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Constitutive equation of flow for Al-Mg-Sc alloy under
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Abstract: The static mechanics performance of the Al-Mg-Sc material was investigated, and then dynamic mechanics
behavior of the AlI-Mg-Sc material was measured at strain rate ranging from 1 000 to 10 000/s with the miniature split
Hopkinson pressure bar (SHPB) apparatus. The results show that the Al-Mg-Sc material is not a kind of strain rate
sensitive materials, but it has obvious strain strengthening effect under high strain rate. A more reasonable
Johnson—Cook equation by comparing is chosen to analyze the dynamic mechanical properties of Al-Mg-Sc alloy after
its relationship parameters are fitted by genetic algorithm with the experimental data. The comparison between data of
experiment and fitted constitutive equation indicates that the constitutive equation is suitable for expressing the dynamic
behavior of Al-Mg-Sc alloy, which provides important material characteristic parameter for mechanics numerical analysis
further in the high strain rate.

Key words: Al-Mg-Sc alloy; high strain rate; miniature split Hopkinson pressure bar; constitutive relation; genetic

algorithm

Al-Mg-Sc G eMBHE MBI ZE AR BT DU, RIS NV LU, BN L sop
RN AR, AR RAFIORSIIESER T AESEASE I ) R ot BOY BOR g v IRk g5

EEWMB: EXHRREEESE B H (10477008)
Wi EHA: 2007-12-19; 1&ITEBHA: 2008-02-18
BIEE: &, mIEd%; mik: 025-84892582; E-mail: lush@nuaa.edu.com, lush2002@sohu.com



898 PR R AR

2008 4 5 A

N e, SE—Fhob i R = AR i sk
BOBHEAR . Gl s BRSOG4 i Fe ki gl SISOk}
MBIABIEROY, BT RAEMR, SN AR R A,
A LS s 2 R AR 0 e (2 1 ST A ) 2 v Rg . (H
HH T B < A e W AR TR T R AR S AR TR I PR AR
Ny AR TERFAE A BOR R FEFR A H Rk sk = 415, i
ek, PR EE TR AAE BB BOY AU 354
A2 N ST, O TR AT O s oL
FERE iz L 2 P BRI RS B2, T T i e
EWOGI A R IR ARAT A AR BRI N g o A
R AL SHPB S8 keE, X Al-Mg-Sc &40
ENAS AT AT, @%b} i N AR 17
PAF L, AT Al-Mg-Sc BRSO T B &
Al e A% T R I R A BRIT AT

1 Al-Mg-Sc BIgs7S 1= 1 RE

ARSI T N T 5 (PA B REIIA S 5
AT LUSRAFHA IO B TR 5 o T IRERE 00 ARG
KO WAL vy S R EFR Ly SR E AR}
NASREALFRE n 55, PN S B R SR
B IR S B FR B B AR T JE P 240

P ARSI R IO LA 1 -0 Bl L, 150
Ml T H ARG HUAL S 45 & R BRI L, ex) 3
faf~ AT« A% BRI R4 AT R v TR RS RN R
S HIARIE,  n] DS I A 0 AN B A B F 2
1 DL S B8 N AR S e h A, 28 B e, HLYa T e
(0.05~500 mm/min).

PN Ry S e T N 1 P T SE DA BU YR )
| mm/min. AERAERIGHL b, 522G i+ )
TER, XENERE—AN R8T F, R LA —A
KRR ER)AL SRR 4R e — B KR E,
AR LS N, ) — AR e v B A X

g:ln[ZOJ’AIJ 0
Iy

b o WA AR R s 1 AR T Bl Fr il
K.

:—l ly + Al F @)
AO ZO AO

A Ao A FEARER A AR R A T AR

1@Pi7~ A Al-Mg-Sc #ifii—pr B Hrim
107 A HERF A R SN I — AR 26 o

500
(a)

4001

3001

Load/N

2001

100F

0 0.05 010 015 020 025 030
Displacement/mm

600
(b)
500
400

300

Stress/MPa

0 005 010 015 020 025
Strain
Bl 1 Al-Mg-Sc <8 —Rr A2 f i 1l S LS ) —)
A2 2 P
Fig.1 Force—displacement curve(a) and true stress—strain

curve(b) of Al-Mg-Sc alloy
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Fig.2 Schematic diagram of mini-Hopkinson pressure bar:

1—Energy absorption system; 2—Output bar; 3, 5—Strain
gauge; 4—Specimen; 6—Input bar; 7—Shot; 8—Automatic
gas gun; 9—Support; 10—Optical platform
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Table 1  Variation of major mechanical parameters with strain

rate for Al-Mg-Sc alloy
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2513 377.6 0.027
4712 4335 0.041
9264 468.2 0.058
9732 471.4 0.062
11 200 4753 0.065
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