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Abstract: The use of magnesium alloys in the automotive industry increased in the last decade because of 

their low weight and relative good mechanical properties.  However, the variable loading conditions require a good 

fatigue behavior.  This paper summaries the fatigue properties of magnesium alloys and presents new fatigue curve 

results for die cast AM50 magnesium alloy.  
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1. Introduction 

Magnesium alloys are suitable for the automotive industry, because they are lighter than steel and aluminum 

alloys, and they have relative good mechanical and fatigue properties. Die casted Magnesium alloy AM50 

represents one of the preferred magnesium alloys for steering wheel, housing, engine cradle, [1,2].  

However, the die-cast products inhere a variety of casting defects such as porosity, oxide films and 

intermetallic particles, which are harmful to the mechanical properties, in particular, the fatigue behavior. It 

has been reported that fatigue-crack nucleation in a cast AM60B is mainly caused by porosity [3 - 6]. Fatigue 

lives of the die-cast AM60B alloy could be successfully predicted by the fracture mechanics approach, where 

the pore at crack initiation site was assumed as the pre-existing crack. This clearly suggests that scatter 

behavior of fatigue life would be mainly caused by the scatter of pore size [7]. 
Both low cycle fatigue [8] for AZ31, [9] for AZ 91 HP, AM 50 HP and AM 20 HP, Patel et al. for AM60 

[10], respectively high cycle fatigue [7,11] for AM60 approaches were employed for durability studies of 

Magnesium alloys. 

This paper presents the mechanical and fatigue properties of AM50 magnesium alloy, and a durability 

prediction for a steering wheel, based on material data obtained experimentally. 

 

2. Static properties of Magnesium alloy 

AM50 magnesium alloy specimens were manufactured, by die-casting in the same manufacturing 

conditions as steering wheels in a special mold. The resulting specimens are shown in Fig. 1. The chemical 

composition of investigated Mg alloy is presented in Table 1, and this assure high ductility and very good 

properties for energy absorption. 
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Table 1 Chemical composition of the investigated Mg alloy 

Material Aluminum 

[%] 

Manganese 

[%] 

Zinc 

[%] 

Iron 

[%] 

Nickel 

[%] 

 

 

 

 

 

Figure 1: AM50 specimens obtained by die-casting   Figure 2: Cylindrical specimen 

 

Tensile and torsion tests were performed on cylindrical specimens. Tests were performed on Instron static 

and dynamic testing machine with amaximum load of 25 kN, at room temperature. The strain was recorded 

using a video-extensometer. Tensile tests were carried on according to [12], the yield stress was determined 

at 0.2% strain. Typical stress - strain curve obtained in tension is shown in Fig. 3.a. A linear elastic region 

followed by an elasto-plastic domain with hardening can be observed. The mean values of the mechanical 

properties in tension are presented in Table 2. The obtained values are in agreement with those from 

literature apart from the Young modulus which is 19.6% smaller, the yield stress is 1.8% smaller and tensile 

strength is higher with 3 %, while the strain at break is lower with 3.4%. 

The curve depicting the torsion moment versus deformation angle is plotted in Fig. 3.b. The behavior is 

similar to that in tension: a linear elastic part, followed by a linear hardening behavior. The mean value of 

the ultimate shear stress is 172 MPa, resulting in a ratio between maximum shear stress and ultimate tensile 

strength of 0.66. 

Table 2 Tensile properties of the investigated Mg alloy 

Material Young modulus 

[MPa] 

Tensile strength 

[MPa] 

Yield stress 

[MPa] 

Strain at break 

[%] 

AM50 from tests 37625 236.9 122.8 14.5 

AM50 from [7, 8] 45000 230 125 15 

 

 

a. Tensile     b. Torsion 

Figure 3: Typical stress - strain curves 

3. Fatigue properties of Magnesium alloy 

 The required durability of steering wheels is in 

the range of medium cycle fatigue: 2x105 to 1x106 cycles. The fatigue tests were performed under load 
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control, at room temperature using an R-ratio of 0.1, using Instron static and dynamic testing machine with 

a maximum load of 25 kN. Two tests were performed at each load level. Specimens which did not fail up 

to 1x106 cycles were stopped (represented with  in Fig. 4). The maximum load corresponding to a 

durability of 1x106 cycles is 62.5 MPa. For a die-cast AM60 Magnesium alloy in [7] the fatigue limit for 

three point bending is 73.8 MPa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Experimentally determined fatigue curve for AM50 Magnesium alloy 

 

 The obtained fatigue strength f at 1x106 represents 30% from the tensile strength r, which is in 

agreement with the empirical relationship between fatigue strength and tensile strength of Li et. al. [11]:  

f = (0.25-0.50) r. 

 

4. Numerical estimation of durability for car steering wheel 

 The numerical simulations were performed in fatigue testing conditions on the steering wheel [13], 

using ANSYS Workbench. The mechanical and fatigue properties were defined as the ones determined 

experimentally in static and fatigue tests. The geometry of the steering wheel was generated in CATIA and 

imported. The boundary conditions were imposed according with [ 13] gripping the bottom part, and 

applying a 300 N load, Fig. 5.a. The steering wheel was meshed with 104888 SOLID187 elements 

connected in 176294 nodes, Fig. 5.b. The results of the static analysis are shown in Fig. 6. The maximum 

total displacement 6.6 mm was obtained on the point of applied load as we expected (Fig. 6.a), the maximum 

equivalent stress 98 MPa was obtained in one of the bottom holes (Fig. 6.b) and is lower than the yield 

stress of the Mg alloy 122.8 MPa, validating the strength static condition. 
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a. Boundary conditions     b. Mesh 

Figure 5: Problem set-up 

 

 
 

a. Total deformation    b. Von Mises equivalent stress 

Figure 6: Static analysis results 

 

 
a. Safety factor     b. Life 

Figure 7: Fatigue analysis results 

 The fatigue analysis was performed for R = 0 and without considering the mean stress effect. 
Having determined the fatigue curve on specimens manufactured in the same conditions as the steering 

wheel, the fatigue coefficient is Kf = 1. The fatigue results indicate that the minimum safety factor is 1.274 
and the durability equals 106 cycles.  

 

5. Conclusions 

 The mechanical properties of AM50 magnesium alloy were obtained by tensile and torsion testing 

and they are in good agreement with those from literature. The tests were performed on die-casted 

specimens manufactured in the same conditions like the steering wheels. 

 The S-N curve was plotted for tensile tests, with R=0.1,the fatigue limit at the durability of 106 

cycles being 62.5 MPa.  

 The fatigue curve was used for durability estimation of a steering wheel manufactured from AM40 

magnesium alloy, the numerical analysis showing a safety factor of 1.274, respectively a 106 cycles 

durability. 
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