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Abstract— The main objective of this paper presents an 

approach to optimize the design of landing strut of a Light 

Compact Helicopter (LCH) made of Composite Material 

adopted from Aerospace Specification Metals (ASM). First 

the structural behavior is tested using the structural analysis 

when subjected to behavior constraints. Optimization 

process is carried out iteratively to minimize thickness of 

landing strut which results in the minimum weight of 

landing strut. 
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I. INTRODUCTION 

A. Landing Strut Introduction 

Each type of helicopter needs a unique landing strut with a 

specific structural system, which can complete the demands 

described by unique characteristics associated with each 

helicopter. The landing strut is the component that supports 

a helicopter and allows it to move on the ground.  

B. Conventional Landing Strut 

Conventional landing strut is one of the types among the 

landing strut where the strut legs indeed of tricycle fashion. 

The tricycle arrangement has one strut either back or front 

and two main strut legs. The main strut leg comprises a 

simple single piece of carbon fiber composite material 

spring leaf type which is bolted at the bottom of the 

fuselage. The design and development of a landing strut 

encompasses several engineering disciplines such as 

structures, mechanical systems, aerodynamics, material 

science, and so on. The conventional landing strut design 

and development for aerospace vehicles is based on the 

availability of several critical components/systems such as 

forgings, machined parts, mechanisms, sheet metal parts, 

electrical systems, hydraulic systems, and a wide variety of 

materials such as carbon fiber composite materials, steel and 

titanium, beryllium, and polymer composites.  

C. Design Criteria 

As the science of materials is progressing continuously it is 

natural that the use of new materials will replace older 

designs with new ones. Energy absorption and crashworthy 

features are the primary design criteria that govern the 

development of landing struts.  

II. LITERATURE SURVEY 

There are two types of landing gear systems are used on 

rotorcraft. The wheeled type of landing gear is complex and 

heavy. The design features include, tires, wheels, braking 

devices, oleo struts and other hydraulic equipment. Energy 

absorption takes place through brakes and shock absorbers. 

These types of landing gears also have to accommodate 

retracting mechanisms which further complicate the design. 

Callister (1985) done the paper under “Material Science and 

Engineering” which is about metal matrix composite 

(MMC)” 

This paper describes about: Titanium metal matrix 

composite (MMC) is a possible landing gear material for 

portions of the landing gear. Few examples are (i)The F-16 

Fighting Falcon uses monofilament silicon carbide fibers in 

a titanium matrix for a structural component of the 

jet's landing gear (ii)Some automotive disc brakes use 

MMCs such as aluminum MMC rotors(iii)Modern high-

performance sport cars use rotors made of carbon fiber 

within a silicon carbide matrix because of its high specific 

heat and thermal conductivity. 

Wu, et al, (2015) done the paper under 

“Compaction behavior of Al6061 and SiC binary powder 

mixture in the mushy state” 

This paper describes about: Material processing 

technology and the given compaction was studied for the 

first time in the known science history. Compaction 

mechanism of binary powder system was identified for 

various conditions and overall its similar regardless of hard 

phase amount at a given fraction. 

Synthesis of ceramic particle reinforced metal 

composites in the semi-solid state enables fabrication of 

fully dense composites at relatively low pressures. Only 

limited study, however, has been found on the compaction 

behavior and mechanism of the ceramic-metal, binary 

powder system in the semi-solid state.  

Besselink done the paper under “Shimmy related 

problems in the design of Landing gear” 

This paper describes about: Shimmy of landing 

gears is potentially dangerous and may result in severe 

damage to the aircraft. Experience has shown that it is 

difficult to reliably demonstrate shimmy stability from 

laboratory or flight tests. For that reason, much effort has to 

be put in the development of computer simulation models in 

order to make reliable stability predictions and to understand 

the mechanisms governing shimmy. The shimmy stability of 

a main landing gear is a function of many design variables 

and involves both the dynamic behavior of the tires and 

landing gear structure. Analytical expressions for the 

shimmy stability can be derived for the trailing wheel 

system with lateral flexibility of the support. Essentially two 

stable areas exist: First area small negative trail combined 

with a low yaw stiffness and high lateral stiffness. Second 

area large positive trail combined with a high yaw stiffness 

and low lateral stiffness 

Pritchard (1976) done the paper under “An 

Overview of Landing Strut Dynamics” about the problems 

faced by helicopters.  

This paper describes about: Problems facing by the 

helicopter community in landing strut dynamics, especially 

in shimmy and brake-induced vibration by Jocelyn Pritchard 

experimentally validated and characterized the shimmy and 

brake-induced vibration of helicopter landing strut. 

https://en.wikipedia.org/wiki/F-16_Fighting_Falcon
https://en.wikipedia.org/wiki/F-16_Fighting_Falcon
https://en.wikipedia.org/wiki/Landing_gear
https://en.wikipedia.org/wiki/Automobile
https://en.wikipedia.org/wiki/Disc_brake
https://en.wikipedia.org/wiki/Sport_car
https://en.wikipedia.org/wiki/Specific_heat
https://en.wikipedia.org/wiki/Specific_heat
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Morrison, Neff and Zahraee (1997) done the paper 

under “Aircraft landing strut simulation and analysis” 

mainly focused on lot of analysis of landing strut. 

This paper describes about: The helicopter landing 

strut simulation and performing two types of analysis. The 

first is kinematic evaluation of front nose strut and other is 

the structural study of main landing strut for a light weight 

helicopter.  

Daniels (1996) done the paper under “A Method 

for Landing Strut Modeling and Simulation with 

Experimental Validation”. 

This paper describes about: The approach for 

modeling and simulating landing strut, devolved a nonlinear 

model of an A-6 intruder main strut, the simulation and 

validation was performed against the static and dynamic test 

data.  

Flugge (1997) done the paper under “Practical 

Quantum Mechanics” 

This paper describes about: The impact force on 

landing strut considering both the landing and taxiing 

impact forces and neglected the drag force acting on it.  

New approximation methods and other developments, 

especially in the field of scattering, had to be added. It 

seemed necessary to include relativistic quantum mechanics 

and to offer, at least, a glimpse of radiation theory as an 

example of wave field quantization. 

Goyal (2002) done the paper under “Light Aircraft 

Main Landing Strut Design and Development” 

This paper describes about: The design analysis of 

Light Landing Strut. In the development phase, conducting a 

rigorous non-linear stress and buckling analysis was carried 

out and also conducting various experimentations on 

different combinations of loads and orientations.  

Fujimoto and Gallagher (1977) done the paper 

under “Summary of Landing Strut Initial Flaws” about 

cause of damage of struts. 

This paper describes about: The crack generation in 

the landing strut components and the basic causes of damage 

were found to be processing operations, latent material 

defects, mechanical damage and crack growth developed at 

corrosion pits.  

Eliaz, et al (2005) done the paper under “Cracking 

in cargo aircraft main landing strut truck beams due to 

abusive grinding following chromium plating”. 

This paper describes about: Failure of beams of 

landing strut during operation and during replacement of a 

wheel on the helicopter 

The other type used commonly than the wheeled 

type is the skid landing gear. Currently, skid landing gears 

are fabricated from metal alloys such as Aluminum 7075. 

The motivation in this research lies in investigating of 

composite materials can be used for skid landing gear 

design. 

The literature survey has revealed that there has 

been no work done on skid landing gear design that is 

fabricated in part or whole using composite materials. A 

typical skid landing gear are the two skid tubes and the two 

cross members on which the fuselage rests. Dampers on the 

landing gear are placed at appropriate locations to account 

for potential ground resonance instability issues. Wheels can 

be separately added on if desired.  

The literature survey also revealed a variety of 

analyses, testing, modelling, and simulation of aircraft 

landing gear. Experimental validation and characterization 

of shimmy and brake-induced vibration of aircraft landing 

gear are also reported. 

III. INTRODUCTION TO SOLIDWORKS 

Solid Works is a solid modeler, and utilizes a parametric 

feature-based approach to create models and assemblies. 

The software is written on Parasolid-kernel. 

A. Parameters 

Parameters refer to constraints whose values determine the 

shape or geometry of the model or assembly. Parameters can 

be either numeric parameters, such as line lengths or circle 

diameters, or geometric parameters, such as tangent, 

parallel, concentric, horizontal or vertical, etc. Numeric 

parameters can be associated with each other through the 

use of a relation, which allows them to capture design intent. 

B. Design Intent 

Design intent is how the creator of the part wants it to 

respond to changes and updates. For example, you would 

want the hole at the top of a beverage can to stay at the top 

surface, regardless of the height or size of the can. 

SolidWorks allows the user to specify that the hole is a 

feature on the top surface, and will then honor their design 

intent no matter what height they later assign to the can. 

C. Features 

Features refer to the building blocks of the part. They are the 

shapes and operations that construct the part. Shape-based 

features typically begin with a 2D or 3D sketch of shapes 

such as bosses, holes, slots, etc. This shape is then extruded 

or cut to add or remove material from the part. Operation-

based features are not sketch-based, and include features 

such as fillets, chamfers, shells, applying draft to the faces 

of a part, etc. 

D. Building 

Building a model in SolidWorks usually starts with a 2D 

sketch (although 3D sketches are available for power users). 

The sketch consists of geometry such as points, lines, arcs, 

conics (except the hyperbola), and splines. Dimensions are 

added to the sketch to define the size and location of the 

geometry. Relations are used to define attributes such as 

tangency, parallelism, perpendicularity, and concentricity. 

The parametric nature of SolidWorks means that the 

dimensions and relations drive the geometry, not the other 

way around. The dimensions in the sketch can be controlled 

independently, or by relationships to other parameters inside 

or outside of the sketch. 

E. Assembly Mates 

In an assembly, the analog to sketch relations are mates. Just 

as sketch relations define conditions such as tangency, 

parallelism, and concentricity with respect to sketch 

geometry, assembly mates define equivalent relations with 

respect to the individual parts or components, allowing the 

easy construction of assemblies.  
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F. Advanced Mating Features 

SolidWorks also includes additional advanced mating 

features such as gear and cam follower mates, which allow 

modeled gear assemblies to accurately reproduce the 

rotational movement of an actual gear train. 

IV. INTRODUCTION TO ANSYS 

A. Preface 

ANSYS is an engineering simulation software provider 

founded by software engineer John Swanson. It develops 

general-purpose finite element analysis and computational 

fluid dynamics software. While ANSYS has developed a 

range of computer-aided engineering (CAE) products, it is 

perhaps best known for its ANSYS Mechanical and ANSYS 

Multiphysics products. 

B. Features of ANSYS 

ANSYS Mechanical and ANSYS Multiphysics software are 

non-exportable analysis tools incorporating pre-processing 

(geometry creation, meshing), solver and post-processing 

modules in a graphical user interface. These are general-

purpose finite element modeling packages for numerically 

solving mechanical problems, including static/dynamic 

structural analysis (both linear and non-linear), heat transfer 

and fluid problems, as well as acoustic and electro-magnetic 

problems. 

C. Peculiarities 

ANSYS Mechanical technology incorporates both structural 

and material non-linearity’s. ANSYS Multiphysics software 

includes solvers for thermal, structural, CFD, 

electromagnetics, and acoustics and can sometimes couple 

these separate physics together in order to address 

multidisciplinary applications. ANSYS software can also be 

used in civil engineering, electrical engineering, physics and 

chemistry. 

D. Computational Fluid Dynamics and Code 

ANSYS, Inc. acquired the CFX computational fluid 

dynamics code in 2003 and Fluent, Inc. in 2006. The CFD 

packages from ANSYS are used for engineering 

simulations. In 2008, ANSYS acquired A Soft Corporation, 

a leading developer of high-performance electronic design 

automation (EDA) software, and added a suite of products 

designed to simulate high-performance electronics designs 

found in mobile communication and Internet devices, 

broadband networking components and systems, integrated 

circuits, printed circuit boards, and electromechanical 

systems. The acquisition allowed ANSYS to address the 

continuing convergence of the mechanical and electrical 

worlds across a whole range of industry sectors. 

V. MODELLING COMMANDS USED IN SOLIDWORKS 

A. CREATE THE WORKING DIRECTORY 

First create the working directory to save the all model in 

one folder 

File – set working directory – selects the required folder – 

ok. 

SKETCH- This command is used to create the new sketch 

like circle, line, rectangle, ellipse, etc. 

 The pro-e window selects the sketch icon and 

selects the plane or surface want to sketch. 

1) Circle-  

This command is used to create the circle. Create circle by 

picking the center point and a point on the circle from Right 

Tool chest. 

Pick the origin for the circle’s center - pick a point 

on the circle’s edge- click the middle mouse button – ok 

2) Ellipse-  

This command is used to create the ellipse. Create ellipse by 

picking the center point and a minor radius point and major 

radius point, the minor and major radius of the ellipse is 

vertical and horizontal direction depend upon the shape of 

ellipse we want. 

Select the ellipse icon from right tool chest- Pick 

the center for the ellipse – pick the minor radius of ellipse 

point and pick the major radius of the ellipse- click the 

middle mouse button – ok 

3) Line-  

This command is used to create the line. Create the line by 

start point and end point. 

Select the line icon from the right Toolchest – click the start 

point of the line – click the end point of the circle -enter 

4) ARC-  

This command is used to create the arc. Create the arc by 

using three points. The three points are start point, end point 

and center point of the arc. 

Select the arc icon from the right Tool chest – click 

the start point of the arc – click the end point of the arc and 

click the middle point of the arc –enter. 

The dimension of the arc is modified by double 

click on the arc then the dimension will appear in the pop up 

box, then provide the value of the arc. 

B. Create Full Size Objects 

1) Hexagon  

The hexagon is created by insert foreign data icon in the 

Right Toolchest. 

Insert foreign data from Palette into active object - scroll 

down to see the hexagon - double-click hexagon- Place the 

hexagon on the sketch by picking a position - with the left 

mouse button, drag and drop the center of the hexagon at the 

origin - modify Scale value to the required size – click enter 

2) Rectangle 

This command is used to create the rectangle and square. 

Click the rectangle icon in the right Toolchest – click the 

lower left point of the rectangle and higher right corner of 

the rectangle we want to draw. 

After drawing the rectangle, the dimension of the 

rectangle is provided by the pick the dimension command 

from the dimension icon in the right toolchest of the pro-e 

software. 

3) Dimension2 

This command is used to provide the dimension of the 

sketched entities the entities may be circle, line, rectangle, 

ellipse, etc. 

The dimension is provided to the sketch by select 

the dimension icon from the right tool chest then select the 

sketched entities and press the middle mouse button to finish 

the dimensioning. 

To change the dimension of the sketched entities 

by just double clicks the dimension line of created sketch. 
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4) Extrude  

This command is used to create the material (to make 3D 

object from 2D sketch) from the sketched entities. The 

entities may be circle, line or rectangle, etc. 

Select the extrude icon from the right tool chest 

then select the sketched part in the window, enter the 

extrude length and press the middle mouse button to finish 

the extrude command. 

C. Revolve  

This command is used to create the material from taking the 

one axis and sketched entities. The axis is the center of the 

revolved part. The revolve angle should between 0 degree to 

360 degree. 

Select the revolve icon from the right toolchest 

then select the sketched part and axis of the object in the 

graphical window, enter the revolve angle and press the 

middle mouse button to finish the extrude command. 

D. Sweep Features 

The Sweep option extrudes a section along a defined 

trajectory. The order of operation is to first create a 

trajectory and then a section. A trajectory is a path along 

which a section is swept. The trajectory for a sweep feature 

can be sketched or selected. The Sweep option of protrusion 

is similar to the Extrude option. The only difference is that 

in the case of the Extrude option, the feature is extruded in a 

direction normal to the sketching plane, but in the case of 

the Sweep option, the section is swept along the sketched or 

selected trajectory. The trajectory can be open or closed. 

Normal sketching tools are used for sketching the trajectory. 

The cross-section of the swept feature remains constant 

throughout the sweep. 

1) Sweep Cut 

To create a Sweep Cut feature, the procedure to be followed 

is the same as that in Sweep Protrusion. The only difference 

is that in case of cut features, the material is removed from 

an existing feature. The Cut option can be invoked by 

choosing Insert > Sweep > Cut from the menu bar. A cut 

can be a solid swept cut or a thin swept cut. 

E. Landing Strut Geometric Model 

1) Front View 

 
Fig. 1: Top View 

 
Fig. 2: Isometric View 

 
Fig. 3: Material Properties 

2) AL7075 

 
 

F. Graphite Epoxy 

 

VI. IMPORTING IN ANSYS 

A. Geometry View in ANSYS 

 



Material Optimization & Analysis of Skid Landing Gear 

 (IJSRD/Vol. 5/Issue 04/2017/385) 

 

 All rights reserved by www.ijsrd.com 1559 

B. Meshed View 

 

C. Loading Setup 

 

 

D. Analysis of Landing Strut with Existing Alluminium 

Alloy (7075) 

1) Total Deformation 

 
2) Equivalent Strain 

 
3) Equivalent Stress 
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E. Analysis of Landing Strut with Graphite Epoxy 

1) Total Deformation 

 
 

 

TOTAL 

DEFORMATION 
STRAIN STRESS 

Minimum 0 
9.9148e-

014 m/m 

3.6912e-

004 Pa 

Maximum 1.0976e-002 m 
1.9132e-

003 m/m 

1.431e+008 

Pa 

 

2) Equivalent Strain 

 
3) Equivalent Stress 

 

VII. RESULT TABULATION 

A. Results of ALLUMINIUM 7075results of Graphite 

Epoxy 

 

TOTAL 

DEFORMATION 
STRAIN STRESS 

Minimum 0 
2.5776e-

014 m/m 

1.9693e-

004 Pa 

Maximum 1.0976e-002 m 
1.9132e-

003 m/m 

1.431e+008 

Pa 

 

VIII. CONCLUSION 

A CAD model of landing strut for LCH was made and 

discretized in to finite element mesh using ANSYS. Static 

structural analysis was conducted in ANSYS. The obtained 

stresses are much lesser than the allowable stresses of the 

material. So, material optimization is carried out to reduce 

the weight of the component. The landing strut weight was 

reduced by using material optimization analysis in ANSYS 

from 42.456 kg to 24.261 kg for the given loading 

conditions.  

REFERENCES 

[1] William D. Callister Jr. (1985) “Material Science and 

Engineering, an Introduction” 

[2] Wu, Yufeng; Yong Kim and Gap (2015) “Compaction 

behavior of Al6061 and SiC binary powder mixture in 

the mushy state”. 

[3] Besselink.I.J.M (1995) “Shimmy related problems in 

the design of landing gear” 

[4] Jocelyn I. Pritchard (1976) “An Overview of Landing 

Strut Dynamics”. 

[5] Derek Morrison, Gregory Neff and Mohammed Zahraee 

(1997) “Aircraft landing strut simulation and analysis”, 

American Society for Engineering Educational Annual 

Conference. 

[6] James N. Daniels (1996) “A Method for Landin Strut 

Modeling and Simulation with Experimental 

Validation”, NASA Contractor Report. 

[7] Norman S.C. (1988) “Aircraft Landing and Design: 

Principle and Practices”. 

[8] Siegfried Flugge W. (1952) “Landing strut Impact” and 

(1997) “Practical Quantum Mechanics”. 

[9] Amit Goyal (2002) “Light Aircraft Main Landing Strut 

Design and Development”, pages 45-50. 

[10] Fujimoto W.T, Gallagher J.P. (1977) “Summary of 

Landing Strut Initial Flaws”, pages 77-127. 

[11] Noam Eliaz, Haim Sheinkopf, Gil Shemesh and Hilel 

Artzi (2005) “Cracking in cargo aircraft main landing 

strut truck beams due to abusive grinding following 

chromium plating”, Elsevier Engineering Failure 

Analysis, Vol 12, pages 337-347. 

[12] Dave Briscoe (2006) “ME 548 Aero structures Final 

Project ANSYS Analysis of Landing strut”.  

[13] Oraig Gellimoore (2007) “Constrained layer damping 

treatment design for aircraft landing”. 

[14] Jerzy Malachowski (2010) “Dynamical analysis of 

Landing strut for critical work conditions”. 

[15] Essam Albahkali & Mohamed Alqahtani (2011) 

“Design of light Landing Strut”. 


