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Abstract. This paper studies the effect of pre-stretching process on the residual stress and mechanical 
properties of EW75 magnesium alloy by OM and mechanical tests, etc. The results show that the bend 
deformation caused by the release of quench residual stress increases after machining into the 
pre-stretching sample. For the pre-stretching rate of 1.0%，1.5%，2.0% and 2.5%, the strain stress 
curves are similar and rebound phenomenon happens after unloading and varying degrees of twin 
deformation happens both in the surface and the core. When the deformation rate is 1%, the ultimate 
tensile strength of the material increases 20%, the yield strength increases 43%, while the fracture 
elongation reduced 30% subsequently. As the pre-stretching rate continues to increase, the yield 
strength, ultimate tensile strength and elongation are little changing. 

Introduction 
Residual stress has impacts on the statically strength, fatigue property and corrosion property of the 

material and it will produce during the solidification and cooling, thermal processing and machining 
process. In recent years, for the magnesium alloy, study focused on the magnesium matrix composites 
and stress production during welding process. Stress measurement technology for magnesium alloy 
and the effect of residual stress on fatigue and corrosion resistance properties are also studied [1,2]. 
There is no report or publication about the stress relief process until now. Magnesium alloy, especially 
Mg-RE alloy, has a large temperature difference between the surface and center during rapid cooling 
process because of its low thermal conductivity, and great non-uniform plastic deformation happens 
while it has a large thermal expansion coefficient, thus, internal stress produces and quench cracking 
happens frequently or causes final residual deformation in the ends [3]. Mg-RE alloy has a relatively 
high yield ratio, the releases residual stress violent, sometimes the alloy may even crack because of this 
[4]. In addition, the aerospace industry requires high dimensional accuracy of the material. But the 
residual deformation will reduce material utilization and increase production costs [5]. Therefore, it is 
a necessary prerequisite to develop and apply Large-scale structure of magnesium alloy to control of 
residual stress in magnesium alloy strictly.This article is focused on the EW75 magnesium alloy in solid 
solution state. By studying the influence of pre-stretching process on the microstructure and properties 
of the alloy, we get an effective way to eliminate the residual stress of the alloy, which provides the 
necessary experimental data for the utilization of magnesium alloy, and expands the scope of 
application of magnesium alloys. 

Research methods 
Extruded plate of EW75 magnesium alloy is the as-received material and it will be machined into the 

pre-stretching sample after solution heat treatment. And the samples are separated from intermediate 
by wire cutting to measure the initial deformation. Pre-stretching implements in tensile test machine 
and pre-stretching rate is 1.0%, 1.5%, 2.0% and 2.5%. The strain-stress curves are record in order to 
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investigate the deformation rules during stretching. After pre-stretching process, the microstructure of 
the alloy is observed and the mechanical properties of the alloy are measured with standard tensile test 
sample. 

Results and analysis 
Fig. 1 shows the macro morphology of the pre-stretching specimen before and after machining. It 

can be seen that the states of stress distribution are consistent before and after, but deformation 
increases (as shown in Table 1). The reason is that the stress distribution in new edge, which distributes 
laminar initial, is different from the before and had a smaller restriction on deformation. So the later 
period of the research will use the residual deformation as the initial deformation. 

 

Fig. 1. The macro morphology of the specimen before and after machining 
(a)：before machining；(b)：after machining 

Table 1. Comparison of residual deflection and cross section area of pre-stretching specimen before and after 
machining 

 Before After 

deflection(mm) 8.48 11.60 

 
Fig. 2. The loading and unloading curves of samples in different deformation 

Table 2. The elastic rebound rate of the samples after unloading in different deformation 

The amount of pre-stretching (%) 1 1.5 2 
Elastic rebound (%) 0.6 0.72 0.8 

 
Fig. 2 shows the loading and unloading curves in different deformation rate. As can be seen, 

recovery occurred in every curve, which is due to holder and slippage of samples in the stretching 
process. After barbed jig biting specimen, plastic deformation occurs in bitten portion during 
stretching. So the payload has not been fully applied to the specimen, which appears emergency 
response of the stress and strain on the stress-strain curve. Under the conditions of a 2.5% 
pre-stretching, sample fractures at 2.2%. 
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In pre-stretching process, all of the samples in different deformation rate have the similar stress-stain 
relations. After unloading, rebound occurs. The rebound ratios of the samples after unloading in 
different deformation are shown in table 2. It can be seen that when the deformation is 1%, the rebound 
is 0.6%, with an increase in the rate of pre-stretch, rebound rate increases and when the deformation 
rate increases to 2%, 0.8% rebound. This occurs because the internal discontinuity of material during 
pre-stretching process, mainly caused by the residual stress. Then different parts cannot reach the yield 
limit at the same time. When a small amount of deformation, parts of the region have not yet reached 
the yield limit, so rebound small. As the tensile deformation increases, the uneven distribution of the 
initial stress caused by the residual stress in material weaken and more parts of the material reach yield 
limit, so rebound more after unloading. When the entire material has reached the yield limit, how much 
material rebounds is determined by the material nature. 

Fig. 3 shows relationship between residual deflection and deformation. As we can see, the residual 
deflection decreases as the deformation rate increases. Initial residual deflection is 3.5mm, when the 
deformation reaches 2%, the residual deflection is 0.55mm, eliminating by 85%. This proves that 
pre-stretching method can effectively eliminate the residual stress of quenched magnesium alloys. 

 
Fig. 3. Relations between residual deformation and pre-stretching 

 
Fig. 4. The influence of pre-stretching on the microstructure of materials 
(a)：1% in the middle；(b)：1% in the side；(c)：1.5% in the middle； 

(d)：1.5%1% in the side；(e)：2% in the middle；(f)：2%1% in the side； 
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The influence of pre tension deformation on the residual stress is studied, and it is found that the 
pre-stretching process can effectively eliminate the residual stress. But for material application, the 
pre-stretching is to reduce the residual deformation based on the keeping of structure and mechanical 
properties of the alloy. Therefore, the microstructure and mechanical properties of the materials after 
the pre-stretching studied. 

Fig. 4 shows the influence of the rate of pre stretching on the microstructure of the material. It is 
found that there are different degrees of twinning in surface and the center in all deformation. 

Due to the Basinger effect, the resistance of the material to further deformation will increase in the 
same direction as the pre-deformation. It can be seen that when the deformation rate is 1%, the tensile 
strength of the material increases by 20%, the yield strength increases by 43%, while the fracture 
elongation decreases by 30%. Subsequently, the yield strength, tensile strength and elongation of the 
yield strength are not changed with the increase of the pre-stretch rate. The reason is that the speed of 
dislocation piling up and unlocking is depending on the deformation rate. Therefore, in certain 
deformation rate conditions, alloy performs higher strength than the initial state, but more than 1%, 
mechanical properties changes little (Fig. 5). 

 
Fig. 5. Mechanical properties after pre-stretching 

Summary 
1) The internal stress distribution keeps consistent before and after sample machining, but the 

deformation caused by the release of internal stress increases. The reason is that the stress distribution 
in new edge, which is laminar initial, is different from before and has a smaller restriction on 
deformation.. 

2) In pre-stretching process, all of the samples in different rate have the similar stress-stain curves. 
After unloading, rebound occurs. When the deformation is 1%, the rebound rate is 0.6%, with the 
increase of the amount of pre-stretching, the rebound rate increases. When pre-stretching rate 
increases to 2%, the rebound rate reaches 0.8%. The initial residual deflection is 3.5mm, and the 
residual deflection reduces to 0.55mm after 2.5% pre-stretching, eliminating by 85%. 

3) There are different degrees of twinning in surface and center in all deformation rates. When the 
pre-stretching rate reaches 1%, the tensile strength increases 20%, the yield strength increases 43% 
and the fracture elongation decreases 30%. Subsequently, as the increase of pre-stretching rate, the 
yield strength, tensile strength and elongation changes little. 
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