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Constitutive equation of 7A09 aluminum alloy based on uniaxial tension

Ma Kang', Song Jian', Feng Yao’, Yuan Binxian®
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2. School of Mechanical Engineering, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: The variation rules of key mechanical property parameters of 7A09 aluminum alloy sheet were obtained by uniaxial tensile tests
at different temperatures and strain rates. The results show that under the condition of constant strain rate, the tensile strength and flow
stress of 7A09 aluminum alloy increase with the decreasing of temperature, and the elongation after fracture increases obviously with the
increasing of temperature. Based on the Fields & Backofen constitutive equation, the stress-strain constitutive model of 7A09 aluminum al-
loy during warm tension was established, and the strengthening rules of 7A09 aluminum alloy under different temperature conditions were
analyzed and discussed. The results show that the strain hardening index of 7A09 aluminum alloy decreases with the increasing of tempera-
ture, while the strain rate sensitivity coefficient increases significantly, and the hardening effect of strain rate is significantly enhanced.
For the siringer reinforcement by warm forming technology, the finite element simulation was carried out by using the constitutive model ,
and it is determined that the thinning rate of parts is the minimum when the forming speed is 5000 mm - s™'. When the forming tempera-
ture is 175 °C, the wall thickness distribution of parts is the most uniform, and the minimum thinning rate is only 3. 8%.
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Table 1 Chemical compositions of 7A09 aluminum

alloy sheet ( %, mass fraction)

Zn Mg Si Cr Ti Fe Mn Cu Al
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Fig. 1 Tensile specimens
(b) Tensile specimen at
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2%t Hag 2AE N Ak 7000 255G 4IRS T
SRR A TERE N REH 5 A R
BT BE T S B s, DA 125 C M3, Je 2
DIFHAR T SR 22 25 Cabdtd . TR0 H AR
iR R A 2 R B g AR BUR K IX 4 B, D
0.1 s™" Ry K AR BR | H AW AT 248 808 s
A U AR s A i Oy AT, oW ARIIE
RIS AERATE , [ — 20k P s T 3 1K,
1.3 EER

E3 I o I [ R A A <8 N N B v s
- ARAS B LS N - LS AR T 4R

300

13
(=3
(=}

—a— 575 20°
—a— 5H 5175 17 245°
—e— 5% 75 1 £90°

B SN F3/MPa

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
TSR
K2 7A09 AR, TN ARER | RE Dy T B
3 1 - FLSE AR 2
Fig. 2 True stress-true strain curves of 7A09 aluminum alloy at room

temperature and constant strain rate along different directions
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Fig. 3 Tensile strength of aluminum alloy sheet at different

strain rates

R B X 58 P 52 K g AR T

Kl 4 Fp AR N AR SR SR, TA09 4865 4
S R SR AR, W 4 T, BEE IR
FEREE ST, WA PR BIE K, #£ 0.001 ™' Jif AR
HRZLMET, 225 CHA R G K EE L 125 <C
A W7 24 KRN T 7.5%, SR KFE,
T 32 7 728 A X A ek £ T 5 AR 38 7 A T R
UEAN, ARHBS M SRR R AR 5 Y AR T 3G K
HLR R, DR 0 A2 iy A 6 1) 5 e 3
KL, 7A09 FRA 4 7R o 0 A% 58 A v ek B %A
N HEFT BUE AT RS RS 1 OB BE

o8 | —=— RIZEZ50.001 571

—e— RARHFE #0.01 57!
—A— RIARHZER0.1 51
26
241 /

x 'y
ﬁ -
& 22 /
1
)
£ 20l /
L ]
18Le — /
A ‘_/A A
1 1 1 1 1
120 140 160 180 200 220 240

BEE/C
Pl 4 A [ g 78 o S I T T (IR B )
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different strain rates
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