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Thermal constitutive model and numerical simulation of
hot forming for 6061-T6 aluminum alloy
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Abstract: Based on the dynamic recovery, dynamic recrystallization and deformation hardening characteristics of
6061-T6 aluminum alloy happened in the high temperature deformation process, the viscoplastic features at different
temperatures were analyzed. The modified Field-Backofen model introduced with a softening factor was put forward to
describe the thermal mechanics and constitutive model of aluminum alloy for hot forming. Combined with the
experimental and simulation comparison research of NAKAJIMA test, the softening constitutive equation in the
temperature range of 25-400 ‘C for hot forming is obtained and especially suitable for describing the behavior of sheet
concentrate softening before crack, which is verified to be effective while applied to numerical simulation of forming
process for 6061 aluminum alloy in hot forming.
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Fig. 1 True stress—strain curves of AA6061-T6 aluminum
alloy at different strain rates and temperatures: (a) 0.1 s '; (b)

0.01 s
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Table 1 Parameters of 6061 alloy at different temperatures

Temperature/‘C n m C/MPa
25 0.11 0.013 483
100 0.17 0.020 497
200 0.12 0.075 503
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Fig. 2 True stress—strain curves of 6061 aluminum alloy at
temperatures of 25—400 C
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Table 2 Reliability coefficient value at different temperatures

Temperature/’C 25 100 200 250 300 350 400

Bl 3 NAKAJIMA BRI AR i ) B

Fig. 3 NAKAJIMA hemispherical punch bulging test
simulation model
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Table 4 Thermal physical parameters of 6061 aluminum

alloy at elevated temperatures

R? 0.961 0.962 0.955 0.946 0.972 0.965 0.977
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Table 3 Material constants of 6061 aluminum alloy based on

model &=Kz"g™ extracted from Ref. [6]

Temperature/'C K/MPa n m
23 979 0.38 —0.006
100 1058 0.41 0.009
200 880 0.36 0.046
300 474 0.21 0.114

NAKAIJIMA “P-ERTE AR B 1560 1 B A an 4] 3
FioR, R 7949 AN BTG TS e MRS AL Rk, JRJETT
) F AR AN 5, MORMBEALE A R A
MAT#106 #5751 . 606 1 4545 4 (1 Befu il 5 R E0h 1500
W/m™K), LR, Fhotle 5 R BOR R 45 DR A S50 P A
EYESHNE 4 Fra.

41 RRBREE LDH o347
KA PO R S Pk B i R — B BRI UG A
WV R, B, ERIABEERT, BoRHY

Blank size
180 mm X 180 mm

) Thermal o
Specific heat/ o Friction

Temperature/'C I conductivity/ )
J'kg "K) I coefficient

(Wm K")

20 912.7 83.3 0.06
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Fig. 4 Limit dome height of 6061 aluminum alloy at different

temperatures
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Fig. 5 Comparison of thickness distribution of 6061
alumimum alloy along radial direction at 350 ‘C: (a) Soft

model; (b) Hardenning model
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Fig. 6  Temperature distribution and crack position of
AA6061  after different
(a) Temperature distribution at 350 °C; (b) Sample’s crack

formed at temperatures:

position at 100 ‘C; (c) Sample’s crack position at 350 C
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Fig. 7 Comparison of thickness distribution when cracking
along radius of dome specimen when crack happening at

different temperatures: (a) Soft model; (b) Hardening model
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