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                                  ABSTRACT 
   The paper focuses on simulation & analysis of a Rear Under 

Run Protection (RUPD) system under crash scenario. The basic 

objective is to improve the safety of the car and the occupants by 

designing the RUPD and car bumper. The choice of material and the 

structural design are the two major factors for impact energy 

absorption during a crash. It is important to know the material & 

mechanical properties and failure mechanism during the impact. 

This study concentrates on component functions, geometry, 

behavior of material and other parameters that influence the 

compatibility of the car bumper and rear under run protection 

device. The analysis was carrying out using Finite Elements 

software (LS-Dyna), Meshing tools by Altair Hyper mesh and 

Modeling on Pro-E.  This analysis is a partial work of a major 

project wherein the RUPD will be subjected to static testing with 

variable load distributions at different locations on RUPD. The 

analysis establishes the method and parameters of the simulation on 

modeling and analysis software used by demonstrating the energy 

absorption pattern in bumper and RUPD during frontal crash of a 

car with different design parameters of RUPD. 

 
Index Terms— CAD(Modeling & Simulation –Pro-E), Meshing 

(Hypermesh), Preprocessing (LS-Dyna), ANSYS solver.  

                            INTRODUCTION 

The collisions can be classified in many ways such as crashes 

oncoming vehicle’s lane, under icy, snowy, or wet conditions; 

crashes into heavy vehicles generally occurred in daylight, on 

workdays, in winter etc. Primary evaluation is according to head and 

chest injuries. The injuries are categorized based on critical, death 

head injuries and multiple fatal injuries.  Investigators also looked at 

data concerning suicide and driving with alcohol for a proper 

statistical representation. They also observed that the risk of frontal 

collisions may be reduced by a mid barrier, front energy absorbing 

structure for trucks and buses and driving conditions. 

The accidental event, when a passenger car or a light 

load-carrying vehicle crashes and is wedged under the rear part of 

the vehicle chassis, is called rear under run. The rear under run 

protection device (RUPD) prevents the vehicles from being wedged 

under the chassis during accidental crashes and with that 

significantly increases the safety of occupants. This necessitates the 

requirement of conscious a proper design. 

The most important condition is the RUPD resistance to loading 

forces acting along or parallel to the vehicle longitudinal axis. The 

regulation also calls for a practical RUPD testing on the testing 

machine, where the RUPD is subjected to prescribed loads at some 

particular loading points. If the measured deformations fall into the 

allowable range, the RUPD can be declared to comply with the 

regulation. The practical testing is required for all standard mounted 

RUPD. 

 

       

 

Fig. 1.1 Car Bumper and RUPD 

Heavy commercial vehicle under run Protection (URP) has a long 

history of investigation. European research organizations as well as 

heavy commercial vehicle manufacturers have been studying the 

subject since the 80s, initially commencing with rear and side URP 

and followed by front URP. Research in Australia, Canada, and the 

United States commenced in the late 90s and focused mainly on rear 

under runs, which in Australia contributes to only about 10 per cent 

of under run trauma. In recent years, the member countries of the 

European Union have been instrumental in financing and managing 

research efforts directed at generating solutions for addressing front 

under run trauma, which in Australia accounts for 75 per cent of 

under run trauma. Protection for vulnerable road users and 

passenger car occupants from heavy commercial vehicle under run 

is now mandatory in Europe for commercial vehicles exceeding a 

GVM of 3.5 tones. Some member countries of ASEAN and the three 

most populous and fast growing economies of China, India and 

Brazil also have some form of URP requirements for heavy 

commercial vehicles. 

                                   SURVEY 
           Road accidents are human tragedy. They involve high human 

suffering and monetary loss in terms of fatality, injuries and loss of 

potential income.  During the calendar year 2010, there were close 

to 5 lakh road accidents in India, which resulted in more than 1.3 

lakh deaths and injuries on 5.2 lakh persons. These numbers 

translate into one road accident every minute, and one road accident 

death every 4 minutes.  

 

 

 

 

 

 

 

 

                                   

                                 Fig 1.2 Survey 

    In 2010-2011 an accidental (Fig 1.2) shows maximum 

Percent of Trucks and car, jeep approx 21.5 to 22.7 its huge 

injuries cause of  front and rear crash. Trucks accident results in 
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major deaths because high impact and low safety equipments. It was 

observed in a

 

survey at National highway 3 and National

 

highway 

59

 

that maximum

 

accidents

 

takes place on rear of

 

truck because of 

rear

 

view and improper mountings of RUPD.

 
 

LEGAL REQUIREMENTS OF RUPD

 

 

     RUPDs to be implemented are regulated by ECE’s R58. An 

Indian regulation IS 14812 –

 

2005 is derived from ECE R58 

standard,

 

 

 
 

1. The device shall offer adequate resistance to forces applied 

parallel to the longitudinal axis of the vehicle, and be connected; 

when in the service position with the chassis side members or 

whatever replaces them. This requirement shall be satisfied if it is 

shown that both during and after the application, the horizontal 

distance between the rear of the device and the rear extremity of the 

vehicle does not exceed 400 mm at any of the points P1,

 

P2 and P3    

 

( Fig.1.3). In measuring this distance, any part of the vehicle which 

is more than 3 m above the ground when the vehicle is un-laden 

shall be excluded. Point P, are located 300 + 25 mm from the 

longitudinal planes tangential to the outer edges of the wheels on the 

rear axle; point P2 which are located on the line joining point P1, are 

symmetrical to the median longitudinal plane of the vehicle at

 

a 

distance from each other of 800 to 1100 mm inclusive, the exact 

position being specified by the

 

manufacturer. The height above the 

ground of points P1, and P2 (see Figure 1.3) shall be defined by the 

vehicle manufacturer within the lines that bound the device 

horizontally. The height shall not, however, exceed 600 mm when 

the vehicle is un-laden. P3

 

is the centre point of the straight line 

joining point P2. 

 

2. A horizontal force equal to 12.5 percent of the maximum 

technically permissible weight of the

 

vehicle but not exceeding 25 

KN shall be applied successively to both points P, and to point P3. 

 

3. A horizontal force equal to 50 percent of the maximum 

technically permissible weight of the

 

vehicle but not exceeding 100 

KN shall be applied successively to both points P2.

 

 

4. The forces specified above shall be applied separately, on the 

same guard. The order in which the forces are applied may be 

specified by the manufacturer. 

 

5. Whenever a practical test is performed to verify compliance with 

the above mentioned requirements, the following conditions shall be 

fulfilled. 

 

METHODOLOGY

 

In modern engineering analysis it is rare to find a project that 

does not require some type of simulation for analyzing the

 

behavior 

of the

 

model under

 

certain specified conditions. The advantages of 

simulation are numerous and important. A new design concept may 

be modeled to

 

determine its real world

 

behavior under various load 

environments, and may therefore be refined prior to

 

the creation of 

drawings and changes can be

 

inexpensive. Once a detailed CAD 

model has been developed, simulations can analyze the design in 

detail, saving time and money by reducing the

 

number of 

prototypes

 

required. An existing product which is experiencing a 

field problem, or is simply being improved, can be analyzed to 

speed an engineering change and reduce its cost.  

 

          Crash-testing requires a number of the test vehicle to be 

destroyed during the course of the tests and is also time consuming 

and

 

uneconomical. One new recent trend that is gaining vast

 

popularity is computer

 

simulated crash-testing. Here instead of a 

real vehicle, a FE

 

(Finite Element) model of the vehicle is generated 

and is used to carry out the different tests that were carried out 

before using actual vehicles. 

 

There are

 

several software packages 

that

 

are equipped to handle the crash-testing of vehicles, but one of 

the

 

most popular in dynamic analysis software is LS-DYNA.  

 

 

In this analysis the rear impact crash is conducted using a

 

modeled

 

(car),

 

and truck chassis (half segment) as the test Finite 

element model.

 

The car and the RUPD were modeled on Pro-E and 

integrated on Hypermesh for critical meshing.  After meshing the 

system, the model was imported in LS-Dyna environment 

(LS-Prepost) for setting various simulation parameters. The output 

of Prepost (.k file) was solved in ANSYS LS-Dyna solver.

  

 

The truck chassis

 

has a fixed and the initial velocity of car

 

model

 

is assumed 50

 

kmph before impact the RUPD bar.

 

The simulation is 

given a termination time 0.5

 

sec.

 

The reason for termination time is 

that for rigid

 

RUPD bar. 

 

 

 

The Model generated is

 

in 5 steps:

 

1.

 

Modeling

 

(Pro-E)

 

2.

 

Meshing

 

(Altair Hyper mesh)

 

3.

 

Pre-Processing

 

4.

 

Solver

 

5.

 

Post Processing

  

 

ELEMENTS

 

& BOUNDARY CONDITIONS

 

         The completed model contains approximately 208

 

parts, 61 

materials and 42191 elements and 45547

 

nodes. Structural 

components and specific element types used in the model

  

include.

 

 

1.

 

Beam                 

 

2.

 

Discrete

 

3.

 

Mass

 

4.

 

Seatbelt accelerometer

 

5.

 

Shell

 

6.

 

Solid

 

 

     The function of the boundary conditions is to create and 

define constraints and

 

loads on finite element

 

models. To simulate a 

full vehicle

 

car crash

 

all loads and boundary conditions that occur in 

the actual crash event need to be modeled. Just as a car is subjected 

to gravitational loads

 

in real life, the simulated

 

model should have a

 

representative gravity force applied.

 

Friction forces between the 

tires and the road surface play an important role in how the vehicle 

behaves on impact, so these have to be accounted

 

for in the

 

simulation. 
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Fig 2.1 Simulation & energy absorption in car bumper and RUPD with thickness 3.00 mm

 

  
 

Fig 2.2 Simulation & energy absorption in car bumper and RUPD with thickness 3.50 mm

 

 

 

Fig 2.3 Simulation & energy absorption in car bumper and RUPD with thickness 4.00 mm

 

  

Fig 2.4 Simulation & energy absorption in car bumper and RUPD with thickness 4.50 mm

 

 
 

Fig 2.5 Simulation & energy absorption in car bumper and RUPD with thickness 5.00 mm

 

Time (Seconds)

 

Time (seconds)

 

Time (Seconds)

 

Time (Seconds)

 

Time (Seconds)

 

E
n

er
g

y
 a

b
so

rb
ed

 (
 )

 
E

n
er

g
y

 a
b

so
rb

ed
 (

 )
 

E
n

er
g

y
 a

b
so

rb
ed

 (
 )

 
E

n
er

g
y

 a
b

so
rb

ed
 (

 )
 

E
n

er
g

y
 a

b
so

rb
ed

 (
 )

 

1236

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 10, October - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS100484



                                                                                

   

 

 

RESULTS AND DISCUSSION 

 

      Five Simulation tests were carried out for the rear impact. The 

model 1 is having 3 mm thickness of RUPD bar, model 2 is a 3.5 mm 

thickness of RUPD, model 3 is a 4 mm thickness of RUPD, model 4 

is a 4.5 mm thickness of RUPD and model 5 is a 5 mm thickness of 

RUPD.  As observed, the most of the energy of the impact is 

absorbed by the RUPD bar, bumper and the rails. These components 

absorb most of the energy of the crash before the tires impacts the 

rigid bar. The maximum values of kinetic energy of the Test model 

as shown in graph. For the Test model 2.5 & 2.6, whose main 

purpose was the maximum energy absorption of the RUPD bar of 

the vehicle, the lower values of the results is not unexpected.  The 

Test model experience lower forces as a result of its weight. 

  

SCOPE OF FUTURE WORK 
 

         The FE model can be used for further simulation of in the 

simulations of the offset rear impact test, where one side of the rear 

of the vehicle is impacted against a barrier or another vehicle. Other 

tests include the side impact test, where a vehicle is impacted from 

the side by and oncoming vehicle and oblique car-to-truck or 

car-to-car impacts the two or more vehicle take part in a collision. 

Rollover simulation can also be carried out wherein the vehicle rolls 

on its sides due to the cause of an impact or other factors . 

Further crash-testing  involving the  effects of the crash forces on the 

occupants of the vehicle can also be carried by using FE models of 

test dummies. Human- surrogate dummies called Anthropomorphic 

Test Devices (ATDs) could be placed inside the FE vehicle models 

and  an  entire crash  test event could  be simulated. The FE dummies 

are used to simulate the behavior of a vehicle occupant in the event of 

a crash. These FE dummies can then be placed inside the vehicle and 

the crash-simulation performed, they can provide various insights 

into the dynamic behavior of the human body in the event of a crash. 

This, however, requires detailed occupant compartment geometry as 

well as a detailed dummy model. This could easily double the FE 

models complexity and greatly increase the needed computer 

resources   

 

CONCLUSION 
 

 The overall objective of the work was to simulate a Rear 

crash-test and validate the results of the simulations obtained from 

the crash-test. Simulation was performed using the LS-DYNA 

software package.  

     The analysis has well established the method and parameters 

of the simulation on modeling and analysis software. It demonstrates 

the energy absorption pattern in bumper, rail and RUPD during 

frontal crash of a car with different design parameters of RUPD. It 

can be seen from the plots that the RUPD bar absorbs most of the 

energy during impact of the car bumper. Almost half of the energy of 

the crash is absorbed by these components after about 0.5 ms of the 

crash initiation.   

     It will be possible to recommend some relevant characteristics 

for an energy absorbing rear under run protection device.  Head on 

collision contribute significant amount of serious accidents which 
causes driver fatalities. The car safety performances can work 

effectively by providing RUPD to the heavy trucks.  In India, for 

Rear Under-run Protection Device, IS 14812:2005 regulation is 

required in for the trucks to meet the safety requirement to protect 

under running of the passenger car. In above said design, the 

maximum displacement of RUPD bar is limited to 50mm and the 

plastic strain is limited to 15% hence it meet the requirements as per 

IS 14812:2005. But this needs to be confirmed with physical testing 

in future. The virtual simulation is a tool which can be used to avoid 

or reduce the physical testing of mechanical systems and 

components. Overall effect of this is reduction in development cost 

as compared to real time physical testing. 
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