Fo% Ha4M o O B I O®
2017 4F 07 H JOURNAL OF NETSHAPE FORMING ENGINEERING 17

HF Fields-Backofen F 2RI S T
THRAAERER

RFEE, FBER
(ARAERS: BB R R R ST 2 i S0 =, TEFH 110819 )

HBE: BN IRESERENITAH, BIAFERAERE, BEAN TR ERGHI LR, ARIES EE
AEWMRTEHiEAE, Fik KT Gleeble-1500 #AEDL LI, T, T ENOMEES LR T6IRFHBM,
LEATE YW AR R AR AE, HEAL I E 4 Fields-Backofen AM F A2V R AE4E AW I EHBITH, &R 4464
HEBERP, BHETREGBAAER THME LA ¢ HRAIBEDHZBR; KA F-B FREEIEELSE
PEMAT AR, HF R ERAAE R 3 AT R AL G F-B AR, ABX AR S,
FRAPT TN 6 T R A A ER SN FE TR EZRK; ARABREBHRINBEREB—aU B
STk, WREEFHAND TR RERREHE R, S F-BEASFEN, THKAMER EFHM, 2
SR GTNAEE, it TMHEW F-B AR T A A AZIIB 5040 BB ATITA, FERT
AZ91, AZ80 % ZK60 4 A 5 A A2 AR E B4 e 64

KEBIF: MK F; BEMRN;, REMITH; AMuA

DOI: 10.3969/j.issn.1674-6457.2017.04.003

FESES: TG146.22 XEFRIATE: A XEHS: 1674-6457(2017)04-0017-08

Constitutive Model for Thermal Deformation of Magnesium Alloy Based on
Fields-Backofen Equation

JIA Wei-tao, LE Qi-chi

(Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)

ABSTRACT: The paper aims to study thermal deformation behaviors of magnesium alloy and establish the structure-activity
relationship of different magnesium alloys between true stress, strain, temperature and strain rate. Based on thermal simulation
experiments on a Gleeble 1500 simulator, qualitative and quantitative analysis of the temperature sensitivity on thermal defor-
mation behaviors of AZ31B Mg alloys was carried out, and the Fields-Backofen (F-B) constitutive equation used to characterize
the thermal deformation of magnesium alloy was optimized and reconstructed by analyzing the phenomenological features of
true stress-strain curves. The softening effect of temperature on deformation behaviors during thermal deformation of magne-
sium alloy could be described as an exponential function for a base of e; when the F-B equation was used to characterize the
thermal deformation behaviors of magnesium alloy, the temperature softening effect should be considered to optimize equation;
after optimization of the F-B model, the function with the piecewise form resulted in a peak point on the deformation curve and
a lager prediction error; with the method of “dividing the whole deformation stage into some micro stages to solve and then
achieving full integration", the strain variable was taken into the strain rate and temperature sensitive coefficients to reconstruct
the F-B model, which could effectively solve the cusp-point problem, and improve the prediction accuracy of the deformation

curves. The reconstructed F-B model can characterize plastic rheological behaviors of the AZ31B magnesium alloy accurately.
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It was suitable for the AZ91, AZ80 and ZK60 magnesium alloys with similar deformation characteristics.

KEY WORDS: structure-activity relationship; temperature sensitivity; thermal deformation behavior; constitutive equation
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Tab.1 Constitutive equation of Mg-Al-Zn alloys
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Fig.2 Experimental equipment and related process
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Fig.3 Results of compression deformation under 0.005 s™
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Tab.2 Peak stress valuesofAZ31 under different tempera
ture and deformation conditions MPa
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250 110.4 119.2 125.2 129.2 121
300 89.9 98.3 107.7 109 101.2
350 63.3 64.1 92.9 95.9 79.1
400 44.8 48.2 65.3 75 58.3
450 27.5 425 46.4 60.9 443

S 67.2 74.5 87.5 94
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Tab.3 True stress when £=0.04, 0.5 at different strain rates
and temperatures MPa
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RE RS
0.04 0.005 70.6 60.6 50.9 40.6 324
0.04 0.05 76.1 60.7 53.5 46.2 39.5
0.04 0.5 67.8 63.7 59 50.6 38.7
0.04 5 75 62.6 60.2 58.2 52.9
0.5 0.005 977 73.7 46.7 37.8 293
0.5 0.05 91.9 78.9 55.8 39.1 33.7
0.5 0.5 106.6  84.2 60.9 44.6 30
0.5 5 102.9 724 66.3 48.2 34.8
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Fig.5 Fitting results and fitting error of deformation data under £¢=0.04,0.5 in the form of exponential function
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