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Abstract: A car’s steering wheel is connected to the steering gear and which is connected to the wheels via the tie rod. The 
job of the tie rod is to ensure the wheels are aligned. It provides the adjustment for wheel alignment that keeps the tires from 
wearing out on the inner and outer edges. Hence the functioning of tie rod is crucial for steering as well as suspension 
performance of vehicle. Tie rods are an integral part of vehicle’s steering system. Tie rod may get fail due to varying forces 
and bumping of vehicle during steering. The forces from the steering are also considered during the static condition of car. 
Vibration and buckling of tie rod has been continuously a concern which may lead to structural failure. So research work is 
aimed to assess buckling strength and compare buckling load of tie rod for different materials. Finite element models of the 
tie rod also analyzed to obtain stress distributions in each component. Based on the theoretical calculation results and finite 
element analysis with ANSYS results, stress values are validated. The mode shape and natural frequency results for different 
materials obtained in the normal modal analysis are compared. In buckling analysis, the load factor obtained for different 
materials are compared and critical buckling load is calculated and is validated by theoretical calculations. 
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I. INTRODUCTION 
 
Tie rod is the part of steering system of an automobile. 
Tie rod is slender in structure and used to tie and 
sustain compressive and tensile loads. The primary 
function of tie rod is to transfer the motion from 
steering arm to steering knuckle. Though maximum 
weight of vehicle is sustained by the suspension 
system, Fluctuating forces and vibration due to 
bumps form automobile vehicle transmits to tie rod 
which may cause it to fail. The most percentage of 
forces on tie rod is compressive. Structural failure 
also takes place due to high severity of vibration and 
forces. Force required in static condition of passenger 
bus is more as compared to moving bus. [6] 
 
Form the several years a great deal of research work 
has been invested to find out the critical buckling 
loads of columns. Theoretical and experimental 
research has predicted that geometrical imperfections 
and modified boundary conditions greatly influence 
the critical buckling load magnitudes and scatter of 
columns.  
 
A tie rod contains such geometrical imperfections and 
modified boundary conditions from a perfect 
cylindrical rod, since a tie rod consists of outer and 
inner ends threaded into a middle rod body, with 
changingend conditions. So it is important to 
accurately find out the buckling loads of tie rods, 
especially ones that are critical in compression used 
in automobile industries and aeronautical industry. 

 

 
Fig.1.Location of steering tie rod [6] 

 
II. DESIGN PROCEDURE OF STEERING TIE 
ROD 
 
At first the theoretical study of tie rod is done. To 
design the steering tie rod for solar car need to 
consider the overall weight of the solar car. 

 
2.1. Specification Data of Solar Car 
The parameter of solar car must be known to design 
of steering system. The parameters considered for 
design the solar car is shown in Table 1. 
Table 1: Design Parameter for Solar Car 
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The design procedure of the steering system involves 
the following three steps: 
1) Weight Distribution on Solar Car 

MicrosoftExcel is used to calculate the resulting 
center of gravity of the sprung andunsprungmass. 
This determines the static weight distribution of the 
car. The results are shown in Table 2 below: [3] 

 
Table 2: Static Mass Distribution on Solar Car 

 
The static mass distribution on the wheels is 
calculated by taking into account all of the cars parts. 
All mass centers are drawn below with their 
coordinates in Fig.2. 
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Fig.2.Weight distribution on solar car 

Calculate the weight distribution on front and rear tire 
by using these equations. [1] 
 
 

 
 

The forces are calculated with the total weight of 536 
kg including all parts, driver and panel weight. 
Further a weight distribution on front and rear tire 
have been calculated by Equation 1 and 2. The weight 
distribution on each tire is shown in Table 3. 
Table 3: The Weight Distribution on Rear and 
Front Wheel 

Tire  Weight 
(kg) 

Force 
(N) 

%of Total 
(Weight) 

Both front 150.71 1478.465 28.1% 
Left /Right 
front 

75.355 739.233 14.05% 

Both rear 385.29 3779.685 71.9% 
Left /Right rear 192.645 1889.847 35.95% 
Total  536 5258.16 100% 

 
2) Calculation of Acting Forces on the Steering 
System 

There are different forces occurring on the 
manual steering systems: 

i. Cornering forces 
ii. Accelerating forces 

iii. Braking forces 
iv. Bump force 

Calculate the acting force on the steering system 
by using these equations. [2] 
i. Cornering forces 
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iv. Bump forces 

2
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The result data of acting forces on the steering 
system is shown in Table 4. 

 
Table 4: Acting Force on the Steering System 
 Cornering& 

Bump Force 
(N) 

Accelerati
ng & 
Bump 
Force (N) 

Breaking & 
Bump 
Force (N) 

Front 
Wheel 

4810.98 4008.57 4765.75 

Rear  
Wheel 

5929.54 5393.55 4685.96 

When cornering, the steering system connected at 
front wheel. Therefore, the value of maximum 
cornering and bump force was 4810.98 N. )
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3) Calculation for Steering Tie Rod 
The tie rod connects the steering arm to the rack. The 
rack is under compression and tension. The most 
probable mode of failure is buckling; therefore the 
design against buckling is essential. The portions of 
the tie rod are shown in Fig.3. Parameter and 
specification data of tie rod are shown in Table 5. 

 
 
 

 
 

Fig.3. Portion of the tie Rod 
Table 5: Acting Force on the Steering System 

 
Table 6: Specification Data for Tie Rod 

 
The tie rod was designed to resist buckling and is 
made of Carbon steel. The design equations for tie 
rod are; [4] 
The critical load: 
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Rankine formula:
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The criteria to resistance buckling: 
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Table 7: Result Data for Tie Rod 

 
The result data of tie rod for solar car is shown in 
Table 7. 

 
1. NUMERICAL SIMULATION OF 

STEERING TIE ROD 
The designed steering tie rod was analysed with 

static structural by using ANSYS 14.5. The input 
geometry was drawn in SolidWorks with result 
parameters. 
 
3.1. Static Structure Analysis 

A static analysis is used calculates the effect of 
steady loading condition on a structure, while 
ignoring inertia and damping effect. Static structure is 
used to determine the displacements, stress strain and 
forces in structures or components caused by load 
that do not induce significant inertia and damping 
effect. So research work is aimed to assess strength 
and deformation of Tie rod for different materials.The 
different properties of materials are Carbon steel, 
Aluminium alloy and Gray cast iron.  
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Fig.4. von-Mises stress in tie rod using Carbon steel 

 
Fig.5. von-Mises stress in tie rod using Aluminium alloy 

 
Fig.6. von-Mises stress in tie rod using Gray cast iron 

Fig.7. Maximum deflection of tie rod for Carbon steel 
 

 
Fig.8. Maximum deflection of tie rod for Aluminium alloy 

 
Fig.9. Maximum deflection of tie rod for Grey cast iron  

In these three materials, the values of von-Mises are 
nearly equal but the total deformation of steel tie rod 
is less than other materials. So the Carbon steel is 
suitable for steering tie rod. 

 
3.2. Modal Analysis 
Modal analysis is important in vibration point of 
view. i.e. Vibrations in body are calculated up to what 
frequency the steering rod can sustain the load or 
Harmonic frequency of the body. Use modal analysis 
to determine the vibration characteristics (natural 
frequencies and mode shapes) of a structure or a 
machine component while it is being designed. 

 
Fig.10. 1stmode shape for Carbon Steel tie rod 

 
Fig.11. 1stmode shape for Aluminium alloy tie rod 
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Fig.12. 1stmode shape for Gray cast iron tie rod 

a) Calculations to Find the Working Frequency for 
Tie Rod 

Working frequency is given by: 

δ

g

2π

1
f(Hz)   

Where, g = the acceleration due to gravity(m/s2) 
             δ = the displacement (mm) 
Table 8: Frequency of Tie Rod for Different 
Materials 

 
From the above Table 8 the natural frequency of each 
material tie rod is high enough that the working 
frequency of each material tie rod will not excite the 
tie rod into resonance. 

 
3.3. Buckling Analysis 

Buckling analysis is carried out in order to obtain 
the first mode Eigen value, which will when 
multiplied by the applied compressive load, gives the 
linear Buckling load.This paper focuses on the study 
of buckling load on the Tie rod of steering system 
that undergoes an axial compression. 

 

 
Fig.13. Buckling Mode Shape for Carbon Steel Tie Rod 

 
Fig.14. Buckling mode shape for Aluminium alloy tie rod 

 
Fig.15. Buckling mode shape for Gray cast iron tie rod 

a) Critical Buckling Load for Tie Rod using FE 
Results 

Maximum critical buckling load Pcr for tie rod 
calculation using FE results is carried out by taking 
4810.98 N forces and load factor 2.772 for Carbon 
steel Tie rod, 0.988 for Aluminium alloy tie rod and 
1.503 for Gray cast iron tie rod. Therefore, the 
Maximum critical buckling load for tie rod is given 
by: [5] 

Pcr= Load factor × Applied load 
 
b) Critical Buckling Load for Tie Rod using 

Theoretical Result 
The Euler’s buckling formula for column one end 

fixed and other end hanged is given by: [5] 
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2
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Table 9: Critical Buckling Load for Tie Rod 

 
The maximum buckling load for tie rod using FE 
results and theoretical results is shown in the Table 
IX. Among Carbon steel tie rod is giving good results 
compared to Gray cast iron and Aluminium alloy tie 
rod. Hence Carbon steel tie rod is preferable material 
for the design of car tie rod. 
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CONCLUSIONS 
 
The steering tie rod of 3D model was drawn with 
SolidWorks software and analyze in ANSYS 14.5. 
Static structure analysis has been carried out on 
steering tie rod. Carbon steel, Aluminium alloy and 
Gray cast iron are chosen for this research. In these 
three materials, the values of von-Mises are nearly 
equal. But the total deformation of Carbon steel is 
less than other materials. So the Carbon Steel is 
suitable for steering tie rod. 
In the modal analysis, the 1stMode natural frequency 
of Carbon steel tie rod is 424.05 Hz, Aluminium alloy 
Tie rod is 422.79Hz and Graycast iron tie rod is 
324.37Hz. The 1stmode natural frequency of Carbon 
steel tie rod component is greater than the Gray cast 
iron and Aluminium Tie rod component, so Carbon 
steel tie rod is more suitable material for design of car 
tie rod. 
In the buckling analysis, the critical buckling loads of 
tie rod are obtained. The critical buckling load 
obtained for Carbon steel tie rod is 13.33KN, for 
Aluminium alloy tie rod is 4.75KN and for Gray cast 
iron tie rod is 7.23KN.The theoretical calculated 
critical buckling load for Carbon steel tie rod is 13.03 
KN closely meets with the FEA critical buckling load 
for Carbon steel tie rod is 13.33 KN. The error 
between the experimental and FEA critical buckling 
load is 2.25%, which is acceptable error.  
Carbon steel material is suitable for the manufacture 
of the tie rod of an automobile vehicle as it shows 
better mechanical properties compared to Gray cast 
iron and Aluminum alloy material. 
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