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ABSTRACT 
The majority of service failures in aircraft components occur by fatigue. In the present paper, the fatigue analysis 

is carried on the aircraft wheel hub at radial load conditions on magnesium alloy in the finite element environment. 

The radial fatigue test conditions are applied to aircraft wheel in Finite element software and fatigue analysis is 

done. The fatigue life, von-Misses stress, deformation and safety factor of wheel hub are obtained for each load 

condition. The process is repeated at various fatigue load conditions on Mg alloy aircraft wheel. The combined 

steady and variable stress diagram is plotted using mean stress correction theory. The von-Misses stress and 

deformations are increased with fatigue load, and the safety factor decreases with increasing of fatigue load. The 

fatigue life is decreased with increasing of fatigue load. The maximum stresses are developed at wheel hub inner 

diameter. 
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INTRODUCTION 
The major engineering factors influencing the aircraft wheel are impact load, vibration and weight of the vehicle. 

Under varying load, the wheel will subject to fatigue. Fatigue fracture is cyclical stresses on the material, which 

occurs as a result a process of crack nucleation and pre-existent cracks in the material. Three major wheel tests 

are used in wheel development and design. Those are rotating bending test, radial fatigue test, and impact test [1]. 

Despite the fact that most engineers and designers are aware of fatigue, and that a vast amount of experimental 

data has been generated on the fatigue properties of various metallic and non-metallic materials, fatigue failures 

of engineering components are still common[2]. P. Ramamurty Raju [3&4] presents the generation of the S–N 

curve for aluminum alloy (Al), estimation of fatigue life under radial fatigue load and bending load of cornering 

fatigue test using finite element analysis. The fatigue life of the damaged wheel is estimated using the stress life 

(S–N) approach [5]. The fatigue life limit factors introduced by other researchers were used to obtain the stress 

and fatigue reduction factors which were further used to estimate the S-N curve as the stress-life method [6-8]. A 

finite element based method is used to simulate the radial test of an automobile wheel. Besides the certainty of 

the results obtain through practical, computer aided simulation of the wheel, using ANSYS replicates the actual 

experiments [9&10].The premature fatigue crack initiation in the components can be attributed to defects of 

various types introduced mostly inadvertently in various stages of component design, manufacture, maintenance, 

inspection, operation, etc [9-12]. A large number of such failures have been investigated in the authors’ laboratory 

over the past many years. In the present work an attempt has been made to conduct fatigue analysis of aircraft 

wheel hub subjected to different loads. 
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FATIGUE ANALYSIS OF AIRCRAFT WHEEL HUB 
Aircraft landing gear parts are subjected to fatigue loads and it develops repeated stresses. The surface finish 

factor, size factor, load factor, reliability factor and miscellaneous factors have an effect on the fatigue limit of a 

material. The specimens are assumed to be smooth and not considered the effect of fatigue limit modifying factors. 

 

Dimensions and Profile of Wheel Hub: 

Wheel hub flange outer diameter (O.D) 

(R1): 90.17 mm 

Wheel rim O.D (R2): 73.36 mm  

Wheel hub O.D     (R3):39 mm  

Wheel hub flange inner diameter (I.D)  

(R4): 68.92 mm 

Wheel rim I.D   (R5):35.17 mm  

Wheel hub I.D  (R6): 34.92 mm  

Wheel hub I.D  (R7):29 mm  

Flange height  (FH): 13.97 mm  

Wheel hub width      (W): 80.79 mm Flange width (FW): 19.05 mm 

 

 
Fig.1 Profile of wheel hub 

 

Mechanical Properties of Material 

 

Table1. Properties of Magnesium alloy (AM60) 

Type of 

material 

Young’s 

Modulus 

(GPa) 

Poisson’s 

ratio(ν) 

Density 

Kg/m3 

Yield 

strength(

MPa) 

Ultimate tensile 

strength 

(MPa) 

Magnesium 

alloy(AM60) 

 

43 

 

0.35 

 

1790 

 

103 

 

224 

 

Table2. Alternating stress values for various number of cycles of Magnesium alloy (AM60) [6] 

Number of cycles 25000 50000 80000 105 107 

Alternating stress (MPa) 107 89 84 82 82 

 

Modelling and Boundary Conditions 

The Magnesium alloy aircraft wheel hub is modelled using CATIA software. This 3D model is converted into an 

IGES file then imported into ANSYS. The element size is 3 mm and shape of elements is program controlled. The 

centre of the wheel hub is fixed (all degrees of freedom arrested).The constant amplitude load (fully reversed) and 

moments are applied to the aircraft wheel hub as shown in Fig.2. The radial fatigue test conditions are applied to 

aircraft wheel in Finite element software and fatigue analysis is done.The combined steady and variable stress 

diagram is plotted using mean stress correction theoryas shown in Fig. 3. 
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Fig.2 Boundary conditions of wheel hub 

 

 
Fig.3 Mean stress correction theory 

 

RESULTS AND DISCUSSION 
The following numerical examples give an insight into and clarity the safety and fatigue life of wheel hub. The 

numerical examples are presented to analyze the load bearing capacity and failure load of the aircraft wheel hub.  

 

Wheel Hub Analysis of Magnesium Alloy (AM60) 

Numerical Example 1: Fatigue load (35000N) and moment (1080 N-m) are applied to the aircraft wheel hub. 

The maximum equivalent (von-Misses) stress, maximum deformation, minimum safety factor and minimum 

fatigue life of wheel hub are obtained from ANSYS software. These values are extracted from Fig.4 to Fig 7 

respectively, and tabulated in table 3. 

 

           
                  Fig.4 von-Misses stress at the wheel hub                         Fig.5 Deformation of wheel hub 
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Fig.6 Safety factor of wheel hub           Fig.7 Fatigue life of wheel hub 

 

Numerical Example 2: Fatigue load (50000N) and moment (1080N-m) are applied to the aircraft wheel hub. The 

maximum equivalent (von-Misses) stress, maximum deformation, minimum safety factor and minimum fatigue 

life of wheel hub are obtained from ANSYS software. These values are extracted from Fig.8 to Fig.11 respectively, 

and tabulated in table 3. 

 

      
Fig.8 von-Misses stress at the wheel hub                     Fig.9 Deformation of wheel hub 

 

      
Fig.10 Safety factor of wheel hub          Fig.11 Fatigue life of wheel hub 
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3.1.3 Numerical Example 3: The fatigue analysis process is repeated for various loads and the failure occurs at 

60,000N (approximately). The maximum equivalent (von-Misses) stress, maximum deformation, minimum safety 

factor and minimum fatigue life of wheel hub at 60,000N are extracting from Fig.12 to Fig 15 respectively and 

tabulated in table 3. 

 

      
Fig.12 von-Misses stress at the wheel hub Fig.13 Deformation of wheel hub 

 

      
Fig.14 Safety factor of wheel hub   Fig.15 Fatigue life of wheel hub 

 

Table3. Results of fatigue analysis at different loads of a Magnesium alloy (AM60) 

Material Load (N) Deformation 

(mm) 

von-Misses 

stress(Mpa) 

Fatigue life 

(cycles) 

Safety 

factor 

Magnesium 

alloy(AM60) 

35000 0.0677 48.153 107 1.601 

50000 0.0967 68.793 107 1.1629 

60000 0.1161 80.589 9.35x106 0.992 

 

The maximum deformation and maximum equivalent (von-Misses) stress are increased with fatigue load and 

safety factor is decreased. The fatigue life is decreased with increasing of fatigue load. The Magnesium alloy is 

failing around 60000N. The maximum stresses are developed at wheel hub inner diameter. 

 

CONCLUSION 
The finite element fatigue analysis has been carried out on the aircraft wheel hub using ANSYS software. The 

magnesium alloy is considered in the present work. The various load conditions are applied on wheel hub. The 

fatigue life, von-Misses stress, deformation, fatigue life and safety factor are obtained from ANSYS software for 

each load condition on both materials. The combined steady and variable stress diagram is plotted using mean 

stress correction theory. The von-Misses stress and deformation are increased with fatigue load. The fatigue life 

and safety factor are decreasing with increasing of fatigue load. 
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