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NOMENCLATURE 

 
[𝑴𝑴] = Mass matrix 

[𝑲𝑲]  = Stiffness matrix 

[𝑪𝑪] = Damping matrix 

[𝑺𝑺] = Change in Stiffness matrix 

{𝒖𝒖} = Displacement vector 

{𝑭𝑭} = Time varying load vector 

{𝑭𝑭𝒏𝒏𝒏𝒏} = Time varying nodal load vector 

{𝑭𝑭𝒔𝒔} = Modal analysis load vector 

𝝈𝝈𝒗𝒗𝒗𝒗𝒗𝒗 = Variable stress 

𝝈𝝈𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 = Mean stress  

𝝈𝝈𝒆𝒆 = Endurance stress 

𝝈𝝈𝒖𝒖𝒖𝒖 = Ultimate stress 

𝝎𝝎 = Angular velocity 

𝝎𝝎𝒏𝒏 = Natural frequency 

𝝓𝝓 = Phase angle 

𝛇𝛇 = Damping ratio 

𝒓𝒓 = Transmissibility ratio 

𝒏𝒏 = Ratio of input frequency vs natural frequency 

𝑵𝑵 = Number of cycles 

𝒂𝒂 = Fatigue constant 

𝒃𝒃 = Fatigue constant 

  



1 
 

 

 

ABSTRACT 
In this thesis work, a theoretical and comparative dynamic analysis of a ladder frame truck 

chassis has been done. After thorough literature study, it was found that comparatively less 

emphasis was given to the prestressed analysis while assessing the dynamic performance 

of a vehicle. On Indian roads, as seen, trucks and many heavy-duty vehicles tend to operate 

higher than their allowable payload limit. In this paper, static stress analysis and pre-

stressed modal analysis were performed on TATA 1612 chassis model to see if significant 

changes occur to the natural frequencies. The chassis model was simulated using ANSYS 

16.0 and three materials, namely. Structural steel, Aluminum alloy, and Carbon fibre were 

considered for the analysis. It was found that the effect of pre-stressing is more significant 

as the density of the material reduces and is most effective for aluminum alloy-made 

chassis. Also, it was observed that the change is more prevailing in the lower order mode 

frequencies for all the materials. The resultant change in frequencies as obtained in our 

analysis is significant, up to 39% in the case of structural steel and 50% in the case of 

aluminum. The load increment analysis results showed that the values increase or decrease 

with the increment of pre-stressing and few mode frequencies were tending to align 

themselves and approach the road profile frequency or engine operating frequency range. 

The harmonic analysis has been performed to locate the point of maximum stress 

concentration and deformation for both load free and pre-stressed chassis, also calculating 

the critical stress value which affects chassis’ dynamic characteristics. Based on the overall 

maximum stress value on the chassis in base payload as well as overloading, fatigue 

analysis has been performed to show that although the chassis design can endure an infinite 

life, the fatigue life is reduced by a factor of 10 when loading is increased by 40%.  
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1. INTRODUCTION 

1.1 OVERVIEW OF CHASSIS 

1.1.1 WHAT IS CHASSIS? 

Chassis is the main structural element of automobile which supports the loading from 

various sources. In a vehicle, the chassis acts as the main supporting structure, similar to 

the skeleton of a living organism. It bears all the stresses on the vehicle in both static and 

dynamic conditions. Every vehicle has a chassis frame, irrespective of their structure and 

purpose [1]. 

The Chassis has the following major functions: 

• It endures the weight of the vehicle body and other vehicle components mounted on 

it. 

• Supports the load of driver, passengers as well as luggage. 

• Acts as a barrier for the stresses arising due to bad road conditions to the vehicle 

body. 

• Withstands stresses during braking and acceleration of the vehicle. 

1.1.2 TYPES OF CHASSIS 

In general, the chassis can be classified into four categories. 

Ladder frame chassis: It is one of the most primitive form of chassis currently in use [2]. 

The ladder frame chassis has got its name from its structure, which looks like a ladder. 

During earlier times when technology was not in its full boom, the simple structure of these 

chassis made it successful. Generally, it has two longitudinal beams which are supported 

by short/cross beams. Among the several advantages of this type of chassis, it is easily 

manufactured. This simpler structure also helps in mounting the components much easily. 

These types of chassis are heavy and generally used in vehicles like trucks, trailers, etc. 
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Advantages  

• Easier to assemble as parts can be easily put in.  

• Easier to fix as parts are not permanently attached. 

• Construction method makes it durable and tough. 

Disadvantages 

• The ladder chassis does not have a strong torsional rigidity which makes it bad for 

cornering. 

• It is heavy in weight and not ideal for passenger cars. 

Monocoque Chassis: Monocoque is French word for shell. This type of chassis has an 

unibody construction where a shell-like structure is constructed around the vehicle and is 

connected to the base plate. This type of chassis is mainly in demand for passenger vehicles 

nowadays. 

Advantages 

• It has superior torsional rigidity. 

• It has a cage-like construction which makes it safer that other chassis frames. 

Disadvantages 

• Both chassis and frame are joined as unibody structure which makes it heavy. 

• Cannot be mass produced due to difficulty in manufacturing. 

Backbone Chassis: Generally, this type of chassis has two wheelbases connected by a long 

rectangular cylindrical structure, which looks like a backbone. This cylindrical structure 

also acts as the drive shaft of the vehicle, which can also be a disadvantage[3]. 

Advantages 

• A good torsional rigidity allows it to withstand more twists than ladder chassis. 

• The driveshaft is covered by the chassis. 

•  Good for off-roading. 

Disadvantages 

• As the driveshaft is covered, it becomes hard for repairing and maintenance purpose. 

• The manufacturing of backbone chassis is expensive  
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Tubular chassis: also known as space frame chassis, tabular chassis provides unparallel 

safety to the passenger or the driver. Due to its three-dimensional construction, these were 

an upgraded form of ladder frame chassis. Tubular chassis are rarely used on passenger 

cars. 

Advantages 

• Better rigid body dynamics than other chassis considering same weight. 

• Best choice for race cars due to lightweight and better rigidity than other chassis. 

• Offers the best weight/rigidity ratio out of all four types. 

 

Disadvantages 

• Tubular chassis are complex structures and need to be made manually. 

• They are hard to manufacture and cannot be mass-produced. 

 

1.2 FINITE ELEMENT ANALYSIS – OVERVIEW 

1.2.1 WHAT IS FEA? 

FEA is a general numerical method where we can solve complex geometrical model by 

dividing them into simpler, easy to comprehend parts that are called finite elements [4]. 

This process of dividing and breaking up the system is done by space discretization, 

generating the mesh of the object. This develops finite number of points or nodes which 

acts as numerical domain for the analysis. These nodes are assigned with their particular 

algebraic equations which are later grouped in to a large system of equations and solved for 

the entire model. 

1.2.2 ADVANTAGES OF FEA 

The process of subdividing the entire system in smaller domains and finite elements has 

many advantages. 

• Complex geometry which is difficult to solve analytically can be broken down into 

simple parts accurately. 

• Any major point of interest, such as stress points can be further analysed separately. 

• Nonlinear effects of material can be accurately analysed. 
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• Real life testing of a system can be minimized, making the manufacturing process 

cost effective. 

 

1.3 DYNAMIC ANALYSIS 

Finite element analyses play an important role in assessing the performance of a structural 

component (for e.g., chassis) in real life. We ascertain the loading conditions and run 

simulation on the FE model and at the end, outputs like displacement, stress, plastic strain, 

life cycles etc are obtained. 

The loading conditions are applied in static as well as in dynamic conditions of the body. 

Types of analysis performed during dynamic conditions of the body are Modal Analysis, 

Harmonic Analysis, Transient response analysis, Random Vibration analysis etc. 

 

1.3.1 MODAL ANALYSIS 

Modal analysis is the process of studying and analysing the natural frequencies of a 

component to understand its dynamic characteristics. Mode shapes are obtained through 

modal model equations to study various effects such as deformation, stress etc in case of a 

vibration input is given to the system. The matrix form of modal analysis [5] is given in 

Equation 1.1. 

[𝑴𝑴]{𝒖̈𝒖} + [𝑲𝑲]{𝒖𝒖} = {𝟎𝟎} 1.1 

 

1.3.2 HARMONIC ANALYSIS 

Harmonic analysis deals with dynamic response of a system under periodic loading, 

considering the input in frequency domain. Whenever a system is excited with sinusoidal 

input, the output is also sinusoidal with different phase and amplitude. The matrix form of 

harmonic analysis [5] is given in Equation 1.2. 

[𝑴𝑴]{𝒖̈𝒖} + [𝑪𝑪]{𝒖̇𝒖} + [𝑲𝑲]{𝒖𝒖} = {𝑭𝑭} 1.2 
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{F} is a time varying load vector given by Equation 1.3, 

{𝑭𝑭} = �𝑭𝑭𝒏𝒏𝒏𝒏� + 𝒔𝒔{𝑭𝑭𝒔𝒔} 1.3 

 Where, 

{Fnd} = time varying nodal force 

s = load vector scale factor 

{Fs} = load vector from the modal analysis 

1.3.3 TRANSIENT RESPONSE ANALYSIS 

Transient analysis deals with the response of a system in time domain. Transient means 

something that faces with time. Both loading and response is in time domain instead of 

frequency domain. 

1.3.4 RANDOM VIBRATION ANALYSIS 

Random vibration analysis deals with any inputs which is random in nature, for e.g., a speed 

breaker or pavement in case of an automobile. In this analysis, both input and output are 

statistical in nature. 

 

1.4 FATIGUE ANALYSIS 

Most of the failure in engineering components occurs due to fatigue. Fatigue occurs when 

a body experiences cyclic loading which is below its yield stress, for a period of time. 

Depending on the value of stress and the number of cycles the components the body can 

withstand before failure, fatigue can be categorized into three levels [6]. 

• Low cycle fatigue (when number of cycles is between 0 to 103) 

• High Cycle Fatigue (when number of cycles is between 103 to 106) 

• Infinite Fatigue Life (when number of cycles is greater than 106) 

The maximum value of loading for which the component can withstand infinite fatigue life, 

is called endurance stress. A sample S-N curve has been given in Figure 1.1 for better 

understanding. 
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Figure 1.1 S-N curve for fatigue failure 

 

As per the Goodman’s criteria (Equation 1.4), 

𝝈𝝈𝒗𝒗𝒗𝒗𝒗𝒗
𝝈𝝈𝒆𝒆

+
𝝈𝝈𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎
𝝈𝝈𝒖𝒖𝒖𝒖

=
𝟏𝟏

𝑭𝑭.𝑶𝑶.𝑺𝑺
 1.4 

Where, 

𝝈𝝈𝒗𝒗𝒗𝒗𝒗𝒗 = Variable stress 

𝝈𝝈𝒆𝒆= Endurance stress 

𝝈𝝈𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 = Mean stress 

𝝈𝝈𝒖𝒖𝒖𝒖 = Ultimate stress 

𝑭𝑭.𝑶𝑶.𝑺𝑺 = factor of safety 

Here, variable stress means the amount of stress that is completely reversed in the cycle, 

and mean stress is the average of maximum and minimum stress value.  

The endurance stress for structural steel is considered to be, 

𝝈𝝈𝒆𝒆 = 230 MPa (𝜎𝜎𝑒𝑒 = 0.5𝜎𝜎𝑢𝑢𝑢𝑢; for material whose ultimate tensile stress is < 1400 MPa [3])  
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The parameters have been further explained through Figure 1.2. 

 

Figure 1.2 Cyclic loading showing different stress parameter for fatigue  

 

According to the S-N curve approach, if completely reversed variable stress is given to the 

system, then the life of the system can be calculated by Equation 1.5, 

𝑵𝑵 = (
𝝈𝝈𝒓𝒓𝒓𝒓𝒓𝒓
𝒂𝒂

)
𝟏𝟏
𝒃𝒃 1.5 

𝑏𝑏 = �−
1
3�

log �
𝜎𝜎𝑢𝑢𝑢𝑢
𝜎𝜎𝑒𝑒
� 1.6 

log(𝑎𝑎) = log(𝜎𝜎𝑢𝑢𝑢𝑢) − 3𝑏𝑏 

 

1.7 

Where, 

N = Number of cycles 

a, b = Fatigue constants 
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2. LITERATURE REVIEW 
In the last two decades many experimental and numerical studies (material selection [7-17], 

structural analysis [19-27], [47-51], dynamic analysis [18-46]) have been performed by 

several researchers and scholars. These works mainly revolves around finding the natural 

frequencies of an automobile chassis and then using the selected natural frequencies which 

falls under the road vibration frequencies, to find out the mode shapes and thereafter the 

harmonic analysis is done using the results. 

These studies can be classified into four major categories, namely the chassis materials 

selection, static structural analysis, modal analysis and the harmonic response analysis 

using finite element method. 

2.1 CHASSIS MATERIALS  

When it comes to designing of an automobile chassis, material plays a key role. Different 

materials have been seen in the manufacturing process of an automobile, depending on the 

use case scenarios of the particular vehicle model. Many forms and alloys of steel [4][7], 

aluminum [6][11] and composites such as carbon fibre [2][5][8], etc have been in demand 

for their respective properties. It has been noticed in previous studies related to material 

selection that structural steel, aluminum, carbon epoxy, and e-glass epoxy composites were 

chosen as the main alternatives for chassis material.  

The main objective for material selection must be to reduce the weight of the chassis as 

much as possible without compromising on the strength, rigidity and other requirements of 

the chassis. Minimisation of weight can make the performance and efficiency of the 

automobile better [7]. It is also equally important to enhance the vehicle performance at 

minimum manufacturing cost. In general, the composite materials can replace the 

conventional materials due to its effective weight reduction property. For each 10% 

reduction in weight fuel efficiency can be increased up to 8% in the case of passenger 

vehicles, W. J. Joost et al [2]. Srinidhi Rao et al [9] identified structural steel as the best- 
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suited material, whereas Dasarath Palagiri et al [10] concluded carbon epoxy to be the most 

suitable material. High specific strength steel (HSSS), an aluminum infused steel has shown 

impressive weight reduction ratio Saxena et al [11] without much increment in stress value. 

In one experiment by Bhowmik et al [12] another form of steel, HSLA was found out to be 

the best material for designing the chassis. 

Many experiments and research were also conducted on carbon fibre composites. In the 

manufacturing of bumpers, the carbon fibre reinforced composites are found to be used due 

to its appreciable reduction in weight and better strength, John et al [13]. Reduction in 

weight, durability, toughness, part integration and reduction, crashworthiness, and aesthetic 

appealing, etc are the main advantages of carbon fibre, Ahmad et al [14]. One study 

concluded that composite material strength yield is 40% more than aluminum and 11% less 

than steel strength yield (T. Pravilonis et al [15]). 

Steel showed least amount of deformation in the mode shapes and static loading [4], [7] 

and carbon epoxy gave least deformation when considering weight ratio [5], [8], [10]. 

Structural steel or other alloys of steel have by far been the most used material for chassis. 

Aluminum and carbon fibre uses, though having some major advantages, are somewhat 

limited due to their cost ineffectiveness in mass production vehicles. Although, aluminum 

has found itself to be primary materials for automotive body panels, Y. Ota et al [16] and 

lightweight cars [17]. 

By far, structural steel is the most common material for chassis due to its cost effectiveness, 

strength etc. when compared to aluminum, which enhances its overall productivity. 

Aluminum on the other hand, has less weight yet comparable strength to steel, and due to 

this property, a vehicle’s body and chassis are also being manufactured apart from engine 

blocks, panels etc. Apart from less fuel consumption, making a chassis lighter also has 

various benefits for driving dynamics. 

These also says that other lightweight alternatives such as carbon-fibre are also seeing an 

enhancement in usage for premium and exotic vehicles where costs are less of a concern. 
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2.2  QUASI-STATIC ANALYSIS OF CHASSIS STRUCTURE 

Different authors have performed FE analysis on chassis structure under quasi-static 

loading, limiting the stress value within the optimum capacity, and redesigning the chassis 

to improve performance and reduce weight, without exceeding the safety factor for stress, 

strain, displacement, etc. 

Srinidhi Rao et al [9] have performed a complete dynamic analysis of a ladder frame chassis 

with Ansys and used three different materials namely structural steel, aluminum alloy and 

carbon epoxy composite. Structural modifications to avoid resonance and enhancing the 

performance were made. Similar kind of work was done by Pravin Renuke [18], to find the 

mode shape of the frame and modify it so that the natural frequencies fall out of the natural 

road range but with increasing the chassis stiffness. 

Kiran Ghodvinde et al [19] have done the stress distribution and displacement under various 

loading conditions in in the Kit car chassis and Chevy truck chassis. In the same year Denish 

S. Mevawala et al [20] have done a static stress analysis for an all-Terrain vehicle of roll 

cage skeleton model. Various tests like front impact side impact and rear impact were 

conducted all using. Hirak Patel at al [21]  have done the static load analysis for stress in a 

truck chassis frame and its design optimization for weight reduction where 17% of kerb 

weight was reduced keeping the stress and defamation under the limit. Ashutosh Dubey et 

al [22] have done static load analysis and power spectrum analysis using FFT analyzer, for 

chassis frame. Worst case loading conditions and over loading conditions were considered. 

Majority of the studies that were conducted, focused on the weight reduction of the 

automobile chassis by structural optimization (Marco Cavazzuti et al. [23]). Various 

techniques were mentioned for optimization of chassis. Emphasis was given in reducing 

the number of physical tests conducted for structural safety and using finite element 

analysis for this purpose by P. K. Sharma et al. [24], he performed a stress analysis on 

TATA Turbo Truck SE 1613. In the overloading conditions the maximum values of stress 

and deflection with the help of analytical calculations. 

A study by Vijayan et al [25] showed that I-section beams, when tested against C-section 

and box beams, performed very well and induced very low stress and deformation. This 

paper also compares steel with composite material e-glass epoxy using different cross 

section and with the aim of safely designing heavy vehicle chassis. 



12 
 

Many studies have emphasized on the fact that carbon fibre or epoxy have shown much 

better results against steel when conducting the structural analysis and better weight to 

stress ratios were observed V. Chintada et al. [26], J.S. Nagaraju and U.H. Babu [27]. But 

at the same time this accounts for much higher cost and less production affordability. 

In general, the major construction parameters for static structural analysis showed that C 

and I-section beams have been used mostly for longitudinal and cross frames of a ladder 

chassis respectively. The major loading could be distributed depending on the location of 

the payload and various vehicle components mounting. 

 

2.3 DYNAMIC ANALYSIS ON CHASSIS STRUCTURE 

2.3.1 MODAL ANALYSIS 

Modal analysis of the chassis has been done by several researches in past few decades. F. 

A. Rodrigues et al [28] performed all kinds of dynamic analysis including modal, harmonic 

and transient. Results showed even if the structure matched the static characteristics, 

dynamic analysis such as modal and harmonic allows identification of weaker spots, 

resulting to the rectification of the model. 

Vehicle dynamics concerns with different effects in the vehicle that can improve of 

deteriorate the overall performance of the vehicle in different driving conditions, Vivaz 

Lopez et al [29]. Understanding about vehicle structural dynamics is required to find the 

relationship between the various frequencies and their respective mode shapes to find their 

effects in an automotive chassis. Past works have shown the importance of studying the 

effect of irregular road surfaces on natural vibrations of an automobile as they impose a 

great effect on the automobile chassis as well as passengers and the loads carried by the 

vehicle, Prashant et al [30]. 

While performing modal analysis, several authors have considered unconstrained vibration 

of the chassis. If the structure is unconstrained, the first six modes of the structure become 

zero. Few researchers have taken the boundary conditions into account, restricting the 

degrees of freedom of the body. 

In designing and fabricating a space frame/tubular chassis is important to avoid resonance 

frequency which could cause excessive displacement and failure, Mohammad Al Bukhari 
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Marzuki et al [31]. Han fui et al [32] showed as most of the chassis’ natural frequencies lie 

within the road frequency range it acts as the major disturbing element. Also, the suitable 

mounting locations of components like engine and suspension system were chosen by mode 

shape results. Mohammad Reza Forouzan et al [33] showed as the natural frequencies fall 

out of the natural range due to increment of mass due to mounted components, this can be 

compensated with increasing the chassis stiffness, such as by decreasing it’s length. Any 

chance of resonance can be prevented by this method and the frequencies can be kept within 

desired range. Components like the fuel tank, fuel filter, electronic air processing unit 

(EAPU) and their mounting brackets, etc. are mounted on the chassis frame, Shuvam Bhise 

et al [34]. The results of modal analysis should be kept in consideration to ensure that these 

components do not produce any vibrations when put into operation. 

Goutham Solasa et al [35] performed a free free modal analysis, ignoring the boundary 

conditions and loads, noting the effect of any contact connections should be calculated 

based on their status at the beginning of the static analysis. 

The natural frequency and the mode shape depend on the mass and stiffness matrix of the 

system. The terms in the both mass (M) and stiffness (K) matrices depend on the geometry, 

material properties and boundary condition. Therefore, the form of the M-matrix and the 

K-matrix can be changed by changing the geometry of the structure which in turns avoids 

the resonating frequencies, YU Baojun et al [36]. Madhu Ps et al [37] did a modification of 

design to reduce deflection of structure and to find out the most critical mode. Obed 

Lungmuana Darlong et al [38] also did various design modifications, a total of 11 

modifications were carried out. The modified chassis was presented as the more ideal 

chassis with a reduced weight, reduced induced Von-Mises’s stress and from the modal 

analysis results presented favorable values. Cost is a significant factor in the decision-

making process in industry. A modified and reduced weight of a chassis make sure that the 

production, manufacturing, and material cost are in limit. Higher weight reduction is always 

desired and major factor in any optimization scheme, Abhishek Agarwal et al [39]. 

Vinodbabu Chintada et al [26] showed the deformation in CNT reinforced CFRP chassis 

frame is less in compared with traditional materials such as steel and magnesium alloys 

which are used in truck chassis. CFRP, as said earlier, also reduced the weight of the vehicle 

to substantial amount. 
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2.3.2 HARMONIC ANALYSIS 

The harmonic analysis, uses frequency response or phase response curves over time domain 

response to determine which vibration modes affects significantly to the dynamic response 

of the chassis. In general, three harmonic response analysis methods are used, full, reduced, 

and mode superposition. Another quite expensive method is to do a transient dynamic 

analysis with the harmonic loads considered as time-history loading functions, 2018, K 

Ashok Reddy et al [40]. The main aim of harmonic analysis is to reduce the experimental 

testing of chassis by conducting the same in simulation.  

Muhammad Al Bukhari Marzuki et al [41] have performed harmonic analysis of space 

frame race car chassis. The results found that the natural frequencies produced five mode 

shapes and all within 100hz which is safe and comfortable for human usage. In the same 

year Obed Lungmuana Darlong [38] performed harmonic analysis in a truck chassis and 

showed the most critical frequencies. Typically, the road profile frequency is 45-55 Hz. 

And the enginge operating frequency at 3000 rpm comes out to be about 25-30 Hz [32]. 

Static and dynamic loads such as weight and road roughness vibrations were analysed and 

applied to chassis model, Mahendra Verma et al [42]. ISO 8606 was used to calculate road 

roughness and the dynamic forces acting to the chassis frame were extracted using of a 

quarter-vehicle model simulation during a constant velocity motion. 

As we can see by our observation, though many studies considering various real-life 

problems have been performed in both modal and harmonic analysis, there are few areas 

that are yet to be analysed. This thesis aims at solving one of those less approached area of 

pre-stressed analysis of chassis structure. 

In papers like [9], [43], the loading for the harmonic analysis were applied by considering 

the vibrating part of the chassis, such as engine to be the main causing agent. This, however 

does not take into account the payload in case of heavy vehicles such as trucks, etc. where 

the loaded materials are not in constant contact with the chassis and may cause in or out of 

phase vibration with different amplitudes. 

For this part of the thesis work, two approaches were taken into consideration, analytical 

and experimental data outsourcing. For any two body in non-rigid contact with each other 

experiencing forced vibration, the external load will be transmitted to the second body in 

accordance to their transmissibility ratio and the lag in phase angle (∅). This ratio generally 
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depends on the damping ratio (𝜁𝜁) and natural frequencies of the body, as given in Equation 

2.1 and Equation 2.2.  

 

Transmissibility ratio (r) = � 𝟏𝟏 + (𝟐𝟐𝟐𝟐𝟐𝟐)𝟐𝟐

(𝟏𝟏 − 𝒏𝒏𝟐𝟐)𝟐𝟐 +(𝟐𝟐𝟐𝟐𝟐𝟐)𝟐𝟐
  

2.1 

   

tan ∅ = 
(𝟐𝟐𝟐𝟐𝟐𝟐)𝟐𝟐

𝟏𝟏 − 𝒏𝒏𝟐𝟐 +(𝟐𝟐𝟐𝟐𝟐𝟐)𝟐𝟐
 

2.2 

  

This approach seemed mostly accurate, however to calculate 𝛇𝛇 the experimental setup of 

the structure was required which was not possible considering resource limitations. A 

second approach was taken to outsource reliable data related to acceleration endured by 

truck cabin and chassis, from past works. Abdelkareem et al [44] had done analysis on the 

designing of damper for truck. His results showed the RMS cabin acceleration to vary from 

0.50 m/s2 to 0.98 m/s2. The average road unevenness was measured at 20mm. Zhao et al 

[45] had done a similar analysis with 3-DOF model and the results showed the cabin 

acceleration to be in the range of 0.47m/s2 to 0.64 m/s2, when the truck was going from 65 

kmph to 85 kmph. Considering these two results, a value of acceleration = 0.57 m/s2 was 

taken for our analysis. The resultant harmonic force was calculated based on this data and 

the payload mass was considered. 
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2.4  PRE-STRESSED ANALYSIS OF STRUCTURAL 

COMPONENTS 

For prestressed modal analysis, the governing equation takes the form (Equation 2.3), 

([𝑲𝑲 + 𝑺𝑺] −𝝎𝝎𝒊𝒊
𝟐𝟐[𝑴𝑴]){𝝓𝝓𝒊𝒊} = {𝟎𝟎} 2.3 

  

Where [K] is the stiffness matrix, [M] is the mass matrix, and [S] is the change in stiffness 

matrix due to prestressing [46]. 

What we have clearly seen from these papers is that more attention has been given to 

performing modal analysis when the chassis is in free condition and without stress. The 

pre-stress analysis is rare and comparatively less emphasis was given, as found in the 

literature survey [39-41][45].  

Bedri et al [47] performed prestressing effects in a shell structure and found out that 

compressive are tensile loading can affect the natural frequencies of a structure differently. 

The effect of pre-stressing was also taken into consideration by Saran et al [48], while 

analysing the analysis of dynamic performance of an aircraft wing. 

Naina Mohamed et al [49] performed the modal analysis with pre-stressed chassis. The 

result shows that though there are minimal effects of pre-stressing in comparison with 

unloaded structure for higher modes, the first few mode shapes recorded the highest change 

in mode frequency, (in the order of 0.1-0.2 %) with respect to the increasing load factor. 

But the change of frequencies when the material was changed was not addressed. Also, the 

chassis type taken into account was space frame chassis, generally used for lighter vehicles. 

Such a vehicle will not perform in high loading conditions. 
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2.5  SCOPE OF WORK 

When looking at the past papers, many researches and experiments on the static structural 

analysis can be seen. Leaf spring/supports, reinforcement brackets which supports 

subassemblies to the chassis, washer and weld locations etc were found out to be the most 

critical location [50]. The stress and deformation are also compared for different types of 

loading and chassis structure with different cross sections [19], [25], [51]. 

Modal analysis is used to determine the mode shapes and the natural frequencies of any 

component. This is used to analyse the behaviour of that particular component when it is 

subjected to a load of similar frequency and to avoid failure due to resonance. The result of 

modal analysis is further used to study various other types of analysis such as harmonic or 

transient [52], [53].   

In the case of vehicles such as trucks or any vehicle that is designed to carry a load much 

higher than normal, the components may not behave as pre-assumed in the free condition 

or even in the elastic domain. Stress stiffening can change the natural frequencies of a 

system which impacts dynamic responses of the system. Given the limitation in the current 

body of knowledge and the importance of understanding the pre-stress characteristic of the 

chassis frame, there is a scope for further analysis of the effect of pre-stressing on the 

chassis structure. 

This work has emphasized the effect of prestressing on modal and harmonic analysis, and 

for different materials that are currently in use for chassis manufacturing.  
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3.  OBJECTIVES AND METHODOLOGY 
 

3.1 OBJECTIVES 

This study approaches with the following objectives.  

1. To design a ladder frame chassis model that can withstand rated payload as well as 

overloading. 

2. Select three materials generally used for chassis’ manufacturing and to analyse their 

respective properties and change in the results due to them. 

3. To perform a pre-stressed modal analysis on the chassis made from three different 

materials, and compare the results obtained with that of the load free chassis side by 

side, to show if any changes occur. 

4. Perform Harmonic analysis with mode superposition principle on both load free and 

pre-stressed chassis, and to find out the maximum stress developed due to harmonic 

loading. 

5. Perform a manual fatigue analysis to check if the maximum stress endured by the 

chassis in base payload as well as in overloading condition results an infinite life, 

and to find out the reduction in fatigue life with increasing stress.  

 

3.2 METHODOLOGY 

The methodology of the thesis has overall been categorized into five parts. Namely, the 

chassis structure, meshing, materials used, boundary conditions and loading for static and 

modal analysis, and loading for harmonic analysis with pre-stressing effect from the quasi-

static analysis to see the effect of loading on the dynamic behaviour of the chassis. 
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3.2.1 MODELLING THE CHASSIS STRUCTURE 

As we have stated earlier, the ladder frame chassis is one of the simplest and oldest 

constructional form of chassis. There are two longitudinal members which form the 

backbone of the chassis joined by several cross members attached to them for additional 

support. In our finite element analysis, static structural, modal, and harmonic analysis were 

performed on the TATA 1612 ladder-frame type chassis model. The rated loading criteria 

of the model were obtained from available source and the structure was created using design 

modular in the ANSYS workbench. 

Two types of beams were designed for overall construction of the chassis. The longitudinal 

or the side members were constructed using a C-section beam and the cross/ short members 

were constructed using I-section beam. Both the C-section and the I-section beam’s 

sectional view are shown in the Figure 3.1 for a detailed overview. All dimensions are in 

mm. 

 

Figure 3.1 Sectional View of C-Beam and I-Beam 

In the Figure 3.2 below, the top and side view of the chassis have been provided. Table 3.1 

shows all the dimensional parameters of the chassis in a concise form. 
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Figure 3.2 Top and Side View of The Chassis 

 

Table 3.1 Design Specification of The Chassis 

Components Dimensions 

C-section beam (outer frame) 140mm x 60mm x 20mm (length = 

8810mm) 

I-section channel (inner/cross 

frame) 

100mm x 70mm x 35mm (length = 

884mm) 

Rear overhang(r) 1400mm 

Front overhang(f) 750mm 

Wheelbase(w) 6670mm 

 

3.2.2 MESHING   

Basic theme of FEA is to interpolate the results for entire domain by making calculations 

at limited number of points. The aim of meshing is to divide a continuous structure that has 

infinite degrees of freedom, into smaller parts creating finite degrees of freedom using 

discretization. Considering the application, different types of meshing can be used. Namely, 

beam, shell and solid elements (1D, 2D and 3D). Elements can be identified and selected 

based on the dominant geometrical dimensions. 

For our analysis a line body construction of the chassis was created. The Beam 189 type 

element was used in the meshing purpose, as shown in Figure 3.3.  
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Figure 3.3 Model Meshing 

The structure of the chassis is uniform, symmetric, and the cross section does not vary with 

the length. Beam elements are typically used in such cases. The most obvious reason for 

using beam elements would be speed of numerical simulation. Beam elements are far more 

computationally efficient than 2D or 3D elements since they have less DOFs. 

In finite element analysis (FEA) as the geometry, or spatial domain, is meshed more finely 

convergence occurs, which means arriving nearest to the true solution. Mesh convergence 

involves choosing an optimal mesh by running multiple simulations with different levels of 

fine/coarse mesh, reducing the element size and calculating the result of this process on the 

accuracy of the solution. 

Typically, as the mesh size is reduced, the solution becomes more accurate as the 

performance of the critical point of the product is finely analysed across its spatial domain. 

But to attain a more accurate result, longer runtime is required and complexity of the 

process is also increased. 

Keeping theses in mind, a particular size of meshing was chosen for the analysis. As the 

model in use was designed by line body modelling, the edge sizing was tested for 3, 5, 7, 

and 9 divisions per edge length. The convergence results that were obtained by comparing 

the natural frequency of the chassis for the first 16 modes showed that 9 divisions per edge 

length can be considered as the optimum mesh size. The percentage change while going 

from 3 to 9 divisions have been shown in Table 3.2 below.  
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Table 3.2 Mesh convergence for 3 to 9 divisions in edge sizing 

Percentage Change in Results 
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0 
0 0 0 
0 0 0 

0.013176 0 0 
0.004247 0 0 
0.011764 0 0 
0.005772 0 0 
0.005188 0 0 
0.028088 0.005107 0 
0.009669 0.001934 0 
0.059985 0.007499 0.001875 
0.010903 0.001558 0 
0.013882 0 0.001542 
0.023864 0.002386 0.001193 
0.024226 0.002202 0 
0.271186 0.03073 0.006358 

 

As we can see the change in percentage continues to reduce as we go from 3 to 9 and attains 

almost negligible value in 9 divisions, thus latter was chosen as the optimum number for 

mesh sizing. 

Details of the optimized FE mesh are given in Table 3.3. 

 

Table 3.3 No of Nodes and Elements 

Number of total nodes 696 

Number of contact elements 135 

Number of solid elements 234 

Number of total elements 369 
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3.2.3 MATERIALS CONSIDERED 

As per the overall observation, three materials were chosen for our analysis, namely 

structural steel, aluminum alloy and carbon fibre.  

Here, a comparison between structural steel, aluminum alloy, and carbon fibre has been 

made alongside to see their respective deformation, equivalent stress, and mode frequencies 

generated. The material properties of the following elements have been given in Table 3.4. 

and are collected from various data sources [9], [54]. 

Table 3.4 Material Properties of Steel, Aluminum and Carbon 

 Structural Steel Aluminum alloy Carbon Fibre 

Density(ρ) 7850 kg/m³ 2770 kg/m3 1500 kg/m3 

Young’s modulus 

(E) 
200 GPa 71 GPa 155 GPa 

Poisson’s ratio (µ) 0.30 0.33 0.38 

 

3.2.4 LOADING AND BOUNDARY CONDITIONS 

The chassis structure has been divided into sections and the loads have been categorically 

distributed in each section as uniformly distributed load (UDL). The maximum allowable 

payload has been taken from standard available data and few modifications have been made 

as per general observation, for example, specific load (Figure 3.4) has been applied on the 

front section where the engine and gear assembly are supposed to be mounted [16]. Overall, 

the rear section has been acted upon by more loads as the whole payload is placed on the 

rear side of the vehicle.  

As for the engine and the gearbox assembly, one specific I-beam was selected and the 

weight was applied. The rest of the weight, i.e., payload and the vehicle body weight, has 

been divided on the longitudinal C-beams. Figure 3.4 shows the distribution of the loads on 

the chassis.  
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Figure 3.4 Distribution of The Loads on The Chassis 

As for the payload, four load categories have been taken into account for the analysis, no 

load condition, base payload condition, 1.4 times of the payload condition (Table 3.5), and 

1.8 times of the payload condition. These increment for the payload seemed necessary as 

there are frequent occurring of such scenarios where the vehicle operate and drives with a 

much higher payload than normal.  

In this analysis, a scaling factor of 1.4 times the base payload has been considered to be the 

general case as we are concerned with the overloading which is a normal occurrence in the 

day-to-day life on Indian roads. 

Table 3.5 Payload Calculation of The Chassis 

Load criteria Loads 

Deadweight acting on the chassis 4700kg 

Allowable payload 11500kg 

Overloading considered 1.4 x 11500 = 16100kg 

Total load 20800kg = 204 kN 
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The boundary conditions of the model have been shown in the Figure 3.5. Any unrestrained 

rigid body in three-dimensional space has six degrees of freedom (6-DOF). As per our case, 

the chassis structure is in fully loaded conditions and considering that, optimum supports 

and boundary conditions have been provided. The four wheel-base of the chassis, as shown 

in the image are constrained to behave as a hinged support, barring the translational motion 

and allowing rotational motion on all the axis. 

 

Figure 3.5 Boundary Conditions of The Model 

 

3.2.5 HARMONIC ANALYSIS 

For the harmonic analysis part, the acceleration of the periodic motion of the payload was 

set as 0.57 m/s2, based on the observation [47][48] and the subsequent acting force was 

found out by calculation. 

Total payload = =16100 × 9.81 N=157941 N  

Harmonic load = 16100 × 0.57 = 9177 N  

The force applied on the chassis for our analysis is shown in the Figure 3.6 below. The 

distribution of force has been made as per the same ratio with the base payload distribution. 
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Figure 3.6 Loading for harmonic analysis 

 

The simulations on the chassis model were run between 0-60 Hz frequency with a step 

division of 1 Hz. The damping co-efficient of the structure was considered to be 0.2.  
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4. RESULTS AND DISCUSSION 
 

The analysis part can be categorized into four subparts, namely, STATIC STRUCTURAL 

ANALYSIS, MODAL ANALYSIS, HARMONIC ANALYSIS and FATIGUE 

ANALYSIS. The used chassis model has been simulated under various kinds of loads, static 

and dynamic, and also for all the three materials that have been used for this purpose. 

4.1 STATIC STRUCTURAL ANALYSIS 

Total deformation and maximum combined stress have been calculated for each material. 

The load considered for the static analysis, is 1.4 times of the actual rated payload. The 

result obtained can be seen in Table 4.1 below. 

 

Table 4.1 Static structural analysis results 

 Structural Steel Aluminum alloy Carbon Fibre 

Maximum deformation 74.53 mm 125.36 mm 85.832 mm 

Maximum combined 

stress 
291.39 MPa 198.25 MPa 268.15 MPa 

 

The deformed shape and stress of the chassis under static analysis has been shown in Figure 

4.1 and Figure 4.2. The following figures have been generated considering structural steel 

as the material. 
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Figure 4.1 Deformation due to static loading 

 

Figure 4.2 Combined stress due to static loading 

 

As we can see above, in Figure 4.1, the maximum deformation of 125 mm has been 

observed for aluminium alloy and gradually decreasing for carbon fibre and steel, with 

structural steel being the least deformed. The deformation of the three materials is as per 

expectation and in accordance to their decreasing young’s modulus. All stress values are 

within limit. 
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4.2 MODAL ANALYSIS 

In Table 4.2, all the obtained mode shapes have been shown. The displacement nature of 

the modes has been discussed below. 

Table 4.2 First sixteen mode shapes of the chassis 

Mode shapes Description 

 

Mode 1: 
normal 

bending mode 
about Y axis. 

 

Mode 2: 
normal 

bending mode 
about Z axis. 
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Mode 3: 
twisting mode 
about X axis. 

 

Mode 4: 
normal 

bending mode 
about Z axis. 

 

Mode 5: 
normal 

bending mode 
about Y axis. 
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Mode 6: higher 
order bending 
mode about Z 

axis. 

 

Mode 7: 
twisting mode 
about X axis. 

 

Mode 8: higher 
order bending 
mode about Y 

axis. 
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Mode 9: higher 
order bending 
mode about Z 

axis. 

 

Mode 10: 
higher order 
twisting mode 
about X axis. 

 

Mode 11: 
higher order 

bending about 
Z axis. 
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Mode 12: 
higher order 

bending about 
Y axis. 

 

Mode 13: 
normal 

bending mode 
about Z axis. 

 

Mode 14: 
higher order 
twisting mode 
about X axis 



34 
 

 

Mode 15: 
higher order 

bending about 
Y axis. 

 

Mode 16: 
higher order 

bending about 
Z axis. 

 

Mode 1, 2, 4, 5, and 13 are seen as normal bending modes, bending about y or z-axis. Mode 

no. 3, 7, 10, and 14 are twisting modes about X-axis. While mode no. 6, 8, 9, 11, 12, 15, 16 

are higher-order bending modes. All higher order bending modes are out of plane modes 

except 16th mode, which is in-plane bending modes. Typically, in plane modes will have 

higher natural frequency given the ladder "steps'' provide additional support. 

 

4.2.1  COMPARISON OF MATERIALS 

• A side-by-side comparison of mode frequencies of all the materials has been made for 

both prestressed chassis and load-free chassis when considering the overloading as 
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X=1.4, X being the factor of payload, in Table 4.3, Table 4.4, Table 4.5. There is a 

significant change in the mode frequencies where prestressing has been applied. The 

change in structural steel is less as compared to the other two materials, whereas the 

greatest number of changes has been observed in the case of carbon fibre chassis. (The 

highlighted modes in red fall in operating engine frequency, whereas green 

highlighted modes fall in the road profile frequency.) 

 

Table 4.3 Effect of pre-stressing in structural steel 

Mode No. 
Pre- stressed 

Modes 

Load free 
Modes 

Percentage change 

1 11.547 6.9958 39.41 

2 11.742 10.22 12.96 

3 16.635 12.968 22.04 

4 22.769 21.136 7.17 

5 23.546 22.285 5.36 

6 25.502 24.167 5.23 

7 34.65 33.345 3.77 

8 38.554 35.293 8.46 

9 39.161 37.386 4.53 

10 51.711 48.648 5.92 

11 53.342 50.697 4.96 

12 64.199 62.897 2.03 

13 64.831 64.467 0.56 

14 83.806 82.183 1.94 

15 90.809 89.721 1.20 

16 94.365 90.535 4.06 
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Table 4.4 Effect of pre-stressing in aluminum alloy 

Mode No. 
Pre- stressed 

Modes 

Load free 
Modes 

Percentage change 

1 14.133 7.017 50.35 

2 16.721 10.249 38.71 

3 21.717 12.926 40.48 

4 23.512 21.196 9.85 

5 25.729 22.350 13.13 

6 29.514 24.236 17.88 

7 36.785 33.324 9.41 

8 40.771 35.395 13.19 

9 45.473 37.490 17.56 

10 53.639 48.788 9.04 

11 60.678 50.740 16.38 

12 66.031 63.063 4.49 

13 66.61 64.640 2.96 

14 86.803 82.297 5.19 

15 92.997 89.932 3.30 

16 99.291 90.793 8.56 

 

Table 4.5 Effect of pre-stressing in carbon fibre 

Mode No. 
Pre- stressed 

Modes 

Load free 
Modes 

Percentage change 

1 24.555 14.088 42.63 

2 25.486 20.574 19.27 

3 35.24 25.694 27.09 

4 46.307 42.549 8.12 

5 48.195 44.869 6.90 

6 52.658 48.651 7.61 

7 69.986 66.524 4.95 
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8 78.362 71.051 9.33 

9 81.212 75.247 7.34 

10 104.27 97.937 6.07 

11 110.24 101.53 7.90 

12 130 126.54 2.66 

13 130.71 129.71 0.77 

14 169.14 164.81 2.56 

15 183.27 180.37 1.58 

16 192.05 182.25 5.10 

 

 

 

Figure 4.3 Percentage change between load pre-stressed and load free modes in all three 
materials 
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Figure 4.4 Comparison between load free modes of all three materials 

 

Figure 4.5 Comparison between pre-stressed modes of all three materials 
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The change in values of the frequencies is more prevailing in the lower order modes, for all 

three materials. Also, Young’s modulus of carbon fibre is between that of steel and 

aluminum alloy, giving a pre-stressing effect to medium values, aluminum being the largest 

and steel being the least affected. 

The following points can be deduced as seen from Figure 4.3 and the Figure 4.4, Figure 

4.5. We can observe that the load-free frequency values for structural steel and aluminum 

alloy chassis are almost similar, but aluminum shows the maximum percentage change out 

of all three when pre-stressing is considered. 

• Load-free modes of aluminum alloy and steel have the same natural frequencies 

whereas CF has significantly higher natural frequencies. The possible explanation 

could be that the ratio of densities and Young's modulus for Aluminum alloy and steel 

is approximately the same at 2.5 whereas CF has significantly lower (approximately 

1/5.2) density compared to steel but it’s Young's modulus is nearly 3/4 of that of steel. 

• We can observe that from the 12th order modes the percentage change in all the 

material is somewhat similar and a lot less as compared to the previous modes. 

• The highlighted modes in red, for all three materials tend to align themselves and fall 

in operating engine frequency, whereas green highlighted modes tend to approach the 

road profile frequency. 

• Although in past few pieces of research, the resultant change in frequencies was 

reported to be in the range of 0.1-0.2%, in our analysis we have found the change to 

be a lot higher, up to 39% even in the case of structural steel. 

 

4.2.2  COMPARISON FOR INCREASING LOADS 

A comparison has also been made for different amounts of payload acting on the chassis 

and the output mode frequency response for the base model, i.e., structural steel chassis in 

the following Table 4.6. 

 (X is denoted as a fraction of allowable payload). 
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Table 4.6 Change in natural frequencies with increment of pre-stressing 

Mode No. X = 0.6 X = 1 X = 1.4 X = 1.8 

1 8.8083 10.286 11.547 12.183 

2 10.755 11.263 11.742 12.624 

3 14.309 15.525 16.635 17.628 

4 21.863 22.406 22.769 22.996 

5 22.722 23.142 23.546 23.924 

6 24.483 24.93 25.502 26.136 

7 33.796 34.231 34.65 35.041 

8 36.638 37.929 38.554 38.922 

9 37.779 38.169 39.161 40.304 

10 50.275 51.364 51.711 52.036 

11 51.046 51.863 53.342 54.716 

12 63.34 63.775 64.199 64.598 

13 64.586 64.706 64.831 64.959 

14 82.732 83.275 83.806 84.311 

15 90.084 90.449 90.809 91.152 

16 91.924 93.204 94.365 95.379 
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The following deductions have been made by observing Table 4.6. 

• Mode no. 10, 11 can be seen approaching the threshold value of 50-55 Hz 

(approximate average road profile frequency). The frequency in load-free conditions 

was 50.275 and 51.046 Hz. Similarly, the 5th and 6th mode are in the range of engine 

frequency. 

• For natural frequencies close to the values of operational frequency, i.e., 55 Hz or 24-

30 Hz, there may be a significant impact of small changes in the natural frequency 

value as the same could be approaching the exact road frequency. 

 

 

4.3 HARMONIC ANALYSIS. 

In this study, Harmonic analysis was done with the help of mode superposition principle. 

The inertial due to the vibration of the payload acts a harmonic load. However, to calculate 

the acceleration of the payload, one needs to calculate the transmissibility factor which in 

turn requires obtaining the damping ratio through experimental procedure. Therefore, this 

method of obtaining the acceleration of the payload remains outside of the scope of the 

present study. Another approach was taken to outsource reliable data related to acceleration 

and a value of acceleration = 0.57 m/s2 was taken for our analysis. Analytically, the 

harmonic load occurring due to payload was calculated and applied on the structural steel 

made chassis. Refer to section 2.3.2 for further details. 

Firstly, the deformation of the chassis in both pre-stressed and load free conditions was 

plotted by frequency response analysis. The result has been shown below, with the graph 

plotted in Figure 4.6 and Figure 4.7 respectively. 
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Figure 4.6 Deformation vs Frequency for load free chassis 

 

 

 

Figure 4.7 Deformation vs Frequency for pre-stressed chassis 
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The clustered result around the maximum deformation point has been analysed for both cases 

and is given in Table 4.7 below. 

 

Table 4.7 Clustered result about the maximum deformation point 

Pre-Stressed Chassis Load Free Chassis 

8.60 1.050 5.21 2.313 

10.34 1.320 6.26 2.966 

11.10 1.351 6.73 3.067 

11.55 1.306 7.00 2.986 

11.65 1.290 7.28 2.798 

11.74 1.272 7.81 2.289 

12.21 1.164 8.61 1.604 

13.12 0.918 9.15 1.270 

 

As we can see, the maximum deformation occurs at 11.1 Hz for the pre-stressed chassis and 

6.73 Hz for load free chassis. This is because of pre-stressing; the resonant frequency has 

shifted and pre-stressing can both increase and decrease (e.g., buckling) stiffness. 
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4.4  FATIGUE ANALYSIS 

The bending stress due to harmonic response of the pre-stressed chassis is shown in Figure 4.8. 

 

Figure 4.8 Bending stress on z-axis due to harmonic frequency 

 

Now, by the data given in Table 4.8, 

Payload Factor X=0 X=1.4 

Max Stress due to Static loading 229.29 MPa 291.39 MPa 

Max Stress from Harmonic analysis 11.95 MPa 15.19 MPa 

Total stress on the chassis (Maximum) 241.24 MPa 306.58 MPa 

 

Table 4.8 Stress data for fatigue analysis 
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CASE – I (Base payload condition) 

Calculating from the above values following the Goodman’s criteria, mentioned in section 

1.4, 

σmean = 120.62 𝑀𝑀𝑀𝑀𝑀𝑀 

𝜎𝜎𝑣𝑣𝑣𝑣𝑣𝑣 = 120.62 𝑀𝑀𝑀𝑀𝑀𝑀 

σut = 460 𝑀𝑀𝑀𝑀𝑀𝑀 

σe = 230 𝑀𝑀𝑀𝑀𝑀𝑀 

Thus, 

120.62
230

+
120.62

460
=

1
𝐹𝐹.𝑂𝑂. 𝑆𝑆

 4.1 

 

𝐹𝐹.𝑂𝑂. 𝑆𝑆 = 1.271 

Using the S-N approach formulae, 

𝑁𝑁 = �
120.62
𝑎𝑎

�
1
𝑏𝑏

 

 

4.2 

Where (from equation 1.6 and equation 1.7),  

  

𝑏𝑏 = �−
1
3�

log (
𝜎𝜎𝑢𝑢𝑢𝑢
𝜎𝜎𝑒𝑒

) 

log(𝑎𝑎) = log(𝜎𝜎𝑢𝑢𝑢𝑢) − 3𝑏𝑏 

Calculating a and b, we get, 

𝑏𝑏 = −0.1003 

𝑎𝑎 =  919.72 
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Thus,  

𝑵𝑵 = 𝟔𝟔.𝟑𝟑 × 𝟏𝟏𝟏𝟏𝟖𝟖 cycles 

The resultant value satisfies the infinite fatigue life criteria. 

 

CASE – II (1.4 times Payload) 

σmean = 153.29 𝑀𝑀𝑀𝑀𝑀𝑀 

𝜎𝜎𝑣𝑣𝑣𝑣𝑣𝑣 = 153.29 𝑀𝑀𝑀𝑀𝑀𝑀 

Now, 

153.29
230

+
153.29

460
=

1
𝐹𝐹.𝑂𝑂. 𝑆𝑆

 4.3 

 

𝐹𝐹.𝑂𝑂. 𝑆𝑆 = 1.003 

Using the S-N approach formulae, 

𝑁𝑁 = �
153.29
𝑎𝑎

�
1
𝑏𝑏

 

 

4.4 

a and b, as calculated from earlier case, 

𝑏𝑏 = −0.1003 

𝑎𝑎 =  919.72 

Thus,  

𝑵𝑵 = 𝟓𝟓.𝟕𝟕 × 𝟏𝟏𝟏𝟏𝟕𝟕 cycles 

 

Though, the resultant value satisfies the infinite life criteria, the fatigue life is reduced by a 

factor of 10 when increasing payload value by 40%.    



47 
 

 

5.  CONCLUSION  
1. The chassis structure was analysed under static loading and the values of 

deformation and combined stress was obtained as an output, ensuring the 

parameters for safe performance of the vehicle under overloading conditions. 

2. Modal analysis was conducted for the truck chassis, evaluating the first 16 modes 

for both pre-stressed and load free conditions. 

3. Structural steel has been observed to be the least affected by pre-stressing out of all 

three materials, though few modes were seen to undergo a change of up-to 39%, 

and aluminum was the most affected and the changes due to pre-stressing was up-

to 50%. Whereas carbon fibre chassis’ results fell between the range of 0 to 42% 

4. The lower modes were seen to have a major percentage change of natural 

frequencies for all three materials. The change reduced as the mode no and natural 

frequencies increased. 

5. A number of modes were observed to change values and align themselves towards 

the range of road profile frequencies or the engine operating frequencies, these can 

affect the dynamic performance of the vehicle significantly. 

6. Harmonic analysis showed that the critical frequency value increases due to pre-

stressing, though the increased stiffness also meant lower output response. 

7. Fatigue analysis has been performed to show that the fatigue life is reduced by a 

factor of 10 when loading is increased by 40% 
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6.  SCOPE OF FUTURE WORK 
By observing and learning from the ample studies conducted by authors and researchers on 

various parameters of chassis modelling and dynamics, a humble approach with limited 

resource and capacity has been taken towards analysing the effect of pre-stressing on heavy 

vehicle chassis. This study was done in order to gain a deep and thorough understanding of 

their real-life performance. Many steps are yet to be taken for overcoming the drawbacks 

and to reach towards perfection. The same or a better approach could be taken for a complex 

chassis design considering the joints and stress concentration points. Also designing and 

testing the chassis in real life would provide a validation to the obtained results. 

Furthermore, to counter any sudden disturbances of an uneven road surfaces, Transient and 

Random vibration response of the chassis considering pre-stressing could ensure the overall 

dynamic performance of the vehicle.



i 
 

REFERENCES 

[1] “‘Chassis - Wikipedia’, En.wikipedia.org, 2022. [Online]. Available: 
https://en.wikipedia.org/wiki/Chassis. [Accessed: 16- Jun- 2022].” 

[2] “CarBikeTech. 2022. What Is A Chassis, And What Are Its Types? [online] 
Available at: https://carbiketech.com/chassis/ [Accessed 17 June 2022].” 

[3] Gupta, S., 2018. A Textbook of Automobile Engineering. S. Chand.  

[4] Nitin S Gokhale, Practical Finite Element Analysis, 1st ed. Finite To Infinite, 2020. 

[5] “’Ansys Theory Manual’ Research.me.udel.edu. 2022. [online] Available at: 
http://research.me.udel.edu/~lwang/teaching/MEx81/ansys56manual.pdf [Accessed 
13 May 2022].” 

[6] Budynas, R., 2019. Shigley’s Mechanical Engineering Design. 9th ed. McGraw-Hill 
Education.  

[7] A. B. Asirdason and B. Stalin, “Structural Analysis of Front-End Cross Bar of a 
TATA407 Chassis Frame,” Bonfring International Journal of Industrial 
Engineering and Management Science, vol. 6, no. 4, pp. 120–122, 2016, doi: 
10.9756/bijiems.7540. 

[8] W. J. Joost, “Reducing vehicle weight and improving U.S. energy efficiency using 
integrated computational materials engineering,” Jom, vol. 64, no. 9, pp. 1032–1038, 
2012, doi: 10.1007/s11837-012-0424-z. 

[9] S. Rao and A. Bhattu, “Dynamic Analysis and Design Modification of a Ladder 
Chassis Frame Using Finite Element Method,” Amity Journal of Computational 
Sciences (AJCS), vol. 1, no. 2, pp. 16–22, 2017. 

[10] D. Palagiri, C. J. Davidson, and R. B. Vemuluri, “Static, Dynamic and Harmonic 
Analysis of Heavy Vehicle Chassis System,” vol. 5762, pp. 44–47, 2017. 

[11] A. Saxena, K. Siljo, and C. Author, “Harmonic Response Analysis of Heavy Vehicle 
Chassis System With HSSS as The Material,” vol. 4, no. 2, pp. 1–8, 2021. 

[12] P. A. and K. R. P. Bhowmick, D. Malhotra, “Design and Analysis of Truck Chassis,” 
International Journal of Engineering Applied Sciences and Technology, vol. 04, no. 
12, pp. 550–553, 2020, doi: 10.33564/ijeast. 2020.v04i12.099. 

[13] A. John and S. Alex, “A Review on the Composite Materials used for Automotive 
Bumper in Passenger Vehicles,” International Journal of Engineering and 
Management Research, vol. 4, no. 4, pp. 98–101, 2014. 



ii 
 

[14] H. Ahmad, A. A. Markina, M. V. Porotnikov, and F. Ahmad, “A review of carbon 
fiber materials in automotive industry,” IOP Conference Series: Materials Science 
and Engineering, vol. 971, no. 3, 2020, doi: 10.1088/1757-899X/971/3/032011. 

[15] T. Pravilonis and E. Sokolovskij, “Analysis of composite material properties and 
their possibilities to use them in bus frame construction,” Transport, vol. 35, no. 4, 
pp. 368–378, 2020, doi: 10.3846/transport.2020.13018. 

[16] Y. Ota, T. Masuda, and S. Kimura, “Technical trends in aluminum alloy sheets for 
automotive body panels,” R and D: Research and Development Kobe Steel 
Engineering Reports, vol. 69, no. 1, pp. 15–18, 2019. 

[17] M. Tisza and Z. Lukács, “High strength aluminum alloys in car manufacturing,” IOP 
Conference Series: Materials Science and Engineering, vol. 418, no. 1, 2018, doi: 
10.1088/1757-899X/418/1/012033. 

[18] P. A. Renuke, “Dynamic Analysis Of A Car Chassis Pravin A Renuke* 1,” vol. 2, 
no. 6, pp. 955–959, 2012. 

[19] Kiran Ghodvinde, S. R. Wankhade, “21 Structural Stress Analysis of an Automotive 
Vehicle Chassis,” IRD India , vol. 2, no. 6, pp. 44–49, 2014. 

[20] D. S. Mevawala, M. P. Sharma, D. a Patel, and a Darshan, “Stress Analysis of Roll 
Cage for an All Terrain Vehicle,” vol. 2014, pp. 49–53, 2014. 

[21] H. Patel, K. C. Panchal, and C. S. Jadav, “Structural Analysis of Truck Chassis 
Frame and Design Optimization for Weight Reduction,” International Journal of 
Engineering and Advanced Technology (IJEAT), vol. 2, no. 4, pp. 665–668, 2013. 

[22] A. Dubey and V. Dwivedi, “Vehicle Chassis Analysis : Load Cases & Boundary 
Conditions For Stress Analysis Ashutosh Dubey and Vivek Dwivedi,” Web 
resource, 2003. 

[23] M. Cavazzuti and L. Splendi, “STRUCTURAL OPTIMIZATION OF 
AUTOMOTIVE CHASSIS : THEORY , SET UP , DESIGN Marco Cavazzuti and 
Luca Splendi ( joint with Luca D ’ Agostino , Enrico Torricelli , Dario Costi and 
Andrea Baldini ) MilleChili Lab , Dipartimento di Ingegneria Meccanica e Civile ,” 
no. July 2014, 2012. 

[24] P. K. Sharma, N. J. Parekh, and D. Nayak, “Optimization and Stress Analysis of 
Chassis in TATA Turbo Truck SE1613,” no. 3, pp. 182–187, 2014. 

[25] S. N. Vijayan, S. Sendhilkumar, and K. M. Kiran Babu, “Design and analysis of 
automotive chassis considering cross,” Ijcr, vol. 7, no. 5, pp. 15697–15701, 2017. 



iii 
 

[26] V. Chintada, C. R. Seela, and V. R. Matta, “Modal and static analysis of automotive 
chassis frame by using FEA,” International Journal of Applied Engineering 
Research, vol. 10, no. 20, pp. 19775–19777, 2015. 

[27] U. H. B. Juvvi Siva Nagaraju, “DESIGN AND STRUCTURAL ANALYSIS OF 
HEAVY VEHICLE CHASIS FRAME MADE OF COMPOSITE MATERIAL BY 
Address for Correspondence,” vol. I, no. Ii, 2012. 

[28] A. F. A. Rodrigues, L. C. Gertz, A. Cervieri, A. L. R. Poncio, A. B. Oliveira, and M. 
S. Pereira, “Static and Dynamic Analysis of a Chassis of a Prototype Car,” SAE 
Technical Papers, vol. 2015-Septe, no. September, 2015, doi: 10.4271/2015-36-
0353. 

[29] C. A. Vivas-lopez, J. C. Tudon-martinez, D. Hernandez-alcantara, and R. Morales-
menendez, “Global Chassis Control System Using Suspension, Steering, and 
Braking Subsystems,” vol. 2015, 2015. doi: 10.1155/2015/263424 

[30] S. Walunj Prashant, V. N. Chougule, and A. C. Mitra, “Investigation on Modal 
Parameters of Rectangular Cantilever Beam Using Experimental Modal Analysis,” 
Materials Today: Proceedings, vol. 2, no. 4–5, pp. 2121–2130, 2015, doi: 
10.1016/j.matpr.2015.07.214. 

[31] M. A. B. Marzuki, M. A. Abu Bakar, and M. F. Mohammed Azmi, “Designing Space 
Frame Race Car Chassis Structure Using Natural Frequencies Data From Ansys 
Mode Shape Analysis,” International Journal of Information Systems and 
Engineering, vol. 3, no. 1, pp. 54–63, 2015, doi: 
10.24924/ijise/2015.11/v3.iss1/54.63. 

[32] T. H. Fui and R. A. Rahman, “Statics and Dynamics Structural Analysis of a 4.5 Ton 
Truck Chassis,” Jurnal Mekanikal, no. 24, pp. 56–67, 2007. 

[33] R. Hoseini and M. Forouzan, “Dynamic Analysis of A Modified Truck Chassis,” 
The International Conference on Applied Mechanics and Mechanical Engineering, 
vol. 14, no. 14, pp. 1–7, 2010, doi: 10.21608/amme.2010.38107. 

[34] S. Bhise, V. Dabhade, S. Pagi, and A. Veldandi, “Modal analysis of Truck Chassis 
Frame,” International Journal of Scientific & Engineering Research, vol. 8, no. 3, 
pp. 158–166, 2017. 

[35] G. Solasa, N. S. D. Satadeep, T. R. K. Prasad, and G. S. Babu, “Modal Analysis of 
Chassis,” no. 4, pp. 789–795, 2013. 

[36] Y. Baojun, S. Lunjie, B. Yahui, S. Sumei, and Y. Wenhan, “Finite Element Modal 
Analysis Of FSC Racing Frame,” vol. 62, no. Jimec, pp. 161–165, 2017, doi: 
10.2991/jimec-17.2017.36. 



iv 
 

[37] M. Ps and V. T. R, “Static Analysis, Design Modification and Modal Analysis of 
Structural Chassis Frame,” Journal of Engineering Research and Applications 
www.ijera.com, vol. 4, no. 5, pp. 6–10, 2014. 

[38] O. L. Darlong, “Design and Analysis of A Ladder Frame Chassis for Static and 
Dynamic Characteristics,” vol. 6, no. 1, pp. 97–110, 2015. 

[39] A. Agarwal and L. Mthembu, “Numerical modelling and multi objective 
optimization analysis of heavy vehicle chassis,” Processes, vol. 9, no. 11, 2021, doi: 
10.3390/pr9112028. 

[40] K. Ashok Reddy, P. Sunil Kumar, and A. Nagendra, “Design and analysis of 
harmonic analysis of three wheeler auto chassis using ansys,” International Journal 
of Mechanical Engineering and Technology, vol. 9, no. 1095–1101, pp. 1095–1101, 
2018. 

[41] M. A. B. Marzuki, M. H. A. Halim, and A. R. N. Mohamed, “Determination of 
natural frequencies through modal and harmonic analysis of space frame race car 
chassis based on ANSYS,” American Journal of Engineering and Applied Sciences, 
vol. 8, no. 4, pp. 538–548, 2015, doi: 10.3844/ajeassp.2015.538.548. 

[42] M. Mahendra and T. Lakshmana, “Static and Harmonic Analysis of Truck Chassis 
with Tuned Mass Damper under Class-B Road Conditions,” vol. 6, no. 9, 2018. 

[43] P. Salunke and L. Awadhani, “Design Modification of Ladder Chassis Frame Based 
on Dynamic Analysis,” International Research Journal of Engineering and 
Technology, vol. 05, no. 04, pp. 3877–3882, 2018. 

[44] M. A. A. Abdelkareem, M. M. S. Kaldas, M. Kamal Ahmed Ali, and L. Xu, 
“Analysis of the energy harvesting potential–based suspension for truck semi-
trailer,” Proceedings of the Institution of Mechanical Engineers, Part D: Journal of 
Automobile Engineering, vol. 233, no. 11, pp. 2955–2969, 2019, doi: 
10.1177/0954407018812276. 

[45] L. Zhao, C. Zhou, Y. Yu, and F. Yang, “A method to evaluate stiffness and damping 
parameters of cabin suspension system for heavy truck,” Advances in Mechanical 
Engineering, vol. 8, no. 7, pp. 1–9, 2016, doi: 10.1177/1687814016654429. 

[46] “‘How To Perform Prestressed Modal Analysis — Lesson 2 - ANSYS Innovation 
Courses’, ANSYS Innovation Courses, 2022. [Online]. Available: 
https://courses.ansys.com/index.php/courses/modal-analysis-in-ansys-
mechanical/lessons/how-to-perform-prestressed-modal.” 

[47] R. Bedri and M. O. Al-Nais, “Prestressed modal analysis using finite element 
package ANSYS,” Lecture Notes in Computer Science, vol. 3401, pp. 171–178, 
2005, doi: 10.1007/978-3-540-31852-1_19. 



v 
 

[48] V. Saran, V. Jayakumar, G. Bharathiraja, K. S. Jaseem, and G. Ragul, “Analysis of 
natural frequency for an aircraft wing structure under pre-stress condition,” 
International Journal of Mechanical Engineering and Technology, vol. 8, no. 8, pp. 
1118–1123, 2017. 

[49] A. R. N. M. Marzuki, M.A.B. , M.F.M. Azmi, “Pre-stress Modal Analysis of Space 
Frame Chassis Structure Using Finite Pre-stress Modal Analysis of Space Frame 
Chassis Structure Using Finite Element Method,” no. June 2019, 2018, doi: 
10.14419/ijet.v7i4.36.29369. 

[50] V. K. Mulakalapalli and I. R. K. Raju, “Strength Evaluation of Tipper Chassis Under 
Static and Dynamic Load Conditons,” pp. 1716–1728, 2018. 

[51] A. P. Rohan Y Garud, Shahid Tamboli, “Design optimization and structural analysis 
of automotive chassis,” International Journal of Mechanical and Production 
Engineering Research and Development, vol. 8, no. Special Issue 7, pp. 934–942, 
2018. 

[52] R. V. P. Aditya V Sahasrabudhe, “a Review on Stress Analysis and Weight 
Reduction of Automobile Chassis,” International Journal of Research in 
Engineering and Technology, vol. 04, no. 06, pp. 565–568, 2015, doi: 
10.15623/ijret.2015.0406099. 

[53] M. A. M. Nor, H. Rashid, W. M. F. W. Mahyuddin, M. A. M. Azlan, and J. Mahmud, 
“Stress analysis of a low loader chassis,” Procedia Engineering, vol. 41, no. Iris, pp. 
995–1001, 2012, doi: 10.1016/j.proeng.2012.07.274. 

[54] A. Tomar and D. Singh, “Modelling and Analysis of a Chassis Frame by Using 
Carbon Fiber and E-Glass Epoxy as Composite Material: A Comparative Study,” 
International Research Journal of Engineering and Technology (IRJET), vol. 03, no. 
04, pp. 2712–2716, 2016. 

  

 

 


	ACKNOWLEDGEMENTS
	LIST OF TABLES
	LIST OF FIGURES
	NOMENCLATURE
	ABSTRACT
	1. INTRODUCTION
	1.1 OVERVIEW OF CHASSIS
	1.1.1 WHAT IS CHASSIS?
	1.1.2 TYPES OF CHASSIS

	1.2 FINITE ELEMENT ANALYSIS – OVERVIEW
	1.2.1 WHAT IS FEA?
	1.2.2 ADVANTAGES OF FEA

	1.3 DYNAMIC ANALYSIS
	1.3.1 MODAL ANALYSIS
	1.3.2 HARMONIC ANALYSIS
	1.3.3 TRANSIENT RESPONSE ANALYSIS
	1.3.4 RANDOM VIBRATION ANALYSIS

	1.4 FATIGUE ANALYSIS

	2. LITERATURE REVIEW
	2.1 CHASSIS MATERIALS
	2.2  QUASI-STATIC ANALYSIS OF CHASSIS STRUCTURE
	2.3 DYNAMIC ANALYSIS ON CHASSIS STRUCTURE
	2.3.1 MODAL ANALYSIS
	2.3.2 HARMONIC ANALYSIS

	2.4  PRE-STRESSED ANALYSIS OF STRUCTURAL COMPONENTS
	2.5  SCOPE OF WORK

	3.  OBJECTIVES AND METHODOLOGY
	3.1 OBJECTIVES
	3.2 METHODOLOGY
	3.2.1 MODELLING THE CHASSIS STRUCTURE
	3.2.2 MESHING
	3.2.3 MATERIALS CONSIDERED
	3.2.4 LOADING AND BOUNDARY CONDITIONS
	3.2.5 HARMONIC ANALYSIS


	4. RESULTS AND DISCUSSION
	4.1 STATIC STRUCTURAL ANALYSIS
	4.2 MODAL ANALYSIS
	4.2.1  COMPARISON OF MATERIALS
	4.2.2  COMPARISON FOR INCREASING LOADS

	4.3 HARMONIC ANALYSIS.
	4.4  FATIGUE ANALYSIS

	5.  CONCLUSION
	6.  SCOPE OF FUTURE WORK
	REFERENCES

