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Abstract- The fuel rail has the complicated shape and is made of plastic material. Descritisation of any complicated 
component into finite elements is very difficult. For results to be accurate capturing of the exact shape is very important. The 
finite element-modeling tool used for the present work is HYPERMESH-11. Hyper Mesh includes many enhancements, 
which are very useful for capturing the shape. 
 
 
I. INTRODUCTION AND PROBLEM 
FORMULATION 
 
Vehicle crash is a very complicated phenomenon. 
Simulating the same using a finite element tool is 
very difficult as large components are involved. In 
order to study the behavior of a component under 
impact load in detail it is necessary to consider a 
single component with some simplification. LS-
DYNA is used to conduct impact analysis 
 Considering the geometry of the fuel rail is 

descretisation was carried using four-node 
tetrahedron element.  

 The four inlet tracts of the manifold that hit the 
rail during the vehicle frontal crash 
aremodelled as cylinder as shown in the fig 
with each cylinder equal to 10Kg. 

 The cylinders are descretised using eight-node 
brick element. 

 Impact velocity 3.86m/s is applied using initial 
velocity card. 

 The fuel pressure of .38MPa is applied on to 
the inner wall of the tube. 

 Fuel mass is included by adjusting the density 
of the rail.  

 Single automatic contact surface is used 
between hitting mass and the fuel rail. 

 Mat piecewise linear plasticity (MAT24) 
material card is used to capture the material 
non-linearity of the fuel rail plastic material. 

 Mat-rigid (MAT20) is used for hitting masses. 
 

II. METHODOLOGIES AND MATERIAL 
PROPERTIES 
 
The material of the fuel rail is plastic with yield 
strength of 14.5 Mpa, which is comparatively very 
less. In the case of fuel rail impact large energy is 
going to transfer into fuel rail. Hence the fuel rail will 
undergo severe stressed condition beyond the yield. 
Hence we need to consider its behavior beyond the 
yield stress. Mat piecewise linear plasticity (MAT24) 
material card is used to capture the material non-
linearity of the fuel rail plastic material. The 
cylinders, which are used for impact, are considered 
as rigid means, which do not undergo deformation. In 
order to achieve this Mat-rigid (MAT20) card is used. 
The material properties of the fuel rail is listed below 
and the material non-linearity beyond elastic limit is 
expressed as true stress verses plastic strain is shown 
in table I. 

 
Young’ smodulus = 7500MPa         Poisson’s 

ratio = 0.4 
Density = 1.37 g/cc                            Yield stress 

= 14.5 MPa 
 

 
Table I. True stress verses plastic strain for fuel rail material 

 
 
III. DIFFERENT LOAD CASES: 
 
There are five cases in the fuel rail impact analysis as 
described in the table I. The figure.1 shows the 
location where the masses are going to hit the fuel 
rail. We can clearly seen from the figure 2 that crash 

bars are specifically designed in that location such 
that crash bars going to absorb the initial kinetic 
energy of the mass before it is going to rupture, thus 
preventing the direct transfer of energy into the fuel 
tube. 
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Fig 1. FE model of  fuel rail loading locations 

 
Boundary conditions: 
Fuel rail is connected firmly by bolting the support 
lugs through the holes as shown in the fig2. Hence 
the nodes around the hole are constrained in all six 
degrees of freedom. The same boundary condition is 
used for all the five cases. 
 

 
Fig.2. FE model of  fuel rail with boundary condition 

 
A. LOAD CASE ONE 
Figure 3 shows Finite Element model of fuel rail with 
one mass in the first location as describe in the table 
I. 

 
Fig.3. FE model of fuel rail with mass in the first position 

 
Results And Discussion 
 

 
Fig.4. Plastic strains at four millisecond 

 

 
Fig.5. Plastic strains at 4ms in lugs 

 

 
Fig.6. Plastic strains at 4msin fuel tube 

 

 
Fig.7. Energy plots for ten millisecond 

 
Impact analysis of fuel rail is performed as described 
in the problem formulation for the duration of 10 
milliseconds. Plastic strain at break is taken as the 
criterion for measuring the crash rail’s structural 
ability to withstand the crash that is to cause the 
rupture. Also the mechanism of the fuel crash, bar 
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deflection was a method of assessing its ability to 
absorb the deformation energy from the crash. 
The figures4,5 and6shows the maximum plastic strain 
in the fuel tube at fourth millisecond 0.015 which is 
very less when compared to the breaking strain. The 
figure7 shows the energy plots showing the transfer 
of the impact load i.e., kinetic energy into the internal 
energy (i.e, plastic energy and elastic energy). 
 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
location one. The analysis was performed to study the 
impact behavior of fuel rail considering the single 
mass at location one using LS-DYNA Finite Element 
solver.. It was found that crash bars were rupturing at 
one millisecond and supporting lugs are rupturing at 
four millisecond before the load is transeferred to the 
fuel rail tube thus preventing the rupture of the tube. 
Hence we can conclude that the fuel rail is behaving 
properly under impact loading condition for load case 
one. 
 
B. LOAD CASE TWO 
Results and discussion 
 

 
Fig.8. Plastic strain at five millisecond in lugs 

 

 
Fig.9. Plastic strain at five millisecond in fuel tube 

 
Impact analysis of fuel rail is performed as described 
in the problem formulation for the duration of 20 

milliseconds. Plastic strain at break is taken as the 
criterion for measuring the crash rail’s structural 
ability to withstand the crash that is to cause the 
rupture. Also the mechanism of the fuel crash, bar 
deflection was a method of assessing its ability to 
absorb the deformation energy from the crash. 
 
The fig 8.and 9shows the maximum plastic strain in 
the fuel tube at fourth millisecond 0.0211which is 
very less when compared to the breaking strain. The 
figure 10 shows the energy plots showing the transfer 
of the impact load i.e., kinetic energy into the internal 
energy (i.e., plastic energy and elastic energy). 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
location two. The analysis was performed to study the 
impact behavior of fuel rail considering the single 
mass at location two using LS-DYNA Finite Element 
solver. Plastic strain at break was taken as the 
criterion to rupture and the results were plotted at 
different milliseconds to observe the rupture of the 
different portion of the fuel rail. It was found that 
crash bars were rupturing at one millisecond and 
supporting lugs are rupturing at five millisecond 
before the load is transeferred to the fuel rail tube 
thus preventing the rupture of the tube. Hence we can 
conclude that the fuel rail is behaving properly under 
impact loading condition for load case one. 
 

 
Fig.10. Energy plots for the time of twenty seconds. 

 
C. Load CASE THREE 
Results and discussion 
 

 
Fig.11. Plastic strain at eight millisecond in crash bars and lugs 
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Fig.12. Plastic strain at eight millisecond in fuel tube 

 
Impact analysis of fuel rail is performed as described 
in the problem formulation for the duration of 10 
milliseconds. Plastic strain at break is taken as the 
criterion for measuring the crash rail’s structural 
ability to withstand the crash that is to cause the 
rupture. Also the mechanism of the fuel crash, bar 
deflection was a method of assessing its ability to 
absorb the deformation energy from the crash. 
 
The figures11 and figure12 shows the maximum 
plastic strain in the fuel tube at fourth millisecond 
0.271which is very less when compared to the 
breaking strain. The figure13 shows the energy plots 
showing the transfer of the impact load i.e., kinetic 
energy into the internal energy (i.e, plastic energy and 
elastic energy). 
 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
location one. The analysis was performed to study the 
impact behavior of fuel rail considering the single 
mass at location three using LS-DYNA Finite 
Element solver. Plastic strain at break was taken as 
the criterion to rupture and the results were plotted at 
different milliseconds to observe the rupture of the 
different portion of the fuel rail. It was found that 
crash bars were rupturing at one millisecond and 
supporting lugs are rupturing at four millisecond 
before the load is transeferred to the fuel rail tube 
thus preventing the rupture of the tube. Hence we can 
conclude that the fuel rail is behaving properly under 
impact loading condition for load case one. 
 

 
Fig. 5.13. Energy plots for the time of ten millisecond. 

D. LOAD CASE FOUR 
Results and Discussion: 
 

 
Fig. 14. Plastic strain at five millisecond in the crash bars and 

lugs 
 

 
Fig.15 Plastic strain at five millisecond in the fuel tube 

 
Impact analysis of fuel rail is performed as described 
in the problem formulation for the duration of 10 
milliseconds. Plastic strain at break is taken as the 
criterion for measuring the crash rail’s structural 
ability to withstand the crash that is to cause the 
rupture. Also the mechanism of the fuel crash, bar 
deflection was a method of assessing its ability to 
absorb the deformation energy from the crash. 
The figures14 and figure15.shows the maximum 
plastic strain in the fuel tube at fourth millisecond 
0.0223 which is very less when compared to the 
breaking strain. The figure16 shows the energy plots 
showing the transfer of the impact load i.e., kinetic 
energy into the internal energy (i.e., plastic energy 
and elastic energy). 
 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
location one. The analysis was performed to study the 
impact behavior of fuel rail considering the single 
mass at location four using LS-DYNA Finite Element 
solver. Plastic strain at break was taken as the 
criterion to rupture and the results were plotted at 
different milliseconds to observe the rupture of the 
different portion of the fuel rail. It was found that 
crash bars were rupturing at one millisecond and 
supporting lugs are rupturing at four millisecond 
before the load is transeferred to the fuel rail tube 
thus preventing the rupture of the tube. Hence we can 
conclude that the fuel rail is behaving properly under 
impact loading condition for load case one. 
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Fig. 16. Energy plots for the time of ten millisecond 

 
E. LOAD CASE FIVE 
 
Results and Discussion 

 
Fig.17. Plastic strain at five millisecond in the crash bars and 

lugs 
 

 
Fig. 18. Plastic strain at five millisecond in the fuel tube 

 
Fig.19. Energy plots for the time of ten millisecond 

Impact analysis of fuel rail is performed as described 
in the problem formulation for the duration of 10 
milliseconds. Plastic strain at break is taken as the 
criterion for measuring the crash rail’s structural 
ability to withstand the crash that is to cause the 
rupture. Also the mechanism of the fuel crash, bar 
deflection was a method of assessing its ability to 
absorb the deformation energy from the crash. 
 
The figures.17 and figure.18., shows the maximum 
plastic strain in the fuel tube at fourth millisecond 
0.015 which is very less when compared to the 
breaking strain. The figure 19 shows the energy plots 
showing the transfer of the impact load i.e., kinetic 
energy into the internal energy (i.e, plastic energy and 
elastic energy). 
 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
location one. The analysis was performed to study the 
impact behavior of fuel rail considering the all five 
masses using LS-DYNA Finite Element solver. 
Plastic strain at break was taken as the criterion to 
rupture and the results were plotted at different 
milliseconds to observe the rupture of the different 
portion of the fuel rail. It was found that crash bars 
were rupturing at one millisecond and supporting lugs 
are rupturing at four millisecond before the load is 
transeferred to the fuel rail tube thus preventing the 
rupture of the tube. Hence we can conclude that the 
fuel rail is behaving properly under impact loading 
condition for load case one. 
 
CONCLUSION AND FUTURE WORK 
 
In the analysis, 10kg mass cylinder is made to impact 
on to the fuel rail with a velocity 3.86 m/sec at 
different location. The analysis was performed to 
study the impact behavior of fuel rail considering the 
single mass at various locations in first four cases and 
all the masses at a time in the fifth case using LS-
DYNA Finite Element solver. Plastic strain at break 
was taken as the criterion to rupture and the results 
were plotted at different milliseconds to observe the 
rupture of the different portion of the fuel rail. 
 
In the first load case it was found that crash bars were 
rupturing at one millisecond and supporting lugs are 
rupturing at four millisecond before the load is 
transferred to the fuel rail tube thus preventing the 
rupture of the tube. Hence we can conclude that the 
fuel rail is behaving properly under impact loading 
condition for load case one.In the second load case it 
was found that crash bars were rupturing at one 
millisecond and supporting lugs are rupturing at five 
millisecond before the load is transferred to the fuel 
rail tube thus preventing the rupture of the tube. 
Hence we can conclude that the fuel rail is behaving 
properly under impact loading condition for load case 
one.In the third load case it was found that crash bars 
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were rupturing at one millisecond and supporting lugs 
are rupturing at four millisecond before the load is 
transferred to the fuel rail tube thus preventing the 
rupture of the tube. Hence we can conclude that the 
fuel rail is behaving properly under impact loading 
condition for load case one.In the fourth load case it 
was found that crash bars were rupturing at one 
millisecond and supporting lugs are rupturing at four 
millisecond before the load is transferred to the fuel 
rail tube thus preventing the rupture of the tube. 
Hence we can conclude that the fuel rail is behaving 
properly under impact loading condition for load case 
one. In the fifth load case it was found that crash bars 
were rupturing at one millisecond and supporting lugs 
are rupturing at four millisecond before the load is 
transferred to the fuel rail tube thus preventing the 
rupture of the tube. Hence we can conclude that the 
fuel rail is behaving properly under impact loading 
condition for load case one.Finally we can conclude 
that the fuel rail is designed properly to take impact 
load at different locations.   
 
FUTURE WORK 
 
In the impact analysis, certain simplifications are 
made like the components, which are going to hit, are 
not modeled exactly, just we modeled as cylinders as 
per the standard procedures. In the future work exact 
environment can be simulated to get the more 
appropriate results. The fuel rail is made of plastic 
component is of complicated shape which include 

crash bars and supporting lugs. By using other 
different good energy absorbing materials and 
geometric shape we can check for simple geometry, 
which can be taken for the future work.Frequency 
response analysis for Random load due to engine 
vibration may cause fatigue problem. So it is of big 
concern, which can be taken for the future work 
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