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Abstract— The Landing gear, an important part of a 

helicopter, assists the helicopter to land. So, when the 

helicopter is in land condition, the landing gear should 

withstand the whole weight of the helicopter. Apart from 

this, it should also withstand the thrust while landing 

operation is on. Helicopter landing gear supports the entire 

weight of an aircraft during landing and ground operations. 

They are attached to primary structural members of the 

aircraft. The type of gear depends on the aircraft design and 

its intended use. The main objective of this project is to 

develop a practical fatigue analysis methodology for life 

prediction of rotary-wing aircraft component called cross 

tube, which is used for landing of helicopters. The focus of 

this fatigue capability is to be able to predict the service life 

of aircraft components. ANSYS platform is used to predict 

the life of aircraft component.                        

Key words: Aluminium alloy, cross tube, modeling in 

ANSYS, FEA analysis in ANSYS V 10         

I. INTRODUCTION 

The skid type landing gear is the simplest one and cheaper 

to manufacture. Some skids allow the helicopter to land 

even on water. If the helicopter need to land on hard 

surfaces (like runway) regularly, then some special kinds of 

“shoe” need to be attached to the skid. The shoe can be 

replaced upon wearing. The most commercial helicopter has 

the skid type landing gear. 

The configuration of skids mainly comprises of 

three to four fixed cantilever beams which are deflected 

outward when a load (i.e. aircraft weight) is applied. The 

deflection of skids plays the role of a shock absorber during 

landing operations. However, due to the nature of the 

beams, they are not as efficient as oleo shock absorbers. The 

design of skids compared with regular landing gear which 

are equipped with wheels is much simpler. Basic equations 

for beam deflection and bending stress might be employed 

in the design and analysis of skids. In addition, fatigue 

loading and fatigue life must be taken into account to predict 

the skid endurance. 

There is a need to predict the life of critical 

components for the timely scheduling of maintenance. 

Engineers are required to perform both static and fatigue 

analysis of structural components for all the supported 

aircraft platforms. At present, an adequate capability exists 

for static analysis. However, there is a need for a 

comprehensive fatigue and durability capability.  

The majority of structures involve parts subjected 

to fluctuating or cyclic loads, often resulting in fatigue-

caused structural failure. In fact, 80% to 95% of all 

structural failures occur through a fatigue mechanism. For 

this reason, design analysts must address the implications of 

repeated loads, fluctuating loads, and rapidly applied loads. 

As a result, fatigue analysis has become an early driver in 

the product development processes of a growing number of 

companies. 

II. METHODOLOGY 

In order to achieve the above mentioned objective, the 

following project methodology was devised 

- The three dimensional model of the skid landing 

cross tube is generated ANSYS workbench V.10 

- The Skid Landing Gear is designed in ANSYS. 

- Defining material properties.  

- Meshing of cross tube. 

- After meshing, load conditions are applied on cross 

tubes.  

- Fatigue analysis using ANSYS workbench V.10 

III. FINITE ELEMENT MODELLING AND ANALYSIS 

A. Geometric Model: 

 
Front view 

 
Top view 

Fig. 1: Geometric details of model (all in mm) 
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Fig. 2: Geometric model 

1) Finite Element Model Summary Of Cross Tube 

Total number of Nodes. 3936 

Total number of elements. 1000 

Table 1: Element summery of cross tubes 

B. Finite Element Meshing: 

The finite element computation is carried out using ANSYS 

software. The finite-element meshes of these models are 

generated using eight node brick solid45 element and 

Beam188. 

 

 
Fig. 3: Finite element meshing 

C. General Assumptions: 

The following are assumptions to be considered for analysis 

1) The material is assumed to elastic and 

homogenous. 

2) The analysis has been carried out with in elastic 

limits. 

3) Both Solid and shell elements are used for analysis. 

4) Rigid Body Element connection is used for load 

transfer. 

D. Boundary Conditions: 

Middle of the cross tube is fixed. i.e. Translational 

displacements : 

                                                         … (1) 

The top surface of the landing gear is considered as 

fixed point is “only point” at the center of cross tube 

While the helicopter is landing on floor, ends of the 

cross tubes are loaded along the positive y-direction and 

negative y-direction with cyclic loads. 

                                                                … (2) 

As each time landing case differs, different loads 

are considered for different number of Cycles to calculate 

fatigue life.  

Load steps is tabulated below 

Load Load split to each node 

1000N 20N 

2000N 40N 

3000N 60N 

Table 2: The load steps split to each node 

 
Fig. 4: Number of nodes on one side of the tube 
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Fig. 5: applying load and boundary conditions 

E. Material Used: 

Aluminum alloys have strong corrosion resistance. At sub 

zero temperatures, their strength increases, thus making 

them a useful low-temperature alloy and their strength 

decreases if they are subjected to very high temperatures. 

The aluminum 7075 alloy has high strength. The following 

datasheet gives more details about the aluminum 7075 alloy. 

Element Content (%) 

Aluminum, Al 90 

Zinc, Zn 5.6 

Magnesium, Mg 2.5 

Copper, Cu 1.6 

Chromium, Cr 0.23 

Table 3: The Chemical Composition of Aluminum Alloy 

7075. 

Properties Metric Imperial 

Tensile strength 220 MPa 31909 psi 

Yield strength 95 MPa 13779 psi 

Shear strength 150 MPa 21756 psi 

Fatigue strength 160 MPa 23206 psi 

Elastic modulus 70-80 GPa 10153-11603 ksi 

Poisson's ratio 0.33 0.33 

Elongation at break 17% 17% 

Hardness 60 60 

Table 4: The Mechanical Properties of aluminum Alloy 

7075 

- Applications: Aluminum 7075 alloy is mainly used 

in manufacturing aircraft and other aerospace 

applications. 

F. Structural Analysis: 

 
Fig. 6: Deformed And Undeformed Shapes 

 
Fig. 7: Displacement vector 

The maximum deflection occurs at the loading 

region of the cross tube and its magnitude is 10.392mm. 

Maximum displacement is taking place at the loading 

region. 

1) Event 2: 

 
Fig. 8: Nodal solution for von Mises stress 
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The maximum stress intensity obtained is 65.805 

N/mm2 at the loading region of cross tube. The obtained 

value of maximum stress is well within the permissible 

limits. Also the stress distribution is nearly uniform 

throughout the cross tube model. 

2) Event 1: 

 
Fig. 9: Nodal solution for von Mises stress 

The maximum deflection is reduced from 10.392mm to 

5.196mm. 

The maximum stress intensity obtained is 32.903 

N/mm2 at the middle portion of cross tube. The obtained 

value of maximum stress is well within the permissible 

limits of stress. 

IV. FATIGUE LIFE PREDICTION 

Fatigue is a phenomenon caused by repetitive loads on a 

structure. It depends on the magnitude and frequency of 

these loads in combination with the applied materials and 

structural shape. Structural members are frequently 

subjected to repetitive loading over a long period of time. 

Here the cross tube is subjected for the repetitive loads 

while landing, taxing, takeoff, etc..., so these cross tube are 

tested for the fatigue condition of failure. Steps used in the 

fatigue design is that first we take proper SN curve of the 

material of the cross tube shown in figure.10  

Later we have plotted a table as shown in the figure. 

Fig. 10: S-N curve for material AL7075 -T6 

The damage accumulated in the member is calculated for 1 

event, where it can be given by 

  
  

  
 

The total damage accumulated was         

Event 1 
Load-1  1000n 

69.249n/Mm
2 

Load-2  1000n 

Event-2 
Load-1  2000n 

34.642 N/Mm
2
 

Load-2  2000n 

Table 5: Fatigue calculations at location 1: 

A. Location: 1 Node 749. 

The combination of event 2, load 1 and event 2, load 2 

produces an alternating stress intensity of 69.249N/mm2. 

The cross tube was subjected to 500 cycles while from the 

S-N Table, the maximum number of cycles allowed at that 

stress intensity is 0.1000e+09. The partial usage value, 

0.0000, is the ratio of cycles used/cycles allowed. 

The combination of event 1, load 1 and event 1, 

load 2 produces an alternating stress intensity of 34.642 

N/mm2. The cross tube was subjected to 800 cycles while 

from the S-N Table, the maximum number of cycles 

allowed at that stress intensity is0.1000e+09. The partial 

usage value, 0.00001, is the ratio of cycles used/cycles 

allowed. 

The Cumulative Fatigue Usage value is sum of the 

partial usage factors (Miner’s rule). It can be concluded that 

cross tube is a failsafe design and recommended to change 

every time after 100000 hours of flight. 

V. CONCLUSION 

From above work, it has been clear that the cross tube can 

be design and modelled using ANSYS as per requirements. 

Cross tube is discretized in to finite element mesh using 

ANSYS. Designed cyclic loads were applied on the cross 

tube at the ends. Structural analysis and fatigue analysis 
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were conducted in ANSYS. The obtained stresses 34.642 

n/mm
2
 are much lesser than the allowable stresses of the 

material, hence the design is safe  

As the cross tube is subjected to repetitive loads the 

fatigue life estimation is done. The cumulative fatigue usage 

value is sum of the partial usage factors (miner’s rule) is 

       
It can be concluded that cross tube is a failsafe 

design and recommended to change every time after 100000 

hours of flight. 
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