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I. INTRODUCTION 

 

Automotive industry is one of the major industries 

around the globe [1]. Chassis is a central part of 

automotive vehicle and it carry the load of 

components such as engine, gearbox, clutch, fuel 

tank etc. These loads include the weight of each 

component. Therefore, chassis should be rigid 

enough to absorb the shock, twist, vibration and 

other stresses. Bending and torsional stresses are the 

main design consideration for the chassis apart from 

this it has better handling characteristics [2]. 

Therefore, the chassis must provide the strength 

needed for supporting the components to keep the 

ride safe. Chassis is the skeleton of vehicle and it is 

the load carrying structure, so it has to be designed 

[3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One of the major challenges is of designing of the 

chassis. Design of chassis is begins with analysis of 

load cases [1]. There are four loads acting on chassis 

to be considered namely: (1) bending loads (2) 

torsion loading (3) combine bending and torsion 

loading (4) lateral loading (5) inertia forces when 

vehicle accelerates and decelerates.  

 

These loads are important considerations in design 

of chassis because of ride safety and comfort of 

passengers. Nowadays automotive engineers are 

more interested in reducing the weight of chassis 

without compromising its performance. Apart from 

this many scholars have done the optimization of 

chassis. For instance, Cavazzuti et. al. [7] optimized 

the design of chassis. Sobieski et al. [8] have done 

the optimization of chassis using bending and 
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torsion loading as a constraint. Sklad [9] addressed 

the optimization of chassis towards light weight. 

Sethupathi et al. [10] have done the optimization of 

FSAE chassis using FEA. Yasar and Brian [11] studied 

the effect of design parameters on chassis of car. 

Design was analyzed by using FEA tools with three 

materials namely aluminum alloy, magnesium alloy 

and carbon fiber. Further, design optimization was 

carried out by using Taguchi methodology. Paramar 

and Morabiya [12] analyzed the stress distribution of 

truck frame. Results indicate that stress intensity is 

minimum in “I” section than “C” section. 

 

With the growing computing technology and fastest 

speed of computers trends are to reduce product 

development time, computer aided engineering 

(CAE) holds a major position in the product 

development cycle in the automotive industry. In 

order to reduce the cost of prototype, design 

engineers are more focused on simulations to come 

up with optimized design. Chassis is of the load 

bearing primary member of an automobile, its 

designing and optimization is important to ensure 

the automobile durability. Researchers are 

continuously doing their effort on the analysis of 

chassis subjected to various kinds of load. 

 

Accordingly, in this study design analysis and shape 

optimization of ladder chassis frame is analyzed. 

Static analysis will be performed on ladder chassis 

frame to find out the stress, strain and displacement 

in a ladder chassis due to acting loads. Solid Works 

software will be used for the modelling of ladder 

chassis frame and ANSYS will be used for the static 

analysis of ladder chassis fame. Coming to shape 

optimization, the cross-section of cross-members will 

be changed accordingly C,T& I and tested for the 

same.  

 

II. LITERATURE REVIEW 

 
Yang and Chahande [1] used topology optimization 

methods to design light-weight automobile 

components. The methodology is demonstrated on 

different structures including a space frame, 

simplified truck chassis and a deck lid.  

 

Cavajzzuti et al. [2] used topology, topometry and 

size optimization to design automotive chassis while 

satisfying the structural performance constraints as 

per Ferrari standards. The design when compared to 

the commercial Ferrari F458 chassis showed 

significant mass reduction.  

 

Wang et al. [3] studied the topology optimization 

approach for longitudinal beam shape frames with 

variable cross-sections to achieve reliable chassis 

designs. They achieved the optimized frame which 

was robust and had lower mass. The shortcoming of 

topology optimization is, however, that the design 

obtained often has too complex of a shape to be 

manufactured. Also, high computational time is 

required for topology optimization approaches.  

 

Kurdi et al. [4] compared diverse heavy-vehicle 

frames with different mass and torsional stiffness. 

The authors found an effective design with low mass 

and maximum torsional stiffness.  

 

Kang et al. [5] presented the optimal design of a 

heavy-vehicle by applying the analytical target 

cascading (ATC) methodology. They solved design 

problems for heavy-duty truck and bus with the 

suspension system. 

 

Rajasekar et al. [6] applied the genetic algorithm to 

optimize the chassis with various rectangular cross-

sections.  

 

Jin and Wang [7] performed the strength analysis of 

a simplified suspension model. The authors 

simplified the suspension with an equivalent beam to 

calculate the strength of frame under diverse load 

conditions. 

 

Nelson [8] used the inertia relief analysis to estimate 

the impact loads on the space structure.  

 

Morton [9] applied this method to calculate the 

distribution of flight load on the unconstrained 

helicopter rotor.  

 

Vallejo [10] simulated a finite element model using 

inertia relief to predict the fatigue behavior of the 

heavy truck chassis.  

 

Pagaldipti and Shyy [11] studied the influence of 

inertia relief on optimal designs.  

 

Saito [12] carried out the full automobile 

optimization procedures with the inertia relief 

analysis.  
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Zhang and Deng [13] used the inertia relief option 

to perform stress analysis on the mine dump truck 

frame and proposed essential elements for 

optimization of a commercial vehicle. 

 

Gaikwad and Ghawade [14] performed the static 

structural analysis of truck chassis. Chassis is 

modelled in Pro-E and FEM analysis has been done 

in ANSYS. Highest stress is found as 106.08 MPa. 

Further, the result of numerical simulation is bigger 

than 5.92% than analytical one. 

 

Muthyala [15] made the comparative analysis of 

steel and CFRP ladder chassis. Further, crash analysis 

has been performed. Thickness optimization is 

performed on ladder chassis. It is observed that 

7.91% weight is reduced in the combination of 

chassis. 

 

Garud et al. [16] had changed the web height and 

thickness to study their effects on weight. CFRP was 

showing better results as compared to original 

chassis. Further, with increase in thickness, 

deformation and stress value decreases.  

 

Mishra [17] designed the truck chassis with different 

materials. Ladder chassis is modelled in Solid Works 

and FEM analysis has been done in ANSYS. Result 

reveals that shear stresses are maximum in alloy steel 

chassis as compared to aluminum chassis. 

 

Kumar et al. [18] performed the FEM analysis of 

truck chassis. Results indicate that highest stress 

occurred is 106.08 MPa. The calculated maximum 

stress is 95.43 MPa. The result of FEM analysis is 10% 

higher than that of analytical one. 

 

Francis et al. [19] calculated the von mises stress 

and shear stress for chassis frame. Mild steel, 

aluminum alloy and titanium alloy are selected for 

analysis. Result indicates that von mises stress is 

found minimum in aluminum alloy. 

 

Darlong et al. [20] had done the FEM analysis of 

ladder chassis frame under static and dynamic 

conditions. Result indicates that 15.22% weight 

reduction is achieved with a von-mises stress of 

31.69 MPa. 

 

Goel et al. [21] studied the deformation, natural 

frequency, and stress induced in an automotive 

chassis under different cross-section of cross 

members. Chassis is modelled in Solid Works and 

FEM analysis has been done in ANSYS. 

 

III. CONCLUSION 

 
The two key influences that determine the geometry 

of the chassis are indeed the form and cross section. 

That cross section or cross part positions will 

determine the frame specification for the ladder style 

frame. Under dynamic and static environments, 

multiple cross sections include differing behavior 

including characteristics. Various sections which are 

already found in various implementations include C-

section, I-section, and box-section (rectangular) 

including circular sections. Owing to its large 

bending load resistance, the C-section is commonly 

used throughout heavy vehicles.  

 

Compared to other sections, torsional resistance 

becomes lower in the C-section. Open C-sections 

have fast assembling, routing including convenient 

usability for one of the other aggregate structures. I-

sections do have high shear resistance and torsion, 

even though there are no elements of mounting and 

availability. Therefore, the use of I-section as a trailer 

truck chassis would be reduced. The torsional 

resistance of the circular cross section chassis is 

indeed fine.  

 

The circular section does have disadvantages, such 

that it is easy to craft then it is not cheap to 

implement. Throughout the space frame architecture 

used in race cars, circular segment chassis can be 

used in which the moment of inertia must be held 

low and also more structural rigidity becomes 

provided. 
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