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ABSTRACT 

Chassis means, the French word that has double meanings. It means that either get-together of 

the structural part of the vehicle or the assembly of declared structural elements plus the 

mechanical parts, that provide to vehicle motion in automotive. Chassis frame of pickup truck 

is frequently damaged due bumping and riding problem during driving. This problem resulted 

in reducing vehicle performance and durability. In existing pick-up deflection and weight 

reduction of truck frame does not fit the length of truck frame. Therefore, improvement is 

done in this design.  The main objective of this work is to perform the Design and Modeling of 

Ladder Chassis Frame for Toyota Pickup. The methods used in this work are mainly included 

analytical analysis, C++ computer programing, and three-D AutoCAD software ANSYS result 

validation. The static characteristics included, recognized place of high stress area and 

deflection for both HRCS and HSCS. Enhanced weight, strength, and cost are obtained. The 

total load acting on the chassis frame is 27664.42N and the load distribution at front hang is 

38% whereas rear hang is 62%. The maximum bending moment occurred on the chassis frame 

is 4386121.5Nmm and maximum shear force is -7570.49N. A model is developed after chassis 

frame is modeled by AutoCAD. Computer method C++ is used for generated bending moment 

and shear force diagrams as well as the result was effectively better. The result of reduction in 

weight is 42.6% for HRCS and 57.5%.for HSCS. the deflections was also 4mm and 2mm 

respectively and the existing one about 50mm which is greater than span ratio method 50 mm 

>16 and it is better  and safe when deflection is <16. Therefore by comparing weight reduction 

and deflection 4mm or HRCS were selected in this paper. Result is validated by ANSYS and 

the deflection is measured 3.58mm which is almost similar with analytical. Important 

recommendation is use experimental test during preparing the prototype. Using this title, cost 

analysis and material optimization is recommended for future researchers.  

.  

Key words:  truck, chassis, frame, Auto-CAD, static, weight, deflection, design and ANSYS 
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CHAPER ONE 

1 INTRODUCTION  

The word chassis in motor vehicle is the main structural components which provide engine of 

vehicle, powertrain such as clutch, transmission, suspension, steering system, chassis frame, 

vehicle tire or wheel and other parts without body of vehicle. Chassis means, the French word 

that has double meanings. It means that either get-together of the structural part of the vehicle 

or the assembly of declared structural elements plus the mechanical parts, that provide to 

vehicle motion in automotive.  

Generally, this work can be providing the design and model of chassis frame for pickup truck. 

Specifically, the computer program like C++ and ANSYS is used to generate the moment and 

shear force diagram. 3D model is provided by using the AUTOCAD software. Chassis frame 

of pickup truck is frequently damaged due bumping and riding problem during driving. This 

problem resulted in reducing vehicle performance and durability. Therefore to resist these 

problems, it needs improvement of the design to overcome a better handling and riding 

comfort ability as well as increase performance and durability of the vehicle.[1] 

1.1 Background 

The word chassis, explanation from the French language, has in English a double meaning: it 

suggests that either the assembly of the structural part of the vehicle or the assembly of the 

mentioned structural parts and the mechanical elements that give to the vehicle motion 

(suspensions, wheels, steering, brakes, etc.).The structure of early cars consisted in a very 

chassis and a body. The chassis was the most structural frame on that all mechanical elements, 

like the engine, transmission, suspensions and steering mechanism, were mounted. It had been 

stressed by relevant reaction forces because of these focused hundreds.  

The body was the instrumentality process house for passengers and luggage; in early cars it 

had been mounted on the chassis just like the alternative mechanical elements whereas, in 

trendy cars, it's integrated with the chassis, contributive during this thanks to structural 

strength and stiffness of the vehicle. In its latter that means, the chassis is thus a vehicle 

subassembly which will be truly accessible at a given stage of the collection method, as 
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happened till concerning the tip of the Nineteen Forties for many cars, or will exist solely just 

about, as is that the case for more modern vehicles.  

These days the chassis includes identical elements as at the start of engineering, however it 

cannot be disassembled as an entire entity from the vehicle. At the dawn of the motor 

automotive era, the innovators World Health Organization dedicated their intellectual and 

money efforts to the event of this new product, targeting the elements that were a lot of 

directly concerned within the motion of the vehicle, like engine, transmission, suspensions, 

steering and braking systems.  

They became thus designers and makers of chassis. At that point body technology wasn't 

thought of to be basic and was directly taken from horse driven carriages and coaches, while 

not important modifications; several coach builders became body builders, because the initial 

makers of automotive bodies were known as. This example determined a major separation 

between these 2 industrial branches. This chassis frame is separately its own function. The 

whole separation of the chassis from the body collection method was conjointly even by the 

requirement to forestall varnish from being broken by mechanical elements throughout the 

advanced collection method.  

Several hundred operating hours were needed for finishing the painting of an automotive 

body, solely to use the various layers of varnish; to the present figure the drying time of every 

layer should be additional to get the entire time needed for the painting cycle. The supply of a 

complete chassis was so even by the prevailing technology and industrial organization. The 

chassis manufacturer might therefore ship a finished product to the ultimate client or to a body 

builder. In several cases, the ultimate client bought a chassis, which was later on shipped to the 

body builder for more works, beneath a unique contract. This example was common till the 

start of war One. The requirements of production inspired several automotive makers to 

develop their own body style and production capability, besieged to scale back prices. This 

favored a swish transition from wood to steel technology, with hybrid wood steel structures.  

The introduction of artificial enamels, additionally, shortened the painting time by Associate 

in nurture order of magnitude and favored a deeper integration between chassis and body 

grouping. This new organization was developed in the main within us and imitated by the 

most important makers in Europe, ranging from the start of the Twenties. Concerning twenty 
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years later, the primary unitized bodies began to be applied in Europe. The evolution of 

chassis and body is delineate by considering 3 partly overlapping periods, together with 

severally the divisible chassis, the partly integrated chassis and therefore the unitized 

bodies[2]. 

1.2 Problem Statement  

The main problem of pickup chassis frame is problem of deflection and weight reduction of 

pick-up frame does not fit the length of pick-up truck frame. The deflection is not proportional 

according to deflection span ratio. This consequence is going to bend the frame structure of 

pick-up truck. Most chassis frame of pick-up development is varied in design, weight, 

complexness and costs. Pick-up frame are not well understood in terms of auto response 

throughout riding particularly on jolty and off road conditions.  

The most criteria within the analysis were the behavior of design and modeling of ladder 

chassis frame for Toyota pickup truck. This study is to enhance the present condition for 

betterment of riding quality and resisting deformation. There are major areas established 

within the study to come back out with correct investigation on the design and modeling of 

ladder chassis frame for Toyota pickup truck. Particularly calculation methodology on design 

and process evaluated.  

Generally, the three classes of the major problems were assisted by the information taken from 

MOENCO and AMCE Company of Ethiopia is provided according to the next steps. The first 

is economic decline, like decrement of infrastructures in Ethiopia due to importing of pickup 

truck from foreign. This will cause decline of market demand due to cost as well as 

community satisfaction. The second, no design improvement of the pickup truck in Ethiopia 

depending up on customer needs. Third one is design problems of the pickup truck such us 

high deflection, low reduction in weight and low strength of material selection. 
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1.3 Objectives of the Study 

1.3.1 General objective 

The main objective of this work is to design and modeling of ladder chassis frame for Toyota 

pickup. 

1.3.2 Specific objectives 

The specific objectives of this thesis work are as follows.  

ü To determine static analysis of ladder chassis frame for Toyota pickup   

ü To back scale or reduce weight, compromise cross-section and evaluate its deflection  

ü To confirm goop or maximum bending moment and shear force diagram of pick up 

chassis using C++ computer programing  

ü To develop 3D model using AutoCAD and validate the results using ANSYS  

1.4 Scope of the Study 

The scope of this works includes static analysis of ladder chassis frame for Toyota pickup. 

Further, the design and model include deflection and weight reduction by compromising 

HRCS and HSCS. The software includes in this analysis are C++ computer programming, 3D 

AutoCAD and ANSYS to check result validation. Percentage analysis of distributed load is 

also included to know front and rear load distribution on pickup chassis frame. Determination 

of maximum shear force and maximum bending moment is also the main analysis in this 

work. 

1.5 Limitation  

This work is limited to determine deflection for hollow rectangular cross-section and hollow 

square cross section. The other limits are determination of stress produced on the chassis 

frame of pick-up truck. Constructing prototype is not fit with material properties of this design 

because it needs maximum budget to use exact material. Therefore prototype is limited to 

simple metal selection. However, construction of prototype fits the exact dimensions of 3D 

model generated by AutoCAD. 
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1.6 Significance of the Study 

Pickup truck chassis frame could be a standard product vehicle for construction work and 

society services. Itôs a vital part of goods transport for rulers and concrete category population 

of Ethiopia.  

It is also significant to move goods for long distance and consultants or the employee of onsite 

and different functions service for carrying products in our population. However there's 

improper use of those vehicles in Ethiopia, which is overloading it on the far side its carrying 

capability. Therefore this study attracts a good contribution on impact of overloading to 

chassis frame. As results of this study the subsequent vital are obtained. To present attention, 

the homeowners to use it properly and cargo it at its carrying capability so as to extend the 

lifetime of the most elements of the vehicle, particularly the chassis frames. Itôll scaled back 

energy consumption and greenhouse emission as a result of avoiding overloading it. The 

chassis frame is to be rigid enough to support weight and stress  

1.7 Beneficiaries 

Automotive industries, vehicle homeowners, society and future researchers are benefitted. 

Especially Adama science and technology university communities are benefited from this 

thesis work. 

1.8 Organization of the Study 

The studies are organized into 5 chapters. It starts with the background, which has, statement 

of the problem, objectives, scope of the study likewise because the significance of the study. 

The second chapter is review of literature that deals with ideas and past studies and knowledge 

pertinent to the study. The third chapter can make a case for analysis methodology together 

with materials used and strategies to be followed to accomplish in this thesis work. Further, 

the fourth chapter resulted verification and discussion are provided.  The last chapter includes 

conclusion and recommendation are carried out. 
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CHAPTER TWO  

2 LITERATURE REVIEW  

2.1 Introduction 

This chapter deals surveying of different researcher dataôs as well as historical development of 

chassis frame with its classification. Reviewing deferent literature is used to identify their 

problems and improvement analyzed through their works. Generally, literature review, 

historical development, types of chassis frame, types of trucks, material properties and overall 

discussion on pickup truck chassis frame analysis is provided under this chapter. 

2.2 Literatur e Review 

Design Improvement and Analysis of automobile Chassis frame which include Static and 

Dynamic Characteristics are performed. The target investigation of static and dynamic 

characteristic like Torsional stiffness and natural frequency of automobile chassis, the analysis 

has been completed by Finite component technique and Experimental approachσ. 

 The works can be provides Finite component Analysis under static load conditions of TATA 

Chassis in two dimensions are conducted. Modeling of chassis was done using computer code 

CATIA V5 once destroying benchmarks and the results are analytically verified by using 

Macaulayôs technique to calculate deflection of the beamτ. 

Optimization of forty Feet Trailer Chassis supported Structural Static Simulation. The works 

shows the model of associate degree existing truck chassis and modifies the bar dimensions 

still because the range of cross members used supported the strain and strain values. The solid 

work used for the modelυ. 

The study was Experimental Analysis and Quasi-Static Numerical Idealization of Dynamic 

Stresses on an important Truck Chassis Frame Assembly that helps in understanding 

prevailing stresses in truck frame rails particularly throughout cornering and braking 
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operations and brings out all geometric locations which will be potential failure initiation 

locations[6].  

Structural analysis of ladder chassis with high strength cross section is required to attenuate 

the failures as well as issue of safety in design. Primarily C cross section variety of chassis is 

employed in buses and that i cross section sort in serious trucks wherever high strength is 

needed [7].  

Modeling and structural analysis of serious vehicle chassis made from compound material by 

3 totally different cross sections. The three different composite serious vehicle chassis are 

provided by considering 3 different cross-sections. Namely C, I and box sort cross sections. 

For validation the design is finished by applying the vertical load engaged on the horizontal 

totally different cross sections. Software is used in this work pro ï e 5.0 for modeling, ANSYS 

12.0 for analysis [8].  

The value Effective resolution for Twist Free Chassis design of 3 Wheeler Vehicle is 

provided. His work includes through the mechanism of twist in chassis and analysis in terms 

of twist restoration, personnel value, voltage consumption, stresses is evaluated. The personnel 

value reduction is by 48.34 %, whereas the voltage value is reduced by 42.69%. By planning 

the SOP (Standard operational procedure) at work stations results in increase in awareness for 

quality and reduce of process rate by seventy five to check out work stage, wherever main 

beam subassembly is created [9].  

The optimizing was considering various factors like weight, stress-strain values and 

deformation. By varied cross sections for modeling and analysis. thus their work are describes 

the design and Structural analysis of the serious vehicle chassis with constraints of most stress, 

strain and deflection of chassis below most load by using CATIA model ANSYS and FEM 

[10]. 

The contribution on structural analysis of chassis to produce insight into truck chassis analysis 

and act as a guide for researchers functioning on finite Element analysis is done using (FEA) 

[11].  
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 The descriptions were preserved to review the investigations that are created on the various 

fatigue analysis techniques of automobile frames. Variety of analytical and experimental 

techniques area unit on the market for the fatigue analysis of the car frames. Their 

Determination of the various Analysis around modified condition in an automobile frames has 

been delineated in literature [12].  

 The static and dynamic load characteristics are analyzed using metal models. The analysis is 

characteristic location of high stress space, analyzing vibration; natural frequency and mode 

form by mistreatment finite part methodology on the far side their analysis. Natural frequency 

prediction and mode form are determined by mistreatment ANSYS package. The cad pure 

mathematics of chassis is generated in solid works and model and static analysis is completed 

in ANSYS worktable [13].  

The work was offer Static and Modal Analysis of Truck Chassis to look at natural frequency 

and modal form through analysis. Additionally administrated design of the Chassis is carried 

by using finite element analysis are determined by using ANSYS fourteen [14]. 

The conduct was on the Role of pc power-assisted Engineering in Mitigation of Automotive 

Chassis Failures to gauge The checks embody the vertical bending test, lateral bending check, 

3D bending check, the torsional check, modal analysis, accelerated sturdiness check, tow hook 

check and engine and transmission mount check [15].  

 The work was provided Applications of Finite component Stress Analysis of serious Truck 

Chassis to explain the Survey and up to date Development chassis. It was targeting stress 

analysis of the serious truck chassis frame [16]. 

The work was done on Finite component Static Structural Analysis of 4x2 Truck Chassis 

Frame. Determination of chassis frame stress is decided through analysis [17].  

 The work was develops the design of associate innovative chassis created in bio-composite to 

exchange the hollow steel chassis of the four-wheeler named the pit-car taken as reference by 

a bio-composite chassis [18].  
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 The work was access on stress Analysis of Automotive Chassis with varied thicknesses to 

attain a discount within the magnitude of stress at the crisis of the chassis frame, face member 

thickness, cross-member thickness and position of cross-member from the bottom were varied 

and likewise as reducing the deflection [19].  

This would perform Chassis Torsional Rigidity Analysis for a Formula SAE Racecar. The 

target of deign goal is to design the torsional stiffness of racecar chassis. Therefore the 

theoretical design target for chassis torsional rigidity is decided that's designable, whereas 

taking into consideration that the improvement should be buildable and utilized in future 

Formula SAE racecars [20].  

This would perform Crash check Simulation and Analysis of a traveler Bus Frame. The target 

of this work was to review the impact of frontal, side, torsional and change impact on the bus 

bodily structure to gauge vehicle sturdiness. Then using the pc simulation in deigns analysis to 

scale back the value and increase the lifetime of the chassis frame of the bus was achieved 

[21]. 

The conduction was achieved on modeling and structural analysis of car chassis frame product 

of chemical compound material for constraints were stresses and deflections [22].  

 This work was perform structural and modal analysis of a ladder frame chassis and their work 

is usually giving towards the study of deformation, natural frequency and stress induced in an 

automotive chassis of Ashok Leyland Vikings model under most load for various cross section 

of cross-members particularly C, I, and Rectangular Box (hollow) kind cross sections[23].  

The determination was on relying Static and Dynamic on Analysis of a Ladder Frame Truck 

Chassis for the modification of the updated iron truck chassis model to scale back the 

vibration, improve the strength and optimize the burden of the truck chassis. Modifications to 

vary natural frequencies were offered by increasing the thickness of the chassis center section 

by a pair of millimeters and extra filler members placed at the middle of the bottom plate with 

a thickness of ten millimeters. The general weight of the new truck chassis was enhanced by 

seven-membered [24]. 
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This work was performed on design and analysis on flat frame chassis for off-road vehicle. 

Work is providing with roll cage structure design and development with the validation of the 

flat joints of the chassis frame. Thus, the results of a Flat frame structure with new design are 

verified with engineering formulation. Largely to pull apart things on roll cage became terribly 

straightforward if we tend to use this sort of flat body frame a minimum of the inside of a cage 

[25].  

The work was performed on modeling & finite component analysis (FEA) of automotive 

chassis to boost potency to develop and design a Chassis for automotive by conduct its Finite 

component Analysis [26].  

Conduction of work was done on Structural Analysis of Pick-up Truck Chassis victimization 

Fem for evaluating and investigation static characteristics and additionally the fatigue life 

prediction of the chassis frame. Static analysis may well be providing within the determinative 

the situation during which most stress happens and to gauge torsional stiffness of the chassis 

frame of the motor truck. Torsional stiffness of the chassis frame made up our minds. Foretold 

worthôs were valid with the results on the market within the literature and also the most value 

of error was found to be seven.83% [27].  

The work was conduct Stress Analysis of Ladder Chassis with varied Cross Sections 

determination with constraints of most shear stress and deflection of chassis underneath most 

loads are going to be obtained through the researches. Austenitic subjected to the identical 

load.  Vehicle chassis are sculptured by considering 3 different cross-sections. Namely C, I, 

and Rectangular Box (hollow) are the kind cross sections utilized in the works [28]. 

 This work was provides Chassis calculations for Frame design. The focus of analysis is a six-

wheeled articulated truck, and the load cases under study are Lateral Loading, Frame Torsion 

and Vertical Load on Kingpin. Making robust deformation and stress models with a 

calculation time succinctly short and accuracy consistently high for efficient design work is a 

difficult task. By means of simplifying contemporary modeling approaches and methods and 

automating the setup process, a method that enables short calculation iterations on a chassis 

frame of a truck is achieved cad are obtained for analysis [29].  
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BBG body builder guide was provides. The body builder guide of hilux acquire that indicates 

overall part, therefore, the pickup. They additionally embody the technical specification and 

code model of the trucks with the manufacturing country are going to be delineated during this 

body guide [30].  

The work was achieved Strength analysis of 3 wheeled vehicleôs chassis and body frame 

assembled in Ethiopia. The most objective of this project is to document procedural details of 

such reworking, with a read to presenting additional analysis and development destined 

investigations within the future. CATIA and ANSYS are used for developing the model of the 

three vehicles [31]. 

2.2.1  Overall discussion on pickup truck chassis frame analysis 

It is often all over that, several of the truck structures found within the analysis are subjected 

to internal and external load, which affected the ride quality of the car. These loads and 

behaviors are often determined through a series of processes particularly, Modal Analysis. The 

correlation and modal changes in technique is additionally necessary. Most of researcher uses 

similar software but know C++ computer programing is added in this analysis to make it 

better. Using C++ is easy to selecting material that fit the design.  

The other researchers are not compromise the HRCS and HSCS but in this research it is added. 

In previous compromising of channel, rectangular, I-cross section is analysis but the deflection 

and cost are not reduced simply they analysis only for the purpose of nothing. According to 

literatures or many researchers the design problem is also not improved well and it going too 

deformed and failure due to lack of proportional fit of length with carrying load during design. 

Therefore it needs design improvement on chassis frame of pickup truck. 

2.3 Overview of Chassis Types 

2.3.1 Definition of a chassis 

The chassis is the framework that is everything attached to it in a vehicle. In a modern vehicle, 

it is expected to fulfill the following functions: 

ü Provide mounting points for the suspensions, the steering mechanism, the engine and 

gearbox, the final drive, the fuel tank and the seating for the occupants. 

ü Provide rigidity for accurate handling; 
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ü Protect the occupants against external impact. 

ü While fulfilling these functions, the chassis should be light enough to reduce inertia 

And offer satisfactory performance. It should also be tough enough to resist fatigue loads that 

are produced due to the interaction between the driver, engine, power transmission and road 

conditions. 

2.4 Chassis Design and History  

Earlier, race cars were constructed on massive lines, a design trait that reflected bridge-

building more than performance engineering. Prior to World War II, almost all car chassis was 

of the girder type, a construction of beams, usually I-shaped or Z-shaped. Mercedes-Benz 

introduced tubular beams in 1937. In such a chassis, the beams were parallel, from axle to 

axle, and the construction was known as a twin-tube. It remained in trend for racing cars until 

the early 1950s, when chassis with space frame principles started appearing with the Lotus 

Mark Six and Mercedes-Benz 300SL.  

2.5 Separable Chassis 

The chassis, in its structural which means, was the bearing structure of a vehicle and had to 

support all mechanical elements and also the complete body that during this case was solely 

ballast with none explicit structural perform. Additionally, the chassis had to supply a 

straightforward organization of the collecting method, being much the mounting fixture for all 

mechanical components. 

 

Figure  2.1 grillage chassis of a car at the beginning of 20 century, made of stamped steel  

2.6  Types of Truck 

There are a unit many varieties of truck altogether over the planet. Majority of truckôs makers 

receiving order from several industries for transportation functions in varied varieties and 

specifications in term of size and truck capability. Supported that, there are a unit 3 types or 
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categories that area unit presently available within the market specifically, the compact truck, 

full size truck and mid-size truck [22]. 

2.6.1 Compact truck  

The compact truck is that the most widespread sort of motor truck worldwide. it's designed 

sort of a mini version of a two-axle significant truck, with a frame providing structure, a 

traditional cab, a spring suspension on the rear wheels and a little I4 or V6 engine, typically 

mistreatment gas. The compact truck was introduced to North America within the Sixties by 

Japanese makers. Datsun (Nissan 1959) and Toyota dominated underneath their own 

nameplates through the top of the Nineteen Seventies. 

2.6.2 Full size truck 

A full size truck could be a massive truck appropriate for trucking significant masses and 

acting different functions. Most life-size trucks will carry a minimum of 450 kilogram within 

the rear bed, with some capable of over 5 times that abundant. 

2.6.3 Mid -size truck 

In North America, trucks were unremarkably used as general purpose traveller cars. They were 

standard not solely with construction staff, however additionally with housewives and 

workplace staff. Therefore arose the requirement for a motor truck that was larger than a 

compact and smaller and a lot of fuel economical than the life-size pickup. 

2.7 The Cultural Vital of the T ruck 

There are units many varieties of truck that are developed within the market particularly for 

the cultural wants. The analysis and development have continually found the new 

technologies, which have extremely contributed to their wants particularly for personal use 

likewise as organization and country [24]. 

2.7.1 The Australian truck  

The Australian utility truck, or a lot of heart ally known as ñuteò, is that the mainstay type of 

truck in Australia. Since the fashionable style of the ute 1st rolled off the line at the Ford 

works in Geelong in 1934, that Ford represented because the ñkangaroo chaserò. There have 

been 2 common varieties exist, that is that the yank vogue truck, unremarkably popular 

farmers. Itôs typically Japanese or Australian designed model, like the Isuzu Rodeo or the 
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Toyota Hilux. These are a unit standard during a type of forms, 2 and 4 wheel drive, single or 

twin cab integrated receptacle or flat bed. These types of vehicles also are common in New 

Zealand, wherever they're additionally brought up as ñutesò. The opposite sort of vehicle 

unremarkably brought up as a ñuteò is sort of different-a motorcar gaudy version of typical 

saloon cars, which includes a ñuteò-type integrated receptacle back. 

2.7.2 Truck in Europe 

In Europe, pickups truck is taken into account light-weight industrial vehicles for farmers. Till 

the Nineteen Nineties, pickup trucks were most well-liked chiefly as individual vehicles in 

rural areas, whereas vans and enormous trucks were the popular technique of transportation for 

merchandise [25]. 

2.7.3 Military use  

Pickup trucks are used as troop transport in several elements of the planet, particularly in 

countries with few civilian roads of terribly rough piece of land. Pickup trucks have 

additionally been used as fighting vehicles, usually equipped with a machine-gun mounted on 

the bed. 

2.8 Ladder Frame 

The history of the ladder frame chassis dates back to the times of the horse drawn carriage. It 

was used for the construction of óbody on chassisô vehicles, which meant a separately 

constructed body was mounted on a rolling chassis. The chassis consisted of two parallel 

beams mounted down each side of the car where the front and rear axles were leaf sprung 

beam axles. The beams were mainly channeled sections with lateral cross-members, hence the 

name. The main factor influencing the design was resistance to bending but there was no 

consideration of torsion stiffness.  

A ladder frame acts as a grillage structure with the beams resisting the shear forces and 

bending loads. To increase the torsion stiffness of the ladder chassis, cruciform bracing was 

added in the 1930s. It can use straight or curved members. The lateral and cross-members 

provide rigidity to the structure because it provides resistance to lateral forces and further 

increase torsion rigidity. Body mounts are usually integral outriggers from the main rails, and 

suspension points can be well or poorly integrated into the basic design [26]. 
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The lateral and cross members provide rigidity to the structure (Wakeham, 2009) as shown 

below in Figure 2.1 [31]. 

 

Figure 2.1 Ladder frame chassis 

2.8.1 Twin tube 

The ladder frame chassis became obsolete within the middle 1930ôs with the appearance of all-

around freelance suspension, pioneered by Mercedes Benz and automobile Union. The 

suspension was unable to work effectively thanks to the dearth of torsion stiffness. The ladder 

frame was changed to beat these failings by creating the facet rails deeper and boxing them. A 

closed section has some one thousand-fold the torsion stiffness of associate open section. The 

potency of dual tube chassisô is sometimes low thanks to the load of the massive tubes. They 

were still in use into the 1950ôs, the 1958 Lister-Jaguar being associate example of this kind. 

A typical twin-tube chassis is shown in Figure 2.2. 

 

Figure 2.2 Twin-tube chassis 
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2.8.2 Multi -tubular chassis  

In theory the term multi-tubular refers to a chassis that's designed up with quite 2 bearing 

beams (figure 2.3), that may be wont to describe all chassis sorts beside the twin-tube 

represented on top of. In observe, the term is maybe best applied to those chassis, which 

utilizes four main facet rails however can't be classified within the true area frame class. 

 

Figure 2.3  A multi-tubular sports car chassis [Maserati Alfieri 2013] 

Essentially, this chassis offers poor performance, however has established to be a roaring 

compromise between the twin-tube chassis and also the area enclose terms of stiffness and 

cost. Often, the frame member diameter, that the outer diameter of the frame should be 

augmented to achieve an acceptable torsional stiffness. This leads to a heavier chassis, as 

compared to for instance, an area frame which will be introduced within the next paragraph. 

2.8.3 Space frame 

The body on frame is that the oldest structure system used and today it solely applies within 

the Construction of business vehicles and off-road vehicles. It consists of 2 totally different 

structures: the frame and the bodywork. The frame cans a structure consisting of 1 or 

additional metal beams on the vehicle, connected by crossbars welded, screwed or riveted, 

organized transversally or diagonally. This part features a high strength and therefore the 

mechanical parts and therefore the bodywork is hooked up on that frame.  

The body forms the outer shell of the vehicle and is screwed to the frame. Itôs not any strength 

feature. Itôs a good strength to hold significant masses and a high rigidity to face up to high 

elastic and dynamic stresses. Reforms within the body can even be performed simply. 
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Altogether frames until currently length in one dimension is extremely less compared to the 

opposite 2 dimensions. Increasing depth will increase bending strength. Beam parts carry 

either tension or compressive masses [31].  

Though the area frame (Figure 2.4) incontestable a logical development of the four-tube 

chassis, the area frame differs in many key areas and offers huge blessings over its 

predecessors. The space frame is one during which several straight tubes are organized for the 

hundreds intimate with all act in either tension or compression. This is often a serious 

advantage since none of the tubes are subject to a bending load. Since area frames are 

inherently stiff in torsion, little material is required so that they may be light-weight.  

 

Figure 2.4  1952 Lotus space frame 

2.8.4 Monocoque  

A monocoque chassis, figure 2.5, may be a one-piece structure that defines the form of the 

automotive. Monocoque was initial wide employed in craft within the Thirties. The Sixties 

race cars, that used monocoque chassis, had a cylindrically fashioned construction to boost the 

torsional rigidity. 
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Figure 2.5  Monocoque chassis. [Kohoch3 2013] 

The monocoque chassis provides the most structural support and therefore absorbs all the 

hundreds touching the automotive. In race cars these days, the foremost common variety of 

monocoque chassis are manufactured from differing kinds of composites, as an example 

Carbon Fiber strengthened Polymers (CFRP). The advantages of monocoque chassis (in 

specific, composite monocoque chassis) embrace high torsional stiffness and light-weight 

weight. There are some disadvantages, like the difficult style and high value. Alternative 

materials will be employed in monocoque constructions are as an example optical fiber and 

Al. 
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2.8.5 Box - No box  

There are 2 totally different style solutions for the rear of a formula automobile chassis, a box 

and a no box resolution. The distinction between the 2 is that within the box resolution (figure 

nine left) the rear frame encloses the differential and elements of the drive shaft since within 

the no box (figure 2.7) resolution the rear frame ends before the differential and drive shaft. 

Itôs easier to design the box resolution; however, it adds a lot of weight to the development 

over the no box resolution. Also, the no box resolution makes it easier to use the various 

elements within the tail and could be a lot of compact resolution, however, is a lot of advanced 

to design [33]. 

 

 

Figure 2.6. Left Frame with box and Right Frame with no box 

2.9 Electric Vehicleôs Chassis Frame 

The participation in Shell Eco Marathon has mandatory regulations that concern the design of 

all vehicle parts, including: Safety, Dimensional, Technical and Ergonomic rules. At the same 

time, the vehicle cover design and dimensional specifications also affected and shaped the 

constraints that must be met during the development of chassis. This type of chassis frame is 

only limited to sport car. It is not used for the puropse of carring goods. They use safety factor 

about 4 which is used on off road only[30]. 
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Figure 2.7. Electric vehicle chassis frame (EVCF) 

2.10 Material Properties 

AISI steel specifications stockholders and suppliers, delivering to the full of the United 

Kingdom. Yankee Iron & Steel Institute AISI specifications cowl a good vary of steel 

varieties, together with steel, steel, alloy steel and stainless steel. AISI steel grades have 

become more and more fashionable within the United Kingdom, primarily because of their use 

within the oil and gas industries. AISI grades area unit generally spoken as SAE designations. 

We have a tendency to hold a comprehensive vary of stock in AISI material and AISI 

equivalent specifications. AISI steel grades obtainable the bulk is as carbon steels and alloy 

steels [33].  

Itôs potential that AISI grades area unit quoted as SAE grades and it's usually that AISI/SAE 

has same steel positive identification. Carbon steels area unit selected by a consistent AISI or 

SAE four-digit variety, during which the last 2 numbers show them about the middle of the 

carbon varies. AISI 1010, as an example, includes a carbon content of 0.08 to 0.13%. The 

initial 2 digits of the AISI! SAE numbers also are important.  

The amount ten indicates non-re-sulfurized grades. Similarly, grade numbers starting with 

eleven denote re-sulfurized grades. Re-sulfurized and re-phosphatized grades are indicated by 

the amount twelve, and non-re-sulfurized grades with a most metallic element content of over 

1.00%, by the amount fifteen. The suffix H when the four digits indicate steel made to 

prescribed hardenability limits. Types throughout the manufacture of steel, gas is employed to 












































































































































