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ABSTRACT 

Now a day’s vehicle accident is becoming critical issue 
all over the world that demands engineer’s endeavor to 
find ways to minimize the incidence. Preservation of 
passenger compartment space during a frontal vehicle 
collision is extremely significant for the self-protection 
of small cars. It is well known that crash speed, mass, 
stiffness and geometric interaction all have an influence 
on the intrusion of the passenger compartment in a 
frontal impact between vehicles. This paper proposed 
on modification and analysis of frame structure for the 
front end of  Haunghai Sports  Utility  Vehicle  (SUV) 
expected to achieve a previously unavailable level of 
efficiency of energy absorption, strength and weight 
reduction in order to reduce front SUV component and  
passenger compartment intrusion  during crash by 
focusing on analyzing the dynamic behavior  of  the  
frontal upper cross beam  modified from frame rail 
during full frontal impact against a rigid barrier in  
order  to  predict  the Von  misses  stresses, deformation 
and strain energy in  the  components, with the help of 
CATIA V5 for geometric modeling and ANSYS 14.5  
for analysis. The simulation predicted that the modified 
shape and material which have less deform, less weight, 
less stress (which is less than the yield strength of the 
material) and better energy absorbing capacity from 
comparison of different material is selected at the end 
of simulation. Depend on the analysis, thus results can 
be effectively utilized in modeling the frontal frame 
structure behavior for crash loads and successfully 
identify the safe performance.                                                                                                                                        
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INTRODUCTION 

A car accident is a road traffic incident which usually 
involves one road vehicle being in collision with, either 
another vehicle, or another road user, or a stationary 
road side object, and this may result in death, injury or 
property damage. Human error, road environment and 
vehicle factors are reported by the traffic police as the 
main causes of road crashes. Ethiopia is a country with 
the largest number of traffic accidents and fatality rate. 
There are two main areas of interest when discussing 
accidents: Single vehicle accidents, in which the object 
is mainly rigid and all deformation energy has to be 
provided by the vehicle itself. Car-to-car accidents, in 
which both opponents provide deformation energy and 
the technical challenge is to enhance the interaction of 
both objects so that all available deformation energy is 
dissipated in a collision.  

There is a clear finding in Europe and in United State 
regarding the distribution of single vehicle accidents 
and vehicle-to-vehicle accidents. Single vehicle 
accidents are of very high statistical significance and 
have to be taken into account when discussing partner 
protection and compatibility [1].  

In case of a crash between actual vehicles, crash 
members, like front rails, do not always have a good 
interaction with each other because of their mismatch in 
design layout, for example, if the tree may strike the 
vehicle between the longitudinal, the deformation 
energy available within the longitudinal would not be 
available in this case as it is unlikely the cross modified 
frame could transmit the loading to both longitudinal.  
Therefore modification of frontal frame structure is 
important in order to save passenger and car 
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components. For this thesis Haungahi SUV is preferred 
depend on this car frontal structure and upper cross 
beam is modified from main longitudinal rail. Since the 
designed frontal upper cross is modified from 
longitudinal rail  it is called frontal frame structure and  
the area is included in crumble zone ,therefore the 
design and analysis of frontal frame structure is 
compared  with the criteria of frontal collision zone 
(bumper beam, cross members and frame rail) designed 
from different material and different standard .    In 
automobile  design,  crash  and  structural analysis  are  
the  two  most  important  engineering processes  in  
developing a high  quality vehicle.                       
Regulatory as well as rating tests are carried out in US 
and EU (New Car Assessment Program) are run at 
impact velocities of 56 km/h and       64 km/h 
respectively. Setting the design speed at 56 km/h is 
sufficient for more than 90 per cent of the frontal 
collisions [2 3]. Hence,  improvement  in  the  safety  of  
automobiles  is prerequisite  to  decrease  the  numbers  
of  accidents. Automotive bumper and upper cross 
beam system is one of the key systems designed  to  
prevent or  reduce  physical  damage  to  the  front  ends  
of passenger motor vehicles in a collision condition. 
The  later performance  is  achieved  by  a  combination  
of  careful design, material selection to obtain a 
particular balance of stiffness,  strength  and  energy  
absorption. Geometric modeling of a frontal frame 
structure  for Hangauhi SUV (Sports Utility  Vehicle)  
was  carried  out  using  CATIA  V5  package and  
further  geometric  model  was  imported  into Explicit 
dynamics in ANSYS Workbench  to  carry  out crash 
analysis to find the stress distribution deformation and 
energy absorption and results were compared. 
Therefore, this research  reports on the possibility to 
improve the self and part protections which are 
discussed in the society by modifying the  frontal frame 
structure  by using the CATIA V5 for modeling and 
ANSYS 14.5 for analyzing of frontal frame structure. 

CRASH ANALYSIS  

In  automobile  design,  crash  analysis  is  the  most  
important  engineering  processes  in  developing  a  
high  quality safety in the vehicle. Different factors 
contribute to the risk of vehicle collision that may 
include equipment failure, road-way design or poor 
roadway maintenance. A behavior of a driver, driver 
skill and/or impairment and speed of operation are 
another factor that could lead to vehicle accidents. The 
vehicle design and road environment are also factors in 
vehicle collisions [4]. Crash incompatibility arises due 
to: Mass, stiffness and geometric incompatibility. To 
minimize the injury of car occupants during a frontal 
crash, the car structure must generate a predetermined 
optimal deceleration pulse (specific curve) on the 
assumed undeform able passenger compartment to 
absorb all the kinetic energy. However, this optimal 

pulse is dependent on the final relative crash velocity 
and the occupant properties the crush zone functions to 
absorb the energy of the impact if a frontal collision 
occurs [5].       

The objective of the research done here was to modify a 
concept structure that substitutes the conventional 
energy absorbing frontal upper cross members in a 
frontal vehicle structure and that yields optimized 
deceleration pulses for different crash velocities, 
overlap percentages and collision partners.  The  
impacts  and  collisions involving  a  modified frontal 
frame structure  model  is simulated  and analyzed  
using  ANSYS  software and the  frontal upper cross 
beam(which is modified from frame rail) reduces 
passenger compartment intrusion and occupant injury 
by restraining frontal upper  intrusion and enabling a 
high level of energy absorption than the existing one 
and it must also withstand static and dynamic loads 
without undue deflection  or  distortion depend on the 
standard of vehicle crush zone.  The  given  model  is  
tested under  frontal  collision  conditions  and  the  
resultant deformation and stresses are  determined  with 
respect to  a  time  calculated of different material  by  
using ANSYS software. The crash analysis simulation 
and results can be used to assess the crashworthiness of 
different material in order to identify better material to 
improve the design.  

US-NCAP(New Car Assessment Program) conducts a 
frontal impact test and a side impact test to investigate 
occupant safety , A rigid barrier crash test is applied for 
full width frontal impact at 56km/h(35mph) [4  6 ].  

In the European New Car Assessment Program for 
frontal impact, a vehicle moving at 65khm strikes a 
deformable barrier that is offset to 40% of vehicle width 
.This test is very severe on the vehicle front-end 
structure as only one-half of the structure absorbs most 
of the energy of impact[6 7].  

FINITE ELEMENT MODELING AND 

ANALYSIS  

The  FE  methods  have  been  extensively  used  in  
simulating  different  dynamic problems  through  the  
discretization  of  the  whole  structure  into  finite  
elements, development of the equations of motion 
(EOM) for each element, assembly of all EOMs based  
on  continuity,  applying  boundary  conditions,  and  
solving  the  set  of  governing equations  of  motion  
using  the  appropriate  technique  The  generalized 
governing dynamic equations of motion of a structure in 
the finite element form can be represented as: [8]   
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        (1)                                                               

where [M], [K] and [C] are the system structural mass, 
stiffness and damping  matrices respectively, [K]{X}, 

which equals represents the internal forces 
resulting from the plastic  deformation  of  a  structural  
part,  

 are  the  nodal  
displacement, velocity  and  deceleration  vectors, 

respectively, and is  the  external  nodal  load 
vector.   

1.1 Explicit Dynamics (LS-DYNA)  
For an explicit time scheme, the displacements are 
solved for by direct numerical integration of the 
equation, meaning that prior to numerical integration, 
no transformation of the equations is required. This 
method is not accurate for modeling quasi-static 
processes that occur over a long period of time. The 
solution method is only stable when the time step (∆t) is 
very small. To be more specific, ∆t must be smaller than 
the time required for an elastic wave to propagate from 
one side of an element to the other. An elastic wave is a 
type of mechanical wave that transmits energy which 
propagates in elastic or viscoelastic materials. The 
elasticity of the material provides the restoring force of 
the wave. The maximum time step is defined as: 

                                                                            

Where µ and ν are the shear modulus and the Poisson’s 

ratio of the material, respectively.                           is 
the density of material. The primary benefit of the 
explicit integration is that it eliminates the requirement 
of solving for equilibrium at each time step [9]. 

1.2 Finite element analysis  
Use of finite element vehicle model for crash analysis is 
increasing progressively in industry. The main reason 
being repeatability of tests and reduction in cost of 
production. With the increase in the use of FE models, 
the models are improving in terms of accuracy, 
robustness, fidelity and size [10].  The  conditions  for  
the  impact simulations are like velocity of the impact 
barrier was given as 56 kmph as per NCAP standard, 
Crash type as  frontal  impact,  Obstruction  as  rigid  
barrier  and Simulation  time  is depend on material 
properties  . After all the boundary conditions were 
applied the meshed model is exported to LS-DYNA. 
During the process the properties of the bumper  
materials  like  young’s  modulus,  yield strength,  

Poisson  ratio  and  density  should  be considered  for  
the  pre-processing which is used me as a reference  in 
this analysis . The  beam converts  the  kinetic  energy  
of  the system  to  strain  energy  due  to  elastic  and  
plastic deformation  of  the  material.  Internal Energy is 
phenomenal as it decides the plastic deformation after 
the collision of the vehicle.  Kinetic energy is absorbed 
by the beam as it undergoes plastic deformation during 
collision. The distance between the vehicle and the 
barrier is kept to the minimum in order to minimize the 
simulation time. 

1.3 Result of crash analysis of modified 
frontal frame structure  
 

 

Figure 1:  Boundary condition of modified frontal frame 
structure (upper cross beam) with rigid barrier  

   

  Figure 2: Meshed model and element quality of 
designed frontal frame structure and rigid barrier which 
is meshed by 19099 nodes and 59578 elements. 
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Figure 3: Deformation analysis of Aluminum alloy  

   

   

  Figure 4: Deformation analysis of TRIP steel 

                       

 

  Figure 5: Deformation analysis of Carbon fiber 

 

    Figure 6: Deformation analysis of E-glass fiber 

 

 

        Figure 7: Deformation analysis of S-glass fiber 

 

  

 Figure 8: Stress analysis of Aluminum alloy 
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       Figure 9: Stress analysis of TRIP steel 

 

 

    Figure 10: Stress analysis of Carbon fiber                           

                     

 

Figure 11:Stress analysis of E-glass fiber 

 

 

       Figure 12: Stress analysis of S-glass fiber 

 

  

 

Figure 13: Aluminum alloy plastic strain analysis 
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Figure 14: TRIP steel plastic strain analysis   

 

 

Figure 15: Carbon fiber plastic strain analysis 

                             

 

Figure 16: E-glass fiber plastic strain analysis   

 

 

 

Figure 17: S-glass fiber plastic strain analysis   
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The table below is tabulated on the bases of stress and 
deflection analysis results of modified frontal frame 
structure during frontal crash from different material. 

1.4 Para
meter 

1.5                                             Materials 

1.6 A
l 
Alloy  

1.7 T
RIP 
steel 

1.8 C
arbon 
fiber 

1.9 E
-glass 
fiber 

1.10 S
-glass 
fiber 

1.11 Spe
ed (m/s) 

1.12 1
5.55 

1.13 1
5.55 

1.14 1
5.55 

1.15 1
5.55 

1.16 1
5.55 

1.17 Defl
ection(mm
) 

1.18 1
.733 

1.19 1
.8725 

1.20 1
.1431 

1.21 2
.0414 

1.22 1
.8538 

1.23 Ben
ding 
stress(Mp
a) 

1.24 2
90.47 

1.25 2
944.7 

1.26 1
922.2 

1.27 1
146.9 

1.28 1
210.2 

1.29 Plas
tic 
strain(m/
m) 

1.30 0
.179 

1.31 0
.1429 

1.32 0
.1041 

1.33 0
.1907 

1.34 0
.1527 

1.35 Mas
s(kg) 

1.36 2
.1008 

1.37 5
.9686 

1.38 1
.3424 

1.39 1
.9263 

1.40 1
.8884 

Table 1: crash analysis of modified frontal frame 
structure  
Table 1 above shows crash analysis of modified frontal 
frame structure by explicit dynamics at 56km/hr speed 
from different material:-Aluminum alloy, 
TRIP(transformation induced plasticity) steel, Carbon, 
E-glass and S-glass fiber are carried out. While doing 
this analysis, carbon fiber is the material which is shows 
lowest in deformation(1.1431mm ) ,lowest in 
weight(1.3424kg),minimum value of plastic strain and  
the Equivalent (von-mises) stress of Carbon fiber is 
1922.2Mpa which is less than its tensile strength when 
compared with the material which is selected for 
comparison . 

 
Figure 18:  energy summary of crash analysis 
 
This graph shows the energy summery i.e.  Relation of 
internal energy and kinetic energy of the frontal frame 
structure during crash analysis (how the kinetic energy 
changed to internal energy in the form of deformation). 

 
 

CONCLUSIONS  
The analysis of Huanghai F1 landscape SUV frontal 
frame structure (upper cross beam which is modified 
from frame rail) is done. Modified frontal frame 
structure  are  modeled  in  CATIA  V5  and  imported  
into Explicit dynamics(LS-DYNA) in ANSYS 
workbench and  frontal crash analysis with five 
materials (Aluminum alloy, TRIP(transformed induced 
plasticity) steel ,carbon fiber, E-glass and S-glass) is  
done  with front rigid barrier successfully. Based on the 
results of analysis it is concluded that; Among the five 
materials used for the frontal full width crash analysis, 
carbon fiber composite possess the lowest in 
deformation and lowest in weight value. From those  
various  analysis,  it  is  concluded  that ,the modified 
frontal frame structure  preferred and carbon fiber 
composite meets most of the requirements like high 
strength to weight ratio, crashworthiness and high 
stiffness to  weight ratio. 
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