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Flow behavior of 5182 aluminum alloy for automotive body sheet
during warn tensile deformation
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University,
Changsha 410082, China)

Abstract: The flow behavior of 5182 aluminum alloy for automotive body sheet at the strain rate ranging from 0.001 to
0.1 /s and temperature ranging from 323 to 573 K was studied on Instron—8032 tensile tester. A constitutive equation
using up-dated Fields-Backofen equation was established to describe the flow behavior of 5182 aluminum alloy during
warm tensile. The results show that at the same strain rate the flow stress reduces with increasing temperature. When the
deforming temperatures are high (448, 523 and 573 K) and strain rate is low (0.001 /s), the flow stress decreases after a
peak value with increasing strain, showing continuous dynamic recrystallization. And with increasing strain rate, the
steady state flow characteristics appear, showing dynamic recovery.
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Fig.1 True stress—true strain curves of 5182 aluminum alloy

at different temperatures and strain rates: (a) &=0.001 /s;

(b) £=0.017/s;(c) £=0.1/s

22 BETERTITANEFIRE

5 &35 7 18 VAR R Y. A% 3 6 0] 3 A WY, g 1) 5 Wil
I, AARELEAN [ il 5 0 N AR 238 AT (1) B g e
£k 1 i Fields—Backofen J7 F ¢ 7 1

o=Ce"é" (1)



1960 PR € <5 R A AR

2008 4 11 A

X C WMRHREEREG n AN RE: m A
INE SRS

H AT S AR b R OB BUE A, 7 4
PRAEA RIS R AR N A, RIS E AN )il B2
(R AR R E e AR T8 AR AURA R Hm (B A 515 3R
o™ v, R iAW, S 5182
A S R A TE 44~ DAL TAI R AR 3 % & S 1 AR
[N T RE 2 B 1) S iR R IA S

1) n AR R S oR £

Bl 2 o kg AR FEH8 n BEAR T R AR 1
IR M2, HRARAR Ay N AR A 1) AR H . A
BIFP AT LUE H e n (EREAE I b T DL RN AR 3 A AT
MR TR FF HAF TR, n (HA Iné it —
EMLIERR, Bk, nfHnIRRA
n=Ané+B, @)

X AR R L By il LIRS R

0.28 = — 123K
*— 373K
4 — 448K
v— 523K

+— 573K

0.16 . . . L
-7.5 -65 -55 -45 -35 -25 -15

In(g/s™")
B2 AFERET n HSNRER IR

Fig.2 Relationships between n value and Ing at different

= 0241

temperatures

TR LA ML, A8 2] T AR T 1A, (A
BAE, WFE 1 fim. W31 a4, AR, 4,
TR ENAR AN, WL R At e, B FH41E 0.007 32,

x1 AMB WA ER
Table 1 Calculated value of 4, and B,

TK A B
323 0.007 38 0.342 67
373 0.007 27 0.325 67
448 0.007 40 0.255 67
523 0.007 23 0.235 67

573 0.007 31 0.222 33

X TBAE, VEBESIEEIEI L, 45 Rl
3FN. HE 3 A%, BEHS UTWH LM XR, il
PSSV
B, =0.05229+96.0487/T (3)

0.40

= Experimental
Simulated

0.35r

2 0301

0.25r

0.20 L 1 1 L
1.6 2.0 24 2.8 3.2

T7/1073K™!
B3 B SRR
Fig.3 Relationship between B; value and 1/T

2) m {ELIR I SR R 2L

mAE 1P BRSO 4 @ AL G S A i 6
(109 A8 A X5 AT G 4 200 i s A PR S i R P L1 i 1)
BRI R g, AR R A, TR
/5328 AT HEIR 43 H5040 S0 H I

R 25 1 A AR AU ] DA S i m {45 51
W 4 prow, i TR LE TS Hm SR AR AL
UiETEE
m=—-0.57089 +0.004 87T —1.28146x107°T?* +
1.12613x107° 77 ()

0.14 » Experimental /
——~—Simulated

0.12+
0.10
g

0.08

0.06

0.04 "

300 350 400 450 500 550 600
TIK

B4 m{H5EERRR

Fig.4 Relationship between m value and T



FISAEE 11

EdH, 5 VA 5182 4 SO R B MR A AT A 1961

3) CAHIIEL MR 2L

FIBPRHERS (1) K n A0 m A AV C (8. 3
FLAIREN], X1 [F— WA A, PR R C A
BREAFE & R &R, W 5 PR, ATRLER N
C=A4,T+B, (5)

X AU R CIEIE M R KL By NASHE X C
{E 5 R H

750

=, 4.e Experimental

650 K Simulated

5501 =—(.001 /s
4+—0.01/s

O 450l *— 0.1/

350

150 : : : : :
300 350 400 450 500 550 600

T/K
Bl 5 ARNAZER T C SRR

Fig.5 Relationships between C value and T at different strain

rates

WA Mg, 32N N AR R R (M ALE B,
1, G505 2 . R 2 v5, A, fH R VAR H %
A T AR AR AR /N, AT DA —1.415 03, 1)
X T BoAH, 1EBLH S N ASH A H ARG ) th 4, 4521
WK 6 s, tHIE 6 AI%, ByfiSné Lk X R,
DAL, JE I 0L P LAAS )

B, =1095.617 1+11.401 03In¢ (6)

F2 ALMBHIG SR
Table 2 Calculated values of 4, and B,

-1

£/s A, B,

0.001 —1.410 36 1017.758 75
0.01 —1.417 64 1041.31925
0.1 —1.417 08 1 070.262 26

BT LA RIS R C{E A LR A
C=-1.41503T+11.401 03ln£+1095.617 1 @)

4) BRI

2 PR, FIH Fields—Backofen 75 F2, Jfid il
B N ARRELFREL n (B AR R EURFREL m AE 5SS
2 C1E, 1535182 A SWRMAENE PN KT 2

1070} = Experimental

Simulated
1060

1050

B,

1040

10301

1020 F

7 6 -5 -4 3 -2
In(g/s™

1010

6 B fHSIné XA

Fig.6 Relationship between B, value and Inég

TN ) —NARA K TR, RN A
o=Ces"e"

Hrp

C=-1.415 03T +11.401 03Ing+1 095.617 1
n=0.522 9+0.007 318Ing+96.048 87/T

m=-0.570 89 +0.004 877 —1.281 46x10>T? +
1.126 13x107873

23 HENTEERSIEHE
ARYEAA RS iy o 500 i 2 A0S BG4S H ) i £ 0E
ITHCRL, SNk 7 A0 8 Fros. mil&l 7 18 nl%n, A
[l AR AR AR N OLIE 7), BRI L AT, A
WEAELIY: ) 2 i (R S AR TR B, 5 i 2 M S5

350

Experimental
300k ——— Simulated

o /MPa

0 005 010 015 020 025 030
&

7 AR 0.01 /s N ECR g AR B S0 B UL
Fig.7 Comparisons of true strain between simulated values

and experimented ones at £=0.01/s



1962 PR € <5 R A AR

2008 4 11 A

I SAMIEAE HS LUE, EREE I T, R A sh
AT EE A5 R G B v S RS2 6 i 2k R 2 T 4
K WA ZAE NI 8), FEUE(ELNY J) 2 Hi R34
SJAZTERBL, S i 2N TH 5 i 2 (1 2 SR BB AR LE
BRI, HEE PR TR MR, MREEA KA BL
1y HAEARTE e 391 5182 406 e AT AL BE KM 88 » &
PEEAMIR, MORZEEHHE K. HEl B IS, A
FUPT ST AL N R B IR, AT T 5182
F e IR AR TR AR 1 ) R T A S (B AR AU o

350
300 £=0.1/s
== &=0.01/s
2501 = -
2 200t D i
=
f!
I}
100 ; Experimental
) ——— Simulated
50
0 0.05 0.10 0.15 0.20 0.25

e
8 373 K IR AN [ AR A T AR T A 55 S0 A ) EL A
Fig.8 Comparisons between simulated values and experiment

values (7=373 K) under different strain rates

3 SERTHMYERR

5182 & i RV HALAT N 5 A B AR W 1AL
ASEOIMNIG, VAR T EOE LIS iz sh Al
A TR RS P ARTEAII, (A R
I, wE B R A REROR SR AL, YA ik B (R
o, THEEAREAZ, WARN I FEARIFAAL, 1k
I <A T AL e G R A 89 I A e 3 2 Pl 2 51
(Y057 B P PR 2 Tk B A i Tl R rp™
A R RE A A L P-4 3h 28 [P 20T 51 £ AL A T AR
eI i 2 £ A S SR AT S B N AP AT T S 2310
Ii) 22 DA S P- B i o IS R FF A AN

It 5 AR T E R T i AW AR AR (A, S
B e, AT B S OR, ST 5182
REE&T S aREZM Mg TTRBMEG SN2k
i, 2R, A& ek s, AR
SRR, PRARRY ) AR

4 ZEig

1) 5182 &AL v i A W S I i AR 4K
o, AElR—NARRETS, S AR N b T
TR TR )W, AR AR, A4
FRIVRAR N, ) 71K B o B T B, R Zhas i 4h
i REAE s BEE VARSI, S AR N ) L
Fads, RIS RIRRHE.

2) X Fields-Backofen /72T IE IE, R n.
m F C AHHRH &L SN AR AR IR 5o, 15
5182 Fa A HL AR IS (A TR, A AR )
AR TE R Bt 3 H B 45 2R 5 926 2 R EL I

REFERENCES

(11  EdH, SR 206, 2 & WENRSENTTER
[7]. &J@#HALFE, 2006, 31(9): 35-39
WANG Meng-jun, HUANG Dian-yuan, JIANG Hai-tao, REN
Jie. Research progress of aluminium alloys for the automotive
industry[J]. Heat Treatment of Metals, 2006, 31(9): 35-39.

[2] X2, ok W, BRIRME. 555 SsUB M RSO T2
JR[I. FERFSR, 2005, 19(12): 56-59
DENG Xue-feng, ZHANG Hui, CHEN Zhen-hua. Sheet metal
formability and forming process of aluminum alloy[J]. Materials
Review, 2005, 19(12): 56—59.

31 E&A, SO, 85 BAIEN 5182 MA &ML
ZUSTEREBISE ], < #AAbEL, 2007, 32(9): 18-20.
WANG Meng-jun, HUANG Dian-yuan, JIANG Hai-tao.
Influence of annealing process on microstructure and properties
of 5182 aluminium alloy sheet for automobile[J]. Heat Treatment
of Metals, 2007, 32(9): 18—-20.

[4] WANG Meng-jun, HUANG Dian-yuan, JIANG Hai-tao. Effect
of pre-aging on microstructure and properties of 2000 series
aluminum alloy for automotive body sheets[J]. Trans Nonferrous
Met Soc China, 2007, 17(Special 1): s262—s265.

[5] ARER 5k W, ZRE, M, FIRIK. 5182 &S HE

AR B R AR B T[], R R 2 AR BRAE 22 4R, 2002, 24(3):
84-88.
LIN Qi-quan, ZHANG Hui, PENG Da-shu, LIN Gao-yong,
WANG Zhen-qiu. Flow stress behavior of 5182 aluminum alloy
under hot compression deformation[J]. Natural Science Journal
of Xiangtan University, 2002, 24(3): 84—88.

[6] MRkl BICHE, MR, 5083 B A AR T AL N )
[J]. #5071, 2006, 172(6): 1-6.

SHAN Yi-min, LUO Bing-hui, BAI Zhen-hai. Flow stress of

5083 aluminum alloy during hot compression deformation[J].



FISAEE 11

>

EdA, .

4

A 5182 84 SR IR R AR AR AT A

1963

(7]

(8]

(9]

[11]

[12]

Aluminum Fabrication, 2006, 172(6): 1-6.

MCQUEEN H J, BELLING J. Constitutive constants for hot
working  of  Al-4.5Mg-0.35Mn(AA5182)[J].
Metallurgical Quarterly, 2000, 39(4): 483—492.
W, RIEE, B0, ¥ T Al-Fe-V-Si M0 & 4
GRS AR JIWEAI. T, 2001, 23(4): 34-38.
YANG Jun-jun, ZHU Yuan-zhi, LI Wen-xian, XIAO Yu-de.

Canadian

Study on Al-Fe-V-Si alloys high temperature deformation and
flow stress[J]. Aluminium Fabrication, 2001, 23(4): 34—38.
g, gk R, PRIRAE. TRV A S (FVSO812) B i 4z
AR TTRE]. ML TAR AR, 2006, 13(3): 83-87.

DENG Xue-feng, ZHANG Hui, CHEN Zhen-hua. Tensile
deformation behavior of heat-resistance aluminum (FVS0812)
sheet at elevated Journal
Engineering, 2006, 13(3): 83—87.

ZHOU M, CLODE M P. Constitutive equations for modeling

temperature[J]. of Plasticity

flow softening due to dynamic recovery and heat generation
during plastic deformation[J]. Mechanics of Materials, 1998,
27(2): 63-76.

SHI H, MCLAREN A J, SELLARS C M, SHAHANI R,
BOLINGBROKE R. Constitutive equations for high temperature
flow stress of aluminum alloys[J]. Materials Science and
Technology, 1997, 13(3): 210-216.

o, B, OO, IWEE SIS SR

[13]

[14]

[15]

MRS HABURPELT]. AR T2, 2004, 18(3): 27-31.
LI Di, BI Xin-wen, LI Guang-li. Parameter sensitivity of
stamping forming of aluminium alloy sheets used in automobile
cover[J]. Journal of Shandong University of Technology, 2004,
18(3): 27-31.

T, BN, MG VORI A SRR L AR S
(). hEA 4R AR, 2004, 14(10): 1689-1693.
YU Zhong-qi, ZHAO Yi-xi, LIN Zhong-qin. Evaluation
parameter of drawability of automotive aluminum alloy sheets[J].
The Chinese Journal of Nonferrous Metals, 2004, 14(10):
1689—-1693.

Fipese, BRIGEHN, ST, I EE AR RGUE RS (H)
DR TR I]. ANERBLER, 2001, 22(1): 63-68.

ZHANG Xiao-hua, QIU Xiao-gang, LU Guo-qing, TANG lJing.
Study of test and measurement method for coefficient (m value)
of strain rate sensitivity[J]. Iron Steel Vanadium Titanium, 2001,
22(1): 63—68.

MBI, BRI, Al-2Mg & REARA WD) TEA S
J& 2R, 1999, 9(3): 510-514.

LIN Jun-pin, CHENG Jing-wei. Dynamic recrystallization
during hot torsion of Al 2Mg alloy[J]. The Chinese Journal of
Nonferrous Metals, 1999, 9(3): 510-514.

(#wig  RITH)



