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displacement is considered, a geometric point must be selected and the results must be 

checked at that point.  

As the chassis model is very huge the strain energy criteria is considered for the mesh 

convergence. Strain energy is a better criterion as it takes all the elements into 

consideration. 

Frontal Impact to a Rigid barrier (RWALL) with an initial velocity of 35miles per hour 

were the conditions considered for the chassis mesh convergence. Only the weight of 

the chassis is considered here, no other loads are considered. 

 

Figure 22-Model for mesh validation of Chassis 

Table 1-Mesh Validation of Chassis 
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Figure 23-Mesh Validation for the chassis 

From the graph, we can see that as we increase the element size the Strain Energy (J) 

of the model keeps decreasing. We can see from the table that for the element size of 

7mm, the variation in the strain energy is very negligible. Thus 7mm was choosen as 

the element size to mesh the chassis. Altair’s free guide ‘Crash Analysis with RADIOSS’ 

also recommends the element size to be within 5 to 10mm for crash application. [9] 

Table 2-Simulation Time for various element sizes for Mesh Validation of the Chassis 

 

Element Size (mm) Computation Time (sec)

5 27103

6 11757

7 9551

8 7006

9 6852

10 1417

12 1769
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Figure 24-Simulation time vs element sizes for Mesh Validation of the Chassis 

The Table and Figure above give a brief estimate on the simulation time for chassis 

mesh convergence. We can see that there is no clear linear relationship in the trend.  

3.3 Mesh Generation of the Brackets 

After creating the CAD models of the brackets, they were imported to HyperMesh in 

.STEP format. An initial geometry cleanup was performed to see if there are any 

discrepancies in the CAD, like uneven thickness, free edges, missing surfaces etc. As 

the thickness of the bracket was less compared to the other two dimensions, 2D 

elements were used to mesh the bracket. The mid surface command in HyperMesh 

automatically extracts the middle surface of a given geometry. The mid surface is the 

surface which is selected to be meshed. The surface here is meshed with first order 

shell elements, which include both tria and quad elements. The types of elements used 

for RADIOSS solver were SHELL3N and SHEL4N.  

0

5000

10000

15000

20000

25000

30000

5 6 7 8 9 10 12

Si
m

u
la

ti
o

n
 T

im
e 

(s
ec

)

Element Size (mm)

Simulation Time vs Element Size



 

23 

 

 

Figure 25-Solid Model of the Bracket imported in HyperMesh 

  

Figure 26-Mid Surface of the Bracket extracted in HyperMesh 
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Figure 27-Meshed Bracket in HyperMesh 

3.4 Mesh Validation of Brackets 

Mesh convergence study is very important as it tells us the appropriate element size to 

be used for meshing in the model so that the results don’t vary significantly.  To perform 

mesh convergence, the loads and the boundary conditions for all models have to be the 

same. Here the convergence study was performed for 5 element sizes starting from 

4mm to 10mm.  

A dynamic analysis was carried out for the mesh convergence. Two brackets were used 

to perform mesh convergence. The brackets were connected to the chassis in the same 

position where it has been placed in the truck. The conditions for the analysis was a 

Frontal Impact to a Rigid barrier (RWALL) with an initial velocity of 35miles per hour. 

Only the weight of the chassis is considered here, no other loads are considered. Strain 

Energy was chosen to be the parameter for mesh convergence.  
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Figure 28-Model for Mesh Validation of Brackets 

 

Figure 29-Detailed view showing the Brackets 
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Figure 30-Mesh validation of the bracket 

Table 3-Mesh validation of the Bracket 

 

From the given table we can see that for element size of 5 mm the strain energy of the 

bracket was 37.48 and the error was not huge. So, 5 mm was chosen as the element 

size to mesh the bracket.  

Table 4 and Figure 26 give an estimate of the simulation time for the mesh validation of 

the bracket. We can see that there is no clear linear relationship in the trend of the 

simulation time.  
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Element Size (mm) Strain Energy (J) Error (%)

4 38.86

5 37.48 -3.55

6 41.48 10.67

7 40.04 -3.47

10 79.17 97.73
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Table 4-Simulation time for Mesh Validation of the Bracket 

 

 

 

Figure 31-Simulation time vs Element Size for Mesh Validation of the Bracket  

3.5 Mesh Generation of Tank 

The CNG tank was meshed using 3D tetrahedral elements using HyperMesh Solid map 

mesh command. In the solid map mesh, the user can select a solid, the element length 

and other quality properties. HyperMesh automatically meshes the part.  

 

 

Element Size (mm) Simulation Time (sec)

4 5607

5 5478

6 5319

7 5521

10 5180
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Figure 32-Conformable CNG tank meshed with 3D elements 

3.6 Mesh Validation of the Tank 

The mesh validation of the tank was done by Amruta Kulkarni, who defended her report 

titles ‘FINITE ELEMENT ANALYSIS OF CONFORMABLE CNG TANK – TOPOLOGY 

OPTIMIZATION AND DROP TEST SIMULATION’ [10]. From her report she found that 

for element size 0.2 inch the solution converged. The same element size was used 

here.  

 

Figure 33-Mesh Validation of the CNG tank 
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3.6 Mesh Generation of the Rubber Pad 

The rubber pad is also meshed with 3D tetrahedral elements using the solid map mesh 

command in HyperMesh. 

3.7 Element Quality and Checks 

After meshing the chassis, brackets and tanks the models were checked for their 

element quality. In the book “Practical Aspects of Finite Element Simulation” (Altair 

University, 2015) [8] the general element qualities are mentioned. The same were used 

as the quality for all the meshes.  

Table 5-2D element quality criteria 

Parameter Criteria Percentage of Failed Elements 

    Chassis model 

Bracket 

model 

        

Aspect Ratio < 5 0 0 

Jacobian >0.6 0 0 

Skew < 45 deg 0 0 

Min angle for tria > 20 deg 0 0 

Max Angle for tria < 120 deg 0 0 

Min angle for quad > 45 deg 0 0 

Max angle for quad < 135 deg 0 0 

 

Table 6-3D element quality criteria 

Parameter Criteria Percentage of Failed Elements 

Tetra Collapse >0.1 0 

Jacobian >0.5 0 

Volumetric Skew < 0.7 1 
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4. Material Properties 

4.1 Material Properties of Chassis 

In automotive applications, High strength Low Alloy (HSLA) steels are used as they can 

handle high loads and are also light in weight i.e. they have high strength to weight 

ratio. Rashid (General Motors) [11] has published a paper in SAE International, titled 

“GM 980X- Potential Applications and Review” in 1977 International Automotive 

Engineering Congress and Exposition. The paper discusses the High strength low alloy 

steels available for automotive market. Various alloys of steels are reviewed and their 

micro structures are studied.  

No material data was available for the chassis material. Based on the paper the material 

for the chassis was assumed to be SAE980X steel. The properties of SAE 980X are 

taken from MATWEB material database [12].  

Table 7-Material Properties of SAE 980X HSLA steel 

 

As we are simulating a crash scenario, we cannot use a perfectly elastic material model. 

The nonlinear properties of the material also have to be considered. In RADIOSS there 

are a variety of material models. The most common material models used for Elasto-

Plastic deformation are Johnson Cook Law (LAW 2) and Tabulate Piecewise Linear 

(LAW36). The Johnson-Cook material model is an elasto-plastic material model which 

includes strain rate and temperature effects. For simplification, and due to lack of 

material data, the Johnson-Cook material model is not chosen. Instead, the Piecewise 

Linear model (law 36) is chosen.  

Density 7.75 g/cc

Modulus of Elasticity 206  GPa

Poissons Rato 0.29

Yield Stress 550 MPa

Ultimate Tensile Stress 655 MPa

Yield Strain 0.20%

Elongation at Break 10%

SAE 980X Mechanical Properties 
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In RADIOSS, the LAW 36 models an isotropic material using a user defined function. 

The user inputs the Elastic properties of the material and also the work-hardening 

portion of the stress - strain curve which is nothing but plastic strain vs stress. Here the 

elongation at break is considered as the ultimate tensile strain. In LAW 36, the material 

follows the input stress strain curve and if the strains go beyond the last point in the 

curve they would get deleted. To avoid this, the material model is considered perfectly 

plastic after the ultimate strength. The stress after the ultimate stress is considered 

constant up to a strain of 0.3. 

 

Figure 34-Stress Strain Curve for SAE980X 
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Figure 35-Perfectly Plastic Curve used for simulation  

4.2 Material Properties of the Bracket 
The material of the Bracket was found to be made of steel. The material of the bracket 

was also considered to be SAE980X steel. The same material properties listed in Table 

7 were used. The same material card used for the chassis (LAW 36) was used.  

 

4.3 Material Properties of Tank 
The material used for the conformable CNG tank was Aluminum A 206-T7 casting alloy. 

The material properties of this alloy were taken from MATWEB material database [13].  

Table 8 shows the material properties of Al206 alloy. 
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Table 8-Material Properties of Aluminum alloy Al206.0-T7  

Al206.0-T7 Mechanical Properties  

Density 2.8 g/cc 

Modulus of Elasticity 70  GPa 

Poisson’s Ratio 0.33 

Yield Stress 350 MPa 

Ultimate Tensile Stress 436 MPa 

 . 

4.4 Effective Material Properties 

As discussed in section 2.3, to simplify the analysis an equivalent tank having a simple 

geometry is being considered. As the geometry of the proposed equivalent tank and the 

conformable CNG tank are different, the material properties of AL206 alloy cannot be 

used. Researches from NASA have proposed a method to develop structure- property 

relationship of nano- structured materials using equivalent continuum modeling [20]. A 

similar approach is being followed here to compute the material properties of the tank.  

The equivalent tank and the conformable CNG tank are assumed to be equivalent when 

the elastic strain energy stored in the two models is equal under identical loading 

conditions.  

The equivalent tank is assumed to be a perfectly elastic Isotropic material. The 

Poisson’s Ratio of the equivalent tank is assumed 0.33, which is same as the 

conformable CNG tank. The value of the Elastic Modulus that results in equal strain 

energies is the effective stiffness of the equivalent tank.   

In OPTISTRUCT, (a linear- non-linear Structural Finite Element Solver) both the tanks 

are subjected to a uniaxial tension test. As the tanks are symmetric about all three 

planes, one quarter of each of the tank is chosen for the analysis. The symmetric 

boundary conditions are applied to both the tanks. As solid elements do not have any 

rotational degrees of freedom [8] the nodes are constrained in their respective 
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translational degrees of freedom. A pressure load of 20MPa is applied in the Z direction 

to simulate tension test.  

 

 

Figure 36-Symmetric Boundary Conditions applied to the CNG tank 

 

Figure 37-Symmetric Boundary Conditions applied to the Approximated Tank 
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Figure 38-Uniaxial Pressure Load applied to the CNG tank 

 

Figure 39-Uniaxial Pressure Load applied to the Approximated Tank 

After conducting the uniaxial test on the conformable CNG tank, the strain energy was 

found out to be 5.725 J. The effective stiffness for the equivalent tank is found to be 


