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The hot deformation characteristics of deformed AZ81 magnesium alloy were studied by hot compression deforma-
tion on Gleeble-3800 thermal simulation test machine. The deformation temperatures were set at 300, 350, 400 and 
450 °C, and the deformation rates were 0,01, 0,1 and 1s-1, respectively. Using the experimental data, the constitutive 
equation is obtained by friction correction and a series of formulas, and the constitutive equation is compared with 
the experimental data to verify its accuracy.
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INTRODUCTION

AZ81 magnesium alloy is an important hot work-
ing material with excellent mechanical properties and 
heat treatment properties. It has a wide application 
prospect in aerospace, automobile manufacturing, 
electronic equipment and other fields. With the devel-
opment of modern industry, the demand for light-
weight materials is increasing. AZ81 magnesium alloy 
has attracted much attention due to its low density, 
high specific strength and good corrosion resistance 
[1]. However, the hot processing behavior of AZ81 
magnesium alloy is affected by many factors, such as 
temperature, deformation rate, strain and so on. There-
fore, it is very important to understand the hot process-
ing characteristics of AZ81 magnesium alloy for opti-
mizing the processing technology and improving the 
material properties [2, 3].

The purpose of this paper is to systematically study 
the hot processing behavior of medical AZ81 magne-
sium alloy, and to establish its stress-strain distribu-
tion under different process parameters through hot 
compression experiments. The constitutive equation is 
constructed to describe the stress-strain behavior, 
which provides a reliable reference for engineering 
practice, and provides theoretical guidance for opti-
mizing the processing technology and improving the 
material properties [4-6].
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LAB MATERIALS AND THEIR METHODS

The alloy used in the experiment is AZ81 wrought 
magnesium alloy, and its chemical composition is 
Mg-8,0 Al-1,0 Zn-0,5Sb (mass fraction/ %). The AZ81 
magnesium alloy was processed into a cylindrical spec-
imen with a height of 150 mm and a diameter of 100 
mm by a wire cutting machine, and the hot compression 
experiment was completed on a Gleeble-3800D thermal 
simulation machine. The hot compression is first heated 
to the set temperature at a constant speed of 10 ℃/s, 
followed by heat preservation for 150 s, and then hot 
compression is performed. During the period, the set 
temperature is kept unchanged, and the compression is 
performed according to the set strain rate. The cooling 
method uses water quenching, which is beneficial to 
preserve the microstructure of the magnesium alloy. 
The deformation temperatures T are 300, 350, 400 and 
450 ℃. The strain rates are 0,01, 0,1 and 1 s-1. The max-
imum deformation is 0,7. The experimental scheme is 
shown in Figure 1.

Figure 1 Experimental scheme
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FRICTION CORRECTION OF FLOW STRESS 
CURVE

The true stress-true strain curve of AZ81 at 300℃ is 
shown in Figure 2. It can be seen from Figure 2 that when 
the true strain exceeds 0,6, the true stress increases with 
the increase of strain at all experimental temperatures. In 
the process of hot compression test, with the progress of 
thermal deformation, the lubrication effect of the sample 
will gradually weaken, which makes the friction between 
the end face of the sample and the indenter increase, 
which is not conducive to the plastic deformation of the 
material, resulting in the increase of flow stress, which is 
manifested as the end of the true stress true strain curve 
upturned. Therefore, in order to obtain the true stress-true 
strain data of AZ81 magnesium alloy which is consistent 
with the actual and reliable, it is necessary to correct the 
flow stress curve by friction.

In the process of hot compression experiment, in or-
der to reduce the friction constraint between the end 
face of the sample and the indenter and prevent the sam-
ple from ‘bulging‘, different types of lubricants are usu-
ally used to treat the surface of the mold according to 
the deformation temperature. However, even if lubrica-
tion and other measures are taken, the friction constraint 
of the sample cannot be completely avoided, and the 
flow stress curve obtained from the experiment cannot 
correctly reflect the flow stress behavior of the material. 
Therefore, it is necessary to correct the friction effect to 
determine the real flow stress characteristics.

The B values of AZ81 magnesium alloy under dif-
ferent deformation conditions are shown in Table l. 
From Table 1, it can be seen that the bulging coefficient 
B value in the deformation interval is almost all greater 
than 1.1, and the bulging coefficient of individual 
smaller values is also close to 1.1, so it is necessary to 
correct the flow stress value of the sample.

Table 1 B value of belly coefficient

 deformation temperature
/oC

strain rate / s-1
0,01 0,1 1

300 1,142151 1,154687 1,109925
350 1,135691 1,122314 1,145213
400 1,089875 1,202014 1,111452

Figure 3  Real flow stress curve and friction corrected curve 
(a)300 oC; (b) 350 oC; (c) 400 oC; (d) 450 oC

(a)

(b)

(c)

(d)

Figure 2  True stress-true strain curves of AZ81 magnesium 
alloy at 300 oC



43

Q. H. WANG et al:    ESTABLISHMENT OF CONSTITUTIVE EQUATION OF MEDICAL AZ81 MAGNESIUM ALLOY

METALURGIJA 64 (2025) 1-2, 41-44

The true flow stress curve of AZ81 magnesium alloy 
and the curve after friction correction are shown in Fig-
ure 3. It can be seen that the flow stress after friction 
correction is lower than the original flow stress during 
the whole process of sample compression, and the dif-
ference between the two is different with the change of 
strain. In the early stage of deformation, lubricant was 
added between the two ends of the sample and the in-
denter and the base, and the contact area was small, so 
that the friction force was small, and the difference of 
true stress before and after correction was small. With 
the increase of strain, the contact area between the two 
ends of the sample and the indenter gradually increases, 
and the influence of friction on the flow stress gradually 
increases, and the difference also increases.

ESTABLISHMENT OF MATERIAL 
CONSTITUTIVE EQUATION

The flow stress in the hot forming process of metal 
materials is related to many factors. It can be divided 
into two categories: one is the deformation parameters, 
and the other is the elemental composition of metal ma-
terials. In the process of reheat deformation, the compo-
sition of metal structure is a fixed value, so the influ-
ence factor of stress, namely the thermal deformation 
parameters, can be expressed by double sine function:

  (1)

According to the different stress levels correspond-
ing to different equations:

1) At low stress level (ασ < 0,8), Equation (1) can be 
simplified as:

  (2)

Where:  is the strain rate in the unit of s-1;  is the 
flow stress, unit is MPa; Q is the deformation activation 
energy, the unit is J / mol; T is the deformation tempera-
ture, the unit is K; R is a gas constant.

2) At high stress level (ασ > 1,2), Equation (1) can 
be simplified as:

  (3)

3) Under the full stress level (1) Simplified:

  (4)

The peak stress of AZ81 magnesium alloy under dif-
ferent deformation conditions is obtained by stress-
strain curve, as shown in Table 2. Based on the origin, 
the linear regression fitting of the points drawn by 

 and  is performed by the least 
square method. The reciprocal of the slopes of each fit-
ted straight line is selected, and the average value is 
taken, which is the m value, m=9.3140025. Similarly, 
β=0.145755 can be obtained. Thus, α=0.015649 in For-
mula (2) can be obtained from (α=β/m), and the natural 
logarithms on both sides of Formula (3) are obtained:

  (5)

Similarly, when the strain rate is a fixed value, 
 and 1/T show a certain linear relationship:

  (6)

Let  be the abscissa, ln[ ] be the ordi-
nate, n = 5.25935, can be obtained from the reciprocal 
of the slope of the straight line in the graph. Identically 
plot ln [ ]-1/T. It can be seen that there is a 
parallel relationship between the straight lines, and the 
reciprocal average of the slope of the straight line is also 
taken: Q/nR=3663,6596. After the n value is brought in, 
Q=160120,97 J/mol is obtained.

The Zener-Hollomon parameter is used to describe 
the relationship between stress, strain rate and deforma-
tion temperature:

  (7)

Draw a scatter plot between lnZ-ln[ ], and 
perform linear regression on the data points, as shown in 
Figure 4.

The correlation of the fitting line is as high as 98,1 %. 
This shows that lnZ and ln [ ] have a good lin-
ear relationship. The intercept of the fitting line is 
27,11209. This value is the value of lnA, from which 
A=5.9515×1011.can be obtained. The peak stress consti-
tutive equation of high temperature hot deformation of 

Table 2 Peak stress

Temperature oC strain rate peak stress /MPa
300 0,01 67,745

0,1 97,922
1 137,738

350 0,01 48,770
0,1 67,637
1 91,005

400 0,01 35,056
0,1 50,311
1 69,949

450 0,01 26,118
0,1 35,223
1 50,566

Figure 4 The relationship between lnZ and ln[sinh(ασ)]
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AZ81 magnesium alloy can be obtained by substituting 
the obtained parameters into the equation (4):

  (8)

VERIFICATION OF CONSTITUTIVE MODEL

The flow stress under the corresponding deformation 
parameters is obtained under different strains. Through 
this model, the flow stress predicted by the formula is 
calculated and compared with the experimental data, as 
shown in Figure 5. It can be seen from figure that the 
experimental values are in good agreement with the pre-
dicted values, indicating that the strain-coupled Arrhenus 
constitutive equation has high prediction accuracy.

CONCLUSION

The hot compression test of AZ81 magnesium alloy 
was carried out, and the stress-strain curves at different 
temperatures and strain rates were obtained, and the 
stress-strain curves were corrected. The relationship be-
tween material coefficients ( α, n, Q and lnA ) and true 
strain was established by sixth-order polynomial, and 
an Arrhenius-type constitutive model with strain com-
pensation was established. The flow stress can be ac-

Figure 5 Comparison between experimental data and predicted values (a)300 oC; (b) 350 oC; (c) 400 oC; (d) 450 oC

(a)

(b)

(c)

(d)

curately predicted, which provides a basis for the heat 
treatment of wrought AZ81 magnesium alloy.

ACKNOWLEDGMENTS
This work is supported by Hebei Provincial Depart-

ment of Education Higher Education Research Program 
(ZC2023079).

REFERENCES
[1]. Huimin L, Ming Z, Siyuan L, et al. High Temperature Defor-

mation Behaviour and Processing Maps of AZ81 Magnesium 
Alloy[J]. Materials Science Forum, 686 (2011), 168-175.

[2]. Zhao W, Jian Z, Feng H, et al. Study on constitutive model of 
AZ80 magnesium alloy based on plane strain compression[J]. 
Journal of Plasticity Engineering, 27 (2020), 139-146.

[3]. Wang Z, Zhao G, Zhang S, et al. Constitutive Equation of 
AZ80 Magnesium Alloy at Thermal Deformation[J]. Ap-
plied Mechanics & Materials, (2011), 148-149:762-765.

[4]. Lin L, Kui Z, Minglong M A, et al. Hot deformation beha-
vior of AZ40 magnesium alloy at elevated temperatures[J]. 
Journal of Wuhan University of Technology-Mater. Sci. 
Ed. 32 (2017), 1470-1475.

[5]. Zhang C, Liao H, Zeng M, et al. Impression creep property 
of AZ81 magnesium alloy[J]. Transactions of Materials 
and Heat Treatment, 33(2012), 76-80.

[6]. [1] Fenghong C, Siyuan L, Yong Z, et al. Hot Deformation 
and Processing Maps of As-extruded AZ81 Magnesium 
Alloy[J]. Special Casting & Nonferrous Alloys, 2011.

Note: The responsible translator for English language is Z. W. Wang 
- Caofeidian College of Technology, China




