() (d)
BT AR BARHOR T 5456 6745 4 AU ) - LS AR T 2R
(a) 0.01s™  (b)0.1s' (e¢)1s' (d)10s™!
Fig. 1 ~ True stress-true strain curves of 5456 aluminum alloy under different strain rates
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Fig. 2 Relationship curves between material parameters of AH model and strain
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Table 2 Stress at each point obtained after linear equidistant interpolation (MPa)

A R/ /K

g A %/ /K

[ A A%
57! 573 623 673 723 773 7! 573 623 673 723 773
0.01 164 124 78 47 34 0.01 172 110 69 41 29
0.1 173 157 127 86 59 0.1 211 160 112 79 50
0. 06 0.53
1 191 175 150 121 83 1 238 194 147 109 70
10 197 186 163 132 100 10 245 199 157 115 83
0.01 192 127 79 46 33 0.01 167 107 67 41 29
0.1 220 174 131 88 58 0.1 207 157 109 76 49
0.15 0.62
1 241 208 165 124 84 1 235 191 144 106 67
10 268 227 179 135 105 10 241 192 153 112 79
0.01 189 123 76 45 32 0.01 163 105 65 40 29
0.1 224 174 126 86 56 0.1 204 154 106 75 48
0.25 0.71
1 248 209 163 122 82 1 234 189 142 103 65
10 272 228 178 131 100 10 238 188 149 109 76
0.01 183 118 74 45 31 0.01 161 103 64 39 29
0.1 221 170 120 84 54 0.1 201 153 103 73 47
0.34 0. 81
1 245 204 157 117 78 1 234 187 140 102 64
10 264 219 171 126 94 10 236 185 145 107 75
0.01 178 113 71 43 30 0.01 160 102 64 38 29
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Table 3 Material parameter values obtained by multiple linear regression of HS model
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Fig. 3 BP neural network structure for constitutive relation prediction (a) and training convergence plot (b)
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Fig. 4 Goodness of fitting for neural network in different datasets
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