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Strain rate sensitivity and constitutive models of
several typical aluminum alloys

GUO Wei-guo, TIAN Hong-wei
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Abstract: In order to evaluate the strain rate sensitivity and set up the constitutive model of aluminum alloys, five types
of aluminum alloys as A13003-H12, 2219-T87, 7050-T7451, 2024-T351 and LY 12-cz were systematically tested under
strain rate range of 10 *~8 000 /s, initial temperature of 77-800 K and the true strain exceeding 0.50. The plastic flow
behavior of these materials was also analyzed. The results show that the plastic flow stress of these aluminum alloys is
really sensitive on the strain rates. The aluminum alloys have strain rate sensitivity due to a thermally-activated resistance
effect of short-range barriers. The third kind of dynamic strain aging occurs at temperature of 200—600 K. Finally, based

on the mechanism of dislocation motion, a physically based model is established. The theoretical predictions agree well

with the experimental results, and it can be easily used in the engineering application.
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Fig.1 Effect of strain rate on plastic flow stress of 2219-T87
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of A13003-H12 aluminum alloy at strain of 0.20
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Fig.3 Effects of strain rate on plastic flow stresses of 7050-
T7451, 2024-T351 and LY 12-cz aluminum alloys

1.2 REME RSN TR IR

h TR G A RN, SR ST T A
[ B S5 1 4 T A AI3003-H12 76N AR Sy
5ok 107 /s F1 3200 /s BRI BN 7 BEIELE FIAE 1k o
HE 4 T EH, YRGS INE, BN I S
TEE, TMRARAE AR, W Toe0r XA T3 20
DX X R A3 4 B SR ) pREC R R 2R 1)
P AT 2 OV I B ) . B B AR
KM 107 /s BEINF] 3 200 /s, 3X A4S XA B B R RIS
U N . B 5 Jros VAR A 0.1 /s I5f 7050-T7451 5
G e PRI Yy B B AR A 2k &l 5 v



58 PR R AR

X 7050-T7451 4, NAREA 0.1 /s I, 7Rl
JEM 210 K #1480 K o[ N(T; 2 To), BIERBIN )
BEL G im0, RIAAAE— MR AU % . 1B
6 Fi7n A 7050-T7451. 2024-T351 F1 LY 12-cz 3 44
SM R ITAEAE Il 7 UK X (B 210 K £ 480 K)o 31X
AN ARBURE DX (Y, 7 it 8 B4 e S R A kg 14 ) s
B b — P2 = 2R AN AR G B AR
I 200 I8 A 25 R B (R INPAE  PRD RS, 4 e rhis i i
TR IS IR RIS . Rk &, ERAE S
J1EPERE Ay, AR A B A AR I AL X, S
TBI N 7 ek il IR AR R (1) AR A 25 H B AR R 2
A4k, BRI H Xk R AR R () R

500
= — Strain 0.11, strain rate 3200 /s
4 — Strain 0.25, strain rate 3200/s
400k * — Strain 0.55, strain rate 3200/s
® — Strain 0.035, strain rate 1073 /s
g ©— Strain 0.15, strain rate 1073 /s
= 300k +— Strain 0.35, strain rate 1073 /s
Z ¢ — Strain (.55, strain rate 107 /s
o
;g 200 £
= 107/s 3200/s
100
0 200 400 60.0 800 1000

Temperature/K
4 RFENAERET AI3003-H12 4345458 iR 2l v ) bk
JE AR 25
Fig.4 Change curves of plastic flow stress with temperature

of A13003-H12 aluminum alloy at different strain rates
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Fig.5 Change curves of plastic flow stress with temperature

of 7050-T7451 aluminum alloy at strain rate of 0.1 /s
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Fig.6 Change curves of plastic flow stress with temperature
of 7050-T7451. 2024-T351 and LY12-cz aluminum alloys at

strain rate of 0.1 /s
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Fig.7 Comparison of model predictions with experimental

results at different strain rates
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