e-ISSN: 2319-8753 | p-ISSN: 2347-6710

International Journal of Innovative Research in
SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL JUURNAI.
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

Volume 11, Issue 5, May 2022

NUMBER
INDIA

‘ ‘l.\TERNATlONAL
STANDARD
.\ SERIAL Impact Factor: 8.118

0 9940572 462 (O 6381907 438 = ijirset@gmail.com . www.ijirset.com



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

m | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 8.118|
A BYK

IJIRSET [[Volume 11, Issue 5, May 2022||

| DOI:10.15680/IJIRSET.2022.1105221 |

Analysis of Crash Box using Structural
Analysis and Compression Testing

Sameer Yedage, Aditya Khiste, Naresh Tayade, Vipin Mohod
Department of Mechanical Engineering, JSPM’S Imperial College of Engineering & Research, Pune, India

ABSTRACT: During a light-weight collision between two vehicles or a vehicle and an obstacle, the car’s interior
structure is irrecoverably damaged. A crash box may be a separate component in the vehicle which is mounted in
between the mainframe of the car and the front bumper. The structure of the crash box provides luxury to the passenger
at the time of impact force. It works as a secure guard for the expensive components behind the bumper like the engine
hood and cooling system. In present research different shape crash box is designed in CATIA software namely circular,
square, and rectangle. Explicit dynamics analysis has been performed to obtained optimum shape crash box under
existing boundary conditions to determine maximum energy-absorbing structure and calculation of deformation, force
reaction, and stresses at the respective crash box. An experimental test is to be performed on a UTM machine. After,
that the comparative analysis is going to be administered between the experimental and analysis results, and then the
result & conclusion are going to be drawn

KEYWORDS: Crash Box, Analysis, UTM Test, Comparision of different shapes

I. INTRODUCTION

Crash box (vehicle collision), is an energy-absorbing device installed to reduce repair costs in low-speed vehicle
collisions. Vehicle collisions frequently happen at a low speed. Insurance companies and the Research Council for
Automobile Repairs both require reduction of repair costs and improvement in occupant safety in a low-speed crash. To
reduce repair costs, an energy-absorbing device such as the crash box is usually installed. The crash box is a thin-
walled structure attached between the vehicle bumper structure and the side rail. The determination of the crash box
geometry is quite important to absorb the impact energy since the installation space of the crash box is not very large.

The equivalent static load method for nonlinear static response structural optimization is employed to solve the
formulated topology optimization problems. The cross-sections of the crash box are determined from the results of the
conceptual design. In the second step, the detailed design processes are performed by using discrete design with an
orthogonal array for the models that are selected in the first step.

Crash beads

40%% offsct

¢

Crash direction

Fig.1 R-CAR Test Fig.2 Crash Box

I[I. RELATED WORK

In automobile design, crash and structural analysis are the two most important engineering processes in developing a
high-quality vehicle. Computer simulation technologies have greatly enhanced the safety, reliability, and comfort of
today’s automobiles. rectangular cross-section Crash box was modeled in CATIA V5R14, meshed in HYPER MESH-9,
and simulated in LS DYNA. The result is post-processed to determine the displacement levels and energy absorption
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characteristics for different material models, various velocities and different wall thicknesses for the particular material
models in the crash box, and energy management during the event.

A crash box is a separate component in the vehicle which is mounted in between the mainframe of the car and
the front bumper. At the time of the accident, it deforms axially and absorbs accidental energy. The crash box structure
provides comfort to the passenger at the time of impact. It works as a safeguard for the costly components behind the
bumper like the engine hood and cooling system. In this report plane, crash box geometry is studied for energy
absorption

III. METHODOLOGY

Project Stage- 1

e Initially research paper relevant to the topic is gathered and after going through research papers, the
conventional design of Energy Absorption crash boxeswas examined.

e A 3-D CAD model will be prepared by studying the conventional design of different cross-section shape crash
box specimen

e Prepared 3-D model will be transferred to ANSYS software and proper meshing will be created on the model
for further analysis.

e  For determining theimpact energyexplicit dynamic analysis will be performed on ANSYS.

Project Stage- 2
e A prototype of the model will be manufactured.
e UTM compression test will be performed on the prototype.
e Comparison of ANSYS and UTM results will be carried out.

IV. EXPERIMENTAL RESULTS

D: EXPER IMERNTAL TESTING
Equivalent Stress

Type: Equivalent (won-fises) Stress - Top/Bottarm
Unit: MPa

Tirme: 4.0021e-004
Cycle Mumber: 582
Custorm Obsolete

314.18 Max
283.89
253.6

223.3

193,01
162.72
132.42
102.13
71.835
“11.542 Min

8.6993 Min

Fig.3 Best Shape According Stress Analysis Fig.4 Experimental Testing

DISPLACEMENT 40MM 40MM

STRESS 318 Mpa 314 a
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1Iv. CONCLUSION

e In the present study three different structures namely circular, square and rectangular structure shapes are
studied during the crash test with 100 m/s velocity, it is observed from the results that the force reaction of
square structure is more than circular shape and rectangular.

® So, itis beneficial to use a square frame structure in the chassis structure of the crash box.

e Experimental testing is performed for an optimum shape that is the square crash box, it required 40.6 KN
force for complete failure

¢ Both Readings of Ansys & Experimental Testing matches that show our analysis is correct

REFERENCES

Gangadhar Biradarl, Anjan Babu, “Automotive Crash Box Performance Analysis and Simulation during Frontal
Rigid Barrier Crash” JETIR, vol. 11, no. 5, pp. 677-694, 18 Oct. 2004.

Omkar B Garud, Krishna S Pawar, Prashant K Thorat, Amit M Waghmare, and Sagar P Chopade. “ Analysis and
Experimental Validation of Crash Box for the Energy Absorption Capacity” .IJCA Journal , Vol 8 No.2 pp 35-48
May 13 2021

Se-Jung Lee, Hyun-Ah Lee, Sang-Il Yi, Dae-Seung Kim, Heui Won Yang, and Gyung-Jin Park. “Design flow for
the crash box in a vehicle to maximize energy absorption” SAGE Journals 30 July 2012

Liu Yan-Jie, Xia Chun-yan, Ding Lin, Liu Chun-Hua. “Influence of Material on Automotive Crash-box
Crashworthiness Subjected to Low-Velocity Impact”. Research Gate Publication 17 Jan 2013

Yanjie LIU, Lin Ding. “A Study of using Different Crash Box Types in Automobile Frontal Collision” . IISSST
Journal 16 July 2016

Venkat Krishnan, , Eirini Kastrouni, V. Dimitra Pyrialakou, Konstantina Gkritza, James D. McCalley.
“Progressive crushing as a new mechanism of energy absorption. The crushing study of magnesium alloy crash-
boxes”. Materials & Design, vol.47, pp.836-841, 26 May 2013.

IJIRSET © 2022 | AnISO 9001:2008 Certified Journal | 5909


http://www.ijirset.com/

INTERNATIONAL = 3‘

INNO (€48 SPACE d ' STANDARD £ g 3

= SERIAL Wi
SJIF Scientific Journal lmpact Fac S - \
freaT

ef
Impact Factor: 8.118 cro ssr - INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

NISCAIR

@ 9940 572 462 (@ 6381 907 438 (3 ijirset@gmail.com |

www.ijirset.com



