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Abstract 

Generally, with in the Automotive Industry weight reduction, cost of engineering design and reduction in vehicle development 

cycle time are getting increasingly focused on. In order to tack le this, Computer-Aided Engineering (CAE) is popularly being 

used to lead the design process. This is more efficient than simply, using CAE as a verification tool. The Crush Box Analysis is 

carried based on the basic principle of FMVSS by using Finite Element Method. Federal Motor Vehicle Safety Standards (FMVSS) 

are U.S. federal regulations specifying design, construction, performance, and Sturdiness requirements for Automobile and 

Controlled Automobile safety-related components, systems, and design features. The Solid work software is used for CAD 

modeling and ANSYS software is used for FEA analysis. Evaluate the results by changing thickness and design of the crush box. 

Von misses stress and deformation, by comparing the results that can suggest that using Rohacell 110 IG foam in crash box of the 

chassis absorbs optimum stress and more energy than others.    
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I. INTRODUCTION 

This study scrutinizes vehicle chassis assembly in the automotive industry. The building of vehicle chassis in the automotive 

industry is the subject of intense research. It concentrates on the upsurge of Chassis and the implications for vehicle manufacturing 

and customer order satisfaction. Today's Chassis must have a high strength-to-weight ratio and rigidity and be cost-effective and 

simple to manufacture. Unfortunately, five Indian cars including the Mahindra Scorpio failed the Worldwide New Car Assessment 

Program's crash tests (NCAP). Global NCAP has given Hyundai Eon, Maruti Suzuki Eeco, Maruti Suzuki Celerio, SUV and 

Renault Kwid zero stars for safety. The Global New Car Assessment Program aims to promote public safety and health as well as 

the conservation and improvement of the natural environment, in particular by: 

 Establishing & carrying out autonomous study and evaluating programs to examine the safety and environmental aspects of 

automobiles, as well as their comparative performance and communicating the findings to the public Fostering new automotive 

evaluation programs by giving financial and technical support and enabling international collaboration with and among these 

programs. 

II. LITERATURE REVIEW 

The literature review for the dissertation project outlined in the previous chapter falls under this heading. 

1) Hari Kumar A. et al.[1] in this study analyzed ladder-type chassis frame for the TATA Turbo Truck by employing ANSYS 

14.5‟ package. According to findings, the Rectangular Box section of the Ladder Chassis has greater strength than the C and 

I Cross-section types. For Aluminum Alloy 6063-T6. The design stages of conceptualization and formulation are efficiently 

addressed using finite element analysis. 

2) Syed Altaf H. et al.[2] investigated alternative chassis materials. Carbon/Epoxy, E- glass/Epoxy, and S-glass/Epoxy as chassis 

materials were examined and analyzed in different cross-sections such as C, I and Box Section. TATA 2515 EX chassis have 

been used in the study. For this project, Pro-E and Ansys software were employed. It is noted that in comparison to other 

materials and cross-sections, the Carbon/Epoxy I section Chassis offers more remarkable results in all parameters. 
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3) Reddy Nagarjuna Y. et al. [3] have carried out the study in Andhra Pradesh, India. The purpose of this article is to discuss the 

Design and analysis of a chassis frame, additionally, it teaches you how to use ANSYS classic to determine the finite element 

module of a chassis space frame using analysis techniques including static and modal analysis (CLASS 1 MODEL). The 

studies were used to create the planning, which was wiped out in “CATIA V5” and then introducedto “ANSYS classic 11.0” 

to find the FEA and its degrees of freedom. As a result of the previous findings and study, chassis frame structure is influenced 

by the stiffness and stresses in that specific frame. Because the stresses were significantly lower than the material's yield point, 

the stresses obtained above are well-deserved for manufacturing a chassis space frame. 

4) Chandrasekar M. et al. [4] have carried out research to do static analysis, chassis frame modification based on the results and 

structural modal analysis. The results reveal that the von-mises stress is less than the material's yield strength, which fulfills 

the Design, and that the deflection is approximately 5.648mm. Improvements to the Design are made to lessen the structure's 

deflection. Furthermore, this analysis evaluates the natural frequency and related vibration modes of the redesigned structure. 

The seventh mode shape, with a natural frequency of 58.683 Hz, is significant 

5) Sreenath S. et al. [5] studied simulation regarding the traditional bus body and the parameters impacting the weight of the bus 

bodies were investigated. The manufacturing cost, vehicle handling, security and overall performance, are all influenced by 

the lightweight approach for bus bodies. The lightweight Design is achieved by minimizing the number of frame elements and 

supporting frame elements and optimizing topology (thickness, gauges, and so on). The analysis is carried out on two 

alternative models and the version 2 model (with fewer supporting parts) creates less stress in both static and cornering 

structural analysis. 

III. DESIGN OF EXPERIMENTAL SET UP  

Basic design considerations  

 Introduction 

The principal objective is to show an impact attenuator design that can be employed in a car. It is positioned on the car's front 

bulkhead, as the most intense stress occurs during a head-on collision. “Federal Motor Vehicle Safety Standards (FMVSS)” require 

that an attenuator meet specified dimensions and mounting restrictions. The Testing can be conducted in the following method: 

1) Testing of Dynamic Load 

2) Testing of  Quasi-Static Load 

 Impact Attenuator Dimension 

According to FMVSS standards, it must be: 

1) Installed in front of the bulkhead. 

2) Minimum length 200 mm (7.8 in) parallel to the frame axis. 

3) Minimal 100 mm in height and 200 mm in width to extend the front bulkhead to at least 200 mm. 

4) Upon impact it can’t be touched to Bulkhead Front. 

On all vehicles, the Impact Attenuator must be incorporated with a 4.0 mm solid aluminum or a 1.5 mm solid steel "anti-intrusion 

plate." 

 Impact Attenuator (IA) Data Requirement: 

Test results demonstrate that when an Impact Attenuator (IA) is positioned on the front of a vehicle with a weight of 1950 kg and 

driven into a strong crash barrier at a speed of 64 kilometers per hour, the vehicle experiences an average deceleration of fewer 

than 20 g's, with a peak deceleration ≤ 40 g's. The amount of energy consumed must be equal to or more than 7350 J. In addition, 

no component of the anti-intrusion plate may depart substantially from its pre-test location by more than 25.4 mm (1 inch). 

 Material Selection: 

 Impact Attenuator 

Cost, weight, durability and supply are all aspects to consider while selecting materials. Weight is a critical component of the entire 

automotive Design, as the primary goal is to make the automobile lightweight maximize its speed. The alternatives include a 

monocoqueframe, aluminum honeycomb, or foam. Due to budget constraints, monocoque structures are prohibitively expensive 

to purchase. Additionally, though aluminum honeycomb is a reliable material, foam out performs it  in terms of cost, weight, and 

availability. In comparison to DOW IMPAXX or other foams, Rohacell 110IG foam is readily available. The properties of Rohacell 

110I G are mentioned in Table no.1. 

 Anti-Intrusion Plate 

Accordingly, Impact attenuator should always connected to an anti-intrusion plate. (If steel, then 1.5 mm and If Al then 4 mm 

thick). As is often known, commercial MS. and Al. have densities of 7850 kg/m³ and 2700 kg/m², respectively. Therefore, the Al 

material saves 150 grams in weight as compared to the 1.5 mm steel plate for the dimension of (280 x 280  mm ) anti-intrusion 

plate. 

1) ARALDITE & M-SEAL should be used to connect the impact attenuator to an anti- intrusion plate. 

2) Embedding the entire structure into the Chassis. 
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The entire structure might be welded or bolted to the front bulkhead. However, bolting is more preferable due to the limited 

available space and the impasse situation associated with welding aluminum and steel together. 

3D Modelling & Design calculations for SUV chassis 

Front Overhang (a)(in mm) = 1130 

Rear Overhang (c) (in mm) = 510 

Wheel Base (b) (in mm) = 2680 

Overall Length (in mm) = 4320 

All the above dimension of the Chassis is given in Mahindra Scorpio S8 Brochure. 

 
Fig. 1: Overall Length of SUV Chassis Model 

Material which used for SUV chassis, it’s given in OVERDRIVE magazine and MahindraScorpio part brochure. [10] Fig. 3.1 

Shows Overall Length of SUV Chassis Model. 

E (mod. of elasticity) = 2.10 x 105N / mm2 σ (Poisson Ratio) = 0.28  

Capacity of SUV = 2.2 Tons = 2200 kg = 21582  N(Mahindra Scorpio S8 brochure) 

Capacity of Scorpio S8 (for 1.25%) = 26977 N 

Weight of the body + Engine = 1.865 Ton = 18295 N 

Net load on chassis = (Chassis Capacity) + (Weight of body and engine) 

= 26977 + 18295 

= 45272 N 

         The net load on chassis is 45272 N. 

 
Fig. 2: Top view of Chassis 

 
Fig. 3: Side view of Chassis 

IV. OBSERVATIONS AND TESTING 

Fig.7.1 shows the 3D model for Impact Attenuator created with “CREO software". The attenuator Measurement taken as (210 x 

210 x 100) in mm, and Material thickness was 4 mm and made from the materials discussed above. Fig.7.2, Fig.7.3, Fig.7.4 Shows 

View of Impact Attenuator Model. 
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Fig. 4: Impact Attenuator (CAD model) Fig. 5: Impact Attenuator (Top View) 

  
Fig. 6: Impact Attenuator (Front View) Fig. 7: Impact Attenuator (Side View) 

 Testing 

The Impact Attenuator can be further physically tested for durability after manufacturing using a UNIVERSAL TESTING 

MACHINE with a minimum load application capacity of 200 KN. The IA was tested by using quasi-static which generates LOAD 

vs. DISPLACEMENT computer - simulated graph (To obtain correct findings, it is recommended that you utilize a properly 

calibrated, government- affiliated Testing Machine). Fig.7.6 and Fig.7.7 illustrates the fixture for Impact Attenuator testing. First, 

small plates (Mild steel) were welded to square channel, then holes were pierced through plates to bolt Anti-Intrusion Plate and 

square channel. Fig.7.8 and Fig.7.9 Shows IA Before and After Testing. Impact foam height is 210 mm, which is compressed by 

130-160 mm under moderate loading. 

 The computer, which is linked to the Universal Testing Machine, generates a displacement graph while compressing. To draw 

Energy Output Vs DISPLACEMENT graph, record unloads for every 5 mm increase in value on digital board. Different parameters 

like crushed displacement (for Impact attenuator), post crush displacement, and deviation of the anti-intrusion plate were all noted 

at the end of the Testing. 

  
Fig. 8: Manufactured material of attenuator Fig. 9: Actual Impact Attenuator 
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Fig. 10: Impact Attenuator fixture Fig. 11: Impact Attenuator during Testing 

 
Fig. 12: Impact Attenuator after Testing 

 Discussion (findings and calculation) 

This diagram is necessary for estimating peak and average deceleration. 

Given: 

The vehicle's mass is 300 kg. And, F= m x a 

 Peak Deceleration: 

Here at peak deceleration, the load is equal to peak load 

𝐿𝑜𝑎𝑑 = 𝑃𝑒𝑎𝑘 𝐿𝑜𝑎𝑑 

𝑃𝑒𝑎𝑘 𝐿𝑜𝑎𝑑 = 𝐹 = 78.301 𝐾𝑁 

For calculation of peak deceleration, a‟ 

𝒂 =
𝑷𝒆𝒂𝒌 𝑭𝒐𝒓𝒄𝒆 

𝑴𝒂𝒔𝒔
=

𝑭

𝒎
 

In terms of standard gravity 

𝒂 =
𝟒𝟎. 𝟏𝟒

𝟗. 𝟖𝟏
= 𝟒. 𝟎𝟗𝒈′𝒔 

 Average Deceleration: 

Here at average deceleration, the load is equal to the average load 

𝐿𝑜𝑎𝑑 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐿𝑜𝑎𝑑 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐿𝑜𝑎𝑑 = 𝐹𝑔′𝑠 = 55.063𝐾𝑁 

 

For calculation of average deceleration ,a‟ 

𝒂 =
𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐅𝐨𝐫𝐜𝐞 

𝑴𝒂𝒔𝒔
=

𝑭

𝒎
 

In terms of standard gravity  

The above calculation shows, Peak deceleration of 4.09g‟s while average deceleration of 2.87g‟s. 

𝒂 =
𝟐𝟖. 𝟐𝟑

𝟗. 𝟖𝟏
= 𝟐. 𝟖𝟕𝒈′𝒔 
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Graph 1: Load v/s Displacement Graph 2: Energy v/s Displacement 

 The area under the curve displayed in graph 1 calculates energy at displacements, as shown in graph 2. Total energy absorption 

is 8377.65 J (i.e. >= 7350J) when all cumulative energy values are added together. 

V. CONCLUSION 

High impact during car accidents is very dangerous for human health. This project study was carried out for impact analysis of 

chassis and improve stiffness with new design. The crash simulation of car chassis crash has been carried in ANSYS Workbench. 

Initially Impact analysis is carried out on old chassis to create a baseline and to understand nature of deformation and stress. Further 

topology optimization analysis technique is used to identify and high-stress region and remove material from lower stress region. 

Along with it, Rohacell IG foam is selected as crash box material based on literature and compression test carried out to find out 

material behavior during impact. The new chassis is designed from combination of topology optimized results and added rohacell 

material as crash box. Similar impact analysis has been performed on optimized chassis and analysis results are compared. 
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