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1  INTRODUCTION 

 

Vheicle is a media by which anybody can move from one place to another. In the recent age 

vehicle become a primary requirement of the society. Its deign plays a vital role in the present  

research area. Some past work have been presented by various published papers till date. Some 

of them have been studied and presented in this chapter to find some aspect to do work. The past 

papers have been studied more but few important authors advise have been taken for 

consideration from where this proposed work is planned to work out. These authors problem 

areas are fingering towards reviewed literatures as described below.  

 

Dale E Egbert and Alexander Linlecki
[1]

 were presented an optimization procedure which was 

developed to select appropriate suspension design parameters for a simple two wheel trailer. 

Baragetti et al.
[2]

  were worked  with  two-fold aim, one is to characterize the fatigue behavior of 

thin-coated components and another was to develop a model for fatigue life prediction. They 
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The power driven machine road vehicle, generally employed in India on an outsized scale, 

area unit necessary a part of installation in major cities and additionally changing into 
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mechanical system that is usually used because the rear suspension in three wheeler car 

rickshaws offers a straight forward configuration. To calculate the mechanical properties of a 

trailing arm suspension CAE tool may be utilized by style engineers that may be used with 
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worked with an experimental test that was carried out on duplex stainless steel coated with CrN 

PVD coating (5 μm thickness) validate the numerical model. Whereas Donald V. Rosato and 

Dominick V. Rosato 
[3]

 provided an overview of fabricating processes. In the year of 2009 

Wasim Younis
[4]

 described the report as a part of a project to design a new concept for a trailer 

chassis to determine the loadings on and strength/deflections of a conventionally manufactured 

trailer chassis. Palma et al.
[5] 

analyzed the fatigue behavior of an automobile body part, according 

to the standards of performance. Tran and Geniaut
[6]

 developed an Extended Finite Element 

Method (X-FEM) axisymmetric model and  employed to compute stress intensity factors for 

cracked industrial specimens and components. Ueda et al.
[7]

 suggested on his paper that the 

actual analyses on a butt-weld joint are performed using these FEM programs. Pacejka
[8]

 

presented an introduction to vehicle dynamics with emphasis on the influence of tire properties. 

Yao et al.
[9]

 analyzed the main characteristics and role of qualitative and quantitative research in 

user research. They took Automobile Engineering design for example and planned to get 

accurate description words of car styling image, using factor analysis, cluster analysis and other 

statistical methods, and verified the application methods and value of quantitative research 

applied in user knowledge acquisition. 

 

The effects of incorporating local mechanical behaviour into a structural analysis of a cast ductile 

iron component are investigated by Olofsson
[10]

.The results are compared to using a 

homogeneous material description. Chan et al.
[11]

 presented a paper contained a finite element 

method (FEM) and computed tomography (CT) integrated design of multiscale damage analysis 

used to measure the micro-defect distributions from the magnesium-based alloy tubular 

component (AZ31B) formed by the hydroforming process. The proposed method can contribute 

to various industrial applications for rapid damage assessment. The rupture initiation position, 

the stress wave propagations and interface stress distributions of the single-lap adhesive joint 

with dissimilar adherends under impact tensile loadings are analyzed on the worked out paper by 

Liao et al.
[12]

 via experiments combined with FEM calculations taking account of the strain rate 

dependency property of the adhesive. It is obtained that rupture initiates at the interface of the 

adherend with higher Young's modulus (steel side in this study) in the joint under impact tensile 

loadings, which shows the opposite characteristic in the same type of joint under static loadings. 

Thus it’s additionally referred to as carrying unit. Right-hand orthogonal axis system as shown in 

the figure-1 is mounted in very vehicle. Coordinate axis is well horizontal, points forward, and is 

within the longitudinal plane of symmetry. The coordinate axis points to driver’s right and 

coordinate axis points downward. As per rotations are involved it have, a yaw rotation regarding 

coordinate axis, a pitch rotation regarding coordinate axis, a roll rotation regarding coordinate 

axis.  

 

The automobile frame and body are mounted on the front and rear shaft circuitously however 

through the springs and shock absorbers. In this project an effort has been created to work out the 

torsion, bending stiffness of a commercially available three wheeler auto-rickshaws trailing arm 

through finite component simulation. The aim of this work is to produce a guide line to the look 

associated modeling engineer of an industry.   
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Fig. 1 : Axis system of vehicle               Fig. 2 : Line layout of three-wheeled motor taxi 
 
 

2   TRAILING ARM SYSTEM 
 

 

Trailing arm suspension is commonly used because the rear suspension in three wheeler 

automotive vehicle rickshaws offers the benefits of getting a little elements count and an easy 

configuration as shown in figure-3. This suspension consists of two trailing arms that area unit 

mounted to the chassis at one finish and to the wheel  hub at the opposite finish with bushing. 

The trailing arm should be stiff enough to support lateral forces throughout cornering and 

twisting forces once it comes across pot holes. At an equivalent time, be versatile enough to 

permit the right and left hand wheels to displace otherwise once driving over a bump. Once a 

trailing arm suspension is being designed, therefore it has a tendency to think about the relative 

balance between the stiffness and also the flexibility of the constituent members, in spit of the 

straight forward configuration. Within the suspension strategy planning stage, it’s necessary to 

use performance prediction calculation for alignment changes and compliance steer, with this 

being even a lot of necessary within the case of a trailing arm suspension, that is influenced by 

the stiffness of every of its constituent members. 

To calculate the mechanical properties of a trailing arm suspension first of all it is needed to 

envision the kind of load exist on the system. The most deformation modes for associate 

automotive structure area unit given as : 

 

a) Longitudinal Torsion  

b) Vertical Bending  

c) Lateral Bending  

d) Horizontal Lozenge 
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Fig. 3 : Trailing Arm arrangement     Fig. 4 : Symmetric torque application on Tube  

 

 

3   CAE AND MODEL ANALYSIS 
 

Planning the analysis is that the most vital a part of any analysis, because it helps make sure the 

success of the simulation. The aim of CAE analysis is to model the behavior of a structure below 

a system of masses. Particularly in things FEA may be a part of CAE is terribly handy because it 

amounts to dynamical few numbers and re-running the analysis to grasp the component / system 

behavior. The majority the CAE software’s are freelance of the system of units to be used unless 

otherwise given. Therefore it’s the responsibility of the user to use applicable units as applicable 

as a result of CAE package can not beware of the units. Torsional and bending stiffness may be a 

crucial mechanical characteristic of three wheeler vehicle. This exerts direct impact on the 

vehicle’s dynamic response characteristic, noise, vibration, etc, this can considerably have an 

effect on its handling characteristics and is so a crucial parameter to live. The torsional rigidity is 

calculated by finding the force applied to the frame (the tube) and dividing by the angular 

deflection. The result’s historically expressed as variety measured in N-mm per degree. The 

particular calculation is finished as follows with the image as shown in figure-4 by presenting a 

read wanting from the front of the tube. 

 

Torsional stiffness can be calculated with the help of following equation. 

 

𝐊𝐓 =  
𝐓

𝛉
   

𝐊𝐓 =  
(𝐅𝐋)

[ ( 𝐭𝐚𝐧−𝟏   
 ∆𝐘𝟏 + ∆𝐘𝟐  

𝐋    ]
 

 

Where,  

KT = Torsional stiffness 

T = Torque 

𝜃 = Angular deflection 

F = Applied force 

L = Distance between load application 
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The deflection is taken to be angle formed from the center of the tube to the position of the 

deflected corner. Overhang test set up is the method actually used for measuring the stiffness of 

the any part. The torque applied can be calculated as :  

 

T = FL 

 

The corresponding deflection will be,  𝛉 = 𝐭𝐚𝐧−𝟏[ 
∆𝐘

𝐋
 ] 

 

Thus the torsional stiffness is given by, 𝐊𝐓 =  
𝐓

𝛉
 

 

Thus we need to measure during the experiment are:  

a) the applied force at the end of the bar  

b) the distance of load application  

c) the vertical deflections  

Similarly bending stiffness can be calculated as:  

 

Bending stiffness (𝐾𝐵)=  
Applied  force  (N)

Deflection  at  point  of  application  of  force  (mm )
  

 

                                 =  
F

∆Y
  N/mm 

 

Finite element model is a group member of spatial discretization method.  The term Finite 

Element Method actually identifies a broad spectrum of techniques that share common features 

outlined. Meshing (Fig.- 5) is done using hypermesh pre-processor. After conformation from 

mesh generated model material assignment is an responsible part in FEM technique. The 

material properties obtained from the UTM  test are : Tensile Strength (𝝈𝒖) = 366 MPa , 0.2% 

Yield (𝝈𝒚) = 307 MPa , Elongation(on 50mm gauge length) = [ 
(𝟔𝟎−𝟓𝟎)

𝟓𝟎
 ] 100 = 20 % , Young's 

modulus (E)  =  213200 MPa.  

 

 
Fig. 5 : Thickness Information of Different Parts 
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4   POST PROCESSING AND CALCULATIONS 

 

The torsional stiffness (Fig. 6) is nothing but the applied torque to the angular deflection due the 

torque. The below figure shows the angular defection produced due to the application of point 

load of 2000N at an offset distance of 100mm from the centre plane. Angular deflection (θ) 

observed from the plot=0.299. 

 

Torque produced= Force x Distance from the centre of rotation to load applied 

T = 2000 x 100 N-mm 

T = 2 e
5
 N-mm 

Torsional Stiffness (𝐾𝑇) = 
𝐓

𝛉
 N-mm / deg 

(𝐾𝑇) = 
𝟐𝟎𝟎𝟎𝟎𝟎

𝟎.𝟐𝟗𝟗
  

(𝐾𝑇) = 668896.32 N-mm/deg 

(𝐾𝑇) = 668.896 N-m/deg 

 

 
Fig. 6 : Deflection test result and contour plot 

 

Similarly, the bending stiffness is nothing but the applied load to the deflection due to the load. 

Deflection ( ∆y) observed =1.199mm 

Bending Stiffness (𝐾𝐵) = 
𝐅

∆𝐘
 N / mm  

(𝐾𝐵) = 
𝟐𝟎𝟎𝟎𝟎𝟎

𝟏.𝟏𝟗𝟗
 N / mm 

(𝐾𝐵) = 1668.06 N / mm 
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Fig. 7 : Contour plot for bending stiffness 

 

5   CONCLUSION  

Successful try has been created to predict the torsional, bending and international analysis of 

three wheeler auto-ricksha trailing by numerical simulation. The finite component model shows 

an appropriate result as per style demand. It is seen from the planning modeling and simulation 

that CAE plays a significant role in CAD/CAM field. The model analysis output could also be 

used as a expected style values. For a right economy associate degreed saving of your time 

computer code field is that the higher platform for style and modeling of an engineering product. 

Overall summery could also be terminated as that the engineering analysis is needed before 

producing of the merchandise to watch the flexibility to perform the operate of the duty that it is 

getting to apply. Varied engineering parameters will be analyzed through the CAE technique. 

It forever stopped with a hope for future modification. So, this work will be more proceed and 

developed with following discussion. 

a) Mode alignment chart i.e., comparision of trailing arm frequencies with alternative 

subsystems of the vehicle like body, chassis, suspension, engine in operation frequencies, 

gears elements is created so as to seek out the attainable modal interferences and thus for 

more structural modifications. 

b) FEM model is accustomed produce a versatile multi-body model to check vehicle ride, 

handling and luxury. 
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